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In order to study the interaction between melanoma
cells and collagen, B16 murine melanoma cells were
embedded and cultured in type I collagen gel. Melano-
ma cells cultured in the collagen gel became elongated,
as compared with those cultured on plastic, and some
of them assumed a dendritic form. The gel contracted
very slowly but steadily during culturing of melanoma
cells, as in the experiment using fibroblasts. On the
20th day of culture the area of the gel accounted for
only 32% of that when culture started. This contrac-
tion was enhanced by retinoic acid, which is known to
induce cell differentiation. The contractility of the gel
differed between various lines of melanoma cells. The
present observations raise the possibility of interaction
between melanoma cells and type I collagen.
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Melanoma is one of the malignancies that are poten-
tially highly metastatic. Unfortunately, much still re-
mains to be elucidated about the mechanism of me-
tastasis. In the first step of metastasis, melanoma cells
infiltrate the dermis and inevitably encounter type I
collagen, the largest component of connective tissue.
They then migrate and proliferate, surrounding the
collagen. Several recent reports have described a cor-
relation between metastatic potential and enzyme ac-
tivity related to the collagen metabolism (1, 2), and a
collagen-induced alteration of glycosaminoglycan
(GAG) synthesis in melanoma cells (2, 3). both of
which are suggestive of interaction between melano-
ma cells and collagen.

By contrast, Bell et al. (4) reported the very peculiar
phenomenon that the collagen gel in which fibroblasts
were cultured underwent rapid contraction. Although
the mechanism of this gel contraction has not vet
been fully elucidated (5), the culture system using
collagen gel is useful for the study of interaction be-
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tween cells and collagen. In this work we cultured B16
melanoma cells and certain other cell lines in type |
collagen gels and evaluated gel contractility.

MATERIALS AND METHODS

Cell culture

A B16 melanoma clone (B16/CBC) was derived from a
subcutaneous tumour, resulting from the transplanatation
of B16 C;M melanoma cells (6) (kindly donated by Dr
A.Oikawa, Tohoku University, Sendai, Japan) into a
C57BL mouse and cloned with limiting dilution. The B16/
CBC line was maintained in Eagle's medium (Nissui Phar-
maceutical Co., Tokyo, Japan) with 10% fetal calf serum
(FCS) (GIBCO, Grand Island, NY).

The human melanoma cell line AKI (7) was generously
donated by Dr A. Ishii (Toranomon Hospital, Tokyo. Japan),
and the SEKI line was kindly presented by Drs H. Okumura
and K. Yamada (National Institute of Health, Tokyo, Japan).
A Syrian hamster melanoma cell line (RPMI 1846) was pur-
chased from the American Type Culture Collection (Rock-
ville, Md.). These three lines were all maintained in RPMI
1640 medium (Nissui Co.).

Preparation of collagen gel

Prior to use, the cells were briefly treated with a 0.25%
trypsin (GIBCO) solution, washed twice, counted, and dilut-
ed with medium to the desired concentrations.

The melanoma cells were embedded three-dimensionally
in hydrated collagen gels using a modified version of the
procedure developed by Elsdale & Bard (8). The following
stock solutions were prepared and kept below 4°C. Solution I:
0.3% (w/v) pepsinized type I collagen solution in dilute HCI
(pH 3.0) (derived from porcine tendon and checked for purity
by SDS-PAGE, Nitta Gelatine Co., Osaka, Japan); Solution
I1: Eagle’s medium concentrated ten-fold; and Solution Il1:
200 mM HEPES in 0.08 N NaOH. Eight volumes of Solution
I and one volume of Solution II were mixed in a plastic tube
with one volume each of Solution IIl and FCS (collagen
mixture). After the cell suspension containing the appropriate
number of cells (1: 10 volume of total collagen mixture) was
added to the tube, 1 ml of this mixture was poured into a 33-
mm bacteriological dish (Falcon). The dishes were incubated
at 37°C. The collagen gelated within 10 min and the cells
were trapped three-dimensionally within the gels. The final
collagen concentration was 2.0 mg/ml. Initially 10° cells were
incorporated in the 1 ml of collagen mixture.
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Measurement of gel size

The diameter of each gel was measured every 24 h by placing
the dishes on a ruler and the means of diameters in three
planes were recorded.

Measurement of cell viability

At 20 days of culture, the gels were minced with scissors and
digested with collagenase (4 mg/ml, Sigma, Type ['V) at 37°C
for 40 min. The released cells were collected by centrifugation
at 1,000 rpm for 5 min. The cells were resuspended in a
0.04% trypan blue solutionin phosphate-bufferedsaline. The
viable cells were counted with a hemocytometer and the
viability (percentage of dye-excluded cells) was determined.

RESULTS

Fig. 1 shows the morphological findings after cultur-
ing B16 melanoma cells on plastic and in collagen gel.
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Fig. 1. Phase-contrast image of B16 melano-
ma cells cultured on the ordinal plastic (left)
and within the collagen gel (right). Fifth day
of culture. x250.

Those cultured on plastic were flattened and the indi-
vidual processes were broadened (Fig. 1, left). In con-
trast, those cultured in the gel were elongated with
fine processes, and some were dendritic (Fig. 1,
right).

Gel contraction occurred gradually during long-
term culture of B16 melanoma cells, and the gel float-
ed on the culture medium. Fig. 2 shows the contract-
ed gel on the 10th day of culture. The gel was dark-
ened due to melanin deposition.

Fig. 3 displays the time-course changes in the dia-
meter of collagen gel. The gel containing 10° cells
contracted by degrees and its area decreased to 32 %
of the original area (day 0) of culture.

When culturing was performed in the presence of
retinoic acid (RA), which is known to induce differen-

Fig. 2. Contracted collagen gel was floated
in the medium. Melanoma cells (10° cells)
were incorporated in the collagen gel. The
gel was pigmented due to melanization. 10th
day of culture.



Contraction of type I collagen gel by melanoma cells
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Fig. 3. Time course of collagen gel contraction by B16
melanoma cells without RA (@) and with RA (O), RPMI
1840 Syrian hamster melanoma cell line (X ), human melan-
oma AKI () and SEKI (/) line.

tiation in various kinds of cells, gel contraction was
enhanced: the area on day 20 accounted for no more
than 14 % of that on day 0.

Next, several other lines of melanoma were investi-
gated. Gel contraction was not seen in a human SEKI
line. When another human-derived AKI line was em-
ployed, the contractility of the gel was modest; its
area on day 20 was 76.6 % of that on day 0. When the
RPMI 1846 line from Syrian hamster was used, the
area of the gel surface on day 20 was 56.5% of that on
day 0. Gel contractility varied among the cell lines
used. The viability of each cell line cultured in colla-
gen gel was 89.7x1.2% (B16, without RA),
90.7+0.9% (B16, with RA), 90.1£0.3% (RPMI
1846), 88.6+1.0% (SEKI) and 88.9+0.5% (AKI),
respectively. The differences between them were not
significant.

In all the experiments, the hardness and density of
the collagen gels gradually increased, but they never
became fragile.

DISCUSSION

Interaction between cancer cells and extracellular ma-
trix has long been an interesting topic, yet much re-
mains unclear about it. Since Sloane et al. (1) report-
ed the correlation between metastatic potential and
activities of enzymes relating collagen metabolism,
the notice of investigators has been directed to the
relationship between the connective tissue and bio-
logical and biochemical characteristics of cancer cells
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(2). Schor et al. (9-12) made a path-finding study of
the relation of collagen to the behaviour of melanoma
cells; they could apparently migrate and proliferate
freely in collagen gel. Bell et al. (4) discovered a pecu-
liar phenomenon, viz., fibroblast-induced contrac-
tion of collagen gel. Although the exact mechanism of
this contraction is still unknown (5), several explana-
tions have been proposed. The cytoskeleton. includ-
ing actin filaments, is damaged by cytochalasin B and
this reagent inhibited gel contraction completely (4).
From this fact it seems incontrovertible that gel con-
traction is associated with the motility of viable cells.
Grinnell & Bennet (13) revealed electronmicroscopi-
cally that direct interaction between cells and collagen
fibres occurred during culture in collagen gel.

The present investigation has confirmed the con-
traction of collagen gel (Figs. 2, 3), though neither
Schor et al. (9-12) nor Adams & Priestley (14) ob-
served this phenomenon. As shown in Fig. 3, howev-
er, this phenomenon occurs much more slowly than
fibroblast-induced contraction (4). They probably
overlooked this phenomenon, since their experiments
were rather short-term ones. Besides, results may
vary, depending upon the cell line used.

The question may be raised whether or not collagen
gel is eluted by collagenase released by melanoma
cells. The collagen gel to which exogenous collagenase
was added did not contract and rapidly became frag-
ile. On the other hand, the gel containing melanoma
cells contracted to increase in hardness and density.
Schor et al. (9, 10) postulated that there might be no
relation between collagenase activity and cell move-
ment in the collagen gel and stated that activity of
the cells in the gel did not degrade collagen.

It was already shown by us (135) as well as by Adams
& Priestley (16) that the fibroblast-induced contrac-
tion of collagen gel was promoted by RA. This agent
exerted a marked enhancing effect on gel contraction
in our experiment using B16 melanoma cells, too
(Fig. 3). RA is known as an inducer of differentiation
of various cells. In this context, it was reported that
RA suppressed the growth of melanoma cells (17). In
addition, Buttle & Ehrlich (18) and Steinberg et al.
(19) stated that the gel-contracting ability of highly
differentiated or normal cells was great. These obser-
vations gave a firm basis for the hypothesis that there
is a definite relationship between gel contraction and
the degree of cell differentiation. It has been reported
that RA influence fibronectin synthesis (20). We feel
that it is necessary to ascertain whether RA enhances
attachment of melanoma cells to collagen or not. But-
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tle & Ehrlich (18) postulated the relation of cell mor-
phology in the collagen gel and gel contractility. B16
cells became elongated and some were dendritic in
the collagen gel (Fig. 1), but the correlation between
cell morphology and contraction is still obscure and
this warrants further investigation.

In conclusion, the present observation, showing
that collagen gel was contracted by melanoma cells,
suggests that interaction takes place between melano-
ma cells and collagen, and further that a culture sys-
tem using collagen gel is of value for the study of the
interaction between cancer cells and matrix compo-
nents.
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