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Preface

The University of Texas M. D. Anderson Hospital and Tumor Institute at Hous-
ton’s Thirty-Fifth Annual Symposium on Fundamental Cancer Research focused
on the molecular biology of cancer. From an understanding of the cellular metab-
olism involved in growth control, we can expect to find new ways to deal with
cancer cells. In developing this understanding of the biology of human cancer, the
ability to isolate specific DNA fragments through recombinant DNA cloning pro-
cedures and then to transfer and study these particular genes experimentally in
higher eukaryotic cells and organisms represents profound and revolutionary genetic
techniques. Rapid advances in recombinant DNA research and DNA sequence
analysis have indeed led to a clearer perspective on genes and the molecular biology
of cancer.

The papers presented at the symposium explored a number of systems that arc
yielding new and exciting information on the molecular biology of cancer. The
meeting began with the Ernst W. Bertner Memorial Award lecture by Donald D.
Brown, which described developmental control of eukaryotic genes, and the keynote
address by Philip Leder, which concerned a new image for the mammalian genome.
Thus, the stage was set early in the meeting for the presentation of recent findings
indicating, for example, that many genes are interrupted by intervening sequences;
that genomic DNA can be highly unstable, often moving about in much the same
manner as transposable elements of prokaryotes; and that some genes are “pro-
cessed” from an RNA transcript, with genetic information returned to the genome
at a new location.

This fluidity of genetic information has implications for our understanding of the
molecular basis of cancer, since genome rearrangements could lead to the activation
of cellular transforming genes. That transforming genes, or proto-oncogenes, al-
ready exist within the genome of normal cells can be demonstrated by the presence
of DNA sequences, as well as RNA transcripts, that can be isolated from normal
human cells and shown to hybridize to the tranforming genes of animal tumor
viruses. Furthermore, cloned fragments of DNA have been isolated from two dif-
ferent human bladder carcinoma cell lines that have the ability to transform cells
of a particular cultured mouse cell line, NIH 3T3. Differences are detected in the
vicinity of the transforming genes but are likely to be reflections of restriction
enzyme fragment length polymorphism arising from variable numbers of short
repeated sequences present in the regions flanking these genes in both normal and
transformed cells. Thus far, three distinct transforming genes have been isolated
from human cell lines derived from different tissues. A distinct transforming gene
also has been isolated from a lung carcinoma cell line, and we can anticipate that
transforming genes from other tumor cell lines will be isolated in the near future.

Since transcription of the transforming gene occurs in the bladder carcinoma cell
lines but not in normal tissue, or at least only at extremely low levels, it is clear
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that a key point in understanding the molecular biology of cancer lies in under-
standing the transcriptional activation of the transforming gene. This new or in-
creased transcription of the cellular transforming gene is probably not a reflection
of gene amplification but rather is the result of turning the gene on by mutation,
such as the insertion of DNA sequences or rearrangement of sequences at a site
that regulates transcription. The situation does, however, appear more complicated
since alteration of the promoter or insertion of a promoter for the transcription could
occur in an unexpected position, possibly far away on either side of the genes.
Here, especially, studies of DNA tumor virus transcription can lead to a detailed
understanding of how gene expression is regulated at the transcriptional level,
knowledge that appears to be necessary to understanding the molecular biology of
cancer. The finding of distinct transforming genes from different tumor lines also
implies the existence of different gene products that regulate cell growth, any one
of which when expressed ultimately can lead to cell division. Thus, these different
genes are likely to be involved in regulating DNA replication.

It is fascinating to consider the evidence that viral transforming genes have been
derived by reverse transcription of a cellular messenger RNA. There are now a
number of examples of such “processed” genes that lack the intervening sequences
(introns) of the “parental” gene and, in some cases, actually contain a sequence
representing the poly(A) tail of the progenitor messenger RNA. Processed genes
represent a new pathway for the generation of genetic material that can not only
move between chromosomes, but may also move between species. One example
of this was a cluster of histone genes that had crossed species barriers. Thus, the
genetic processes involved in cancer may share a heritage with molecular mecha-
nisms that mediate discontinuous evolutionary advances.

Until recently, facile manipulation of the eukaryotic genome has not been possible
in the manner that has been so revealing for the bacterial geneticist. With the elegant
techniques of site-specific mutagenesis and development of appropriate vectors
through recombinant DNA techniques, the study of eukaryotic genetics has reached
an exciting stage, which allows specific in vitro alteration of genetic elements at
the nucleotide level and subsequent assay of their in vivo consequences. Although
most of these procedures are applicable now only in yeast, there is enormous promise
that these approaches will soon be available for mammalian cells. We have arrived
at a stage in genetic engineering at which we are now able to transfer specific genes
into single cells or embryos and then study the expression of these genes in dividing
and differentiating tissues.

Finally, we have seen the development of powerful methods of DNA sequence
determination that complement the precision of recombinant DNA cloning. These
techniques have revealed new approaches to analyzing carcinogen and mutagen
modification of DNA structure, to mention only one area. Knowledge of the DNA
sequences for different families of eukaryotic genes, including those that code for
globin, collagen, interferon, ovalbumin, immunoglobulins, and growth hormone,
as well as families of repeated sequences, has provided insight into genome or-
ganization and has facilitated the discovery of pseudogenes.
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The complete nucleotide sequences for several mammalian mitochondrial DNAs
have demonstrated the unexpected novelty of codon usage and have emphasized
the extraordinarily compacted and punctuated expression of this cytoplasmic genome
in comparison with nuclear genes. These combined findings have shown us the
magnificent complexity and diversity by which gene expression may be regulated
in normal and malignant cells. Our perspective on the molecular biology of the
cancer cell continues to change as we understand the relevant processes in ever-
increasing detail, and we anticipate that the decade of the eighties will provide even
more insight into differences between normal and malignant cell growth.



Editors’ Foreword

“Perspectives on Genes and the Molecular Biology of Cancer” was the topic of
the 35th Annual Symposium on Fundamental Cancer Research, held in Houston
March 2-5, 1982. Interest in this topic was great because of the recent breakthroughs
in molecular biology and the application of these advances to the understanding of
human cancer. The symposium was attended by 1067 scientists representing 32
states and 14 foreign countries. This was also our first annual symposium to include
a poster session, which was very successful, and we thank those who contributed.

As cochairpersons, we acknowledge our appreciation to the many individuals
who provided guidance and advice in all matters pertaining to this symposium and
this volume. The Symposium Organizing Committee members from The University
of Texas M. D. Anderson Hospital and Tumor Institute at Houston were: Ralph
B. Arlinghaus, Emanuel J. Murgola, William K. Plunkett, Jr, and T. Elton Stub-
blefield. The External Advisory Committee was composed of Richard Axel, David
Baltimore, Paul Berg, Pierre Chambon, Philip Leder, Beatrice Mintz, Bert O’Mal-
ley, and Charles Weissmann.

Special thanks and appreciation are given to Frances Goff and her staff for the
many functions that they expertly and carefully planned and conducted. We welcome
Jeff Rasco from Conference Services and thank him for his assistance throughout
the symposium. We also express our gratitude to New England Biolabs, Accurate
Chemicals, Amicon, Bethesda Research Laboratories, ISCO, P-L Biochemicals,
Raytheon Data Systems, and Schleicher and Schuell for providing funds for the
hospitality rooms in which speakers and guests could meet and discuss mutual
interests. We are especially grateful to the National Cancer Institute and the Texas
Division of the American Cancer Society for their continued support. We also very
much appreciate the support of the Mike Hogg Foundation, and we thank The
University of Texas Graduate School of Biomedical Sciences at Houston for its
assistance. The Department of Scientific Publications and the Department of Public
Information and Education aided invaluably in all matters pertaining to the infor-
mation, announcements, and publications of the symposium. Marianne W. Doran
of the Department of Scientific Publications edited and compiled the manuscripts
into the monograph presented here, and we express our thanks for a job well done.

Donald L. Robberson
Grady F. Saunders
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Introductory Remarks

Charles A. LeMaistre

President, The University of Texas System Cancer Center, Houston, Texas 77030

Good evening. It is indeed a plcasure to welcome you to the 35th Annual Sym-
posium on Fundamental Cancer Research. The University of Texas System Cancer
Center takes pride in hosting its research symposium each year. This year’s meeting
on “Perspectives on Genes and the Molecular Biology of Cancer” promises to be
an especially pertinent one.

All of us here tonight recognize gene splicing as one of the most exciting achieve-
ments in the history of contemporary science. Even the proverbial man-on-the-
street realizes that scientists at last have a tool that can generate a tremendous
amount of benefit—from giving us the ability to produce large amounts of pure
pharmaceuticals like insulin and interferon to helping us study the way cells grow
and divide at the DNA level.

It is indeed satisfying to realize that recombinant DNA technology has generated
such enthusiasm, even in those who are limited in their knowledge of science. As
molecular biologists, you especially have been able to see how this ability to clone
and propagate specific DNA fragments has enabled analysis of the structure and
function of animal genes.

In 1977, when the UT Cancer Center last held a symposium on a similar topic,
the recombinant DNA technology was only beginning to be utilized for mammalian
cells. At that time, procedures were just being developed for the rapid sequencing
of long sections of DNA molecules. Since that 1977 meeting on “Cell Differentiation
and Neoplasia,” an enormous amount of information has been gained about the
structure, organization, and expression of genes in higher organisms. That knowl-
edge has progressed to the point that, at this year’s symposium, we are no longer
meeting to discuss the “hows” of recombinant DNA technology, but “what” and
“how much” has been and can be accomplished with its use.

One of the most surprising recent findings is that the animal genome is not fixed,
but can be reorganized during development. Dr. Philip Leder, our keynote speaker
this evening, will explore that subject in further depth. Another area to be discussed
at this symposium concerns the exciting area of gene transfer. It is eye-opening to
realize that molecular biologists now have the ability to show that a gene can alter
a cell—and to prove that fact by transferring a gene from one species to another
and propagating it through generations. In addition, a session will focus on the

1



