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Is Somatic Mutation the Major Mechanism of Malignant Transformation? 2 

"An unflinching determination to take the 
whole evidence into account is the only 
method of preservation against the fluctu
ating extremes of fashionable opinion." 

-A. N. Whitehead 
from Science and the Modern World 

In his book "Cancer: Science and Society" (1), John 
Cairns points out that explanations for the malignant 
transformation of normal animal cells into cancer cells 
are very much influenced by the scientific fashions of 
the times and that the current fashion is molecular 
genetics. Not surprisingly, therefore, it has become 
increasingly popular to accept somatic mutation as the 
causal event in the transformation of cells to the 
malignant state, and, indeed, Cairns himself gives 
much credence to this view. Proponents of the somatic 
mutation hypothesis agree that some observations about 
cancer cells would be difficult to explain by the 
somatic mutation hypothesis (2) and grant that there 
are probably other routes to the same end, but they 
generally hold to the view that damage to DNA is the 
primary event in chemical carcinogenesis. This hy
pothesis has now become a critical issue from the 
public policy point of view because a belief in the 
somatic mutation theory of carcinogenesis underlies 
the increasingly widespread use of bacterial mutation 
tests as screens for potential chemical carcinogens in 
[}ur environment. It is, therefore, appropriate to make a 
critical appraisal of this theory and, thereby, the 
validity of the tests. 

A malignant tumor is composed of cells that have, to 
varying degrees, escaped the normal controls on growth 
and metabolism. Not only do the cells in malignant 
tumors keep multiplying when normal cells would 
have stopped, but also the integration of functions that 
characterize the organ or tissue from which they arose 
is lost. Whether the tumor originates in one or several 
cells, the alteration is by definition hereditary because 
it is perpetuated in most of the cells of the tumor. This 
:ioes not necessarily mean that the change is irrevers
ible, inasmuch as evidence indicates that some cells 
from some tumors can be stably restored to normal 
behavior. The most dramatic illustration of this phe
nomenon is in the teratocarcinoma of mice. This 
tumor retains its capacity to form tumors upon re
peated passages in mice and tissue culture. However, 
when the cells are injected into a normal blastula, a 
mosaic mouse is produced, which has various normal 
tissues derived from the tumor cells and no tumors (3). 
The teratocarcinoma may be considered an exceptional 
tumor: It arises from ectopically developing germ cells 
that constantly exhibit the capacity to produce a 
variety of apparently normal tissue types in the tumor 
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itself. However, evidence from more conventional tu
mors of limited developmental capacity, such as the 
squamous cell carcinoma of the rat, shows that differ
entiation to normal cell types without neoplastic poten
tial is not uncommon (4). Also, in a related observa
tion, nuclei from the kidney carcinoma of frogs have 
been transplanted into enucleated eggs and have given 
rise to swimming tadpoles with the usual variety of 
normal tissues and without tumors (5). Whereas these 
findings may be rationalized by the somatic mutation
ists as exceptional, they should at least serve as a 
warning signal against too ready acceptance of somatic 
mutation as the basis for the origin of most tumors. 

SOMATIC MUTATION HYPOTHESIS 

The idea that the transformation of cells to cancer is 
caused by a change in their genetic material arose at 
the beginning of the century when chromosomes were 
first recognized as the bearers of genetic information 
(6). The hypothesis has had its ups and downs since 
then and has been the subject of several reviews. Much 
of the current revival of interest in the somatic muta
tion hypothesis arises from the observation of Ames 
and his colleagues (7) that many chemical carcinogens 
can produce mutations in bacteria when the chemicals 
are appropriately activated. However, a substantial 
number of noncarcinogenic substances have also pro
duced mutations in the Ames test. In addition, some of 
the most powerful carcinogens are only weakly muta
genic or nonmutagenic, and some mutagens are not 
carcinogenic (8-10). An attempt has been made to 
correlate quantitatively carcinogenic and mutagenic 
potencies of 14 carcinogens, and evidence suggestive of 
such a correlation was obtained (11). The evidence is 
weakened, however, by the fact that four of the 
chemicals were excluded from consideration because 
they showed no correlation between carcinogenic and 
mutagenic potencies. One should also note that carci
nogenic potencies of individual chemicals varied 
widely when tested in different strains or species of 
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mammals. The question of whether a quantitative 
correlation exists between carcinogenic and mutagenic 
potencies of these chemicals must, therefore, be con
sidered unresolved. 

For several types of carcinogenesis, somatic muta
tion seems a dubious explanation at best. Tumors can 
be induced by simply inserting a solid sheet of chemi
cally inert material into the tissues of a rat (12). If the 
material is made porous, however, or inserted in 
fibrous form, tumors do not occur. The malignant 
transformation in this instance results from the physi
cal state of the material. No sign that the solid material 
gains entry into the cell is indicated, and the main 
effect seems to be to disrupt the organized behavior of 
the cells. 

Normal body constituents, such as steroid hormones, 
when applied in large amounts are also carcinogenic, 
and simple transplantation of some endocrine tissues 
into the spleen within the original host causes them to 
become neoplastic (13). Here simple interference with 
the coordinated interactions between cells and between 
tissues appears to be carcinogenic. Although there is 
no reason to believe that conventional chemical carci
nogens act in this way, there is also no compelling 
reason to reject the possibility a priori. 

NATURE OF MALIGNANT TRANSFORMATION 

Before discussion of alternative models for the malig
nant transformation of cells, it would be useful to 
discuss the nature of the phenomenon itself. In most 
instances, the onset of cancer, i.e., the capacity of cells 
to grow into tumors and ultimately destroy the host, is 
a progressive, stepwise process. The existence of pre
neoplastic states has long been recognized for some 
tumors, as have the existence of hormone-dependent 
tumors and the steady progression of tumors toward 
increasingly autonomous growth. These observations 
arose mainly from studies of animals and were difficult 
to quantitate. They have their modern counterparts in 
studies of chemical carcinogenesis of animal cells 
in culture. It was first reported about 15 years ago that 
the treatment of hamster embryo cells in culture with 
carcinogens caused them to grow in a disorderly 
fashion and to grow in several layers (14), i.e., to 
escape from density-dependent regulation of growth. 
The phenomenon has since been reported for various 
other cells including established lines originating from 
mouse embryos (15, 16). Such altered groups of cells 
formed discrete foci in culture, similar to those pro
duced by infection with tumor viruses. Inasmuch as the 
offspring of the cells in the foci retained their aberrant 
growth behavior and often produced tumors when 
inoculated into the appropriate host, the phenomenon 
was termed "malignant transformation." Hence, we 
have good reason to believe that the events which occur 
in culture are counterparts of those which lead to 
tumor formation when the carcinogen is applied to the 
animal. 

The maximum frequency of transformation mea-
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sured by counting discrete foci has been estimated as 
1-10% of the chemically treated cells (14-16). However, 
there are several reasons to believe that this is an 
underestimate. The frequency of transformation has 
been found repeatedly to be an inverse function of the 
cell population density at the time of treatment (16). A 
recent study (17) failed to find a lower limit to the 
population density at which there was a ceiling on the 
transformation frequency, although the number of cells 
was reduced to about 200/20-cm2 dish. Indeed, a careful 
study by Mondal and Heidelberger (18) in which single 
cells were separated after exposure to optimal concen
trations of 3-methylcholanthrene and grown into con
fluent cultures revealed that 100% of the individual 
cells gave rise to cultures with transformed foci. No 
cells were killed by the 3-methylcholanthrene; there
fore, no selection for transformed cells occurred. Al
though only a minority of cells in each clone gave rise 
to transformed foci in the first outgrowth, recloning 
experiments showed that all the cells in every clone 
had the potential of becoming transformed. When cells 
were isolated from the nontransformed areas of the first 
outgrowth, they all gave rise to transformed colonies. 

These results have been dismissed because the target 
cells were aneuploid and had a high spontaneous rate 
of transformation (2). The first point, however, would 
invalidate all transformation experiments with estab
lished cell lines because they are all aneuploid. The 
second criticism is not borne out by the data of the 
paper itself, inasmuch as only 1 of 18 untreated clones 
developed transformed foci during 4 months of obser
vation (18). Cells from all the carcinogen-treated clones 
produced tumors when injected into isologous mice, 
whereas only the single transformed clone from un
treated cells did so. Similar results have been obtained 
with C3H/lOT~ cells, the most commonly used of all 
cell lines for in vitro studies of chemical carcinogenesis 
(Heidelberger C: Personal communication). The point 
here seems to be that the transformation frequency 
depends on the number of times after exposure to a 
chemical carcinogen that cells within a colony can be 
kept dividing before they contact other cells within the 
same colony or in another colony. Subculturing experi
ments after confluence has been reached have shown 
that it is not merely the total number of cell divisions 
undergone by an exposed population that determines 
the transformation frequency. 

The significance of the high-frequency transforma
tion has also been discounted because polycyclic hydro
carbons are difficult to wash out of cells (2). If valid, 
this criticism should hold for the induction of muta
tions by such compounds, but these mutations are 
found to occur at frequencies no greater than those
caused by classic mutagens in animal cells (19). Fur
thermore, it ignores a central point, of which the 
experiment of Mondal and Heidelberger (18) is merely 
an extreme example, that the transformation frequency 
rises steeply as the density of the exposed populations 
is reduced. Because all other published reports expose a 
minimum of 1,000 cells/culture dish (usual area, 20-25 
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cm2
) to chemical carcinogens, they must all contain 

underestimates of the transformation frequency. 
The transformation frequency is usually defined by a 

change in the pattern of cell growth, which results in 
the formation of multilayered, criss-crossed colonies or 
foci. Many other changes are associated with transfor
mation, however, and some of these may occur earlier 
and in higher frequency than a frank change in growth 
pattern. Risser and Pollack (20) found that the maxi
mum frequency of multilayered colonies in a popula
tion of 3T3 cells infected with a high multiplicity of 
simian virus 40 was about 10% but that 90% of the cells 
had undergone a permanent increase in growth rate in 
low serum concentration and an increase in their 
saturation density. Such analysis of unselected popula
tions is laborious and has not yet been reported in cells 
treated with chemical carcinogens. It suggests, how
ever, that most transformation studies may grossly 
underestimate the proportion of cells that sustains a 
heritable alteration in growth behavior. 

Another criterion, which has been used by Boynton 
et al. (21) to distinguish between normal and malig
nant cells, is the difference in their capacity to grow in 
low concentrations of calcium. Fully malignant cells 
can grow in 10-6 M calcium, whereas primary cultures 
of normal cells require more than 10-4 M calcium. 
Commonly used cell lines such as 3T3/IOTI1 require 
intermediate concentrations of calcium. These cell 
lines, which are nontransformed by morphologic cri
teria, are nonetheless "conditionally neoplastic" be
cause they will produce tumors when attached to glass 
beads and inoculated into animals. Presumably, they 
acquired their neoplastic character spontaneously by 
repeated passaging in culture. Swierenga et al. (22) 
have now made use of the acquired ability of cells to 
grow in low concentrations of calcium as a sensitive 
criterion of a hereditary alteration induced in growth 
properties by carcinogens. These findings again indi
cate that the frequency of morphologically altered 
colonies is an underestimate of the frequency of inher
itable alteration in growth behavior of cells. 

Parodi and Brambilla (19) made a quantitative com
parison of data from the literature on transformation 
and mutation induced by chemicals in cultured mam
malian cells. They found that transformation occurred 
with 100-1,000 times higher frequency than structural 
mutation, and they concluded that the difference was 
statistically extremely significant and indicated an 
absolute difference between structural mutation and 
transformation. The criterion of transformation used in 
the studies analyzed by Parodi and Brambilla was 
multilayered growth and criss-crossing, and all the 
cited studies, other than Mondal and Heidelberger's 
(18), exposed populations of at least 1,000 cells/culture 
dish to the carcinogen. For the reasons discussed above, 
the transformation frequencies used in the analysis are 
likely to be gross underestimates of the maximum 
potential for inheritable variation in growth properties 
of cells exposed to chemical carcinogens, and Parodi 
and Brambilla's conclusion takes on additional force. 

Does Somatic Mutation Cause Most Cancers? 997 

This is not to deny the validity of evidence that 
perturbations in DNA can produce the malignant 
transformation. Barrett et al. (23) reported that Syrian 
hamster embryo cells treated with 5-bromodeoxyuridine 
and then exposed to near UV light became trans
formed, whereas cells that received either of these 
treatments alone or both treatments, but in reverse 
order, did not become transformed. These results indi
cate that a lesion(s) in the DNA of animal cells is 
sufficient to induce the transformation. However, to 
show that perturbation of DNA can produce the 
transformation does not imply that all or even most of 
the transformations induced by chemicals are the result 
of such a change. For example, the same group also 
reported (24) that the morphologic transformation of 
Syrian hamster cells by two carcinogens occurs at a 
frequency 25-540 times higher than that of somatic 
mutations induced by these agents in the same cells. 
Transformants capable of colony formation in agar 
occurred with a frequency similar to that of somatic 
mutations, but the colonies appeared at a much later 
time. The authors concluded that although neoplastic 
transformation may be initiated by a mutational 
change, it cannot be described completely by such a 
change. They caution against using conventional sim
ple mutation assays to predict the carcinogenic poten
tial of chemicals. 

EPIGENETIC CHANGES IN ANIMAL AND PLANT 
CELLS 

Gurdon (25) established that nuclei could be trans
planted from cells of differentiated frog tissues into 
eggs containing inactivated nuclei and that the trans
planted nuclei would then direct the development of 
all the tissues of a mature frog. This finding showed 
that the stable, inheritable changes that characterize a 
differentiated tissue can be brought about without a 
change in the primary structure of the nuclear genetic 
material. Although the mechanism of control in differ
entiation is still unknown, it requires a nonmutational 
change in a cell lineage and, therefore, offers an 
alternative to somatic mutation for bringing about the 
malignant transformation. A more direct implication 
of an epigenetic mechanism in cancer comes from the 
previously cited observation (5) that nuclei from a frog 
kidney carcinoma have been transplanted into the egg 
where they preside over the development of the full 
range of tissues of a tadpole, with no evidence of 
tumor formation. The transdetermination experiments 
of Hadorn (26) also suggest a relationship between the 
type of epigenetic control involved in development and 
the loss of control in cancer. Hadorn showed that 
imaginal disks of Drosophila larvae capable of forming 
such structures as legs or wings could be transplanted 
in the adult for many generations and retain the 
ability to form those structures when replaced into 
larvae. Occasionally, however, there was a switch in 
developmental capacity known as transdetermination 
in which another structure appeared. If the transplan-
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tations in adults were continued for many passages, the 
imaginal disks grew at an increasingly rapid rate and 
eventually became tumorous (27). The sequential rela
tionship between transdetermination and the onset of 
cancer suggests that cancer occurs because of a disrup
tion of the highly integrated organizational controls 
that permit expression of the normal intact structures. 
Although these controls must ultimately involve the 
expression of the genome, there is no indication that 
they are caused by a change in the primary structure of 
the genome. 

Several reports indicate that transformed cells retain 
the capacity to form normal tissues. In one such 
instance (28), the exposure of several different rat 
tumors to embryonic inductors in the primitive streak 
of chick embryos causes the tumors to differentiate and 
lose their invasive properties. In another study, Rabin
owitz and Sachs (29) found that the cultivation at low 
density of cells transformed with polyoma virus can 
induce the formation of variants with a reversion of 
certain properties characteristic of transformation. This 
reversion occurs at frequencies up to 100% if the cells 
are cultured at extremely low densities. The revertants 
are themselves unstable at first and re-revert to the 
transformed phenotype, but they stabilize if maintained 
for a few days at 24° C instead of 37° C. Although the 
investigators speculate that the revertants are caused by 
an increased number of chromosomes, there is no 
evidence that either the change in chromosome number 
and/ or the reversions are due to mutation-like events, 
nor is there any evidence against their being due to an 
epigenetic type of change. Inasmuch as reversions 
occur with frequencies as high as 100% with no 
indication of lethality or selection, they are unlikely to 
be the result of conventional mutations. 

Plant cells are particularly useful for distinguishing 
between genetic and epigenetic changes because com
plete plants can be regenerated from the progeny of 
individual somatic cells with different phenotypes. An 
analysis of habituation of tobacco with parenchyma 
cells to multiplication without the factor usually re
quired for their growth has shown that multiplication 
involves an epigenetic change in a quantitative cellular 
phenotype (30). This change is gradual and leads 
progressively to more autonomous growth. The changes, 
though inherited, are reversible, and the cells remain 
totipotent. The habituated cells produce the growth 
factor that the original cell type needed. A similar 
event occurs during progression to autonomous growth 
of crown gall tumors under stimulation of an infectious 
agent; therefore, these results with uninfected cells 
show that a key event in tumor development can be an 
epigenetic one. 

CELLULAR INTERACTIONS IN REGULATION OF 
ANIMAL CELL BEHAVIOR 

Some of the observations on embryologic develop
ment and chemical carcinogens cited above show that 
the interaction of animal cells with surrounding cells 
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affects their behavior in an inheritable way. Such 
results raise the question of whether it is adequate to 
consider the isolated cell as the proper unit of expres
sion of the regulated behavior of animal cells and its 
loss in transformation. I have already mentioned that 
the probability of transformation of cells by carci
nogens is steeply and inversely dependent on the 
population density at the time of exposure. The 
frequency of chemical transformation at a relatively 
low cell population density in culture has been esti
mated to be 1010 times higher than in the animal, 
where the cell population density is many times 
higher (19). (Indeed, this may be why we manage to 
survive at all considering our constant exposure to 
disruptive agents in our environment and in our diet.) 

The importance of cellular interactions in determin
ing the behavior and ultimate fate of animal cells has 
been evident at least since embryology became an 
experimental science. Only since the advent of the 
modern tissue culture era, however, has the signifi
cance of cellular interactions in determining such basic 
behavior as growth regulation and the stability of cell 
populations become so strikingly apparent. The tissue 
culture systems also offer the opportunity of describing 
these interactions quantitatively and hopefully of un
derstanding them. I shall briefly mention some com
mon manifestations of cellular interactions in culture 
because they could provide a basis for understanding 
the population effects in transformation. 

To sustain multiplication of animal cells in culture 
is generally more difficult at low than at moderate 
population densities. To obtain clonal growth, it has 
frequently been necessary to resort to the use of feeder 
layers of killed cells or conditioned medium obtained 
from large numbers of cells (31). Direct contact be
tween feeder cells and the cloning cells has been shown 
to be much more effective than conditioned medium 
for supporting clonal growth of isolated cells (32). 
Improved media and such treatments as coating the 
culture dish with poly-o-lysine have been helpful in 
cloning (33), but the fact remains that under most 
conditions cells are much less likely to grow as rare, 
isolated individuals than if they are in the proximity of 
other cells. This fact emphasizes the abnormal aspect 
of isolating cells from one another and the stress 
placed on the cells in doing so. Cell culture is at best a 
compromise necessary to obtain some kinds of infor
mation, and keeping cells isolated from one another 
for long periods stretches that compromise to the limit 
and sometimes beyond; i.e., the cells die. Almost all 
long-term work with cells in culture has been done 
with fibroblasts. With epithelial cells, there is usually 
no growth unless they are maintained in multicellular 
clumps from the time of explantation; i.e., contact 
between many cells is required for survival. 

The other side of the coin is the density-dependent 
or contact inhibition of growth that is observed when 
non transformed cells form a confluent sheet (34). Thus 
when cells are densely packed in a confluent sheet, 
their growth slows down, and with some cell lines it 
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actually stops. The difference between the lack of 
growth of isolated cells and the inhibition of growth in 
confluent cultures is that the isolated cells are in an 
extremely unphysiologic situation and they die; in the 
confluent cultures, the cells approach their physiologic 
state in the organism and survive with a minimum of 
division for long periods of time. The contact among 
cells in confluent cultures decreases cell movement and 
membrane activity and probably alters the distribution 
of regulatory ions within the cell. The orgarnsm 
apparently depends on population density and, there
fore, on the degree of interaction between cells, as a 
critical parameter in regulating growth and metabo
lism. 

Although many biologists, and particularly embry
ologists, have assumed for many years that direct cell
to-cell transfer of substances occurs, it was only with 
the application of electrophysiologic techniques to 
nonexcitable tissues that this transfer was unequivo
cally shown to be true. Classic electrophysiologic 
measurements were made on nerve and muscle cells, 
and they were not electrically coupled to either excit
able or nonexcitable cells. Most nonexcitable normal 
cells have been found to be electrically coupled to one 
another, which shows that ions flow freely from cell to 
cell through cellular junctions (35). However, many 
tumor cells, particularly those of epithelial origin, are 
uncoupled, indicating a considerable degree of isola
tion from surrounding cells. Labeling experiments 
have shown that molecules up to 1,200-1,900 daltons 
can flow from one cell to another among electrically 
coupled but not among uncoupled cells (36). These 
and other results reveal that a high degree of metabolic 
cooperation exists among normal cells of nonexcitable 
tissues. There is also a strong correlation between cells 
capable of junctional communication and normal 
growth behavior when hybrids between normal com
municating and transformed and noncommunicating 
cells are studied (37). 

The studies on junctional communication show in 
a concrete way how association between cells affects the 
behavior and the structure of cells. When a cell is in 
the isolated state, small molecules remain within the 
boundaries set by the plasma membrane. The specific 
structures characteristic of junctions between cells re
main only potential. When the cell touches another 
normal cell, the contacting membranes are modified 
in restricted areas to form gap junctions. These junc
tions contain hydrophilic channels that allow the 
passage of water-soluble molecules to which the mem
brane was previously impermeable (38). Thus the 
immediate environment of the cell determines im
portant aspects of its structure and function. The 
arrangement of molecules in the cell surface must 
be influenced by the arrangement of molecules in 
the surface of all neighboring cells; i.e., the units of 
structure and function extend beyond the borders of the 
cell. From past experience, we know that it is much 
easier for chemicals to transform cells when the cells 
are widely separated from one another. The frequency 
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of spontaneous transformation also increases at very 
low population densities. Therefore, the isolated cell 
seems to be in an unstable state; with the structure of 
its surface differing from that of a .cell in communica
tion with other cells. In this stage, it is apparently 
easier for some change in structure and function to 
occur, initiating a sequence of changes that is difficult 
to arrest or reverse. The initial events might just as 
well occur in the membrane systems of the cell as in 
the genome, though the genome may ultimately be 
affected in the form of chromosome aberrations. A 
carcinogen like 3-methylcholanthrene is soluble in 
lipid environments such as are found in membranes. It 
could destabilize the membranes and, thereby, possibly 
initiate a set of changes that lead to irreversible loss of 
the cell's capacity to interact with other cells (39). The 
evidence cited above indicates that such a change is 
equivalent to the cell's becoming malignant. There is 
no requirement that the carcinogen interact directly 
with the DNA of the cell. Indeed, the malignant 
transformation occurs in cell culture with a fairly high 
frequency in the absence of any known carcinogen (40); 
i.e., the carcinogen merely increases the probability of 
an event that occurs by removing cells from the 
organism and isolating them from the modifying and 
normalizing influences of other cells. The carcinogenic 
event would then appear to be more a deprivation of 
normal cell interactions than any positive influence of 
a chemical on the cellular genome. 

From this evidence, it seems likely that the carcino
genic potential of chemicals can best be tested in 
systems that express the full social behavior of animal 
cells-i.e., in the animal cells themselves. To use 
bacteria as the test object is to totally eliminate the 
factors involved in cell association that are so crucial to 
the expression of normalcy and malignancy and that 
may very well be initial targets in the origin of the 
malignant state. The use of bacteria as test models is 
predicated on the assumption that somatic mutation is 
the cause of cancer, when in fact we do not know what 
the cause is, and to pretend that we do is to cut 
ourselves off from a variety of possible alternatives. 

Returning to the spirit of the introductory quotation 
from Whitehead, it has been said that one of the great 
pitfalls of science is the fallacy of misplaced concrete
ness. Scientists seem to prefer questionable explana
tions to no explanation at all. In no field has this been 
truer than in cancer research, a veritable graveyard of 
once-fashionable opinions. When taking the whole 
evidence into account, I find, on balance, the somatic 
mutation hypothesis to be at best inadequate. Yet there 
is no force that can resist an idea whose time has come, 
whether the idea be right, wrong, or simply inade
quate. Timeliness, rather than a determination to take 
the whole evidence into account, may be responsible 
for the current popularity of the somatic mutation 
hypothesis. (Whitehead's organismic concept, as op
posed to mechanistic concepts, now outdated in physics, 
could be applied with benefit to an overview of the 
cancer problem as a whole, but that would require a 

JNCI, VOL. 64, NO. 5, MAY 1980 

actually stops. The difference between the lack of 
growth of isolated cells and the inhibition of growth in 
confluent cultures is that the isolated cells are in an 
extremely unphysiologic situation and they die; in the 
confluent cultures, the cells approach their physiologic 
state in the organism and survive with a minimum of 
division for long periods of time. The contact among 
cells in confluent cultures decreases cell movement and 
membrane activity and probably alters the distribution 
of regulatory ions within the cell. The orgarnsm 
apparently depends on population density and, there
fore, on the degree of interaction between cells, as a 
critical parameter in regulating growth and metabo
lism. 

Although many biologists, and particularly embry
ologists, have assumed for many years that direct cell
to-cell transfer of substances occurs, it was only with 
the application of electrophysiologic techniques to 
nonexcitable tissues that this transfer was unequivo
cally shown to be true. Classic electrophysiologic 
measurements were made on nerve and muscle cells, 
and they were not electrically coupled to either excit
able or nonexcitable cells. Most nonexcitable normal 
cells have been found to be electrically coupled to one 
another, which shows that ions flow freely from cell to 
cell through cellular junctions (35). However, many 
tumor cells, particularly those of epithelial origin, are 
uncoupled, indicating a considerable degree of isola
tion from surrounding cells. Labeling experiments 
have shown that molecules up to 1,200-1,900 daltons 
can flow from one cell to another among electrically 
coupled but not among uncoupled cells (36). These 
and other results reveal that a high degree of metabolic 
cooperation exists among normal cells of nonexcitable 
tissues. There is also a strong correlation between cells 
capable of junctional communication and normal 
growth behavior when hybrids between normal com
municating and transformed and noncommunicating 
cells are studied (37). 

The studies on junctional communication show in 
a concrete way how association between cells affects the 
behavior and the structure of cells. When a cell is in 
the isolated state, small molecules remain within the 
boundaries set by the plasma membrane. The specific 
structures characteristic of j unctions between cells re
main only potential. When the cell touches another 
normal cell, the contacting membranes are modified 
in restricted areas to form gap junctions. These junc
tions contain hydrophilic channels that allow the 
passage of water-soluble molecules to which the mem
brane was previously impermeable (38). Thus the 
immediate environment of the cell determines im
portant aspects of its structure and function. The 
arrangement of molecules in the cell surface must 
be influenced by the arrangement of molecules in 
the surface of all neighboring cells; i.e., the units of 
structure and function extend beyond the borders of the 
cell. From past experience, we know that it is much 
easier for chemicals to transform cells when the cells 
are widely separated from one another. The frequency 

Does Somatic Mutation Cause Most Cancers? 999 

of spontaneous transformation also increases at very 
low population densities. Therefore, the isolated cell 
seems to be in an unstable state; with the structure of 
its surface differing from that of a .cell in communica
tion with other cells. In this stage, it is apparently 
easier for some change in structure and function to 
occur, initiating a sequence of changes that is difficult 
to arrest or reverse. The initial events might just as 
well occur in the membrane systems of the cell as in 
the genome, though the genome may ultimately be 
affected in the form of chromosome aberrations. A 
carcinogen like 3-methylcholanthrene is soluble in 
lipid environments such as are found in membranes. It 
could destabilize the membranes and, thereby, possibly 
initiate a set of changes that lead to irreversible loss of 
the cell's capacity to interact with other cells (39). The 
evidence cited above indicates that such a change is 
equivalent to the cell's becoming malignant. There is 
no requirement that the carcinogen interact directly 
with the DNA of the cell. Indeed, the malignant 
transformation occurs in cell culture with a fairly high 
frequency in the absence of any known carcinogen (40); 
i.e., the carcinogen merely increases the probability of 
an event that occurs by removing cells from the 
organism and isolating them from the modifying and 
normalizing influences of other cells. The carcinogenic 
event would then appear to be more a deprivation of 
normal cell interactions than any positive influence of 
a chemical on the cellular genome. 

From this evidence, it seems likely that the carcino
genic potential of chemicals can best be tested in 
systems that express the full social behavior of animal 
cells-i.e., in the animal cells themselves. To use 
bacteria as the test object is to totally eliminate the 
factors involved in cell association that are so crucial to 
the expression of normalcy and malignancy and that 
may very well be initial targets in the origin of the 
malignant state. The use of bacteria as test models is 
predicated on the assumption that somatic mutation is 
the cause of cancer, when in fact we do not know what 
the cause is, and to pretend that we do is to cut 
ourselves off from a variety of possible alternatives. 

Returning to the spirit of the introductory quotation 
from Whitehead, it has been said that one of the great 
pitfalls of science is the fallacy of misplaced concrete
ness. Scientists seem to prefer questionable explana
tions to no explanation at all. In no field has this been 
truer than in cancer research, a veritable graveyard of 
once-fashionable opinions. When taking the whole 
evidence into account, I find, on balance, the somatic 
mutation hypothesis to be at best inadequate. Yet there 
is no force that can resist an idea whose time has come, 
whether the idea be right, wrong, or simply inade
quate. Timeliness, rather than a determination to take 
the whole evidence into account, may be responsible 
for the current popularity of the somatic mutation 
hypothesis. (Whitehead's organismic concept, as op
posed to mechanistic concepts, now outdated in physics, 
could be applied with benefit to an overview of the 
cancer problem as a whole, but that would require a 

JNCI, VOL. 64, NO.5, MAY 1980 

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/64/5/995/913362 by guest on 16 August 2022



1000 Rubin 

separate editorial ... at least.) We should keep this in 
mind when faced with the seemingly logical extension 
to carcinogenesis of the report that physiologic concen
trations of oxygen are mutagenic in the Ames test (41). 
We may then recall the much older observation that 
the deprivation of oxygen causes cultured animal cells 
to become malignant (42). Hence given a more rational 
approach to testing for carcinogens, we may all breathe 
a Ii ttle easier. 
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separate editorial ... at least.) We should keep this in 
mind when faced with the seemingly logical extension 
to carcinogenesis of the report that physiologic concen
trations of oxygen are mutagenic in the Ames test (41). 
We may then recall the much older observation that 
the deprivation of oxygen causes cultured animal cells 
to become malignant (42). Hence given a more rational 
approach to testing for carcinogens, we may all breathe 
a Ii ttle easier. 
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