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Fig. 4. Autoradiogram of electrophoretically separated, biosynthetically labeled
([MS]methionine) polypeptides associated with cells (CELLS, Lanes 1 to 4) or

released to the culture medium (SUP, Lanes 7 to 4). Ce/te: 7, clone 11; 2, clone 16;
3, M1 ; 4, M4 incubated for 16 hr with 40 nCi [^Slmethionine per ml. The medium

was then supplemented with 50 mw unlabeled methionine, collected, and dialyzed
against PBS, and the cells were rinsed and lysed in electrophoresis sample buffer.
After removal of free methionine, electrophoresis sample buffer was added to the
supernatant. Aliquots corresponding to the same numbers of cells were analyzed
by sodium dodecyl sulfate electrophoresis on a gradient polyacrylamide gel (6 to
15%). The pattern of cell-associated polypeptides was apparently indistinguishable
in all 4 lines. In the medium, the major polypeptide released was fibronectin.
Arrowheads, location of a human plasma CIG used as a marker. The amounts of
^S-labeled fibronectin released by the low-metastatic lines (Nos. 1 and 2) were
nearly double those of the high-metastatic lines (Nos. 3 and 4), as determined by
densitometric tracing of the autoradiogram.

on their surface. To address this aspect, we have plated the 4
cell lines (in serum-free medium supplemented with BSA) onto
fibronectin-coated or uncoated coverslips and determined the

rate of their substrate attachment and extent of spreading. Chart
1, solid lines, shows the adhesion profile of 51Cr-labeled K-1735

variants on a fibronectin carpet. It is apparent that all 4 variants
(both high and low metastatic) adhered rapidly to the fibronectin-

coated surface. In the absence of fibronectin (Chart 1, broken
lines) or in the presence of irrelevant proteins such as BSA, only
a limited degree of cell attachment could be detected. These
results suggested strongly that all the melanoma variants bind
specifically to fibronectin; in other words, they all contain some
sort of fibronectin receptors. Moreover, microscopic examination
of the substrate-adherent cells from such experiments showed

extensive spreading on the fibronectin carpet.
Active Rearrangement of Substrate-attached Fibronectin

by Cultured Metastatic Variants. In an attempt to explore the
basis for the different patterns of fibronectin displayed by the

low- and high-metastatic variants of the K-1735 melanoma, we

have plated the cells on a uniform carpet of CIG, and after
different time intervals, we have permeabilized and immunola-

beled them for fibronectin. The results (Fig. 6) indicated that the
low-metastatic cells (represented here by clone 11) progressively

removed the underlying fibronectin from the substrate and reor
ganized it into cables (Fig. GA), mostly under and between the
cells. The high-metastatic M1 cells did not perturb the fibronectin

carpet, nor did they exhibit organized fibronectin filaments as
shown in Fig. 6, ÃŸand D. The pattern of fibronectin in corre
sponding cultures seeded on uncoated substrates is depicted in
Fig. 6, C and D.

To further characterize the relationships between adhesive
ness and mobility in the 2 types of metastatic variants, the cells
were plated on fibronectin-coated glass coverslips, which were

further coated with gold particles. We show representative ex
amples of the low-metastatic K-1735 CI-11 (Fig. 7, A, C, and Â£)
and the high-metastatic K-1735 M1 cells (Fig. 7, B, D, and F).

For each clone, the same cell was photographed using either
dark-field optics with a low-power (x16) objective (Fig. 7, A and
B), immunofluorescence with a high-power (x63) objective (Fig.
7, C and D), or high-power (x63 objective) combination (Fig.7, Â£
and F) of bright-field and fluorescence optics to match the 2
images (see "Materials and Methods"). The differences in motility

of the 2 cell types, as depicted in Fig. 2 above, were not altered
significantly when fibronectin was used as an anchoring sub
strate for the gold particles instead of BSA as pointed out above.
Namely, the low-metastatic counterparts were motile. The re

moval of gold particles by the former from their immediate vicinity
was extensive, while the M1 cells removed it only partly. More
over, clone 11 cells removed the underlying fibronectin, while the
M1 cells hardly perturbed it. The comparison of the gold particle-

free area with the area from which fibronectin was removed (Fig.
7E, broken line) indicated that the gold particles were displaced
from larger areas than fibronectin, suggesting that the 2 were
manipulated independently. One can thus distinguish between
superficial contacts which are sufficient to remove the gold
particles and the formation of focal contacts which is accom
panied by reorganization of extracellular matrix proteins.

Patterns of Intercellular Contacts in the Intact Tumor Tissue
in Vivo. The properties of the various metastatic variants de-

60 90
Time ( minutes)

Chart 1. Time course for the attachment of K-1735 melanoma cell variants to
plastic ( ) and CIG ( )-coated dishes. O, K-1735 M1; D, K-1735 M4; A, K-
1735 CI-11;Â», K-1735 CI-16.
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scribed above were mostly based on in vitro experiments carried
out with cultured cells. To examine whether the relatively re
duced adhesivity observed in culture is also typical for tumors
produced by the high-metastatic lines, local tumors of the 2
types of lines of K-1735 melanoma (high and low metastatic)

were examined at the electron microsope level. The results
depicted in Fig. 8 show that the 2 were distinctly different. The
low-metastatic line CM1 formed compact tumor with little con
nective tissue between the cells and a large number of tight
intercellular connections (Fig. 8A). High-power magnification re

vealed that, in many of these contact areas, submembranal
density, similar to that found in typical adherens-type junctions,
could be detected (Fig. 8ÃŸ).The high-metastatic line M1 formed

relatively loose tumors with a large proportion of intercellular
connective tissue (Fig.SC) with only few contacts between the
cells (Fig. 80).

DISCUSSION

Many studies over the last several years were aimed at the
identification and characterization of metastatic processes at the
molecular and cellular levels (for reviews, see Refs. 11, 24, and
29). Such studies, and especially those in which high- and low-

metastatic variants of the same tumors were used, suggested
that a large number of factors may be involved in the spread of
neoplastic cells throughout the body, some of which are extrinsic
such as the immune system of the host, vascularization, etc.,
while others are intrinsic and depend predominantly on the
activity of the individual tumor cell. It seems most probable that
among these intrinsic factors which may affect the metastatic
potential is the capacity of cells to break existing contacts and
to actively move (9, 18, 39).

This rationale was supported by results obtained in our pre
vious study on the cytoskeletal organization found in metastatic
variants derived from the same parental tumors (32). We have
shown that cells of UV-2237 fibrosarcoma and K-1735 melanoma
exhibiting low-metastatic properties had large focal contacts,

associated with vinculin and with conspicuous actin bundles, in
contrast to their high-metastatic counterparts. To further sub

stantiate these findings, we have taken in the present study the
reverse approach. We have first determined the degree of actin
organization in randomly selected K-1735 cells and then deter

mined independently their respective lung colonization capability
after i.v. inoculation. We have found that, in 14 of 15 clones
studied in detail, there was a correlation between patterns of
actin distribution and metastatic potential. This suggested that,
at least in this tumor system, the organization of actin in vitro
reflects the expected metastatic activity in vivo. More specifically,
it indicated that, among the large variety of intrinsic and exoge
nous factors which may affect metastatic dissemination in gen
eral, the structures of the cytoskeleton and the related dynamic
properties of the cells play a major role in defining the metastatic
activity of K-1735 melanoma cells. It was thus of interest to

further explore the dynamic properties of these cells. The present
results indicate that, while the low-metastatic clones 11 and 16
in culture were essentially stationary, the high-metastatic variants
showed considerable locomotor activity.

Among the other differences noted here was the rearrange
ment of extracellular fibronectin into conspicuous cables by
clones 11 and 16, in contrast to cultures of M1 and M4 which

showed largely diffuse fibronectin distribution. These observa
tions raised 2 major aspects which we would like to address and
discuss here, (a) To what extent are the observed differences in
cell motility and adhesiveness in vitro related to the cell meta
static phenotype? (o) What may the primary difference be be
tween the high- and low-metastatic variants which leads to the

phenotypic alterations of cell adhesiveness, mode of interaction
with the matrix, cytoskeletal organization, and motility? As far a
the first question is concerned, it appears that several of the
differences reported here between the cell variants of K-1735

melanoma may contribute, either alone or in conjunction with the
cell metastatic capabilities. The reduced adhesiveness of cul
tured M1 and M4 cell lines together with their loose intercellular
linkages and increased motility may be related to their increased
capacity to migrate from the site of primary tumor, penetrate into
the circulation, extravasate circulation, and actively move to their
final site of growth. The validity of these correlations depends,
of course, on the assumption that the behavior of these cells in
vivo resembles their dynamic properties in vitro.

The contribution of fibronectin to the metastatic properties of
K-1735 cells (if it has any) is not clear. It should be emphasized
that both the high- and low-metastatic variants adhered and

spread well on fibronectin carpet. However, whereas the inter
action of the high-metastatic M1 and M4 cells with such carpet
was relatively superficial, the low-metastatic clones 11 and 16

formed firm adhesion with the fibronectin carpet, followed by its
displacement from contact regions under the cells. Do similar
interactions occur when the different cells encounter fibronectin
in connective tissue and basement membranes? It is expected
that, under such conditions, the low-metastatic cells will attach
firmly to the matrix and may be immobilized on it, while the high-

metastatic counterparts may move freely on or through it. It
should, however, be clearly pointed out that, as expected from
a multistage process in which distinct steps may become rate
limiting in different tumors, the relationships between metastatic
potential and cellular architecture and dynamics may vary con
siderably from one tumor system to the other. Furthermore, a
reduction in cellular adhesiveness, cytoskeletal rearrangement,
and formation of fibronectin matrix were often associated in the
past with the "transformed phenotype" as compared to the so-

called normal state (5,10,19,42,46). On the basis of our results,
we put forward the possibility that these interrelated properties
are characteristic not to the transformed state per se, since the
low- and high-metastatic cells are equally tumorigenic, but to

dynamic properties of the tumorigenic cells, which is possibly
directly related to their metastatic phenotype. This notion is in
line with several other cell characteristics considered previously
to be markers of transformation and is not directly involved in
the basic lesion(s) in growth control of the neoplastic state (3, 4,
44).

The second aspect to be discussed here deals with the causal
interrelationships between the various cellular properties of the
low- and high-metastatic cells, namely, the interrelationships

between a particular type of cell adhesion (focal contact forma
tion), the organization of actin bundles, the active rearrangement
of the extracellular matrix, and movement. The observations
reported here are in agreement with the notion that rapidly
moving cultured cells (both cell lines or primary cultures) have
relatively poor stress fibers, while stationary cells often display
large substrate contacts and many cytoplasmic actin bundles.
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The adhesion pattern, cell mobility, and cytoarchitecture of the
different K-1735 melanoma variants were not altered when the
cells were plated on fibronectin-coated solid substrate or on
matrix produced by the low-metastatic cells instead of the control

glass or plastic, suggesting that the reported differences be
tween high- and low-metastatic cells are not merely due to a

response of the cells to an altered extracelluar matrix but are
rather primary properties of the cells.

Differences in the display of fibronectin similar to those re
ported here for the high- and low-metastatic variants of K-1735
melanoma were described previously for "transformed" cells, as
compared with the "nontransformed" counterparts (5, 8, 46).

Furthermore, it has been reported that cell lines derived from
nonmalignant tissues or primary carcinomas display larger
amounts of fibronectin, as compared to the metastatic phenotype
(21, 37); these correlations do not seem to be general; and
examples were described in which no apparent relationships
were noticed between the malignant potential of cells and the
production or secretion of fibronectin (23, 26). Stenman and
Vaheri (38) have reported that the relative display of fibronectin
on benign and malignant cells depended primarily on the histo-

genic origin of the different cells. Our results support the latter
notion that, while fibronectin distribution in the K-1735 melanoma

is related to the metastatic properties, this correlation is not
general, and in 2 other tumor systems tested (B16 melanoma
and UV-2237 fibrosarcoma), both high- and low-metastatic var

iants display low levels of fibronectin (not shown).
In conclusion, we propose that the mode of cell adhesion

[shown in our previous study (32)], rearrangement of extracellular
matrix, assembly of actin into bundles, and locomotion are all
closely interrelated cell properties. Among these, the capacity to
develop tight substrate contacts (focal contacts) appears to have
a significant primary effect on the subsequent formation of actin
filament bundles or on the capability of the cells to reorganize
the extracellular matrix (for further discussion, see Refs. 6 and
16). However, still unclear is the primary molecular basis leading
to the altered adhesiveness of the various metastatic cell var
iants. Elucidation of such molecular events during contact for
mation may further our knowledge not only on the general
mechanisms of cell attachment, but also on the related cellular
dynamics including those involved in metastatic dissemination.

ACKNOWLEDGMENTS

We would like to express our gratitude to Dr. H. Faulstich, of the Max-Planck
Institute in Heidelberg, for a gift of rhodamine-phalloidine; to Dr. I. J. Fidler and Dr.'

M. L. Kripke of the M. D. Anderson Hospital and Tumor Institute, Houston, TX, for
the cell lines; and to Rivka Karkash and Tova Volborg for excellent technical
assistance.

REFERENCES

1. Albrect-Buehter, G. The phagokinetic tracks of 3T3 cells. Cell, 11: 395-404,
1977.

2. Albrecht-Buehler. G. Phagokinetic tracks of 3T3 cells: parallels between the

orientation of track segments and of cellular structures which contain actin
and tubulin. Cell, 12: 333-339,1977.

3. Asch, B. B., Kamat, B. R., and Burstein, N. A. Interactions of normal, dysplastic,
and malignant mammary epithelial cells with fibronectin in vivo and in vitro.
Cancer Res., 47: 893-907,1981.

4. Asch, B. B., Medina, D., and Brinkley, B. R. Microtubules and actin-containing
filaments of normal, preneoplastic, and neoplastia mouse mammary epithelial
cells. Cancer Res., 39: 893-907,1979.

5. Ash, J. F., Vogt. P. K., and Singer, S. J. Reversion from transformed to normal
phenotype by inhibition of protein synthesis in rat kidney cells injected with a

temperature sensitive mutant of Rous sarcoma virus. Proc. Nati. Acad. Sei. U.
S. A., 73:3603-3607, 1976.

6. Avnur, Z., and Geiger, B. The removal of extracellular fibronectin from areas
of cell-substrate contact. Cell, 25:121-132,1981.

7. Branson, K. W., Beattie, G., and Nicolson, G. L. Selection and altered proper
ties of brain-colonizing metastatic melanoma. Nature (Lond.), 272: 543-545,
1978.

8. Chen, L. B., Burridge, K., Murray, A., Walsh, M. L., Capote, C. D., Bushnell,
A., McDougall, J. K., and Gallimore, P. H. Modulation of cell surface glycocalyx:
studies on large external, transformation-sensitive protein. Ann. N. Y. Acad.
Sci., 372. 366-381, 1978.

9. Coman, D. R. Mechanisms responsible for the origin and distribution of blood-
borne tumor metastasis. A review. Cancer Res., 73: 397-404,1953.

10. Edelman, G. M., and Vahara, I. Temperature-sensitive changes in surface
modulating assemblies of fibroblasts transformed by mutants of Rous sarcoma
virus. Proc. Nati. Acad. Sei. U. S. A., 73: 2047-2051,1976.

11. Fidter, I. J., Gersten, D. M., and Hart, I. R. The biology of cancer invasion and
metastasis. Adv. Cancer Res., 28: 149-250, 1978.

12. Fidler, I. J., Gruys, E., Cifone, M. A., and Barnes, Z. Demonstration of multiple
phenotypic diversity in murine melanoma of recent origin. J. Nati. Cancer Inst,
67.947-956,1981.

13. Fidter, I. J., and Nicolson. G. L. Organ sensitivity for implantation survival and
growth of B16 melanoma variant tumor lines. J. Nati. Cancer Inst., 57:1199-
1202, 1976.

14. Gasic, G. J., Gasic, T. B., Galantic, N., Johnson, T., and Murphy, S. Ratetet
tumor cell interaction in mice. The role of platelets in the spread of malignant
disease. Int. J. Cancer, 77: 704-718,1973.

15. Geiger, B. A 130K protein from chicken gizzard: its localization at the termini
of microfilament bundles in cultured chicken cells. Cell, 78: 193-205,1979.

16. Geiger, B. Involvement of vinculin in contact-induced cytosketetal interaction.
Cold Spring Harbor Symp. Quant. Bid., 46: 671-681.1982.

17. Geiger, B., Tokuyasu, K. T., Dutton, A. H., and Singer, S. J. Vinculin, an
intracellular protein localized at specialized sites where microfilament bundles
terminate at cell membranes. Proc. Nati. Acad. Sei. U. S. A., 77: 4127-4131,
1980.

18. Hayashi, J., and Ishimaru, Y. Morphological and biochemical aspects of adhe
siveness and dissociation of cancer cells. Int. Rev. Cytol., 70:139-215,1981.

19. Hynes, R. O. Relationships between fibronectin and the cytosketeton. In: G.
Poste and G. L. Nicolson (eds.), Cell Surface Reviews, pp. 97-136. Amster
dam: Elsevier/North Holland, 1981.

20. Kramer, R.H., and Nicolson, G. L. Interactions of tumor cells with vascular
endothelial cell monolayers: a model for metastatic invasion. Proc. Nati. Acad.
Sei. U. S. A., 76: 5704-5708, 1979.

21. Labat-Robert, J., Birembaut, P., Adnet, J. J., and Mercantiâ„¢, F., and Robert,
L. Loss of fibronectin in human breast cancer. Cell. Biol. Int. Rep., 4: 609-
616, 1980.

22. Liotta, 0. A., Kleinerman, J., and Saidel, G. M. The significance of hematoge-
nous tumor cell clumps in the metastatic process. Cancer Res., 36: 889-894,
1976.

23. Neri, A., Ruoslahti, E., and Nicolson, G. L. The distribution of fibronectin on
clonal cell lines of rat mammary adenocarcinoma growing in vitro and in vivo
at primary and metastatic sites. Cancer Res., 41: 5082-5095,1981.

24. Nicolson, G. L. Cancer metastasis: organ colonization and the cell surface
properties of malignant cells. Biochim. Biophys. Acta, 495: 113-176, 1982.

25. Nicholson, G. L., Irimura, T., Gonzalez, R., and Ruoslahti, E. The role of
fibronectin in adhesion of metastatic melanoma cells to endothelial cells and
their basal lamina. Exp. Cell Res., 735. 461-465,1981.

26. Niemczuk, P., Perkins, R. M., Talbot, I. C., and Critchley, P. R. Lack of
correlation between metastasis rectal carcinoma and the absence of stromal
fibronectin. Br. J. Cancer, 45: 500-505, 1982.

27. Paget, S. The distribution of secondary growths of cancer of the breast.
Lancet, 7:571-573,1889.

28. Patel, J. K., Dkdolkar, M. S., Pickren, J. W., and Moore, R. H. Metastatic
pattern of malignant melanoma. Am. J. Surg., 735: 807-810,1978.

29. Poste, G., and Fidler, I. J. The pathogenesis of cancer metastatis. Nature
(Lond.), 283: 138-146, 1980.

30. Raz, A., and Ben-Ze'ev, A. Growth control and cell spreading: differential

response in preneoplastic and in metastatic cell variants. Int. J. Cancer, 29:
711-715,1982.

31. Raz, A., Bucana, C., McLellan. W., and Fidler, I. J. Distribution of membrane
anionic sites on B16 melanoma variants with differing lung colonization poten
tial. Nature (Lond.), 284: 363-364,1980.

32. Raz, A., and Geiger, B. Altered organization of cell-substrate contacts and
membrane-associated cytosketeton in tumor cell variants exhibiting different
metastatic capabilities. Cancer Res., 42: 5183-5190, 1982.

33. Raz, A., and Hart, I. R. Murine melanoma: a model for intracranial metastasis.
Br. J. Cancer, 66:183-189, 1980.

34. Raz, A., and Lotan, R. Lectin-like activities associated with human and murine
neoplastic cells. Cancer Res., 47: 3642-3647, 1981.

35. Ruoslahti, E., Vivente, M., and Engvall, E. Interaction of fibronectin with
antibodies and collagen in radioimmune assay. Biochim. Biophys. Acta, 534:
210-212,1978.

36. Shearman, P. J., and Longenecker, B. M. Clonal variation and functional

816 CANCER RESEARCH VOL. 44



Adhesion, Motility, Extracellular Matrix, and Metastasis

correlation of organ-specific metastasis and an organ-specific metastasis- 42. Wang, E., and Goldberg, A. R. Changes in microfilament organization and
associated antigen. Int. J. Cancer, 27: 387-395,1981. surfacetopography upon transformationof chick embryo fibroblasts with Rous

37. Smith, H. S., RÃ•ggs,J. L., and Mosesson, M. W. Production of fibronectin by sarcoma virus. Proc. Nati. Acad. Sei. U. S. A., 457: 4065-4069,1976.
human epithelial cells in culture. Cancer Res., 39: 4138-4144, 1979. 43. Warren, B. A., and Vales, O. The adhesion of thromboplastic tumor emboli to

38. Stenman, S., and Vaheri, A. Fibronectin in human solid tumor. Int. J. Cancer, vessels in vitro. Br. J. Exp. Pathol., 53: 301-313,1972.
27: 427-435, 1981. 44. Willingham,M. C., Yamada, K. M., Yamada,S. S., Pouyssigur,J., and Pastan,

39. Strauli, P., and Weiss, L. Cell locomotion and tumor penetration. Eur. J. I. Microfilament bundles and cell shape are related to adhesiveness to sub-
Cancer, 73:1-12,1977. stratum and are dissociable from growth control in cultured fibroblasts. Cell,

40. Talmadge, J. E., and Fidler, I. J. Enhancedmetastatic potential of tumor cells 10: 375-380,1977.
harvested from spontaneous mÃ©tastasesof heterogeneous murine tumor. J. 45. Willis, R. A. The Spread of Tumors in the Human Body. London: Butterworth
Nati. Cancer Inst., 69: 975-980,1982. and Co., 1952.

41. Tao, T., Matter, A., Vogel, R., and Burger, M. M. Liver-colonizingmelanoma 46. Yamada, K. M., and Olden, K. Fibronectins: adhesive glycoproteins of cell
cells selected from B16 melanomas. Int. J. Cancer, 23: 854-857,1979. surface and blood. Nature (Lond.),275:179-184, 1978.

FEBRUARY 1984 817



T. Volk et al.

Fig. 1. Distribution of actin (A, C, and E) in 3 different clones of K-1735 melanoma and representation of the lung colonization capability of such clones (ÃŸ,D, and F).
The cells were permeabilized with detergent, fixed, and then labeled fluorescently with rhodamine phalloidin (1.5 Â¿ig/m).The lungs were excised from the mice 30 days
after i.v. injection of 105 cells (0.2 ml PBS), washed, and fixed in Bouin's. A, C, and E, x 800; B, D, and F, x 2.
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Fig. 2. Phagokinetic tracks formed by the low-metastatic clone 11 (A and C) and the high-metastatic line M1 (B and D) of K-1735 melanoma. The cells were fixed with
formaldehyde, 24 hr (A and B) and 72 hr (C and D) after plating, and photographed under dark-field illumination, x 63.
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Fig. 3. The pattern of distribution of fibronectin in cultures of high-metastatic clones (B, D, and F ) and low-metastatic clones (A, C, and Â£).Two high-metastatic clones
were used: K-1735 M4 (B and D) and K-1735 M1 (F). The low-metastatic clones tested were K-1735 CI-11 (A and C) and K-1735 CI-16 (Â£).The cells were fixed and
immunolabeled for fibronectin 1 day (A and B) or 5 days (C to F ) after plating, using affinity-purified rabbit anti-human CIG antibodies and rhodamine-labeled goat anti-

rabbit IgG. x 980.
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Fig. 5. The distribution of actin in low-metastatic cells of K-1735 CI-11 (A and C) or the high-metastatic line M1 (B and D). The cells were seeded on regular glass
coverslips (C and D) or on coverslips coated with flbronectin (15 ^g/ml) (human CIG). After 24 hr, the cells were permeabilized, fixed, and labeled with rhodamine
phalloidin. Notice that there was no significant effect to the fibronectin carpet on the organization of actin; in particular, the high-metastatic cells were not induced to form
extensive arrays of actin bundles comparable to those of the low-metastatic cells. Identical results were obtained with K-1735 M1 and CI-16. x 980.
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Fig. 6. Cells of the low-metastatic K-1735 CI-11 (-4and C) and high-metastatic K-1735 M1 (B and D) seeded on glass coverslips coated with human CIG (A and B) or
uncoated (C and D). The cells were permeabilized with Triton X-100 24 hr after plating, fixed, and immunolabeled for fibronectin. The low-metastatic cells showed
extensive formation of fibronectin cables concomitantly with removal of fibronectin from the underlying carpet. The high-metastatic cells did not form fibronectin cables
nor did they significantly perturb the uniform layer of substrate-attached fibronectin. x 980.

Fig. 7. Low-metastatic cells (A, C, and E) or K-1735 CI-11 and high-metastatic cells (B, D, and F) or K-1735 M1 were plated on gold particle-covered fibronectin-

coated substrate and fixed 24 hr after plating. After fixation, the coverslips were immunolabeled for fibronectin as described. The same region was observed and
photographed under low-power dark-field illumination (A and B, x 240), by high-power fluorescence microscopy (C and D, x 980). Notice that the low-metastatic variant
removed fibronectin from its surroundings and reorganized it into cables, while the high-metastatic M1 hardly perturbed the fibronectin carpet. Both cells, however,
removed gold particles upon spreading or movement. The K-1735 M1 cells showed higher locomotor activity than did the low-metastatic counterparts. Â£and F were
taken under bright-field and fluorescence illumination simultaneously. Comparison of the area from which the gold particles were removed to the area from which
fibronectin was removed is outlined by the broken line (E). The gold particles, seen as dark dots under the bright-field illumination, indicated that gold particles were

removed from a larger area, probably independently of the underlying fibronectin layer (F ).
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8
Fig. 8. Transmission electron microscopie examination of s.c. tumors produced by the low-metastatic CI-11 of K-1735 melanoma (A and B) and the high-metastatic

line M1 (C and D). The CI-11 forms a more densely packed tumor with numerous focal intercellular contacts (arrows), while the high-metastatic M1 is characterized by
disperse distribution of cells within the connective tissue and cellular debris with only few defined contacts. The cell distributions shown here were typical for these types
of tumors, and similar patterns were obtained in different regions of the same tumor. A, x 3.0; B, x 3.1 ; C, x 7.8; and D, x 2.6 (x 103).
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