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IN THE recent paper by Arenholt et al. (Eur J Cancer 
Clin Oncoi 1987, 23, 19-29) in vitro observations 
related to the effects of several structurally unre- 
lated tumor-promoting chemicals were interpreted 
as implicating the role of gap junctional intcrccllu- 
lar communication in the cellular mechanism of 
tumor promotion. They obscrvcd that several tum- 
or-promoting chemicals, but not the non-tumor 
promoters, caused many cytomorphological effects 
in primary rat tongue squamous epithclial cells. 
In this “Commentary”, I USC this series of obscr- 
vations, and those of many diverse fields, such 
as developmental biology, chemical carcinogcncsis, 
and molecular oncology, to attempt an integration 
of several current concepts; namely the concepts of 
“initiation/promotion”, “ gap juctional intcrccllular 
communication” and “oncogcncs”. 

In spite of obvious criticisms that the Arenholt 
et al. observations were on cells, grown in vitro 
(tumor promotion is an in vivo operational concept), 
and derived from rats (an animal not yet shown 
to be particularly sensitive to skin promotion by 
the agents used in this study, although rat liver 
is an excellent species/organ system for promotion 
studies), I feel their results are consistent with 
other observations showing that many tumor pro- 
moting chemicals do inhibit intercellular com- 
munication both in vitro and in vivo. 

The multi-step nature of carcinogenesis has 
been, operationally, conceptualized to consist of an 
“initiation” phase, in which a normal cell has its 
genome irreversibly altered to form a single pre- 
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malignant or “initiated” cell by a single low dose 
of a “carcinogen”, and a promotion phase, in which 
the single initiated cell is clonally multiplied by a 
variety of conditions, thereby helping to facilitate 
the conversion of the pre-malignant phenotype to 
a malignant one [I]. Although the molecular mech- 
anisms for either of thcsc processes are still 
unknown, there is strong evidence implicating 
mutagenesis as the basis for initiation [2]. To explain 
the clonal nature of cancer, and to be consistent 
with the operational definition of promotion, the 
single initiation cell must be increased. Therefore, 
among other things which might happen during 
the promotion phase, mitogenesis must occur to 
allow the selective increase of the initiated cell. 

Again, while the molecular mechanism for 
mitogenesis is not known, the control of cell div- 
ision and differentiation of potential proliferable 
cells (i.e. stem cells) seems to be linked to the 
phenomenon of “contact inhibition”. Normal cells 
seem to “contact-inhibit” while cancer cells do not 
[3]. Here is where a possible connection to the 
concept of gap junctional intercellular com- 
munication is possible. The membrane-bound pro- 
tein channel, gap junction, which regulates the 
intercellular transfer of ions and small molecular 
weight molecules, has been postulated to play a 
significant role in the regulation of proliferation 
and differentiation [4]. 

Interestingly, many cells derived from tumors 
have some dysfunction in their ability to perform 
gap junctional intercellular communication in vitro 
[5]. A decrease of gap junctions in tumor tissue in 
vivo has been noted [6]. In addition, it has been 
shown that many tumor promoting chemicals 
inhibit gap junctional communication in vitro [7, 
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81 and that altered gap junctional communication 
is found during in vitro transformation [9]. Fur- 
thermore, it also has been demonstrated that the 
tumor-promoting phorbol ester reduces the fre- 
quency of gap junctions in mouse skin [lo]. Partial 
hepatectomy, a tumor-promoting stimulus trig- 
gering regenerative hyperplasia in the rat, has also 
been shown to reduce gap junctions during the 
regenerative growth phase [ 111. 

With the recent investigations in the area of 
oncogenes and carcinogenesis, another connection 
to gap junctions can be made. Cancer has been 
described as a “disease of differentiation” [ 121. In 
the last few years the expression of various oncog- 
enes has been correlated with a cell’s commitment 
to either proliferate or differentiate [ 131. Several 
oncogene products, such as from the src and ras, 
now have been shown to be associated with a 
decrease in gap junctional communication 
[14-161. One could speculate that other oncogene 
products associated with growth factor-like activity 
(e.g. sis) or growth factor receptors (e.g. erb-B) 
might also affect gap junction communication in 
order for these gene products to block contact- 
inhibition. 

On the molecular/biochemical level, a major 
hypothesis has been offered to explain the mech- 
anism of tumor promotion, namely the activation 
of protein kinase C (PK-C) [ 171. With the obscr- 
vation that the phorbol ester-like tumor promoters 
have the ability to activate PK-C, the dem- 
onstration that the physiological activators for PK- 
C, diacylglycerol, could inhibit gap junctional com- 
munication [ 181 adds further evidence to the 
hypothesis that PK-C and gap junctional com- 
munication are linked to tumor promotion. 

Together with the fact that gap junction com- 
munication occurs with the appearance of the 
ability of multi-cellular organisms to form dif- 
ferentiated functions [19], the fact that gap junc- 
tional communication can be modulated by devel- 
opmental factors, endogenous hormones, and 
environmental chemicals suggests that it plays an 
important adaptive function [7]. 

Conditions which modulate intracellular levels 
of Ca*+, pH and cyclic AMP have been correlated 
with modulation of gap junction function [2O], 
providing an explanation for a wide variety of 
structurally unrelated chemicals which influence 
tumor promotion. In other words, these various 
chemicals, by ultimately increasing intracellular 
Ca2+ or H+ ion concentrations by different mcch- 
anism, can inhibit intercellular communication. 
On the other hand, those chemicals which increase 
C-AMP levels appear to be able to increase inter- 
cellular communication [2 11. 

One might ask how can tumor promoting con- 
ditions and chemicals, by inhibiting gap junctional 
communication, trigger cells to proliferate or dif- 
ferentiate, as has been seen in vitro and in vivo. As 
has been postulated, homeostatic equilibrium of 
critical ions (Ca2+, H+) and regulatory molecules 
(e.g. C-AMP) is maintained by gapjunctional com- 
munication in a tissue of contact-inhibited cells 
[7, 191. These potentially proliferable cells, being 
quiescent, are in the Go state of the cell cycle. 
Mitogenic agents (growth factors, wound-healing 
factors, tumor promoters, etc.) must alter the cell, 
via the transmembrane cascade of biochemical sig- 
nals, to (a) become permeable to the small mol- 
ecular weight building blocks for macro-molecular 
synthesis; (b) facilitate proper ionic balance to 
favor the physiological transition from the Go to 
G, state; and (c) prevent high energy-containing 
molecules synthesized for macromolecular prod- 
ucts from leaving the cell via gap junctions by 
eliminating gap-junctional transfer [ 71. 

This coordinated series of actions allows the 
initiated cell (as well as normal cells) to escape 
contact inhibition and to proliferate. By proli- 
ferating, an initiated stem cell, which is somehow 
blocked in its ability to terminally differentiate 
[22], would not only increase in numbers, but by 
the process of proliferating increase its chances of 
accumulating additional phenotypic changes due 
to genotypic alterations which only occur during 
replication. 

If, in fact, this hypothesis is correct, there are 
significant practical implications for cancer 
therapy. If tumor promotion involves the inhibition 
of gap junctional communication, and if certain 
oncogene products are involved in the inhibition 
of gap junction function, and if malignant cells are 
unable to perform gap junctional communication, 
conceptually it should be conceivable to induce 
gap junctional communication in these non-com- 
municating malignant cells, forcing them to con- 
tact inhibit and possible to terminally differentiate. 
Therefore, a new theoretical strategy for chemo- 
therapy should include agents which can increase 
gap junctional communication in cancer cells. This 
clearly implies new concepts of “anti-promoters” 
and “anti-oncogenes”. 

Finally, more work must be undertaken to study 
the basic mechanisms of gap junctional com- 
munication in order to understand species/organ 
differences in response to chemicals and to modu- 
late gap junctional communication for purposes of 
cancer chemotherapy. 
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