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Effect of Retinoic Acid on the Infiltration of Murine Melanoma Cells into the

Type I Collagen Gel
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Two lines of murine melanoma cells (B16 and Cloud-
man S91) were cultured on type I collagen gel and the
efects of all-frans-retinoic acid on the growth and
infiltration into the gel were assayed. In both lines,
proliferation and the degree of infiltration were sup-
pressed by the addition of all-frans-retinoic acid. The
infiltration-inhibiting effect was expressed very rap-
idly and was dose-dependent at concentrations rang-
ing from 1077 to 107° M of all-trans-retinoic acid.
These results suggest the anti-invasive effects of all-
trans-retinoic acid on melanoma cells.
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Tumour cells tend to invade surrounding normal tis-
sue by penetration or infiltration with active move-
ment. However, the precise mechanism is not well
elucidated because of the absence of simple in vitro
experimental systems (1, 2).

We and other authors have reported that cells
cultured in or on type I collagen gel resemble, as
closely as possible, those in vivo (3-7). Recently,
Schor et al. (8, 9) and our group (10-13) have cul-
tured melanoma cells on and in type I collagen gel
and have suggested melanoma cell-to-collagen inter-
actions. Schor et al. first reported the penetration or
infiltration phenomenon of tumour cells into colla-
gen gel (8). On the other hand, all-trans-retinoic acid
(RA) has been known to be an anti-proliferative
agent against melanoma cells (14, 15).

In the present study, we cultured two lines of
murine melanoma cells (B16 and Cloudman $91) on
type I collagen gel and investigated the effects of RA
on growth and infiltration into the gel.

MATERIALS AND METHODS
Cell culture

A B16 CBC7 clone was derived from B16 C,M cells (16)
(kindly donated by Dr A. Oikawa, Tohoku University
School of Medicine, Sendai, Japan) and maintained in our
laboratory. Cloudman $91 melanoma cells were obtained
from the Dainippon Pharmaceutical Co. (Osaka, Japan).
These lines were grown in Eagle’s medium supplemented
with 10% fetal calf serum (FCS).

Preparation of the type I collagen gel

Hydrated type I collagen gel was prepared using a modified
method of Elsdale & Bard (3) as previously described (5-7,
10-13). Briefly, appropriate volumes of 0.3% pepsinized
type I collagen solution (Nitta Gelatine Co., Osaka, Ja-
pan), concentrated Eagle's medium, 200 mM HEPES/0.08
N NaOH solution and FCS were mixed rapidly at a temper-
ature below 4°C to a final collagen concentration of 2.0
mg/ml. One millilitre of the mixture was poured into a
35-mm bacteriological dish (Falcon) and incubated at 37°C.
The collagen gelled within 10 min. Before use, cells were
trypsinized, washed and then inoculated onto the gel at a
cell density of 10° cells/dish.

Assay of total cell growth and infiltration into the collagen
gel

The total number of cells both on and in the gel and that on
the surface of the gel were determined by the modified
method of Schor (8). The collagen gel with cells on its
surface was washed three times with Ca?*, Mg**-free phos-
phate-buffered saline (PBS*~) and incubated in 2 ml of
0.05% trypsin/2 mM EGTA in PBS® for 30 min. The
trypsin solution was vigorously stirred by pipetting to re-
lease the cells. The cells released were recovered as com-
pletely as possible and stored in a tube. The gel was in-
cubated in 2 ml of 0.4 mg/ml collagenase (Sigma) in serum-
free medium for 20 min at 37°C. The collagenase solution
was stirred vigorously by pipetting. The detached cells were
recovered and added to the tube containing cells previously
released by trypsinization and the cell numbers were
counted using a hemocytometer (the number of cells on the
surface of the gel; A). By the treatment with trypsin and
collagenase, the cells on the surface were almost com-
pletely detached and the intact gel was left.

The gel was minced with scissors and incubated again in 2
ml of 0.4 mg/ml of collagenase for 5 h to dissolve the gel.
Cells which infiltrated and grew in the gel were released,
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Fig. 1. Time course of growth (A, B) and infiltration (C, D)
of Bl6 (A, C) and $91 (B, D) melanoma cells. RA was
added at a concentration of 107" M (O). Control. (@).
Each point represents the mean of three experiments
(+sn).

recovered and the cell numbers were counted (B). The
total number of cells was the sum of A and B.

RA (Sigma) was added at the indicated concentration
from day 0 of culturing. In the control. the same volume of
solvent (ethanol) as that of RA was added.

Statistical analysis was performed using Student’s t-test,

RESULTS

Growth-inhibitory effect of RA

Fig. 1 shows the time course of the growth (A, B)
and the infiltration into the gel (C. D) of B16 (A, C)
and S91 (B, D) melanoma cells. With the addition of
RA (107% M), growth was suppressed in both lines.
The suppression was shown to be stronger in S91
than in B16 cells (% of growth inhibition at day 5
was about 58% in B16 and 81% in S91 cells). The
growth inhibition was reversible, since the growth
rate recovered when the medium was changed to an
RA-free one (data not shown).

Inhibition of cell infiltration into the gel by RA

As shown in Fig. 1C and D, melanoma cells rapidly
infiltrated into the collagen gel and this process pro-
gressed in a time-dependent manner. The degree of
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cell infiltration into the gel was remarkably sup-
pressed as early as day 1 of culturing in both lines (p
< 0.01).

Dose-dependency of the suppression of cell
infiltration by RA

The effects of various concentrations of RA on the
infiltration is shown in Table I. The effects were
found to be dose-dependent in both lines. At con-
centrations of 10® and 10~ M, the suppression rate
of infiltration of S91 cells was lower than that of B16
cells (p < 0.01).

DISCUSSION

In the present study, rapid infiltration into the gel
was observed in both melanoma cell lines (Fig.
1 C, D). Because the growth rates of melanoma cells
in the collagen gel were the same as those on the gel
(11, 13), the increase in the number of cells in the gel
was thought to be due mainly to cell infiltration. RA
inhibited both cell growth and infiltration into the
gel in both lines (Fig. 1), and the anti-infiltrating
effect of RA was dose-dependent (Table 1). The
effects of RA were expressed from day 1 or 2 of
culture.

The anti-proliferative effect of RA against melan-
oma cells has been reported by Lotan (14) and Lauh-
aranta et al. (15) They have reported that the most
sensitive cell line is Cloudman S91 and that the cell-
specific differentiating function, melanogenicity, of
this cell line is enhanced by the addition of RA. As
shown in Fig. 1A, the growth of B16 cells was also
inhibited by RA. However, the degree was lower
than that of S91 cells (Fig. 1B). In contrast to S91
cells, the melanogenetic activity of B16 cells was
suppressed by RA (data not shown) as previously
reported by Hosoi et al. (17). On the other hand, the
inhibitory effects on infiltration were observed in

Table 1. Effects of various concentrations of RA on
melanoma cell infiltration into the collagen gel, ex-
pressed as % of cells in gel (vs. control)

Concentration of retinoic acid

Line 0 107" M 10°°M 10 M
B16 CBC7 100 42.5+0.8 31.4%x0.3 21.2%0.5
591 100 43.240.1 38.120.7 30.5%0.2




both lines, and the suppression rate of S91 cells was
lower than that of B16 cells (Fig. 1 C, D and Table I).
The mechanism of infiltration into the gel remains
to be clarified. Some authors have pointed out the
important role of proteolytic enzymes in metastasis
(18, 19). However, Schor et al. (9) and Bogenmann
et al. (20) found no correlation between the collage-
nolytic activity of cells and the invasion or infil-
tration process. RA has been reported to be in-
volved in the synthesis and secretion of fibronectin
(FN) (21), which is known to have stimulatory (22)
and inhibitory (23) effects on cell migration in plastic
dishes. Schor et al. have also reported that FN is
involved in cell migration in collagen gel (24). FN or
another extracellular matrix, such as glycosamino-
glycan, may be related to the process (25).
Recently, the anti-invasive effect of RA in mam-
mary tumour cells has been reported (26, 27). The
present study also shows that RA not only has anti-
proliferative potential but also has an anti-infiltrat-
ing effect into collagen gel against melanoma cells.
As previously reported (3-8). a culture system of
type I collagen gel has been considered to be a
reconstituted dermis model. However, other compo-
nents of the dermis including proteoglycans or fibro-
blasts, which will influence the behaviour of the
melanoma cells, must be introduced to this system.
Such an attempt has been in progress in our lab-
oratory. The culture system using type I collagen gel
as a substrate may be a useful and simple model for
the in vitro study of tumour metastasis and invasion.
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