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ABSTRACT

Three highly metastatic clones and two weakly metastatic clones were
obtained from a spontaneously arising mammary carcinoma in an SHR
rat. The difference in their capacity to generate metastatic ability was
recognized when the tumor cells were implanted s.c. but not when they
were implanted i.v. This evidence possibly indicates that the difference
in the metastatic capacity of these clones is caused by different potential
for detachment from the primary site and for intravasation during the
various steps of metastasis.

There are no differences between highly and weakly metastatic clones
with regard to their in vitro growth characteristics (doubling time,
saturation density, plating efficiency, etc.), homotypic aggregation, and
adhesiveness to plastic matrices and fibroblast monolayers. Therefore,
we used a dye transfer method to examine the relationship between the
metastatic capacity of tumor cells and the capacity of tumor cells to make
junctional communication with normal fibroblasts. We found that the
incidence of intercellular communication between weakly metastatic clone
cells and fibroblasts (derived from normal s.c. tissues and tumor tissues)
was significantly higher than that between highly metastatic clone cells
and fibroblasts.

These results suggest that junctional communication between tumor
cells and normal fibroblasts may play a part in the early stage of cancer
metastasis.

INTRODUCTION

The metastatic process is a series of sequential steps in which
tumor cells are released from the primary tumor and dissemi
nate to distant sites where they proliferate to form new tumor
foci (1). At every step, tumor cells are in contact with other
tumor cells, normal cells, or extracellular matrices and it is
therefore considered that tumor cells interact with these cells
or matrices.

It is known that there are various patterns of intercellular
interaction, one of which is junctional intercellular communi
cation (2, 3). Junctional intercellular communication is me
diated by a gap junction which facilitates the direct transfer of
ions, metabolites, nucleotides and possibly other small mole
cules from cytoplasm to cytoplasm, without leakage into the
extracellular space (2, 4-6). Gap junctional communication is
considered to play a role in the controlling of cell growth and
maintaining of harmonious tissue function (3, 7).

In the present study, we used rat mammary cancer cell clones
that possessed different metastatic capacities to examine the
relationship between the metastatic capacity of cancer cells and
intercellular communication of cancer cells with normal cells.

MATERIALS AND METHODS

Animals. An inbred strain of SHR rats was purchased from the
Nippon Rat Co., Urawa, Japan. Throughout the experiments 7- to 10-
week-old female rats were used.
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Cells. The c-SST-2 cell is a culture line that originated from a
spontaneous mammary adenocarcinoma in an SHR rat. Clones cl-2,
cl-3, cl-4, and cl-6 were derived from c-SST-2 by the single-cell culture
method. Clone cl-2r was isolated from cl-2 after treatment with 250

iig/ml ethyl methanesulfonate for 24 h, and selection by the use of 10
Mg/ml 6-thioguanine. Fibroblasts were obtained from the s.c. tissue of
SHR rats or a c-SST-2 tumor growing in the back of an SHR rat.
Fibroblasts derived from s.c. tissues were obtained from normal SHR
rats which were killed by cervical dislocation. The skins were stripped
off and spread on a cork plate, and s.c. tissue was aseptically scraped
with a surgical knife. Subcutaneous tissue fragments were placed on
culture dishes (100 mm diameter; Corning, New York, NY) and taken
in culture. When the cells migrating and proliferating from tissue
fragments were grown at near confluency, the cells were detached from
culture dishes by using 0.2% trypsin:2 MINIdisodium EDTA treatment.
Recovered cells were washed and seeded into other culture dishes (60
mm diameter) for experiments. Tumor-derived fibroblasts were ob
tained from tumor-bearing SHR rats which were inoculated s.c. with c-
SST-2 parent line cells. When the mean tumor diameter was about 10
mm, the marginal region of the tumor mass, including the fibrous
capsule, was partially removed. Tissues were minced and placed on
culture dishes. Cells which migrated from the expiants and proliferated
consisted morphologically of two types, fibroblast-like cells and poly
gonal cells (tumor cells). Areas where fibroblast-like cells were prolif
erating in the cultures were covered with filter papers containing trypsin
solution. Fibroblast-like cells were picked up using filter paper and
expanded on fresh dishes for experiments. These cells did not grow in
the syngeneic host ( I x 1():/nu ). These cells were maintained in Eagle's

minimum essential medium supplemented with L-glutamine (292.3 mg/
liter) and 7% heat-inactivated fetal calf serum in 5% CO2 and 95% air
at 37'C.

Evaluation of Metastatic Ability. c-SST-2 clone cells were washed in
PBS3 and detached from culture dishes (100 mm diameter; Coming)

with 2 HIMdisodium EDTA in PBS. Recovered cells were washed and
centrifuged at 1200 rpm for 5 min twice. Packed cells were resuspended
in PBS and passed through 4 layers of gauze. Cell suspensions were
inoculated into SHR rats s.c. or i.v. Four or 5 weeks after the inocula
tion, rats were sacrificed and examined macroscopically for mÃ©tastases
in various organs. After the lungs had been fixed in Bouin's solution,

the metastatic foci of lungs were counted macroscopically.
Assay of Adhesion to Plastic Matrix and Monolayers of Fibroblasts.

Subconfluent cultures of c-SST-2 clone cells were prelabeled with 0.5
iiCi/ml [125I]iododeoxyuridine for 24 h in complete medium. The radi-

olabeled cells were detached from the culture dishes with 2 mM diso
dium EDTA in PBS. They were then suspended at 5 x 10' cells/ml

medium and placed in culture dishes (35 mm diameter; Corning) or
dishes with confluent monolayers of fibroblasts and allowed to adhere
without agitation at 37Â°C.At the indicated times, unattached cells were

removed by three washings with 2 ml of PBS. The remaining adherent
cells were detached from the culture dishes with 0.2% trypsin:2 mM
disodium EDTA in PBS and harvested. The radioactivity of the har
vested cells was determined. The percentage adhesion rate was calcu
lated according to the following formula, where A is the input cell cpm
and B is remaining cell cpm.

% of adhesion = B/A x 100

These results were the mean values Â±SD of triplicate determinations
at each time point.

Measurement of Intercellular Communication by Means of Fluores
cent Dye Transfer. A 10% (w/v) solution of Lucifer Yellow CH (Sigma

3The abbreviation used is: PBS, Ca- and Mg-free phosphate-buffered saline.
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Chemical Co., St. Louis, MO) in 0.33 M lithium chloride solution was
injected through glass capillaries under a microinjectoscope (Olympus
injectoscope). Since this dye cannot diffuse through the membrane, its
transfer into neighboring cells is believed to occur by gap junctional
communication. Glass capillaries were prepared from capillary tubes
using an automatic magnetic puller (Narishige, Tokyo, Japan), i SS I
2 clone cells were impaled with the capillaries close to the nucleus, and
the dye was injected continuously for about 3 s by hand pressure. The
transfer of the dye into the surrounding cells was observed under a
fluorescence microscope about 10 min after the injection. Dye transfer
remained consist for at least 30 min. In the measurement of intercellular
communication between the same c-SST-2 clone cells, tumor cells were
plated on culture dishes (60 mm diameter; Corning) to which complete
medium was added. When the cultures of the plated tumor cells were
nearly confluent, the dye was microinjected into a single cell and the
number of dye-transferred surrounding cells was counted under a fluo
rescence microscope. To examine the intercellular communication be
tween c-SST-2 clone cells and fibroblasts, tumor cells (1 x 10*) were

seeded into fibroblast cultures when the fibroblasts were sparse con
fluent in d() min culture dishes. One to 2 days after coculturing, dye
was microinjected into either an isolated tumor cell or a fibroblast and
tested to examine whether the dye had been transferred into an adjacent
cell (fibroblast or tumor cell) or not. In this experiment we purposely
chose microscopically distinguishable cells such that the tumor cells
were of a cuboidal or plump-spindle shape while fibroblasts were larger,
flat, and less refractile. The criteria for selecting appropriate cells to
microinject with dye dependent on the surrounding environment of
these cells. To this effect environments unsatisfactory for this investi
gation, such as clumping, piling, etc., were avoided.

RESULTS

Metastatic Capacity of c-SST-2 Clones. Rats were inoculated
s.c. with each c-SST-2 clone (1 x IO6cells/rat). Thirty-five days

after the inoculation, the rats were sacrificed and autopsied
(Table 1). The incidences of metastasis in the lung with cl-2, cl-
3, and cl-6 were 10 of 10, 6 of 6, and 5 of 5, respectively. The
median numbers of the met astatic colonies of cl-2, cl-3, and cl-
6 were 41.5, 31.5, and 19, respectively. In contrast, the inci
dences of lung metastasis with cl-4 and cl-2r were 8 of 14 and
4 of 9, respectively. The median numbers of pulmonary met-
astatic colonies of cl-4 and cl-2r were 2 and 0, respectively.

MÃ©tastasesof other organs were observed in the right axillary
and inguinal lymph nodes in all of the rats. Following i.v.
injection with each clone (1 x 10" cells/rat), however, different
metastatic capacities between highly (cl-2, cl-3, and cl-6) and
weakly (cl-4 and cl-2r) metastatic clones were observed neither

in the incidences of lung metastasis nor in the median numbers
of pulmonary metastatic foci (Table 2).

Cell Biological Characteristics of c-SST-2 Clones In Vitro.
Doubling time, plating efficiency, cloning efficiency in soft agar,
saturation density, and homotypic aggregation were examined
in three highly (cl-2, cl-3, and cl-6) and two weakly (cl-4 and
cl-2') metastatic clones. In these examinations, no significant

differences in the effects between highly and weakly metastatic

Table 1 Metastatic ability of c-SST-2 clones in SHR rats

Table 2 Incidence of experimental mÃ©tastasesin SHR rats given i.v. inoculation
of c-SST-2 clones

PulmonarymÃ©tastases'c-SST-2

clonesClone

2
Clone 3
Clone6Clone

4
Clone 2'Incidence

(%)10/10(100)

6/6(100)
5/5(100)8/14

(57)
4/9 (44)Median

no.
of colonies41.5

31.5
1920Range13-71

10-67
10-320-11

0-21

PulmonarymÃ©tastases"c-SST-2

clonesClone

2
Clone 3
Clone6Clone

4
Clone 2'Incidence5/55/5

5/55/57/7Median

no.
of colonies53

43
4852

67Range30-110

30-65
34-5046-70

48-TNTC*

" Rats were inoculated i.v. with 1 x 10* c-SST-2 tumor cells, and pulmonary

mÃ©tastaseswere examined macroscopically 28 days after the inoculation.
* TNTC. too numerous to count.
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" Rats were inoculated s.c. with 1 x IO6c-SST-2 tumor cells, and pulmonary

mÃ©tastaseswere examined macroscopically 35 days after the inoculation.

Fig. 1. Adhesion rate of a highly metastatic clone cl-2 (O) and a weakly
metastatic clone cl-4 (â€¢)to plastic dishes (I), to a monolayer of fibroblasts
obtained from s.c. tissue (B), and to a monolayer of fibroblasts obtained from the
SST-2 tumor growing site (C).

clones were noted (data not shown). We also examined the
capacity of a cl-2 that was representative of highly metastatic
clones and a cl-4 that was representative of weakly metastatic
clones to adhere to plastic matrices or monolayers of fibroblasts
obtained from s.c. tissues of normal SHR rats or obtained from
a c-SST-2 tumor growing in an SHR rat. Fig. 1 shows both cl-
2 and cl-4 cells adhering in a similar way to plastic matrices or
monolayers of fibroblasts.

Intercellular Communication between c-SST-2 Clones and Fi
broblasts. We used the dye transfer method to examine inter
cellular communication between highly or weakly metastatic
clone cells and fibroblasts obtained from s.c. tissues of normal
SHR rats. The capacity for intercellular communication was
estimated by the frequency with which dye transfer from dye-
injected tumor cells to adjacent fibroblasts (dye-injected fibro
blasts to adjacent tumor cells) was observed (Fig. 2, A and B)
or not (Fig. 2, C and D). Table 3 shows that the communication
frequencies in the combinations of highly metastatic clones and
fibroblasts obtained from the s.c. tissues of normal SHR rats
ranged from 12.0 to 23.1%, while the communication frequen
cies in the combinations of weakly metastatic clones and the
fibroblasts ranged from 39.7 to 47.2%. Whichever kind of cell
was injected with dye, the intercellular communication between
highly metastatic clones and the fibroblasts was significantly
poorer than that between the fibroblasts and weakly metastatic
clones.

We next examined the intercellular communication between
highly or weakly metastatic clone cells and fibroblasts obtained
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Table 4 Frequency of dye transfer between c-SST-2 clones and flbroblasts
obtained from SST-2 tumor

-Â¿r

B

Fig. 2. Patterns of fluorescent dye transfer between weakly and highly met
astatic c-SST-2 cell clones and normal fibroblasts. In A, no dye transfer is observed
between highly metastatic clone (clone 2) ceils and fibroblasts; B, light microscopic
picture of A; in C, dye transfer is observed between weakly metastatic clone (clone
4) cells and fibroblasts; D, light microscopic picture of C. Cells injected with
fluorescent dye, Lucifer Yellow CH (*).

Table 3 Frequency of dye transfer between c-SST-2 clones and normal fibroblasts
obtained from SHR rat s.c. tissue

c-SST-2
clonesClone

2
Clone 3
Clone6Clone

4
Clone 2'Metastatic

capacityHigh

High
HighWeak

WeakNo.

of dye-coupled cells/no, of
total dye injections into(%)Tumor

cells8/56Â°
(14.3)

7/46* (15.2)
11/54Â°(20.4)29/64*

(45.3)
23/58' (39.7)Fibroblasts3/25f(l2.0)

5/29Â«(17.2)
6/26*(23.1)i

7/36' (47.2)
14/34*'(41.2)

Â°' a or b versus d, P< 0.001; a or ft versus e, c versus d,f versus i, P < 0.01; c
versus e,for g versus j, g versus i, P < 0.05, by x2 test.

from a c-SST-2 tumor growing in a SHR rat. When tumor cells
were treated by injections of fluorescent dye, the communica
tion between weakly metastatic clones and the fibroblasts (34.6-
38.2%) was higher than that between highly metastatic clones
and fibroblasts (10.0-14.6%). Also the dye transfer from the
fibroblasts to weakly metastatic clones was observed more
frequently than that from the fibroblasts to highly metastatic
clones (Table 4). In the combination of tumor cells and fibro
blasts obtained from c-SST-2 tumor, as well as the combination
of tumor cells and fibroblasts obtained from normal s.c. tissues,
the communication frequencies of weakly metastatic clones
with fibroblasts were significantly higher than those of highly
metastatic clones with fibroblasts. The intercellular communi
cation among tumor cells of the same clone was examined. The
frequencies of dye transfer observed from a dye-injected tumor
cells to the surrounding tumor cells were 100% regardless of
their metastatic capacities and the mean number of dye-trans
ferred surrounding cells per injection was about 10 cells in each
tumor clone.

c-SST-2
clonesClone

2
Clone 3
Clone6Clone

4
Clone 2'Metastatic

capacityHigh

High
HighWeak

WeakNo.

of dye-coupled cells/no, of
total dye injections into(%)Tumor

cells7/62Â°
(1 1.3)

5/50* (10.0)
7/48c(14.6)21/55"'

(38.2)

18/52' (34.6)Fibroblasts2/27/(7.4)

3/26' (11. 5)
4/28*(14.3)13/36'

(36.1)
11/30* (36.7)

Â°'a orb venusd,P < 0.001;a orb versuse,c versusd,f versusiorj,P <
0.01;cversuse,g,orh versusi,g versusi,P < 0.05,byx2'est.

DISCUSSION

In the present study, we observed different metastatic capacity
among tumor cell clones isolated from a spontaneous rat mam
mary adenocarcinoma following s.c. inoculation, but not after
i.v. inoculation. This possibly indicates that the differences in
metastatic capacity of these clones are caused by different
potential for detachment from the primary tumor site and for
intravasation of the clone cells.

To analyze this difference, we examined the effect of inter
cellular interaction between tumor and normal cells on met
astatic capacity of tumor cells. By means of a dye transfer
method, we found that weakly metastatic clone cells commu
nicated with fibroblasts obtained from s.c. tissues in normal
SHR rats or from growing site of c-SST-2 tumor in an SHR
rat better than did highly metastatic clone cells. Moreover, such
a different capacity for intercellular communication among
these clones did not reflect any different degree of adhesiveness
to the fibroblasts, because both highly and weakly metastatic
clones attach to fibroblast monolayers in a similar manner.

It has been reported that the dye transfer observed in our
examination is performed via the gap junction formed between
cells (8, 9). This gap junctional communication is considered
to play an important role in maintaining tissue homeostasis (3).
Furthermore, inhibition of junctional communication by tumor
promoters such as 12-O-tetradecanoylphorbol-13-acetate, etc.,
has been demonstrated in several mammalian cell lines (10-
13). In addition, Enomoto and Yamasaki (14) reported that
BALB/c 3T3 cells transformed by 20-methylcholanthrene
could no longer communicate with surrounding normal BALB/
c 3T3 cells in the experiments of in vitro cell transformation.
These reports suggest that loss or decrease of the capacity for
intercellular communication may be one of the important fac
tors in the process of tumor promotion. On the other hand,
Mehta et al. ( 15) have reported that frequency of the junctional
communication between transformed and nontransformed cells
correlates well with the growth inhibition of the transformed
cells in the examination of their reconstitution. They suggest
that gap junctional communication possibly serves to transfer
the signal for growth control.

We speculate that normal cells may regulate not only the
growth but also other malignant properties of tumor cells via
the gap junction. Namely, it could be considered that the weakly
metastatic clones used in this examination may essentially
possess the same metastatic capacity as that of highly metastatic
clones and that the metastatic ability of weakly (but not highly)
metastatic clones is liable to be inhibited by normal cells
through intercellular communication.

It goes without saying that the metastatic properties which
tumor cells possess per se, motility, lytic enzyme activity, etc.,
are important factors in the establishment of cancer metastasis.
We suggest, however, that such metastatic properties are not
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only determined genetically but also modified by such intercel
lular interactions as junctional communication. The study of
intercellular interactions between tumor cells and normal cells
could therefore contribute to the analysis of the mechanism of
cancer metastasis.
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