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Introduction

R. Lee Cragxk, Jr., M.D., M.Sc., D.Sc. (Hon.)

Director and Surgeon-in-Chief,
The University of Texas M. D. Anderson Hospital
and Tumor Institute,
Houston, Texas

WITH RECENT ACCOMPLISHMENTS in various fronts of cancer re-
search, it is reasonable to predict that we are at the threshold of
being able to unify many theories of carcinogenesis. Much of this
progress has resulted from a cooperative approach among the vari-
ous disciplines involved. Through such an approach, specialized
information from other disciplines is available for a particular
problem. This is precisely the incentive for the annual symposia
on fundamental cancer research; namely, to review one timely
facet of our knowledge that bears close relationship to cancer, to
bring this facet up-to-date through review by various workers, and
to exchange ideas through discussions df the points at issue. By such
speculation and discussion, a means is provided for workers in the
various disciplines of research to coordinate their efforts toward a
solution of the problem of cancer.

The topic of this Fourteenth Annual Symposium on Fundamental
Cancer Research is Cell Physiology of Neoplasia. Each of the dis-
tinguished investigators will report on the part of cell physiology
that he knows best because he personally has explored it and has
furthered our insight into how these problems relate to cancer.

In 14 years this annual symposium has grown from a small local
meeting to become a conference whose speakers and audience at-
tend from all areas of the United States and from a number of
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foreign countries. The first symposium was held in 1946, but not
until 1952, at the sixth symposium, did the program begin to point
up one central theme. That year the theme was “Nutritional Fac-
tors.” In succeeding years, symposia were held on ‘“New Methods
of Microscopy and Cell Research,” “Tissue Culture,” “Histochemis-
iry,” “Nucleic Acid Metabolism,” “Viruses and Tumor Growth,”
“Radiation Biology and Cancer,” and, last year, “Genetics and
Cancer.”

The papers presented at these meetings have grown in scope and
volume to such an extent that they merit publication in a separate
monograph series. Collected papers from the 1959 symposium,
Genetics and Cancer, were published nine months after the meeting
was held, and we hope to continue rapid publication of the sym-
posium proceedings. The present volume, Cell Physiology of Neo-
plasia, is the fourth monograph in the series.

Cell physiology is but one of the many phases of cancer research
that are in progress throughout the world. Working on the hy-
pothesis that the laws of chemistry and physics govern the activities
of individual cells, cytologists have unraveled many of the mysteries
of the cell’s activities. Today cytologists study not just morphology
and fine structure of cell components, but also their function in
relation to cell metabolism. They study not only the chemistry of
constituents of cellular material, but also the roles of these sub-
stances in cell growth and development. In short, the trend in
present cytological studies is to correlate morphological and physio-
logical properties of cells to reveal the nature of the cell’s machinery
and the principles governing the cell’s functions. Our aim at this
symposium is to gain knowledge of these mechanisms in order to
gain more understanding of the cancer problem. Eventually, we
hope that these findings will contribute to the treatment of cancer
patients or to the prevention of neoplasms in human beings.

In modern cell research, a multitude of experimental tools and
methods is employed. Judicious choice of material also plays an
important part in determining the success of any research project.
Although our ultimate aim may be the transfer of experimental
information to human welfare, certain results can be obtained best
from experimental organisms, whether they be mice, rats, rabbits,
chickens, frogs, plants. In these discussions, a variety of experi-
mental materials and techniques is represented. Tissue culture,
micromanipulation, electron microscopy, tracer techniques, cyto-
chemical and cytophysical methods and many others all render
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indispensable assistance to the investigators. One of the investi-
gators, Dr. Caspersson, contributed to the growth of biochemical
and biophysical cytology when he developed ultraviolet micro-
spectrophotometry.

Recent events have intensified several aspects of cytological in-
vestigations of cancer, among whlch are the nucleic acids, chromo-
somes and viruses.

The nucleic acids, which hold the secret of life, have received
widespread attention during recent years. In October 1959, Ochoa
and Kornberg received the Nobel Prize in medicine for their work
in synthesizing DINA and RNA. Since the nucleic acids are essential
to all living matter, further understanding of these substances
probably could supply the answer to the uncontrolled growth char-
acteristic of all cancers. Consequently, several papers in this mono-
graph have been devoted to the nature, synthesis and use of nucleic
acids by cells.

Chromosomes have been the subject of much research since the
last century, primarily because they are the material basis of
heredity. One of the early workers to implicate the chromosomes in
cancer was the German scientist Theodor Boveri. The greater rate
of mitosis, along with aberrant division figures in many of the
cancer tissues, led Boveri to formulate his heralded theory of the
origin of cancer in 1914.

However, the chromosomes of man could not be analyzed satis-
factorily because of technical difficulties. Dr. Hsu pioneered de-
velopment of the hypotonic solution pretreatment methods which
opened the door to accurate analysis of mammalian chromosomes.
This in turn led to renewed interest in the chromosomes of cancer
tissues and to discoveries by Ford, Lejeune and others of chromo-
somal abnormalities in cells of patients afflicted by a number of
congenital diseases.

Many contemporary investigators support Boveri’s notion that
chromosomal imbalance resulting from abnormal mitosis causes a
cell to become malignant. In this volume, his thesis will be re-
evaluated by Dr. P. C. Koller of the Chester Beatty Research In-
stitute in London.

Viruses were first implicated in connection with cancer some 50
years ago by Rous. Through the efforts of Bittner, and of Stewart,
of Gross, and of Dmochowski, viral etiology of some mammalian
tumors has been firmly established. We now face an array of prob-
lems concerning virus-cell relationships, such as how viruses attack
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cells, how an infected cell behaves, and how a virus causes a normal
cell to become malignant. A number of papers, therefore, have been
devoted either completely or partially to these intriguing subjects.

Acknowledgment is gratefully made of the efforts of Dr. T. C.
Hsu, chairman of the 1960 symposium committee and the members
of the committee. Committee members working with Dr. Hsu were
Mr. Joe E. Boyd, Jr., Drs. Jeffrey P. Chang, Leon L. Dmochowski,
Felix L. Haas, Saul Kit, and H. Grant Taylor. Honorary chairman
of this symposium was Dr. T. S. Painter of The University of
Texas, who has devoted his scientific life to the study of the cell.
Serving as chairmen of the various sessions were Dr. Hsu; Dr. M. J.
Kopac, New York University, New York City; Dr. C. M. Pomerat,
The University of Texas Medical Branch, Galveston; Dr. Jerome T.
Syverton, University of Minnesota School of Medicine, Minne-
apolis; and Dr. J. Herbert Taylor, Columbia University, New York
City.
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Chromosome Behavior in Tumors:
Readjustments to Boveri’s Theory

P. C. KoLLER, PH.D., D.sC.

Professor of Cytogenetics,
Chester Beatty Research Institute,
Institute of Cancer Research,
London, England

At the turn of the century von Hansemann described in detail
various abnormalities of cell division in human tumors. About the
same time Boveri, the pioneer of experimental cytology, was study-
ing the effect of double fertilization on the cleavage division of sea
urchin eggs. He found mitotic irregularities in the developing larvae
similar to those seen in tumors and described by von Hansemann;
Boveri noted the formation of cell groups lacking organization,
which closely resembled cancerous tissue. Boveri inferred that the
two phenomena were causally related and in 1902, when he pub-
lished these observations, suggested that tumorous growth might
be brought about by abnormal mitotic processes, particularly those
processes involved in multipolar division. He found that such
divisions result in an irregular distribution of chromosomes and
argued that the unbalanced cells produced have the potentiality for
unrestricted proliferation.

Boveri was not satisfied with a theory only; he was well aware
that experimental verification was required, and for this he
searched. When, however, 12 years later, he was forced by circum-
stances to present his studies, Boveri failed to provide substantial
evidence in favor of his theory. The book: “Zur Frage der Entste-
hung maligner Tumoren” (1914) is no more than a speculative



