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Meeting Report

American Cancer Society Workshop Conference on Tumor Promotion
and Antipromotion1

Although the concept of initiation and promotion as sequen
tial stages in cancer development was proposed more than 40
years ago, recent years have witnessed spectacular advances in
our understanding of promotion at a molecular and cellular
level. To survey the current state of the art research, the
American Cancer Society sponsored a workshop conference on
"Current Concepts of Tumor Promotion and Antipromotion."

The keynote address was given by R. K. Boutwell (McArdle
Laboratory for Cancer Research, Madison, WI), who reviewed
salient features of multistage carcinogenesis in the skin as well
as other model systems, emphasizing the different biological
characteristics of the stages of initiation, promotion, and pro
gression. He stressed that particular attention should be paid
to the potential role of promotion in human carcinogenesis.

In the first session, entitled "Promotion Process and Its
Stages," E. Farber (University of Toronto, Toronto, Ontario,

Canada) presented a brief classification of biological patterns
of cancer development in humans and in experimental animals.
Most cancers fall within one of two groups: (a) patterns in
which focal proliferations such as papillomas, polyps, and nod
ules are seen regularly as putative precursor lesions; and (b)
patterns with focal dysplasia, but without focal proliferation.
Most experimental systems are examples of the first pattern.
In these, promotion consists of the selection for the growth of
these focal proliferations from an initiated tissue. Clonal ex
pansion of initiated cells is the result of tumor promotion.
Farber also reviewed the multistep process of cancer develop
ment in the rat liver model. After initiation with a chemical
carcinogen followed by a diet deficient in choline, rare (1 per
105-106) resistant hepatocytes are induced that show a new

constitutive biochemical pattern. This phenotype is character
ized by unusual resistance to cytotoxic and growth inhibitory
effects of many carcinogens. Promotion in this system involves
selective growth of these resistant hepatocytes to generate hep-
atocyte nodules. The promoting environment is created by
exposure to a mitogenic stimulus in the presence of a carcinogen
that inhibits the majority of hepatocytes from proliferating.
While most nodules eventually show remodeling by differentia
tion to normal-like liver, a few persist; these are the precursor
lesions for the subsequent slow evolution to cancer. This long
process of progression from persistent nodule to cancer is self-
generating and requires no external manipulation, even though
it can be modulated. The inhibition of the progression stage
should be a focus for the prevention of cancer in humans.

H. Hennings (National Cancer Institute, Bethesda, MD)
emphasized that papillomas induced in mouse skin by standard
initiation-promotion protocols progress to carcinomas at a low
frequency. By changing the protocol for tumor promotion,
populations of papillomas with varying potential for progres
sion to malignancy can be identified. Persistent, nonregressing
papillomas predominate after short-term promotion with TP A2
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or after exposure to a weak promoter such as mezerein, and
these papillomas convert to malignancy at a high rate. Contin
ued promotion with TPA does not increase the low frequency
of malignant conversion that occurs spontaneously. However,
treatment with a genotoxic tumor initiator such as urethane or
4-NQO increases the frequency of malignant conversion. The
papillomas promoted by a 5-week exposure to TPA convert to
malignancy at a frequency 2 to 5 times greater than do those
induced with a longer period of treatment (10-40 weeks) and
also are more responsive to treatment with the converting
agents urethane or 4-NQO. The low malignant conversion rate
of papillomas promoted for 20 weeks with TPA was not in
creased by similar urethane or 4-NQO exposure. Characteri
zation of these 2 classes of papillomas may define markers of
benign tumors associated with the potential to convert to ma
lignancy, either spontaneously or in response to a converting
agent. A clastogenic effect is suggested as a possible mechanism
of malignant conversion.

T. J. Slaga (University of Texas, Smithville, TX) proposed
that a major effect of tumor promoters, regardless of type, is
the specific expansion of the initiated cells in the skin. This
appears to occur by both direct and indirect mechanisms in
volving the loss of glucocorticoid receptors, alterations in dif
ferentiation, a direct growth stimulation of initiated cells and/
or selective cytotoxicity. The reversibility of at least some stages
of tumor promotion was emphasized as a critical factor in
possible chemoprevention by several agents. In addition to the
stimulation of progression from papilloma to carcinoma by
tumor initiators, the efficacy of noncarcinogens such as benzoyl
peroxide, hydrogen peroxide, and acetic acid in this process
was highlighted.

Each of the above three participants as well as others stressed
the close similarity in the characteristics of tumor promotion
in the mouse skin and rat liver model systems.

C. Peraino (Argonne National Laboratory, Argonne, IL)
emphasized the importance of using mild tumorigenic protocols
to favor abundant production of hepatic tumors with little or
no evidence of ancillary hepatotoxicity. The protocol used was
the sequential administration of carcinogen and phÃ©nobarbital,
designed to minimize cellular changes extraneous to the expres
sion of the neoplastic phenotype. With the use of a battery of
histochemical markers together with routine histolÃ³gica! ex
amination, the induction of a spectrum of phenotypic altera
tions was observed; promotion by phÃ©nobarbital appears to
enhance the phenotypic expression of all lesions, regardless of
their potential for cancer development. Thus, promotion in the
liver with phÃ©nobarbitalappears to favor the phenotypic expres
sion of a spectrum of developmentally independent altered cell
types ranging from minimally deviated nonneoplastic to maxi
mally deviated neoplastic. The phenotype of the lesions is
determined by the initiator rather than the promoter. The
promoter-mediated enhanced phenotypic expression of carcin
ogen-initiated lesions is considered to be analogous to the
enhanced induction of gene expression by factors that normally
regulate cellular growth and differentiation.

M. N. Gould (University of Wisconsin, Madison, WI)
stressed that a complete understanding of tumor promotion
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requires knowledge of the mechanism of initiation. Since it is
not possible thus far to study isolated initiated cells, he has
been using a model system to quantitate the frequency of
initiation. In this system isolated thyroid or mammary epithelial
cells are exposed briefly to a carcinogen in vitro and grafted
into isologous recipients, and the grafts are subsequently scored
for tumor formation. He has found that the apparent frequency
of initiation can be extremely high, greater than 1 in 120
clonogenic cells. Various factors influence the probability of
tumor development. Thus, as the number of cells at a graft site
decreased, the probability of carcinoma formation at that site
increased, suggesting that cell-cell contact inhibits tumor for
mation. He has found that various genetic factors can either
enhance or suppress mammary tumor development in this
system, and that some of these factors act within the mammary
cells themselves. In the discussion of Gould's results, some of

the participants thought that the very high frequency of initia
tion seen in his system [and also with the studies of 10TV:
transformation by A. R. Kennedy (Harvard University, Boston,
MA)] was not compatible with the concept that initiation might
involve targeted point mutations in specific ras oncogenes (see
experiments by other investigators, described below). No agree
ment on this question was reached, but further studies in this
model system might clarify the question.

J. McLachlan (National Institute of Environmental Health
Sciences, Research Triangle Park, NC) discussed a model sys
tem in mice in which an estrogen is given during early devel
opment when the estrogen receptors are relatively deficient;
90% of these animals develop uterine adenocarcinoma when
adults. If the mice are ovariectomized before puberty, thus
depriving them of a second estrogen exposure, no uterine tu
mors are seen. If such animals receive estrogen pellets, they
now develop uterine tumors. Tissue recombination and cell
culture experiments suggest that the estrogen-induced defect in
differentiation resides in the immature uterine epithelial cell
and that a second exposure to estrogen is required to stimulate
the expression of the defect. Uterine epithelial cells contain
EGF receptors and respond to EOF. The EGF can be localized
in both the secretion and the cells of the uteri of estrogen-
treated mice. Estrogen-induced epithelial cell proliferation in
organ culture of immature uteri can be inhibited by EGF
antibodies. These observations indicate a probable role for
growth factors in estrogen-induced target cell proliferation and
suggest new approaches to study promotion by estrogens.

The next session on "Molecular Mechanisms of Tumor Pro
motion" began with a review by I. B. Weinstein (Columbia

University, New York, NY) of general mechanisms of signal
transduction and the central role that the enzyme PKC plays in
this process. PKC appears to be directly relevant to tumor
promotion because the phorbol ester tumor promoters and
related compounds bind to and activate this enzyme. Several
laboratories have recently isolated DNA sequences that encode
PKC. The results obtained indicate that it is a multigene family.
Preliminary data provide evidence for differential expression of
the individual genes in specific tissues. This may explain some
of the tissue-specific effects of the phorbol ester tumor pro
moters. Weinstein described a recently cloned DNA sequence,
TPA-S1, whose expression is induced by TPA, and gave evi
dence that the induction is mediated via PKC activation. He
suggested that PKC may also play a role in colon carcinogenesis
and presented evidence that normal colon mucosa and colon
carcinomas contain appreciable levels of PKC. Furthermore,
the bile acid deoxycholate, which has been implicated in colon
carcinogenesis, can activate PKC in vivo. The development of

inhibitors of PKC would be valuable for further mechanistic
studies and might offer new strategies of cancer prevention and
treatment. Weinstein reviewed evidence that certain ampho-
philic cationic compounds, including tamoxifen and rhodamine
G, are inhibitors of PKC and suggested that it would be desir
able to develop more potent and specific inhibitors.

R. M. Bell (Duke University, Durham, NC), whose laboratory
has also cloned PKC genes and conducted detailed structural
studies, continued the discussion on PKC. He presented evi
dence that sphingosine and related lysosphingolipids are very
effective inhibitors of PKC. He discussed the interesting hy
pothesis that these compounds may act as endogenous inhibi
tors of PKC, and that a "sphingolipid cycle" could play an

important role in normal growth control, by modulating the
activity of PKC. He further speculated that in tumor cells this
regulation may be disturbed, in view of the known alterations
in glycosphingolipids often found in tumors.

P. M. Blumberg (National Cancer Institute, Bethesda, MD)
described recent studies on the compound bryostatin 1, a
macrocyclic lactone which, although it competes with phorbol
esters for receptor binding, activates PKC and mimics some of
the effects of TPA, also has several biological effects that are
different from TPA. Furthermore, it actually blocks some of
the effects of TPA. Thus, bryostatin blocks rather than induces
the differentiation of HL-60 cells, it fails to induce the morpho
logical and enzymatic changes on mouse keratinocytes seen
with TPA, and rather than acting as a promoter on mouse skin
it actually inhibits the promoting effect of TPA. Furthermore,
whereas TPA inhibits the differentiation of Friend erythroleu-
kemia cells induced by hexamethylene bisacetamide, bryostatin
restores differentiation. He presented evidence that bryostatin
acts at a second site on PKC which is distinct from the phorbol
ester binding site. The identification of this site and the mech
anism by which bryostatin blocks the effects of TPA remain to
be determined.

Thomas L. Benjamin (Harvard University, Boston, MA)
reported on the stimulation of phosphorylation of the middle
T antigen of polyoma virus by TPA, experiments which suggest
a possible role of PKC in mT function. The function of mT
appears to be regulatory in nature and to involve interactions
with multiple cellular protein kinases. A small fraction of mT
is extracted from lytically infected or transformed cells in a
tight complex with pp60c src.This interaction of mT with pp60c
srcactivates the tyrosine-specific protein kinase activity of the

latter and is critical to the transforming activity of polyoma
virus. The natural role of mT appears to involve phosphoryla
tion of the major capsid protein that is essential for virus
assembly. Benjamin showed that a fraction of mT molecules
extracted from 32P-labeIed infected cells is phosphorylated on

serine residues and that this fraction parallels the mT fraction
present in complexes with pp60c src.Incorporation of 32P into a

M, 58,000 serine phosphorylated form of mT was stimulated
by treatment of cells with TPA, with a concomitant increase in
the amount of the M, 58,000 mT: pp60c srccomplex. mT may

also affect phosphatidylinositol metabolism, and Benjamin sug
gested that there may be a positive feedback loop by which PKC
regulates the function or activity of mT:pp60c"src complexes

through serine phosphorylation of mT. However, such phos
phorylation has not yet been shown to occur in cells.

A. Poland (McArdle Laboratory for Cancer Research, Mad
ison, WI) discussed another tumor promoter whose actions are
known to be receptor mediated, namely 2,3,7,8-tetrachlorodi-
benzo-p-dioxin. Occupancy of the receptor for 2,3,7,8-tetra-
chlorodibenzo-/Â»-dioxin and its congeners, the soluble Ah recep-
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tor, triggers a pattern of altered gene expression, reminiscent
of that induced by phorbol esters via C kinase. The Ah receptor
size varies considerably among species. This lack of conserva
tion suggests a lack of selective pressure and possibly a lack of
endogenous ligand.

H. L. Moses (Vanderbilt University School of Medicine,
Nashville, TN) provided an overview of polypeptide growth
factors and growth inhibitors. He emphasized that there now
exist several growth inhibitory polypeptides, including TGF-/S,
which may exist in at least two forms, inhibins, mullerian
inhibitory substance, interferons (ÃŸt,02, 7) and tumor necrosis
factor (also known as cachectin). He discussed recent studies
on TGF-/ÃŽ,a polypeptide which inhibits the growth of various
epithelial cells but stimulates the growth of fibroblasts. Its
precise mechanism of action is not known but it has been found
to inhibit the EGF induction of c-myc. He suggested that, in
addition to autocrine mechanisms of growth stimulation, tumor
cells might display defects in autocrine inhibitory mechanisms.
Thus, TGF-/3 and related compounds might be elaborated by
normal cells to inhibit their own growth. Certain cancer cells
could lose the normal response to TGF-/3, via various mecha

nisms, and thus display uncontrolled growth. Examples of this
have been seen in several carcinomas. In summary, he pointed
out that normal growth control is probably achieved via both
stimulatory and inhibitory factors. Tumor promotion could
involve disturbances in one or both of these mechanisms.

L. J. Marnett (Wayne State University, Detroit, MI) and
P. A. Cerutti (Swiss Institute for Experimental Cancer Re
search, Epalinges, Switzerland) discussed the possible role of
free radicals and oxidants in tumor promotion. Marnett sug
gested that, because of their stability and the occurrence of
oxygen-centered free radicals, peroxyl free radicals may be
important mediators of free radical damage or indicators of free
radical production. He described chemical probes for their
detection and quantitation in target cells. Because of the differ
ences in the stereochemistry of the epoxidation of the tumor
initiator 7,8-dihydroxy-7,8-dihydrobenzo(a)pyrene by peroxyl
radicals and by cytochrome P-450-dependent monooxygenase,
epoxidation of 7,8-dihydroxy-7,8-dihydrobenzo(a)pyrene could
be a useful tool. Another tool is based on Marnett's observation

that 13-cw-retinoic acid is an effective scavenger of peroxyl free
radicals in a reaction that converts it to 5,6-epoxy-13-cw-reti-
noic acid. He has also developed 10-hydroperoxy-8,12-octa-
decadienoic acid as a probe to quantitate alkoxyl radical gen
eration in isolated cells or mouse skin. Marnett found that
exposure of rat colon in vivo to solutions of fatty acid hydro-
peroxides or their alcoholic reduction products enhanced DNA
synthesis and induced ODC in colonie epithelial cells. He
suggested that conversion of dietary fatty acids to hydroperox-
ides may provide a mechanism for stimulation of colonie pro
liferation following exposure to tumor initiators.

Cerutti stressed that tumor promotion is the sum total of the
action of endogenous and exogenous factors on an entire tissue
and that in TPA-treated skin, infiltrating inflammatory leuko
cytes may be a source of both paracrine and clastogenic mole
cules. In experiments with the JB6 promotable (P+) and non-
promotable (P~) mouse epidermal cell clones of N. H. Colburn

(National Cancer Institute, Frederick, MD), he suggested that
differential toxicity plays an important role in the mechanism
of action of oxidant promoters in these cells as well as in vivo.
Nonpromotable cells were more sensitive than promotable cells
to xanthine/xanthine oxidase-induced DNA strand breaks and
to elevated poly-ADP-ribosylation of chromosomal proteins.
Cerutti also found that the constitutive levels of catalase activ

ity, protein, and mRNA were 2- to 3-fold higher in the P+ clone
than in the P~ one, further evidence that the promotable clone
has superior antioxidant defense mechanisms. Finally, P* but
not P~ cells exposed to the oxidant xanthine/xanthine oxidase

showed an increased intracellular pH. The audience suggested
that this alkalinization could be a candidate for a promotion-
relevant signal transducing event.

T. G. O'Brien (The Wistar Institute, Philadelphia, PA) pre

sented evidence for altered cellular control of a key regulatory
gene in mouse epidermal tumors. ODC expression, which is
under tight control in normal tissues, is induced in normal
epidermis by TPA and, with repeated applications, cells con
taining very high levels of ODC were localized in the perifol-
licular region. Epidermal tumors, on the other hand, had greatly
elevated "basal" levels of ODC due to high constitutive expres

sion in a small percentage of the proliferating cells of the tumor.
O'Brien described structural and functional differences between

the tumor enzyme and that from TPA-induced normal epider
mis (e.g., the tumor enzyme was more heat stable than the
normal enzyme and was activated by GTP whereas the normal
enzyme was not). O'Brien proposed that the altered regulation

of ODC in the tumors helps to drive continued cell proliferation
and/or inhibit terminal cell differentiation. Whether the ODC
protein isolated from tumors represents a mutated form of the
enzyme or a reexpressed embryonic form remains to be deter
mined.

G. T. Bowden (University of Arizona, Tucson, AZ) analyzed
the levels of expression of four tumor-specific genes in mouse
epidermis after treatment with tumor promoters or the nontu-
mor-promoting, hyperplasiogenic agent ethylphenylpropiolate.
Three of these genes, called mal sequences, were isolated from
complementary DNA libraries made from mRNA ob
tained from 7,12-dimethylbenz(a)anthracene/TPA-induced
squamous cell carcinomas, mal-1- and ma/-2-related transcripts
are overexpressed at the benign and malignant stages of mouse
skin tumor progression, whereas mal-4 overexpression is spe
cific for the malignant stage. The fourth tumor-specific gene
studied, transin, which codes for an excreted protease, also is
overexpressed in the malignant stage. Basal cells from normal
epidermis expressed low levels of mal-l and mal-4 but not mal-
2 or transin transcripts. Treatment of the skin with first or
second stage promoters induced transient expression of all four
sequences, whereas a single treatment with ethylphenylpropi
olate elicited elevated levels of mal-\ and mal-4 transcripts but
did not enhance expression of mal-2 or transin. Bowden pro
posed that sustained expression of these tumor-specific gene
sequences in initiated or benign tumor cells gives the cells a
selective growth advantage and that their eventual constitutive
expression may be required for maintenance of the malignant
phenotype.

Slaga opened the session on "Genetics of Tumor Promotion"

by giving an overview on the data related to susceptibility to
carcinogenesis. He indicated that experimental animal studies
from a number of laboratories using mice and rats suggest that
susceptibility to multistage carcinogenesis in mouse skin, mouse
liver, and rat mammary gland appears to be related to altera
tions in tumor promotion, not initiation. He pointed out that
dose-response studies on the induction of tumors in the mouse
skin and liver models using both susceptible and resistant mice,
Fl hybrids, backcrosses, and recombinant inbreds have revealed
that the susceptibility to tumor promotion by some promoters
such as TPA appears to be inherited as an autosomal semidom-
inant trait. Slaga also presented data from J. DiGiovanni's

laboratory (University of Texas, Smithville, TX) that suggested
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several genetic loci are probably involved in the susceptibility
to mouse skin tumor promotion. Furthermore, several early
tumor promoter-related markers such as sustained hyperplasia
and an increase in dark basal keratinocytes correlated with the
tumor data. However, he emphasized that the results from N.
Drinkwater's laboratory (McArdle Laboratory for Cancer Re

search, Madison, WI) indicated approximately 90% of the
difference in susceptibility to mouse liver carcinogenesis was
related to allelic differences at a single locus. Furthermore, the
derivation of an inbred strain of SENCAR mice using a selec
tion process for susceptibility to initiation-promotion also sug
gests that the susceptibility is related to tumor promotion and
that these mice are more sensitive to sustained hyperplasia, an
increase in dark cells and ODC by TPA. Although the suscep
tibility to multistage carcinogenesis in several tissues appears
to be specifically related to the tumor promotion phase, not all
promoters appear to work through the same pathway. For
example, Slaga and coworkers have found that C57BL/6 mice
are resistant to TPA promotion but are relatively responsive to
benzoyl peroxide promotion.

A. Balmain (Beatson Institute for Cancer Research, Glasgow,
Scotland) revealed some important clues to the possible genetic
changes in initiated cells. He found that over 90% of 7,12-
dimethylbenz(fl)anthracene-initiated skin tumors, representing
both papillomas and carcinomas, have a specific A-T transver
sion at the second nucleotide of codon 61 of the Ha-ros gene.
The frequency of this mutation is dependent on the initiating
agent used, but not on the promoters, suggesting that the
mutation occurs at the time of initiation. Furthermore, the
application of Harvey murine sarcoma virus to the skin and
subsequent treatment with TPA result in the development of
papillomas, some of which progress to form squamous cell
carcinomas. The nature of the TPA-dependent response that
collaborates with activated ras to give rise to tumors remains
to be elucidated.

As indicated above, breeding for susceptibility to initiation-
promotion skin carcinogenesis appears to select specifically for
promotion sensitivity. Furthermore, since mice selected for
promotion sensitivity are not coselected for being initiated (i.e.,
they still require initiation as well as promotion to develop
tumors), it follows that the genetic loci for initiation and for
promotion sensitivity in these mice are separate. Colburn next
described the identification of novel genes that specify promo
tion susceptibility. The JB6 mouse epidermal variant cell lines
that are sensitive (P+) or resistant (P~) to induction of anchorage

independence and tumorigenicity by a variety of tumor pro
moters have been utilized by her laboratory to investigate the
genetic basis for sensitivity to promotion of neoplastic trans
formation. A genomic library of P+ cells has yielded two genes
designated pro- \ and pro-2 that transfer to P~ cells sensitivity

to tumor promoter-induced transformation. These two se
quences are different from each other and from known onco-
genes. In view of the difference in assays used for cloning, it is
expected that pro genes will specify unique functions not spec
ified by oncogene products. Recent findings from Colburn's

laboratory indicated that pro-l and pro-2 homologous se
quences are transcribed in mouse epidermal carcinomas in vivo,
as well as in JB6 cells. P~ cells show reduced levels of pro-I
transcript compared to P+ and transformed cells, suggesting
overexpression as a possible mode of activation of pro-l. Acti
vated homologues of mouse pro-l have also been found in
human nasopharyngeal carcinoma DNA. pro-l may be inter
acting in a significant way, possibly collaborating with Epstein-
Barr virus genes, in the etiology of this disease. The nasophar

yngeal carcinoma cells resemble JB6 P+-derived TPA-trans-
formed cells in that the DNA of both can transfer either P+

activity or a separate transforming activity proposed to be
switched on by activated pro genes.

J. C. Barrett (National Institute of Environmental Health
Sciences, Research Triangle Park, NC) next presented results
from his laboratory that suggested that neoplastic transforma
tion of SHE cells involves at least three steps: (a) induction of
immortality; (Â¿>)activation of a transforming gene or oncogene;
and (c) loss of or inactivation of a tumor-suppressor gene.
When normal, diploid SHE cells and carcinogen-induced pre-
neoplastic cells were transfected with different oncogenes, the
normal, early-passage cells were not transformed by the V-Ha-
ras or v-myc oncogenes alone, whereas the two oncogenes

combined produced transformed cells that caused tumors in
nude mice and syngeneic hamsters. Cytogenic analysis of the
ras plus myc-'mduced tumors showed a nonrandom chromo

some loss (monosomy of chromosome 15). Tumorigenicity of
the ras/myc tumor cells was suppressed following hybridization
with normal SHE cells; reexpression of tumorigenicity at later
passages correlated with loss of chromosome 15. The hybrid
cells in which tumorigenicity was suppressed still expressed the
ras and myc oncogenes, indicating the insufficiency of expres
sion of either or both of these genes for expression of tumori
genicity. That the chemically transformed hamster (BP6T) cells
produce transforming growth factors was shown by the ability
of tumor cell-conditioned medium to stimulate growth in agar
of AKR and NRK cells. Hybrids between BP6T and nontumo-
rigenic hamster cell lines that are suppressed for tumorigenicity
and anchorage-independent growth were assayed for their re
sponse to transforming growth factors. These hybrids failed to
grow in agar even in the presence of BP6T-conditioned medium.

In the session on Human Carcinogenesis, J. Peto (Institute
of Cancer Research Sutton, Surrey, England) described exam
ples from human cancer epidemiology that appear to implicate
late-stage rate-limiting steps and exposures responsible for
these transitions. According to the simplest multistage model
of carcinogenesis, the preneoplastic cells that are the targets of
tumor promoters will increase with increasing age. Tumor
promoters (or "late stage-active" agents) will cause a greater

increase in cancer incidence when exposure occurs at older
ages, yielding a risk versus age curve that varies with (age)*"1,

where N is the number of events that constitute the process.
Exposures that appear to constitute human tumor promotion
by this criterion are asbestos exposure leading to lung cancer
and X-ray exposure leading to various epithelial cancers.

E. A. Friedman (Memorial Sloan-Kettering Cancer Center,
New York, NY) presented evidence that phorbol esters are
mitogenic to preneoplastic and neoplastic but not to normal
colon epithelial cells. These responding cells are stimulated to
secrete the protease, plasminogen activator. The secreted plas-
minogen activator selectively destroys the less progressed cells
in a mixed population with colon carcinoma cells, thus sug
gesting a mechanism for invasiveness. It was postulated that
diacylglycerols from partial fat hydrolysis may function as
endogenous activators of protein kinase C and thereby, via
selection for further progressed cells, stimulate preneoplastic
progression leading to colon carcinoma. Determination of levels
of bioavailable diacylglycerols in the intestinal lumen supports
this possibility.

H. zur Hausen (Deutsches Krebsforschungszentrum, Heidel
berg, Federal Republic of Germany) reported that some 50%
of cervical carcinomas show cells harboring human papilloma
virus 16 or 18 (hpv 16, hpv 18). One suggestion for a causal
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relationship to cervical carcinoma induction was that introduc
tion of antisense RNA to the exon E6 of hpv 18 into cells
harboring the genes blocked expression of tumor phenotype.
Fusion of HeLa (cervical carcinoma) cells with normal human
cells blocked expression of tumorigenicity [E. J. Stanbridge
(University of California, Irvine, CA)] and expression of hpv
18 transcripts in vivo.Tumorigenic segregants that had lost a
normal chromosome were found to regain hpv 18 expression.
This suggested that normal cells make a suppressor that can
block transcription of hpv 18, at least in vivowhen cell hybrids
were injected into nude mice. The 20- to 40-year latency for
cervical carcinoma suggests several rate-limiting events includ
ing modification of cellular genes, integration of hpv, switching
off of suppressor genes, and amplification of effector genes.

Kennedy described a family of recently purified protease
inhibitors that act as antipromoters in HIT1/:cell transforma
tion, in hamster cheek pouch carcinogenesis, in mouse lung
adenoma, and in mouse colon carcinoma formation. These
antiproteases appear to cause reversion to a preinitiated state.
Purified from soybean, potato, and other dietary sources, they
show specificity against chymotrypsins. It was postulated that
the proteases being blocked function to convert growth factor
precursors to activated forms that mediate preneoplastic pro
gression.

In summary, the participants at the American Cancer Soci
ety-sponsored Workshop on Tumor Promotion agreed on the
following as aspects of tumor promotion: Tumor promotion
involves traversing several rate-limiting steps leading to cancer.
The sequence of these steps is not necessarily obligatory.

Inhibition of such rate-limiting steps should provide prom
ising means of cancer prevention.

Tumor promotion involves induction of new cellular pheno-
types as well as selection for subpopulations of initiated cells.

If there are common biochemical events in tumor promotion
in various tissues by various promoters, one likely candidate
may be activation of protein kinases. A number of growth
factors and hormones thought to function as endogenous tumor
promoters are also known to activate, directly or indirectly,
receptor-associated protein kinases. Other candidates for com
mon events may be stress responses such as those produced by
changes in reactive oxygen, pH, glucose, or certain ions.

This workshop highlighted several areas for future research.
These include:

Isolation and characterization of initiated cells or other pre
neoplastic cells that are targets for tumor promotion.

Determination of the promotion-relevant signal transduction
and gene expression events that are triggered by activation of
protein kinase C or other protein kinases.

Investigation of the structure and function of genes that
specify susceptibility to tumor promotion in a variety of animal
and human model systems.

Investigation of the genes that code for suppressors of pre
neoplastic progression.

Studies on the interaction between certain retroviral or DNA
viral genes and tumor promoters in human and rodent systems.

Studies on the mode of action of known antipromoters and
development of new antipromoters that may be more effective.
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