


VIRUSES, NUCLEIC ACIDS,
AND CANCER

A Collection of Papers Presented at the Seventeenth Annual
Symposium on Fundamental Cancer Research, 1963

Published for
The University of Texas M. D. Anderson
Hospital and Tumor Institute

- ——
PN

4/ *\%
\t\@gﬁe ]

WX
S=iz?

Baltimore
The Williams and Wilkins Company
1963



Library of Congress Catalog Card No. 63-21957
©1963 by The Williams and Wilkins Company,
\ Baltimore, Maryland
Manufactured in the United States of America
by the Printing Division of The University of Texas



Dedicated to the Memory of
Francisco Duran-Reynals, M.D.

(1899-1958)



Acknowledgments

Grateful acknowledgment is made of the work of Dr. Leon Dmochow-
ski, chairman of the 1963 symposium committee, and of the following com-
mittee members who worked with him: Mr. Joe E. Boyd, Jr., Miss Frances E.
Goff, and Drs. Arthur Cole, Murray M. Copeland, Russell W. Cumley,
Felix L. Haas, Clifton D. Howe, T. C. Hsu, Saul Kit, Robert J. Shalek, John
A. Sykes, and H. Grant Taylor. Drs. W. Ray Bryan, Werner Henle, Albert
B. Sabin, and Wendell M. Stanley have graciously served as members of the
advisory committee for this symposium.

Co-sponsor of this symposium was The University of Texas Postgrad-
uate School of Medicine. We gratefully acknowledge the assistance of the
National Cancer Institute and of the American Cancer Society, Texas
Division.

This symposium volume was edited and arranged for publication by
the following members of the Publications Department: Russell W, Cumley,
Joan McCay, Dorothy Aldridge, Sally Connelly. Judith Haroz, Julie Sorrell.
and Wendelyn White.

The book was produced by Joan McCay.

The staff members of the Publications Department acknowledge with
thanks the kind assistance on references given by Miss Elizabeth Runge.
Medical Librarian at The University of Texas Medical Branch in Galveston,
and Miss Virginia Parker, Librarian for the Texas Medical Center Library
in Houston.



VIRUSES, NUCLEIC ACIDS,
AND CANCER



Table of Contents

Session Chairmen .
Invited Discussants
Introduction

R. LEe CLARK

STRUCTURE OF VIRUSES

A Comparative Study of the Structures of a Variety of Bacteriophage
Particles with Some Observations on the Mechanism of Nucleic
Acid Injection
Desmonp Kay
Structure and Assembly of Regular Virus Particles
D.L.D. Caspar and A. KLuc
Electron Microscope Studies on the Structure and Symmetry of
Virus Particles
R. W. HorNE
Icosahedral Viruses—A Geometric Approach to Their Maturation .
Heataer DoNaLp MAYoR
Morphology of the RNA Phage FH5 S
J. HuprPERT, ANTOINETTE RYTER, and JEANNE FOUACE _
The Arthropod Viruses
KenNETH M. SMITH
Studies on the Structure of the Mammary Tumor-Inducing Virus
(Bittner) and of Leukemia Virus (Gross)
L. DmocuowsKr, C. E. Grey, F. PapceTT, and J A. SYKES
Structure and Genetic Properties of Bacterial Viruses
THOMAS F. ANDERSON
Virus Particles of Mouse Lymphomas and Mammary Carcinoma
R. KinosiTa and T. KAREFUDA

REPLICATION OF VIRUSES: BIOCHEMISTRY OF
Virus-INFECTED CELLS

Influence of Phages on the Synthesis of Host Enzymes of Bacteria
MicHAEL B. YARMOLINSKY

27

63

68

72

85

122

141

151



The Functions of the RNA of Bacteriophage f2
Norton D. ZINDER
Substances Produced During Replication of Plant Viruses
Roy MarkHAM
Biosynthesis of Viral Ribonucleic Acids
M. Homma, A. V. Rake, W. PArRaNCHYCH, D B. ELLIS and
A.F. GrRaAM
The Programing of Herpes Virus Muluphcatlon in Mammalian
Cells .
BERNARD ROIZMAN
Studies of Replication and Properties of the Bittner Virus
Dan H. Moore and MicHAEL J. LyoNs

ViraL NucLEICc AciD: PROPERTIES AND MODE OF
REPLICATION

Viral Nucleic Acid: Properties and Mode of Replication. Intro-
duction .
W. M. STANLEY
Replication of the Nucleic Acids of the Bacterial Viruses
RoBERT L. SINSHEIMER
Biosynthesis of Infectious Ribonucleic Acid of Tobacco Mosaic
Virus by Extracts of Healthy Plants
GeorGe W. CocHRAN
Properties of the DNA of Polyoma Virus
ReNaTo DuLBECCO
Early Events in the Reproduction Cycle of Animal Viruses
P. Hausen, H. Hausen, R. Rorr, C. ScHOLTISSEK, and W
SCHAFER
Early Changes Following Virus Infection: Thymidine Kinase In-
duction in Cells Infected with Vaccinia and Herpes Simplex Viruses
Saur Kt '
Changes in RNA and Protein Synthesis in Mammalian Cells In-
fected with a Virulent Virus . . .
Ricuaarp M. FrRaNkLIN and Davip BALTIMORE

AvIAN VIRUSES AND NEOPLASIA

Avian Viruses and Neoplasia: Introduction

W. R. BrRyan
Biological and Structural Properties of Rous Sarcoma Viruses
R.J. C. Harris
Studies on the Biological, Biochemical, and Biophysical Properties of

Avian Tumor Viruses .
J. W. BEarp, R. A. BoNar, URSULA HEINE GUY DE Tm-: and

DoroTHY BEARD

173

180

191

205

224

245

246

252

271

282

296

310

329

331

344



The Infection of Chicken Fibroblast Cultures by Avian Myelo-
blastosis Virus

Peter K. VoeT
Induction of Differentiation in Certain Target Cells by Avian Mye-
loblastosis Virus: An In Vitro Study . '

M. A.BaLupa, I. E. GoETz, and S. OuNoO

BERTNER FOUNDATION [LECTURE

Properties of a Virus Isolated from Leukemic Mice, Inducing Var-
ious Forms of Leukemia and Lymphomas in Mice and Rats
Lupwik Gross

VIRUSES AND INTERFERON

Viruses and Interferon: Introduction
W. HENLE
Interference and Cell Division
KurTt PAUCKER
The Effect of Interferon on the Synthesis of Viral Nucleic Acid
Rovce Z. LockART, Jk., and T. SREEVALSAN
Interference and Interferon in Relation to Tumor Viruses and
Tumor Cells
A.C. ALLIsSON

Biorocicar AsrecTs oF Tunor INpuctioN BY VIRUSES

The Interaction of Polyoma Virus with Hamster Fibroblasts
MICHAEL STOKER
The Role of the Mammary Tumor Virus in Mouse Mammary Nodu-
ligenesis and Tumorigenesis
K. B. DEOmE
Significance of the Absence of Infectious Virus in Virus-Induced
Tumors 4 . .
H. RuBiN and H. Hanarusa

INTERRELATIONSHIP OF VIRUSES: [NTRACELLULAR AND
EXTRACELLULAR FACTORS 1IN NEOPLASIA

The Possible Role of a “Transmissible Factor™ in Leukemia In-

duction by Radiation Plus Urethan
I. BERENBLUM

The Combined Action of Viruses and Other Carcinogens : .
M. H. Saraman, K. E. K. Rowson. F. J. C. Rok. J. K. BaLL.
J. J. Harvey. and G. pE BENEDICTIS

374

403

429

1430

447

462

487

498

508



Studies on the Oncogenicity of Human Adenovirus . . . 559
Joun J. TRENTIN, YosHIRO YABE, and GRANT TAYLOR

Observations on a Specific Adenovirus 12 Antigen in Virus-Free

Adenovirus Tumor Transplants . : ; . : 564
R.J. HueBNER, W. P. Rowg, and L. D. BERMAN

Lymphoma in ICR Mice Treated with 4-Nitroquinoline N-Oxide

(4-NQO) . . . . . . . . . . 571

R. KiNosiTa and T. TANAKA
" “Newer” and “Older” Viruses in Mammalian Malignancy . : 580

Mavurice R. HILLEMAN

A Children’s Cancer Dependent on Environment . . . 615
Denis BUrRkITT

The Role of Viruses in Relation to Cancer in Animals and Man . 630
Frank L. HorsFaLL. Jr.

Index . . . . . R . . . . . 643

Session Chairmen

W. R. Bryan, Division of Viral Oncology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland

J. S. CortER, Department of Biochemistry, University of Alberta, Edmon-
ton, Alberta, Canada

H. L. FraenkerL-ConraT, Virus Laboratory, University of California,
Berkeley, California

W. HENLE, Research Department, The Children’s Hospital of Philadelphia,
Philadelphia, Pennsylvania

R. W. HornE, Institute of Animal Physiology, Agricultural Research Coun-
cil, Babraham Hall, Babraham, Cambridgeshire, England

R. J. HueBNER, Laboratory of Infectious Diseases, National Institute of Al-
lergy and Infectious Diseases, National Institutes of Health, Bethesda,
Maryland

J. L. MeLNICK, Department of Virology and Epidemiology, Baylor Univer-
sity College of Medicine, Houston, Texas

A. B. SaBin, Children’s Hospital Research Foundation, University of Cin-
cinnati, Cincinnati, Ohio

R. E. SuopE, The Rockefeller Institute, New York, New York

W. M. StanLEY, Virus Laboratory, University of California, Berkeley, Cali-
fornia

R. C. WiLL1ams, Virus Laboratory, University of California, Berkeley, Cali-
fornia



Invited Discussants

In addition to the speakers invited to present formal papers at the Sym-
posium and to take part in the discussions, the following individuals were
invited as discussants.

- H.J. BENDIXEN, Statens Veterinaere Serumlaboratorium, Copenhagen, Den-
mark

A. J. DavTon, Division of Viral Oncology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland

V. DerenpI, The Wistar Institute of Anatomy and Biology, Philadelphia,
Pennsylvania ’

M. L. Duran-RevNaLs, Laboratory of Cellular Physiology, Department of
Surgery, Albert Einstein College of Medicine, Yeshiva University, New
York, New York

B. E. Eppy, Section of Experimental Virology, Division of Biologic Stand-
ards, National Institutes of Health, Bethesda, Maryland

H. FeBvrE, Department of Cytobiology, Institut de Recherches Scientifiques
sur le Cancer, Villejuif (Seine), France

C. Frienp, Viral Oncology Section, Sloan-Kettering Institute for Cancer Re-
search, New York, New York

S. Garp, Department of Virus Research, Karolinska Institutet, Stockholm,
Sweden

J. T. GRrACE, Jr., Roswell Park Memorial Institute, Buffalo, New York

J. HuppeRrT, Institut Gustave-Roussy, Villejuif (Seine), France, and Institut
Pasteur, Paris, France

L. M. KozrLorF, Department of Biochemistry, The University of Chicago,
Chicago, Illinois

R. A. LieBeLT, Department of Anatomy, Baylor University College of Medi-
cine, Houston, Texas

J. B. MoLonNEy, Division of Viral Oncology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland

A. E. Moore, Division of Virology and Immunology, Sloan-Kettering Insti-
tute for Cancer Research, New York, New York

M. Porrarp, Lobund Laboratory, Department of Biology, University of
Notre Dame, Notre Dame, Indiana

R. Rask-NI1eLsEN, Department of Biochemistry, University of Copenhagen,
Copenhagen, Denmark

C. SirTori, Istituto Nazionale per lo Studio e la Cura dei Tumori, Divisione
di Anatomia e Istologia Patologica, Milano, Italy

S. E. Stewarr, Division of Viral Oncology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland

L. Z1LBeR, Department of Immunology and Oncology, Gamaleya Institute,
Moscow, U.S.S.R. :



Introduction
R. LEe CLARK

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

In an attempt to distinguish between the realities and the hypotheses
of viral infection as a cause of cancer, the program of this Seventeenth An-
nual Symposium on Fundamental Cancer Research will be concentrated
upon the topic, “Viruses, Nucleic Acids, and Cancer.”

There was one man who did much to crystallize earlier work on viruses,
to expand and interpret observations on tumor viruses, and to keep alive
research on oncogenic viruses during the years when the theory of viral
carcinogenesis was in general disfavor throughout scientific communities
of the world. Cancer research is indebted to the work of this man, the late
Dr. Francisco Duran-Reynals. At least two major theories were introduced
by Duran-Reynals. One theory was that the so-called ordinary viruses which
induce inflammatory changes are implicated in neoplasia induced by chem-
ical and hormonal carcinogens; another, that the so-called tumor viruses
under certain conditions behave like ordinary viruses and induce inflamma-
tory and destructive changes. Because of his brilliant and farsighted experi-
mentation, his lucidity of thought, his logical approach to the problems of
cancer research, and his awareness of the distinction between fact and
theory, we respectfully dedicate this monograph to our colleague whom we
were fortunate to have as participant in our 1957 symposium, the late Dr.
Francisco Duran-Reynals. ‘

The first virus-induced tumor described was avian leukosis, as noted in
1908 by Ellermann and Bang. In 1911, Rous reported that avian sarcoma
was also of viral origin. The first virus to be obtained in a purified state
was the tobacco mosaic agent, successfully isolated in 1935 by Stanley. The
isolation of this virus and the ensuing contributions to the knowledge of viral
chemical structure have greatly accelerated progress in virology. By 1940,
Duran-Reynals had observed that newly hatched chicks could respond to the
inoculation of sarcoma virus with a hemorrhagic type of lesion rather than
by a neoplastic growth. Gross reported in 1951 that mouse leukemia could
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be transmitted by cell-free filtrates injected into newborn mice of a sus-
ceptible strain. This fundamental discovery furnished a new incentive for
studies on oncogenic viruses. Other pioneers in the discovery and analysis
of oncogenic viruses have included Shope, Bittner, Dmochowski, Stewart,
Eddy, Beard, Friend, Moloney, and many other researchers.

On the viral theory of carcinogenesis, the late Dr. Charles Oberling
could correctly assert in 1944 that the only major disadvantage of the virus
hypothesis was that it had not'been proved. Between 1944 and 1963, such
amazing advances have been made in virology, biochemistry, and related
spheres that this statement would no longer be exact.

Parallel to the increasing interest in a possible viral etiology for certain
neoplasms, our institution increased its research activities in this area. In a
survey reported in 1951, Dr. William Russell summarized recent advances
in the development of a viral theory of tumorigenesis, and indicated its
potentialities. By 1955, our research program in virology and related fields
had expanded sufficiently to allow the establishment of a Section of Virology
and Electron Microscopy, headed by Dr. Dmochowski.

The topic of the eleventh in this series of symposia was “Viruses and
Tumor Growth.” At this 1957 meeting, fundamental discoveries in this
rapidly developing area of cancer research were reported, many of them for
the first time (Texas Rep. Biol. & Med. 15(3):1-378, Fall, 1957).

Cytochemical and electron microscopic studies have greatly contributed
to our knowledge of the structure of viruses and malignant cells. At this
institution, in the Section of Electron Microscopy, studies have been made
in which the host-virus relationship in polyoma virus of mouse embryo cells
was investigated by bright-field, phase, fluorescence, and electron micros-
copy. At our 1957 symposium, the presence of so-called viruslike particles
in cytoplasmic inclusions of cells from the lymph nodes of a patient with
acute lymphatic leukemia was first reported. This major contribution to
virology was facilitated by electron microscopic techniques. Later, detailed
tissue culture studies of human leukemia were also made. Phase-contrast
and fluorescence microscopic examination showed that certain sequential,
morphologic changes which eventually led to the destruction of the tissue
cultures might be associated with a viral agent in the cells of lymph nodes
from patients with leukemia or lymphoma. Electron microscope and tissue
culture studies of cells derived from cancer eye lesions were also made.
Results have suggested that a virus may be associated with bovine ocular
squamous carcinoma and its benign precursor. Investigations, such as these,
at the levels of fine cellular structure and biochemical interaction at the
molecular level are now possible because of highly developed tools such as
fluorescent antibody, radioactive tracer materials, and electron microscopy.

Nevertheless, the viral concept of oncogenesis, as it pertains to human
cancer, still remains a “working hypothesis.” Basic and unanswered ques-
tions still hamper access to an ultimate solution of the problem of human
neoplasia.
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® Do viruses cause all tumors and cancers in animals?

® Are viruses one of the indispensable factors in tumor development,
or are they only occasionally one of many factors which are individually
responsible for tumor induction?

® What is the chemical composition of tumor viruses, and the structure
of oncogenic nucleic acids?

® After a virus or nucleic acid initiates tumor growth, is the presence
of either of them in some form necessary for the continued growth of the
neoplasm?

® How does the virus development take place?

® Do many or only some of the infectious viruses play a part in the
origin of cancer in animals or in man?

® Above all, what and how much can we learn and apply to the prob-
lem of human neoplasia from the ever-increasing and fascinating knowledge
in the field of bacterial, plant, insect, animal, and human viruses?

These are some of the questions that must be confronted. They are
representative of some problems upon which much of cancer research today
is focused.

In unnatural hosts, even such well-recognized oncogenic viruses as
those of Rous sarcoma, Shope rabbit papilloma, and mouse parotid gland
tumors yield tumors in which viruses can no longer be detected. Only the
immune response occasionally remains to indicate the viral crigin of the
tumor. This phenomenon has been variously explained in terms of “mask-
ing” of the virus, or as variation in the quantity of active virus. This ab-
sence of detectable virus in tumors that are known to be virus-induced was
reported by Rous and Murphy as early as 1914, but no definite solutions
to the questions evoked by this observation have been forthcoming. How-
ever, this phenomenon, on the basis of experimental evidence available to
date, could be attributed to a possible modified state of the virus, or, more
likely, to the presence of its nucleic acid, at least for the Shope papilloma
virus. Therefore, the biochemical aspect is not to be overlooked as a distinct
possibility. ,

Polyoma virus has been shown to contain deoxyribonucleic acid, and
infection of cell cultures and induction of hamster tumors with nucleic acid
preparations have been reported by DiMayorca and his associates. The
recent discovery by Ito that infectious or tumor-inducing nucleic acid can
be extracted from rabbit papillomas from which the virus itself no longer
can be obtained indicates perhaps one approach to the study of the hypo-
thetical human cancer virus. These exciting discoveries pertaining to viral
nucleic acid indicate the possible existence of an immature or incomplete
virus-naked viral nucleic acid that is deficient or totally lacking in a protein
component. In confirmation of Duran-Reynals’ theories and experimental
results, other infectious viruses have been shown to act as cocarcinogens,
and as direct carcinogens in susceptible hosts, both in vitro and in vivo.

Exciting prospects are foreseeable in future studies on viruses, nucleic
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acids, and their relationship to neoplastic processes. A group of proteins,
known as interferon, that are capable of inhibiting viral growth are being
analyzed to determine whether they can be utilized as antiviral therapeutic
agents. Other researchers are attempting to demonstrate a possible parallel
between oncogenic viral action and that of the temperate phages. In testing
known human viruses for possible oncogenic properties, Trentin, Yabe, and
Taylor have recently reported that tissue culture fluid of human adenovirus
type 12, injected into hamsters within 24 hours after birth, induced a high
incidence of malignant tumors at the injection site within one to three
months. Other workers have demonstrated that human adenovirus type 18
has oncogenic activity in newborn hamsters. Further work is required to
isolate and purify more oncogenic viruses, to study the epidemiology of
human tumors, and to determine the chemical structure of the nucleic acid
components of oncogenic viruses.

Viruses have been demonstrated in many hosts and systems, even in
tissue cultures, that manifest malignant developments. In order to prove the
viral theory of tumor induction, a virus must be regularly isolated, and
shown to be proliferative and etiologically related to the tumor from which
it has been isolated. ) A

The facts, ideas, theories, and discussions presented at this symposium
are intended to converge the various research disciplines upon a common
goal . . . the solution of the human cancer problem.
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