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CELL-CELL COMMUNICATION IN MOUSE EPIDERMAL CELLS

Fig. 4. Representative photomicrographs of SENCAR mouse epidermal cell lines showing intrinsic gap-junctional communication capacities in low-calcium
medium, a, b, c, phase-contrast photographs of 3PC, Pi/22, and CA3/7 cultures, respectively; d, e,f, corresponding fields viewed under fluorescence 10 min after
microinjection of Lucifer Yellow CH into a single cell (*). Bar, 40 /Jin.

the normalizing influences emanating from the surrounding
tissue. Such normalizing effects have been observed in various
in vitro and in vivo studies of normal cells placed in contact
with premalignant or malignant cells (41-48). A disruption of
these influences could occur in situ if heterologous communi
cation between tumor and host cells were abolished, or if
homologous communication among the cells of an emerging
neoplasm were reduced. Our current data are consistent with
the latter hypothesis; however, whether progressive reduction
of 1C, as seen in the cell lines studied, represents a cause or
effect of epidermal carcinogenesis cannot be determined from

the results of this study. Decreased homologous 1C capacity
was recently shown to correlate with the degree of transforma
tion in rat liver epithelial cell lines (10) and the degree of
metastatic potential of rat mammary adenocarcinoma cell lines
(49).

The measurements of homologous 1C were conducted in
confluent cultures. Although it is not known which in vitro
situation best simulates intact skin, we assume that, in terms of
cell-cell contact, confluence in vitro is a fair representation.
Nonetheless, homologous 1C of 3PC and CA3/7 cells was also
tested at subconfluence (Fig. 5). Under these conditions the
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Fig. 5. Effect of culture density on junctional communication in 3PC and
CA3/7 cells. Cells were plated at low density in low-calcium medium on FAV-
coated dishes and tested at various times thereafter. Test days were chosen to
follow 1C under conditions of from 30 to 100% confluence. In low-density
cultures, the number of contacting cells did not limit the quantitation of dye
transfer.

carcinoma-derived cells were communication competent but
rapidly lost 1C ability as confluence was reached. In striking
contrast, 3PC cultures displayed increased 1C with increased
cell density. This finding clearly indicated that these cell lines
differ greatly in the regulation of communication. Although
these differences cannot be explained on the basis of the findings
presented, an association with carcinogenesis is possible. The
transition from good to poor communication in CA3/7 cells
may involve a fundamental pathway of 1C regulation, for ex
ample, increased synthesis of some factor, knowledge of which

could help to uncover new methods of cancer prevention. Pre
liminary experiments have suggested that CA3/7 cells cocul-
tured with a large excess of 3PC cells can decrease the 1C
capacity of the latter. Whether this decrease is mediated by an
agent that is secreted, transmitted through gap junctions, or is
acting through some other mechanism is not yet known. Such
a phenomenon was described by Loewenstein and Kanno (4),
who found reduced 1C capacity in normal cells surrounding
induced or transplanted liver tumors.

Our experiments suggested progressive reduction of homol
ogous 1C capacity during skin carcinogenesis, but heterologous
1C with normal keratinocytes was maintained in all cell lines.
Theoretically, to explain the suppression of clonal expansion
of initiated cells in situ (23, 24), 3PC, the carcinogen-altered
cell line, would be expected to communicate with normal cells.
For the tumor-derived cell lines, selective communication may
be unnecessary because reduced homologous 1C may weaken
normal cell influences sufficiently to allow expression of the
transformed phenotype. Recent studies with C3H10T'/2 (22) or

BALB/c 3T3 fibroblasts (19, 46) demonstrated, however, that
these transformed cells avoid growth suppression by selective
communication that excludes their nontransformed neighbors.
These results, however, may not accurately reflect the pattern
of 1C occurring during carcinogenesis when analyzed using
primary cultures of normal and tumor tissues, because of the
very abnormal nature of these heteroploid cell lines.

Alternatively, this disparity may reflect a fundamental differ
ence between carcinogenesis in epithelial and mesenchymal cell
systems. Transformed foci of BALB/c 3T3 cells display no

Fig. 6. Photomicrographs of cocultured nor
mal and transformed mouse keratinocytes show
ing heterologous communication in low-calcium
medium, a, c, phase-contrast (a) and fluores
cence photographs (c) of heterologous commu
nication observed upon microinjection of a bead-
labeled PI/17 cell (*) after 24-h coculture with
primary keratinocytes. ft, d, phase contrast (ft)
and fluorescence photographs (Â¡I)of communi
cation observed upon microinjection of a pri
mary keratinocyte (if) 25 h after addition of
bead-labeled P2/15 cells (*) to primary cultures.
Note dye spread to surrounding normal cells and
P2/15 cells. Bar, 40 /jm.
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Table 1 Heterologous communication in cocultures of bead-loaded cell lines
added to primary keratinocyte cultures

Tissue-cultured cells were latex bead prelabeled, dissociated, and added to
priman keratinocyte cultures. After varying periods of coculture in low-calcium
medium, primary cells were microinjected with Lucifer Yellow CH to determine
the heterologous communication capacity (see "Materials and Methods").

Cell line cocul-
lured with nor

malcells3PCPI/17

P2/15
P3/22
CA3/7Coculture

period(h)8.5

2425

25.5
26Heterologous

communication"20/20

(8)*

24/25(15)
28/31 (15)
32/36(18)
24/29(15)

Â°Number of cell line cells receiving dye from normal cells/number of cell line

cells in immediate vicinity of the injected normal cells.
* Numbers in parentheses, total number of normal cells injected.

Table 2 Heterologous communication in cocultures of bead-loaded primary
keratinocytes added to cultures of established cell lines

Primary keratinocytes were latex bead prelabeled, dissociated, and added to
cultures of cell lines. After 1 day of coculture in low-calcium medium, cell line
cells were microinjected with Lucifer Yellow CH, and the heterologous commu
nication capacity was determined (see "Materials and Methods").

Cell line in
coculture

Coculture
period (h)

Heterologous
communication"

3PC
CA3/7

24
25

18/19(19)*

8/9 (9)
" Number of normal keratinocytes receiving dye from cell line cells/number of

normal cells in immediate vicinity of the injected cell line cells.
b Numbers in parentheses, total number of cell line cells injected.

diminution of intrinsic 1C but do not communicate with sur
rounding "normal" cells (16, 17). Other reports also suggested

that reduced homologous 1C is associated more with transfor
mation of epithelial cells (9, 10). Perhaps, then, selective com
munication is related more closely to fibroblast transformation
than to transformation in epithelial cells. Caution is warranted,
however, in considering such a conclusion. Although we do not
yet know how best to simulate in vivo heterologous cell contacts,
we do know that tumors emerge within normal tissue in situ.
Considering this, carcinogen-induced focus formation in fibro
blast cultures may represent a more germane model. Unfortu
nately, no in vitro system yet exists for the in situ production
of transformed epithelial cells with which the question of selec
tive communication could be answered more confidently. Thus,
we used synthetic cocultures in the studies described but are
currently exploring methods of imitating the in vivo process of
epidermal carcinogenesis better.

Interpretation of the in vitro coculture data is further com
plicated by the use of Iow-Ca2+ medium. Used to maintain the

primary keratinocytes in a proliferative mode, without terminal
differentiation, this medium further removes these cultured cell
populations from the balance between proliferation and differ
entiation that exists in vivo. Pasti et al. (50) have recently
reported that primary cultures of newborn mouse keratinocytes
show decreased 1C when shifted from low to high Ca2+. Since

alterations of differentiation responsiveness are a hallmark of
carcinogen-altered and tumor-derived cell populations in the
skin (Ref. 29; Footnote 4), the use of Iow-Ca2+ medium may

further reduce the relevance of this coculture model to events
occurring in vivo during carcinogenesis. We are currently ex
amining whether heterologous communication may be sensitive
to Ca2+ concentration.

Finally, the communication assay we used may not allow the
detection of selectivity in this model system simply because of
technical considerations. Since we are examining only the cell-
cell passage of Lucifer Yellow CH, a M, 467 molecule, it is
possible that selective communication is present but only for
some gap-junctional permeant or permeants of a larger size.

This could be so if some stricture of the gap-junction channels
had occurred, perhaps as a result of defective alignment of
heterologous junction moieties. Probes of different sizes (up to
M, 1000) could be used to test this (51).

The system we used in these studies offers an excellent
opportunity to identify changes associated with tumor devel
opment, since neoplastic and preneoplastic cells from defined
stages of initiation and promotion can be manipulated for
analysis. Recently, much work has been done to characterize
genetic changes related to mouse skin carcinogenesis, particu
larly the activation of the H-ras oncogenes by DMBA (52-55).
We are currently exploring how these alterations relate to gap-
junctional communication changes. In addition, it will be im
portant to determine the homologous and heterologous cell-
cell communication characteristics of emerging tumors in vivo,
and such studies are in progress.
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NOTE ADDED IN PROOF

Further evidence for reduced 1C in the late stages of skin carcinogen
esis comes from recent studies in our laboratory using three additional
carcinoma-derived cell lines, CA 4/5, CA 8/29 and CA 9/20. These
cells demonstrate homologous 1C of 3.7 Â±0.3, 13.2 Â±0.9 and 2.8 Â±
0.4 recipients per injection, respectively.
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