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EMcArdle Laboratory for Cancer Research, University of Wisconsin,
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Chemical carcinogenesis was reviewed from the
perspective of a biochemist. Emphasis was on
epidemiological evidence that chemicals in our
environment are a major cause of human cancer;
that most carcinogens require metabolic activation; and that new cell culture model systems were
evolving. The most plausible mechanisms were emphasized. (The SCIa indicates that this paper has
been cited over 610 times since 1973.)

Charles Heidelberger
Comprehensive Cancer Center
Kenneth Norris Jr. Cancer
Re5earch Institute
and
School of Medicine
University of Southern California
Los Angeles, CA 90033

December 10, 1981
“It was mostly a matter of timing. Annual
Review of Biochemistry has had its coterie of
faithful readers over the decades, and the subject
of chemical carcinogenesis had not been reviewed
in that publication since 1959—and has not
been since my 1975 review.
“The earlier review was written by my friends
and colleagues Elizabeth and James Miller at the
McArdle Laboratory for Cancer Research, Univer1
sity of Wisconsin. I was fortunate to have spent
many years in that laboratory, which, then and
now, is considered to be one of the leading centers
in the world for research in chemical carcinogenesis.
“In 1974, when I was invited to write the review,
the field had undergone a number of exciting
developments that clearly established the great
importance of chemical carcinogenesis in the
causation of human cancer and that unraveled

some of the tangled complexities
of action. These advances were
many cancer researchers, but
penetrated the consciousness of

of mechanisms
recognized by
had not yet
most biochem-

ists.

“The first of these developments involved the
increased recognition by epidemiologists that
chemicals in our external and internal environments
constitute a major cause of human
2
cancer. Since epidemiologists till the soil of an
apparently nonbiochemical universe, I attempted
to point out the importance and relevance of their
observations and ever-increasing evidence.
“The second major development
was the con3
cept originated by the Millers that most chemical
carcinogens were not active per Se, but required
metabolic activation by cytochrome P450 monooxygenases to chemically reactive electrophiles.
In my laboratory we produced the first experimental evidence that arene oxides are the activated
4
form of polycyclic aromatic hydrocarbons. My
review in 1975 appeared to stimulate many ‘pure’
biochemists to conduct important research in this
burgeoning field, It was Ames’s recognition of the
need for metabolic activation, which he supplied
by suitably fortified liver homogenates to
Salmonella typhimurium,
that made his widely
5
used test possible. I reviewed the state of
knowledge of the metabolic activation of several
chemical classes of carcinogens.
6
7
“Berwald and Sachs and my laboratory had
been the pioneers in developing model systems
whereby normal rodent cells on treatment by
chemical carcinogens underwent oncogersic
transformation, and the implications and promises
of this approach were called to the biochemists’
attention. Finally, I reviewed the then Status of
mechanisms of action of chemical carcinogens
with emphasis on somatic mutations vs.
epigenetic mechanisms.
“I believe that the enduring popularity of the
review stems from the breadth of perspectives and
topics that I emphasized, which are still relevant
today. Although I have received my share of
honors and awards, these I believe were for my
contributions to research and not for this review.”
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