
[CANCER RESEARCH 32, 2854-2856, December 1972]

Report of the Third Meeting of the American Cancer Society
Research Professors

The third meeting of the American Cancer Society Research
Professors was held December 3 to 5, 1971, at St. Thomas,
Virgin Islands. The professorship program was initiated by the
Society in 1952 to provide additional support to universities in
order to make it possible for qualified senior investigators in
the basic sciences and medicine to devote full time to cancer
research. Currently, there are 19 American Cancer Society
professors who are indeed representative of the major
approaches to the solution of the problems related to the
origin and control of the cancer diseases. The 1st meeting of
the American Cancer Society professors was concerned largely
with the application of available knowledge to the cancer
patient, with emphasis on chemotherapy. A 2nd meeting
provided an opportunity to review the research interests of
members of the group. The objectives of the most recent
meeting were 3-fold: (a) to discuss informally the present
status and trends in cancer research, (Â¿>)to review some of the
important areas germane to cancer, and (c) to ascertain the
role of this representative group in the planning and direction
of cancer investigation in an expanding national effort. Dr.
Frank J. Rauscher, Jr., and Dr. Carl Baker, of the National
Cancer Institute, were invited to participate in this meeting, as
were Dr. Hamblin Letton, President, Mr. Charles R. Ebersol,
Dr. Richard Mason, and several other officers of the American
Cancer Society.

One session was devoted to mammalian cell surfaces in the
regulation of mammalian cell activities (Dr. Theodore Puck,
Chairman). Reference was made to the change in the concept
of the role of the cell surfaces from the view that they are
essentially inert to the current concept that these isolable
structures do have important metabolic and regulatory
functions and, as such, are involved in the origin and
subsequent behavior of cancer cells. The phytoagglutinins may
stimulate protein synthesis, and even cell reproduction, in
lymphocytes. Surface membranes from several lines of cells
transformed by Rous, polyoma, and SV40 viruses exhibited a
shift to a heavier carbohydrate moiety, from the normal
25-sugar polysaccharide to an approximate 30-sugar
polysaccharide. It was speculated that the "heavy" component

is made in the M phase of the cell cycle, possibly an
overproduction which locks the cell in mitosis. A considerably
higher level of sialate transferase was also reported in the
membranes of the transformed cells. Membrane antigens were
considered, and the need for isolation of specific antigens was
stressed. It was pointed out that the prostaglandins are
antigenic.

Contact inhibition and the serum factors that control the
survival and growth of normal as well as neoplastic cells were
discussed. Serum stimulates the synthesis of DNA in
contact-inhibited cells grown in culture. 3T3C cells grown on
glass or plastic surfaces have at least 2 general requirements for
factors present in serum for survival and growth. The serum
growth component has been purified 4000-fold and appears to

be a glycoprotein. Extensive additional purification will be
essential before structural studies can be completed. This
factor maintains the growth of the culture only if growth has
already started. Important serum factors in wound healing,
including a migration factor, have also been detected. The
relation of the nerve growth and epithelial growth factors to
the above factors is not known at this time. It is now evident
that different transformed and nontransformed cell lines have
different quantitative as well as qualitative requirements. Since
inhibition as well as growth of cells may be attributed to the
existence or absence of positive factors, contact inhibition has
been questioned. Further characterization of these substances
should provide some exciting new insight into the regulatory
aspects of the growth of normal and cancerous cell lines.

Several groups of investigators are studying the structure of
the RNA oncogenic viruses and also the RT1 present in these

strains. RT from avian myeloblastosis virus has been purified
to homogeneity. This enzyme, (M.W., 160,000) catalyzes a
repair-type reaction on RNA and, like all polymerases, requires
a template and a primer structure. RNA of this virus and also
of the Rauscher and Rous, viruses, etc., has a molecular weight
of 1 X IO7 (60 to 65 S) and a subunit structure of 3 X IO6

and some smaller structures. DNA that is synthesized is
covalently bound to this RNA. Nonviral DNA polymerases
studied thus far will not utilize this viral RNA. As yet, there
appear to be no solid data in support of various reports that
there is actual RT activity in regenerating liver and other
nonviral systems since, in addition to the crude systems used,
the use of synthetic polynucleotides, possibly containing
RNase's, can lead to erroneous results.

Chinese hamster ovary cells in culture have proven to be an
exceptionally good system for genetic analysis. At least 10
auxotropic mutations have been obtained, and the biochemical
blocks have been identified. Testosterone or cyclic adenosine
3',5'-monophosphate cause these cells to elongate (when

combined, the agents are markedly synergistic), and they also
change the rate of collagen synthesis and other activities under
conditions wherein the growth rate is not altered. This system
has been used to study morphological and biochemical changes
that occur during transformation by Rous sarcoma or other
agents (agglutination, morphology, monolayer versus
multilayer growth, prostaglandins, and transcriptional versus
translational control, etc.).

One session was devoted to some of the problems related to
chemical carcinogenesis and to the study of protein synthesis
in plasma cell tumors (Dr. Seymour Cohen, Chairman). Mouse
ventral prostate cells in culture are readily transformed into
cancer ceEs by methylcholanthrene. The transformed cell
colonies produce malignant tumors when transplanted into
suitable host mice. With this transforming system, it was
possible to demonstrate that the carcinogen had indeed
affected transformation rather than the selection of existing
premalignant cells. It was also possible to demonstrate that the
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processes of toxicity and transformation are different. The
transformed cells exhibited characteristic antigenicities,
whereas tumors that appear spontaneously do not contain
similar antigens. One of the major problems of cancer research
is an assessment of the relative roles of viruses and chemical
carcinogenesis in cancer causation, in both man and animals.
The in vitro transforming system should provide new insight
into the mechanism of chemical carcinogenesis and aid in
ascertaining whether this transformation is the result of direct
chemical action upon the target cells or of the activation of
latent or proviruses. If viral activation or involvement is
excluded, what are the critical events that occur in chemical
carcinogenesis? It was pointed out that although carcinomas
are the major tumors of man, no models yet exist for the viral
induction of carcinomas.

With the w vitro transforming system, it has been possible
to study the carcinogenicity of several of the metabolites of
what have been considered to be the primary carcinogens.
These include the K-region epoxides of benzanthracenes and
methylcholanthrene and the phenols of the dibenzanthracenes.
These newer findings have made it possible to obtain a much
better correlation of carcinogenicity and mutagenicity. Many
of the chemical carcinogens, especially the hydrocarbons, are
inactive as mutagens since they are not converted into their
active or "ultimate" forms in the assay system for

mutagenicity. Finally, it was stressed that various mutagenistic
phenomena might well be expressed in more precise terms,
such as chromosomal aberrations, gene mutations, deletions,
base exchange, etc.

It is now clear that many chemicals that are carcinogenic are
not active per se but require enzymatic activation to an
alkylating agent or electrophilic reactant. This enzymatic step
or steps in the carcinogenic process is an early sensitive site for
prevention of cancer by interruption of the process. By
alteration of the enzymatic makeup of the target cell, the
activation of the carcinogen could be prevented, and
carcinogenesis could thereby be prevented. This is now
possible in a few experimental setups and may well become
useful in interrupting human cancer in high-risk populations.
The electrophilic reactants, in turn, can interact with all of the
major macromolecules in the cell, including DNA, RNA, and
protein. These are now being studied in some detail as to the
nature of the chemical changes in the macromolecules;
however, as yet, no methods are available to separate the
changes that are relevant from those that are irrelevant to the
carcinogenic process. This is one of the major problems facing
the study of carcinogenesis today.

Following the changes outlined above, one sees the
appearance of new populations of cells. These show
proliferation without any of the characteristics of cancer. It is
questionable whether they can be considered as neoplasms,
since very often they are reversible and disappear when the
carcinogen is removed. However, they do appear to be
precursors for a subsequent new cell population which does
not disappear when the carcinogen is removed. This 2nd new
population can then grow autonomously and is presumably
the precursor population for the subsequent development of
the malignant transformation. These new intermediate cell

populations appear to have distinctive biochemical changes
which are unusually similar, even when induced by different
chemical carcinogens. The study of these populations may
very well throw some important light upon the early
metabolic and molecular steps in malignant transformation.

Overall, it would appear that in the several steps involved in
carcinogenesis, one is dealing with a decreasing number of cells
with a progressively increasing probability of malignant
transformation. In other words, one is dealing with a
progressive selection from new populations. The selection
pressure and the nature of the changes in the cells that allow
for this selection must be understood before we can hope to
exert further control over the various steps in the carcinogenic
process. This is an important practical goal, since it may enable
us ultimately to interrupt the process even when it has gone on
for some months or years.

Another aspect of carcinogenesis with a direct relation to
cancer in humans focuses on the metabolism and mechanism
of action of the steroid hormones. The most likely sites of
interaction are the proteins that have 3-dimensional structures
more complementary to the steroids. Most of the steroid
hormones are effective in extremely low concentrations, that
is, in the nM range. Therefore, the receptor must have a high
specificity and a high affinity. There are cytoplasmic and
nuclear receptor proteins for estradiol in the vagina, uterus,
and mammary glands. The receptor proteins are highly acidic
and form covalent linkages with the steroid hormones.
Hormonal-dependent mammary tumors appear to have similar
receptor proteins. The recent discovery of 8 cases of
adenocarcinoma of the vagina in women born between 1946
and 1951 has evoked some excitement. Seven of these were
daughters of women who had received large doses of
diethylstilbesterol during the early stages of pregnancy. The
long lag in humans between stimulus and expression points out
the extreme complexity of evaluation of environmental
carcinogens as well as steroid analogs.

Plasma cell tumors (myelomas) have been utilized for the
study of protein synthesis, since they produce large quantities
of immunoglobulins. Several myeloma patients, successfully
treated at first, later developed monocytic leukemia and
simultaneously began to excrete large quantities of the enzyme
lysozyme. This raises the interesting question regarding a
possible relation between myeloma and monocytic leukemia.
Other patients with monocytic leukemia also produce large
quantities of lysozyme (1 to 4 g/day). This enzyme is
synthesized on the endoplasmic reticulum, and its appearance
in the serum and urine is a useful tool in the diagnosis of
monocytic leukemia. There are structural differences between
various animal lysozymes. However, the lysozymes of the
leukemia patients are the same, and they are also the same as
those observed in normal individuals. Patients with monocytic
leukemia have problems in the reabsorption of potassium in
the kidney, and many patients with longstanding chronic
infections may have proliferation of cell types with high
lysozyme activity.

Leaving research problems, Dr. Baker and Dr. Rauscher
presented some of their views relative to the renewed interest
in cancer, as well as some of the planning objectives already in
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progress, in anticipation of passage of the then-pending
legislation for additional support of cancer research. The
balance between grants-in-aid and contract awards, basic and
applied research, group efforts in biomÃ©dicalresearch, priority
of grants based upon relevance to cancer, buildup of centers
for treatment of patients with cancer, delivery of health care,
and communication and accountability with the public and
the Congress were some of the major topics. Currently, the
National Cancer Institute has an approximate equal balance
between grants and contracts. The question was posed as to
whether the present National Cancer Institute contract
approach in the virus area has made it possible to obtain
answers sooner and more efficiently. Dr. Rauscher believed
that it probably has. Dr. Baker looked upon the issue of basic
versus applied research as more of a continuous spectrum.

The view was expressed that at least an additional 15% of
patients with cancer could be cured if appropriate centers were
available. The importance of the evaluation and elimination of
carcinogens was stressed. The difficulties of long-term
evaluation is apparent from the cyclamates, which may require
at least 20 years before a reliable answer is obtainable, as
suggested by the appearance, 20 to 25 years later, of
carcinoma in the "teenage" daughters of women exposed to

diethylstilbesterol during pregnancy.
Finally, the issue and problems related to the overselling or

overexpectation of cancer prevention or cures were
considered. More realistic and accurate means of

communication are mandatory if the public and Congress are
to provide the long-term support for control over the cancer
diseases. It was pointed out that President Nixon looks upon
the new legislation as the beginning of a long-term investment
and that planning should be considered over several decades.
Several of the American Cancer Society professors expressed
their views as to the better utilization and involvement of
American scientists in policy-making decisions and the
planning for the present and future programs directed toward
the control of cancer. While there are many scientists who are
not anxious to become involved in the development of policy
and higher administrative matters, there are many highly
qualified and capable members of the scientific community
who wish to participate in the important aspects of planning
or at least to have some assurance that the scientific
community has some voice in these vital matters. The opinion
was expressed that scientists who are actively engaged in
research must determine the success or failure of this renewed
support of cancer research.

A. Clark Griffin
M. D. Anderson Hospital and Tumor Institute
Houston, Texas 77025

Emmanuel Farber
Fels Research Institute
Temple University Health Sciences Center
School of Medicine
Philadelphia, Pennsylvania 19140
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