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Although the long latent period after administration of a carcinogen until
development of a cancer has been recognized for more than a hundred years,
until the last four decades little consideration had been given to the phenomena
occurring during the latent period itself. Systems in which to study the molecular
mechanisms underlying the phenomenon of latency have not been available to the
investigator until relatively recently. Furthermore the importance of taking into
account the natural history of neoplasia in whole animal bioassay procedures
used for carcinogen testing is still not appreciated. The comparison of tumor-
bearing test animals with controls and, in some instances, the time from the
initial administration of the test agent until the appearance of the first neoplasm
are the principal data from which conclusions about bioassays are drawn.

It is clear that we do not understand all the biological changes that occur
during the latent period before the development of any neoplasm. The beginnings
of an experimental basis for the biological changes occurring during the latent
period were initiated with the studies of Rous and Kidd [1], Mottram [2], and
Berenblum and Shubik [3]. However, even these studies told little of the detailed
biology and far less of the molecular biology of the earliest changes occurring in
cells initiated by carcinogens, since the endpoint of these experiments was the
appearance of grossly visible neoplasms. Although “preneoplastic” lesions had
been described both in experimental {4, 5] and in human neoplasia [6, 7], not
until the last decade was it experimentally feasible to quantitate the number of
such lesions. Such quantitation was first successfully carried out with “preneo-
plastic” lesions during hepatocarcinogenesis following diethylnitrosamine adminis-
tration [8]. Furthermore, studies from human pathology [9-11] suggested that,
with certain neoplasms, the progeny of some initiated cells never developed into
neoplastic foci but rather regressed and disappeared into essentially benign, even
normal, tissue cells.
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STAGES IN THE NATURAL HISTORY OF CARCINOGENESIS —
DEFINITIONS

In order to consider the implications of the natural history of carcinogenesis
in relation to our knowledge of human cancer, it is necessary to define and
understand the natural history of the development of neoplasia. Since the 1940s
carcinogenesis in mouse skin has been divided into the stages of initiation and
promotion. Later Foulds, largely on the basis of his studies of mammary
carcinogenesis in the mouse [12], proposed the term progression for virtually all
of the developmental stages following the initial event in the conversion of a
normal to a neoplastic cell. While Foulds saw the natural history of carcinogene-
sis as a continuous event that could be arbitrarily divided into several phases,
modern oncologists take the position that the process of promotion is distinct
from that of progression even though each of these phases has been divided into
several steps by previous investigators {12, 13].

Furthermore it is now apparent that the two-stage concept of carcinogenesis
as originally proposed [1-3] and reviewed and extended by Boutwell [14] is
applicable to a variety of tissues during their conversion to malignant neoplasms
[15]. Therefore we can consider the characteristics and definitions of each of the
stages in the natural history of carcinogenesis as applicable to virtually any cell
type.

For the purposes of this discussion, we will divide the natural history of
carcinogenesis into three stages: initiation, promotion, and progression. A
simplified diagram of this process is given in Figure 1 [16]. The definitions of
initiation and promotion listed below are excerpted from the same reference.

Initiating Agent—a chemical, physical, or biological agent that is capable
of directly altering irreversibly the native molecular structure of the genetic
component (DNA) of the cell. Such alteration(s) may be the result of a
covalent reaction of DNA with the initiating agent itself or with one of its
metabolites, but this alteration may also include a distortion of the structure
of DNA without covalent binding of the agent to DNA. Finally, the agent
may cause one or more complete scissions of the DNA chain, an elimination
of one of its component parts (eg, bases or sugars), or errors in DNA repair.
All such capabilities of an initiating agent, however, do not in themselves
prove that alteration of DNA is the only or the absolute requirement for the
neoplastic transformation.

Promoting Agent— an agent that alters the expression of genetic
information of the cell. Examples of such agents include hormones, drugs,
plant products, etc, which in themselves do not directly react with the genetic
material but rather affect its expression by a variety of mechanisms, including
their interaction with cell surface receptors or with cytoplasmic and nuclear
components and functions.

The definition of an initiating agent is made in reference to molecular
species, especially DNA, because of the advances in molecular biology and our
understanding of the mechanisms of mutational events. While the definition
clearly hedges in stating that initiation may not always be the result of mutation,
there is no question that the initiation of the neoplastic transformation and
genetic mutation are closely related in the majority of instances of carcinogenesis.
Unfortunately, the definition of a promoting agent given here is still relatively
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inexact. However, one may hypothesize that promoting agents may be divided
into specific and nonspecific classes. Specific promoting agents are those that
interact with receptors or receptor-like molecules on or within target cells. Such
specific promoting agents have a defined range of tissues susceptible to their
promoting action. Examples of this class would be steroid or polypeptide
hormones [15}, which are known to be effective promoting agents in their target
tissues, their metabolic effects being mediated by cellular receptors. Nonspecific
promoting agents are those that do not act through receptor mechanisms but
alter gene expression by a variety of nonspecific mechanisms. Examples of this
class would be iodoacetate or detergents in the case of epidermal carcinogenesis.

In his earlier work Foulds suggested that there are at least two basic
characteristics of progression [12]. The first is the independent progression of
neoplasms; ie, progression occurs independently in different primary neoplasms
within the same host. The second characteristic is the independent progression of
specific characteristics of the neoplasm, each of which undergoes progression
independently of the others in any single neoplasm. These characteristics include
growth rate, invasiveness, metastatic frequency, hormonal responsiveness,
morphologic characteristics, etc. As can be seen from Figure 1, another crucial
characteristic of progression, as defined herein, is karyotypic change. The
following operational definition of the stage of progression in neoplastic
development will be used here.

Progression—that stage of neoplastic development characterized by
visible karyotypic alterations as evidenced by light microscopic techniques
within a majority of the neoplastic cells that make up the tumor. These
karyotypic alterations in turn are associated with increased growth rate,
increased invasiveness, metastases, and alterations in biochemical and
morphologic characteristics of the neoplasm.

IMPLICATIONS OF STAGES IN THE NATURAL HISTORY OF
CARCINOGENESIS

A variety of implications are derived from the above definitions of
initiation, promotion, and progression. The definition of an initiating agent as
one capable of covalent interaction with DNA, or any other macromolecule,
implies but does not prove that one or more mutational events in the genome
result in the conversion of a normal cell to an initiated cell. In contrast, evidence
from chimeras produced by transplantation of malignant cells into blastocytes
[17], the transplantation of nuclei from neoplastic cells into eggs which then
exhibit normal development [18], and the forced terminal differentiation by
chemical means of a variety of neoplastic cell lines (19, 20] argue that permanent
genetic damage is not necessary for the initiation of neoplastic transformation.
Various theories have been proposed that argue for a permanent alteration in the
initiated cell resulting from extragenomic changes [21-25]. Despite these latter
considerations, the most common working hypothesis is that initiation does
involve covalent and/or structural changes in the genome.

The exact molecular mechanism of action of promoting agents has not,
however, yet been defined. The definition above clearly suggests a mechanism for
promoting agents —that of altering gene expression [14] —but the variety of such
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Fig. 1. The natural history of neoplastic development in relation to initiation, promotion, and
progression in reference to cell karyotype.

mechanisms is so great as to suggest that this definition is too general to deter-
mine the ultimate action of promoting agents in carcinogenesis. Yet many of the
characteristics of promoting agents (see below) correlate well with this definition.
That progression is a resuit of karyotypic abnormalities may be construed
as a somewhat arbitrary definition. However, virtually all neoplasms that exhibit
characteristics of metastases, high rates of growth and invasiveness, high rates of
glycolysis, and anaplastic morphologic characteristics are aneuploid, suggesting
that such an operational definition is reasonable. The final common pathway of
the natural history of carcinogenesis, the metastatic lesion, is nearly always the
result of the growth of aneuploid neoplastic cells. The concept of Goldenberg
[26] that progression may be due in part to cell fusion further supports the
importance of aneuploidy and chromosomal abnormalities in progression.

CHARACTERISTICS OF THE STAGES IN THE NATURAL HISTORY OF
CARCINOGENESIS

Until the last decade the characteristics of the stages of initiation and
promotion were based exclusively on experiments carried out with mouse skin as
the test tissue. Although it had become apparent from studies of the pathology of
human cancer, as well as from several experimental situations [15], that the two-
stage process also applies to the genesis of neoplasms other than those in the
skin, only in the last decade have experimental systems amenable to study and in
some ways superior to the mouse epidermis model been exploited. Also, Foulds’
concept of tumor progression was based on studies of yet another experimental
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system, mouse mammary carcinogenesis [27]. Therefore, our knowledge of the
natural history of neoplasia can now be developed from and applied to a wide
variety of tissue systems.

Although it is possible that the natural development of neoplasia in each
tissues exhibits unique characteristics, it is to be expected that certain characteristics
will be common to each stage during the development of all types of neoplasms.
These characteristics are reviewed here.

CHARACTERISTICS OF INITIATION AND THE INITIATED CELL

The characteristics of initiating agents in skin and their comparison with
liver have been previously reviewed [15]. The accumulated experimental evidence
supports the concept that the effects of initiating agents on cells are essentially
irreversible. Furthermore, agents capable of initiating the neoplastic transforma-
tion in vivo or in vitro can be divided into two general classes. Those agents
capable not only of initiating neoplasia but also of causing promotion and
progression of the initiated cell are termed “complete carcinogens.” Those agents
capable only of initiating cells but not of promoting them are termed “incomplete
carcinogens” or “pure” initiating agents. Once a cell has been initiated it will
remain so throughout its life-span, and the characteristics of initiation will be
transmitted to all daughter cells, unless the initiated lesion is repaired or elimina-
ted by some other mechanisms [28]. At least theoretically, and in some instances
experimentally [29], initiation can result from a single “hit” of the initiating agent
on the target cell. The irreversibility of the effects of an initiating agent, the
single “hit” concept, and the corollary —ie, the additive of the effects of initiating
agents —are applicable to both incomplete and complete carcinogens. Furthermore,
these characteristics are identical with what one would expect for a mutagenic agent.

The apparent efficiency of initiation varies widely, depending on the system
employed. Sachs reported that treatment of a mixed cell population of normal
hamster embryo cells with carcinogenic hydrocarbons resulted in a 3-20%
incidence of transformation in these cells [30]. However, x-irradiation resulted in
only a 0.5% transformation rate. In contrast, in the mouse skin system, the
average number of tumors produced in any animal is usually less than 25 [13].
On the assumption that each neoplasm arises from a single neoplastic cell [31]
and that all epidermal cells are targets for the carcinogen, this means that the
incidence of initiation is in the range of 1077 to 1073, In the liver system, a single
dose of diethylnitrosamine will, on the average, initiate 1 in 10* to 10°* hepato-
cytes [32]. Although it appears that all initiated cells in vitro and in the skin
develop into neoplastic foci, this is not so clear in the liver system. Of the foci
produced (about 1,000/g liver), less than 1% develop into histologically defined
neoplasms. Preliminary investigations from our laboratory have indicated,
however, that it is unlikely that all foci are capable of transplantation into
syngeneic hosts [33]. If this is true, then, as the term “neoplasia” is defined and
characterized [16], it is likely that all such enzyme-altered foci in rat liver are
neoplastic or at least potentially neoplastic. Obviously, with low doses of a
complete carcinogen or with the administration of incomplete carcinogens (pure
initiators), no neoplasms result, although significant numbers of enzyme-altered
foci may appear under the conditions of the experiments [32, 33].
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The latter point then raises the issue of the ultimate fate of initiated cells.
Although the apparent incidence of initiation in mouse skin is extremely low, on
the basis of the findings with liver it is quite possible that many more initiated
cells occur in mouse skin but, as in rat liver, that these do not become neo-
plasms, even following promotion, and the initiated cells and/or their progeny
remain in the animal for life. In liver such initiated foci can be identified by suit-
able histochemical means [32]; once such foci are produced they also do not dis-
appear during the life-span of the animal [34].

Incomplete carcinogens (pure initiating agents) have been identified both in
skin [35] and in liver [36] carcinogenesis. Agents that are incomplete carcinogens
for these tissues are either complete carcinogens in other tissues (eg, urethan for
liver and lung, and dimethylbenzanthracene for skin) or are noncarcinogenic in
the adult. However, incomplete carcinogens are themselves mutagenic or may be
metabolized to a mutagenic form by liver. Urethan induces hepatocellular
carcinomas, pulmonary adenomas, and lymphomas in mice but does not by itself
cause epidermal carcinoma [37]. Promotion by croton oil of the skin of animals
given urethan results in epidermoid carcinoma [35]. Similarly, polycyclic
hydrocarbons that effectively induce epidermoid carcinoma do not induce any
neoplastic response in the liver of adult rodents. However, if a mitotic stimulus is
applied to the liver following parenteral administration of the hydrocarbon, with
subsequent promotion by phenobarbital, then heptocellular carcinomas will result
[34,38]. The induction of enzyme-altered foci following short-term promotion by
carbon tetrachloride has been reported for alkylating agents such as N-methyl-N-
nitro-N-nitrosoguanidine and the colon carcinogen 1,2-dimethylhydrazine [39].
Although these latter experiments were not carried to the formation of neoplasms,
on the basis of earlier arguments that such foci are initiated hepatocytes [15,33],
these agents exhibit the characteristics of incomplete hepatocarcinogens.

It is clear, therefore, that incomplete carcinogens, capable only of initiating
cells in specific tissues, do exist and appear to have most, if not all, of the
characteristics of mutagenic agents. These compounds appear to differ from
complete carcinogens in that they exert virtually no promoting action on the cells
of the tissue in which they serve as incomplete carcinogens. The reason for this is
not clear, but one possible component is their failure to induce an increase in cell
division in the tissue in which their action is incomplete.

THE ROLE OF CELL DIVISION IN THE INITIATION OF NEOPLASIA

Borek and Sachs [40] were the first to demonstrate in a relatively
unequivocal manner that cell replication was required for the “fixation” of the
transformed state in cell culture. Although their studies were initially based on
the time required for fixation rather than an actual demonstration of a require-
ment for DNA synthesis and mitosis, later studies {41, 42] have supported
their interpretation of earlier studies. Both in the liver and in the skin, the pro-
cess of promotion involved cell division, although, as has been pointed out by
Boutwell and others [14], cell division is a necessary but not sufficient charac-
teristic of tumor promotion in the skin. In the liver the 2-stage system of
carcinogenesis described by Peraino et al [43], Solt and Farber [44], and our
laboratory [32] always involves a higher than normal level of cell division. In
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Peraino’s experiments weanling animals having a relatively high rate of hepatic
cell division were utilized, whereas both Farber and our group include the
stimulus of partial hepatectomy in the initiation-promotion sequence. Ying et al
have reviewed the necessity for cell proliferation as an obligatory step in the
induction of enzyme-altered foci in hepatocarcinogenesis {45].

Thus there is substantial evidence that fixation or cell division is required
during a relatively early period following application of the initiating agent for
optimal efficiency of initiation. If one views initiation as a mutagenic event, this
interpretation is entirely plausible, since one would expect that repair of
macromolecular damage, the initiating event, could occur if no cell division
intervenes to perpetuate the initial damage produced.

CHARACTERISTICS OF TUMOR PROMOTION AND PROMOTING
AGENTS

There is no evidence that promoting agents exert their effects by direct
covalent interaction with the genome. The available evidence suggests that the
effects of promoting agents are on one or more extragenomic processes, which
may in turn influence genetic information or its expression (see above). The early
studies of Berenblum and Shubik [3] indicated that administration of the
promoting agent alone results in no neoplasms in the mouse skin system.
However, later investigations have demonstrated that, following the prolonged
administration of croton oil or its active component, tetradecanoylphorbol acetate
(TPA), a small number of neoplasms is produced. This has led some investigators
[46] to propose that promoting agents are merely weak complete carcinogens. If
this were so, one would expect that increasing doses of a promoting agent would
lead to increasing numbers of neoplasms. As we shall see below, this is clearly
not so in the mouse skin system. Furthermore, substantial evidence has accrued
since those earlier studies that the efficiency of promotion is a function of diet
and of hormonal, environmental, and other factors in the host [15]. Most
recently Van Duuren et al [47] have demonstrated that, with increasing age of the
animals, the efficiency of tumor promotion in the mouse skin system is
significantly decreased.

DOSE RESPONSE TO PROMOTING AGENTS

The evidence for a “no threshold” level and the irreversibility of complete
carcinogens has been well documented [48-50]. One of the earliest examples is
that shown in Figure 2, which describes the results of Driickrey [48] with an
aromatic amine carcinogen, 4-dimethylaminostilbene, in rats. As can be seen
from line 1, there is a linear relation between dose and tumor response, which
extends through the origin. At extremely low doses (line 2), however, the time
until the first neoplasm appears extends beyond the life-span of the animal.

In the case of promoting agents, earlier studies suggested that, although a
dose-response relation occurred, the no-threshold effect did not necessarily apply
to these materials. Recently Verma and Boutwell [51] have reported a dose-
response curve for TPA in mouse skin carcinogenesis. In their studies a distinct
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Fig. 2. Dose-response relationships seen in the chronic feeding of 3,4-dimethylaminostilbene to rats.
1. Relationship between the daily dose and the median total dose of animals with carcinoma.

2. Relationship between daily dose and median induction time. The abscissa shows the daily dose,
whereas the ordinate on the left is the total dose administered, and that on the right 1s the time from
the beginning of the experiment. All scales are logarithmic. (Modified from Druckrey et al, 1967 [48]).

threshold was obtained below which no tumors occurred. At the two highest
doses of promoting agent employed, maximal incidence of tumors was the same.
Thus both a threshold and a maximum effect of the promoting agent were noted.
Neither of these characteristics would be expected with a complete carcinogen.
More recently Peraino and his associates [52] have established a dose-response
relation for phenobarbital administration following initiation of hepatocarcino-
genesis by a short feeding of acetylaminofluorene. In those studies a distinct
threshold was also noted, as well as a maximum, when the total incidence of
hepatic tumors was considered. In our studies on the quantitation of enzyme-
altered foci, a maximal number of foci is achieved at doses of phenobarbital in
the diet above 0.01%. At extremely low doses (.0001%) no difference in the
incidence of foci was noted compared with control animals. Thus it is apparent
from three separate studies, using three different endpoints of analysis, that
promoting agents exhibit a threshold dose below which no effect is noted, as well
as a dose above which no further effect on incidence of tumors or foci is noted.
Both of these characteristics clearly distinguish promoting agents from complete
carcinogens, whether weak, moderate, or strong.

REVERSIBILITY OF THE PROMOTION STAGE

Boutwell was the first to describe the nonpermanence of the effects of
promoting agents [13]. Using the mouse skin system with croton oil as the
promoting agent, he demonstrated that changing the format of the dosage
regimen could alter the incidence of tumors finally produced. When the
promoting agent was applied once every 4 weeks rather than 3 times per week,
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but with the experiment extended until the same total dosage of promoting agent
was given under both regimens, tumors resulted only in those animals receiving
the promoting agent thrice weekly. These studies clearly demonstrated the re-
versibility and non-additivity of the effects of croton oil in promoting epidermal
carcinogenesis.

Preliminary experiments in the hepatocarcinogenesis system employed in
our laboratory [33] have supported the findings of Boutwell in that the admin-
istration of phenobarbital for 2 days every 2 weeks rather than continuously, as
in the control animals, but with the same total dose in both groups, resulted in
significantly fewer enzyme-altered foci in the animals that received the promoting
agent at 2-week intervals. Thus in these two different systems one can demon-
strate the reversibility of the effects of promoting agents, another characteristic
clearly distinguishing them from complete carcinogens or pure initiating agents.

MODELS FOR THE STUDY OF MOLECULAR MECHANISMS OF TUMOR
PROMOTION

Table I is a list of the model systems exhibiting a 2-stage mechanism of
carcinogenesis. Of these systems, those most commonly studied are from the
mouse epidermis and rat liver in vivo and mouse and hamster cells in culture. In
addition, two other well-studied systems are those of the rat bladder and mam-
mary gland.

In the case of mouse epidermis, mechanistic studies were greatly facilitated
by the isolation and purification of the active ingredient of croton oil, tetra-
decanoylphorbol acetate (TPA), the classical promoter for mouse epidermis [2,3].
Much is now known of the biochemical actions of TPA, the highly active
phorbol diester of croton oil. Its action and effects have been reviewed [53] and
are the subject of many of the papers at this symposium. The difficulty in
studying specific effects of TPA on a variety of cellular systems both in vivo and
in vitro is the extrapolation of such results to the phenomenon of promotion in
the mouse skin or other tissues in which TPA has been shown to promote tumor-
igenesis. Since TPA also stimulates a significant inflammatory response in the
epidermis, and the role of this in tumor promotion is unknown, the biochemical
actions of TPA related to inflammation may or may not be important in the
mechanism of promotion. While mouse epidermis is readily accessible to experi-
mentation, the tumor-promoting effects of TPA and other agents used in this
model system can only be ascertained through the induction of benign and
malignant neoplasms seen grossly on the skin.

Following the report by Berwald and Sachs [54] and later the establishment
of the C3H 10 T transformable cell line by Heidelberger and his associates
[55], cell culture has offered some of the most promising systems for the study of
the molecular mechanisms of tumor promotion. Unfortunately, the exact
significance of morphologic transformation in cell culture by carcinogens is not
fully understood, and in the few epithelial systems available it is not, of itself,
sufficient to define the cell as biologically neoplastic [56]. However, the ability to
manipulate the cellular environment and the ready access of the system to the
investigator make this model one of the most promising now available for the
study of the molecular mechanisms of tumor promotion. Unfortunately, because
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of the limitation of the use of mesenchymal cells in the most commonly
employed systems, the cell culture transformation systems are relatively limited to
the number of specific promoting agents that may be studied. Trosko and his
associates [57] have recently demonstrated, however, that promoting agents
inhibit metabolic cooperativity in cells in culture. Whether this will be an
ubiquitous mechanism of all promoting agents and how such a mechanism can
account for the biological action of promoting agents remains to be seen.

The liver system in vivo offers the possibility of monitoring transformed
cells shortly after initiation more so than is seen in other systems, even those in
culture. The ease with which liver cells may be manipulated in vivo and in vitro,
together with the extensive biochemical knowledge of this tissue, offers distinct
advantages. However, the transformation system occurs only in vivo, and thus
far it has not been possible to isolate in pure form the population of initiated
cells for studies in culture. Furthermore, despite some reports, it has not been
possible to transform adult or even fetal hepatocytes in cell culture into
neoplastic cells.

Thus each system has both advantages and disadvantages for the study of
the molecular mechanism of tumor promotion. In the hepatocyte system, chem-
ical agents such as phenobarbital, halogenated aromatics, and antioxidants are all
effective as tumor promoters, and all act to regulate xenobiotic metabolism. The
relationship between this effect and the actions of these compounds as promoters
of hepatocarcinogenesis is not yet clear. Since this system has distinct advantages
and disadvantages, the molecular biologist interested in studying the mechanism
of tumor promotion must decide which aspect of tumor promotion to study—eg,
the action of TPA, phenobarbital, or other promoters and the cell biology of
tumor promotion in vivo. It is only through a concerted effort of studying
aspects of all these systems that we will ultimately understand the molecular
mechanisms of tumor promotion.

IMPLICATIONS OF THE CHARACTERISTICS OF THE STAGES OF
CARCINOGENESIS

There are two principal implications of our knowledge of the characteristics
of the stages of carcinogenesis. The first is the importance of determining the
molecular mechanism of action of promoting agents. There is now overwhelming
evidence that the initiation of neoplasia involves, in most instances, a direct
alteration in the genetic material of the cell. Whether this alteration is ultimately
repairable so that a neoplasm may revert to the normal state or whether the
genetic alteration invariably results in malignant neoplasia is not critical to our
understanding of the mechanism of initiation. However, tumor promotion
appears to be regulated by environmental factors, even to the point of a reversal
of the effects of such agents during the process of carcinogenesis. Promoting
agents differ in their effects on different tissues and in different species, just as
do initiating agents and complete carcinogens [15]. Such tissue and species
specificities for complete carcinogens can be understood on the basis of the
required metabolism to the active carcinogenic form in a specific tissue and the
ability of the agent to induce cell replication and tumor promotion in target
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tissues. Promoting agents, however, are not readily metabolized but usually must
be present in substantial amounts over prolonged periods to exert their promoting
activities.

The specificity of promoting agents for tissues may be related to their
interaction with specific receptors in the target tissue. Substantial evidence now
exists for surface receptors for the active phorbol esters, promoting agents for
mouse epidermis and other tissues (58,59), and studies from our laboratory (60)
have shown that tetrachlorodibenzodioxin (TCDD) is an excellent promoting
agent in liver. This latter compound interacts with a specific receptor molecule in
liver and other tissues (61), an interaction that is necessary for the expression of
its toxicity and, possibly, its promoting activity. These studies indicate that unless
a receptor for a specific promoting agent is present, that tissue will not be
promoted to a tumor by the agent. As pointed out earlier (62), virtually all
hormones become promoting agents by this concept. Estrogens are effective
promoting agents in liver (63), as is prolactin in mammary tissue [64]. However,
some promoting agents, such as iodoacetamide, act in a nonspecific manner to
alter gene expression or exert whatever other mechanistic effects are required of
promoting agents for their action in carcinogenesis (vide supra).

The second major implication is in relation to human carcinogenesis.
Probably most important in this area is the question of testing environmental
agents to determine their carcinogenicity. At present all such testing method-
ologies do not distinguish among initiators, promoters, or complete carcinogens,
so that all agents are treated in a similar manner. This approach is not reasonable
in considering promoting agents, which on prolonged feeding may be expected to
induce a significant number of neoplasms in test animals as compared with
control animals. However, because of the reversibility of the effects of promoting
agents during carcinogenesis and the existence of threshold levels of these agents,
the risk of such agents for the human being is significantly different from the
risk of mutagenic agents and complete carcinogens. More important is the fact
that recognition of promoting agents important in the human environment will
allow a rational control of such agents. Specifically, it may not be necessary to
completely eliminate promoting agents from the environment but to control their
level and the period of exposure of humans to such agents.

Table II lists promoting agents known to occur in the human environment.
Not all of these agents have been associated with neoplasms in the human. In
fact, phenobarbital and saccharin appear to exert little if any effect on the
incidence of human liver and bladder tumors, as judged by published
epidemiologic studies [65-67]. In contrast, the importance of dietary fat and
calories, cigarette smoke, asbestos, and alcohol as promoting agents in the
environment has been documented (Table 1I). In fact, one may conjecture that
the production of clinical cancer in the human is largely a result of the action of
continued exposure to promoting agents rather than exposure to minute amounts
of complete and incomplete carcinogens in the environment. Recently Weber and
Hecker [76] have reported that chemicals structurally related to TPA and having
a similar promoting action are frequently ingested by people living in areas of
Curacao where there is a high rate of esophageal cancer. In addition, Kopelovich
et al [77] demonstrated that TPA will promote the transformation of fibroblasts
from patients with hereditary adenomatosis of the colon and rectum, an
autosomal dominant trait in which all affected individuals eventually develop
adenocarcinoma of the colon or rectum.
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TABLE II. Promoting Agents in the Human Environment and the Neoplasms Associated With
Prolonged Contact With Those Agents

Agent Resultant neoplasm References
Dietary fat (calories) Increased cancer incidence in general
with excess caloric intake [69]
Mammary adenocarcinoma [68]
Cigarette smoke Bronchogenic carcinoma [70]
Esophageal and bladder cancer [71]
Asbestos Bronchogenic carcinoma
and mesothelioma [72]
Halogenated hydrocarbons Liver? [60,73]
(TCDD, PCBs)
Saccharin Bladder? [74)
Phenobarbital Liver? 32)
Prolactin Mammary adenocarcinoma? [64]
Synthetic estrogens Liver adenomas [63]
Alcoholic beverages Oral cancer [75]

Liver and esophageal cancer

2Promotion demonstrated in experimental animals but not yet in humans.

Our knowledge of the action of promoting agents and complete carcinogens
thus becomes extremely important in relation to human cancer and the human
environment. The demonstration of promoting agents as distinct from complete
carcinogens will be necessary in order for rational and valid decisions to be made
concerning the regulation of these agents in our environment. Furthermore, the
onus and fear that go with the labeling of a compound as a “cancer-causing
agent” can be removed or modified in many instances when we understand better
what that compound contributes to the natural history of carcinogenesis in the
human, as well as in lower animals.
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