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L. VIRAL ONCOLOGY AREA - SPECTAL VIRUS CANCER PROGRAM (SVCP)

A. Introduction:

The Viral Oncology Area is responsible for planning and conducting the
Institute's program of coordinated research on viruses as etiological
agents of cancer. Scientists within this Area not only provide the broad
operational management for intramural and collaborative research but also
conduct comprehensive investigations on specific animal oncogenic viruses
and their interaction with host cells and apply this information to search
for viruses which may be etiologically related to the initiation and
continuation of human cancer.

Contract supported research is conducted within the Viral Oncology Program
under the Special Virus Cancer Program (SVCP) whose primary objectives are:
(1) to determine whether viruses comparable to those known to induce
cancers of laboratory and domestic animals are causative agents of human
cancers, and (Z) to develop therapeutic and preventive measures for
control of human cancers when such causative agents are found. A detailed
history of events leading to the development of the SVCP may be found in
previous Annual Reports of the NCI. Briefly, in 1964, the Congress of

the United States provided funds to the NCI for an intensified program in
virus-leukemia research because many scientists were convinced that an
effort to identify viruses or to detect virus expression in human tumors
would contribute to the determination of the etiology of cancer. Using

a new planning approach (Convergence Technique), an overall program aimed
at controlling human leukemia and lymphoma was formulated. It is based

on the premise that one virus is an indispensable element for the induction
(directly or indirectly) of at least one kind of human cancer and that the
virus or viral genome persists in the diseased individual. Tn 1968, the
program was enlarged to encompass all types of cancer. The Program plan
has undergone considerable revisions since its inception and has been
reviewed regularly by the Director, NIH; Director, NCI; the National Cancer
Advisory Council; the Scientific Directorate, NCI; and the Etiology
Program Management Group, NCI.

During the past seven years, the Institute has developed an effective
management program which has made rapid, substantial progress in
understanding cancer induction by viruses. The funding level for this
Program in fiscal year 1971 has been about $35 million.

B. Organization:

1) Viral Oncology Area. During this reporting period the area was

reorganized in a structure that will permit the most effective use of
scientists and facilities in the attainment of Program goals. All changes
were implemented with existing personnel, space, and funds. By increasing
the number of sections within the present three branches, additional
positions of authority and Tesponsibility were created.
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On February 1, 1971 the Deputy Director for Science approved the NCI
request to establish three offices and to redefine the functions of
existing branches in the Office of the Associate Scientific Director for
Viral Oncology. The Office of the Associate Scientific Birector for
Viral Oncology is organized as follows:

Office of the Associate Scientific Director for Viral Oncology

Plans and conducts the Institute's program of research and development
dealing with viruses as etiological agents of cancer. Supports programmatic
investigations aimed at the detection, propagation, characterization,
prevention, and control of tumor viruses and/or their induced diseases.

Office of the Coordinator for Ultrastructural Studies
Immediate Office of the Coordinator
Virus Studies Section

Plans and conducts research on the morphology, ultrastructure, biological
characterization and correlation of structure and function of viral agents
associated with neoplasms of man and animals.

Office of Biohazards and Environmental Control
Immediate Office of the Chief
Biohazards Research Section
Environmental Control Section

Performs research in virology, aerobiology, mammalian physiology and
biochemistry in order to evaluate the risk involved to the host under
stress when exposed to infectious agents. Develops and recommends
equipment and procedures for handling of potentially bichazardous materials
and disseminates this information to the scientific community and to
research laboratories throughout the world.

Office of Program Analysis and Communications

Manages computerized systems of program statistics, clinical and laboratory
data interchange, and scientific information for collaborative studies

with inhouse and contract scientists; applies computer techniques to data
systems and retrieval problems of inhouse and contract laboratories; plans
and conducts surveys; plans, implements, and maintains a controlled central
data system and inventory for a multi-institutional human serum bank.
Maintains a system of triannual progress reporting from research contracts;
compiles and distributes summaries of current progress to program
scientists. Maintains an automated system for publication searches and
reference printouts on requested subjects in viral oncology; prepares a
monthly publication featuring abstracts of current worldwide literature

on viral oncology; compiles and publishes semiannually indexed summaries of




Current research in viral oncology; maintains technical reference library.

Viral Biology Branch (Office of the Chief)

Cell Biology Section

Electron Microscopy Section
Microbiology Section

Experimental Pathology Section

Human Tumor Studies Section

Virus and Disease Modification Section

Plans and conducts research to determine the relationship of viruses to

neoplastic diseases of man and animals. Devises and tests effective means
for the prevention and control of these diseases and viruses.

Viral Leukemia and Lymphoma Branch (Office of the Chief)

Tumor Virus Section
Immmnology Section

Viral Pathology Section
Genetics Section
Molecular Biology Section

Plans and conducts research on virus-host relationships in leukemia and

lymphoma with tumor viruses of RNA and DNA composition, with particular
emphasis on molecular aspects of viral oncogenesis.

Viral Carcinogenesis Branch (Office of the Chief)

Ecology and Epizoology Section
Solid Tumor-Virus Section
Viral Genetics Section

Plans, conducts and manages research and development on the virology of
animal and human neoplasms with emphasis on the natural history of tumors
and their inducing agents.

2) Special Virus Cancer Program.

The Special Virus Cancer Program is composed of 7 working segments; i.e.
Developmental Research Segment; Immunology Group; Program Resources and
Logistics; Special Animal Leukemia Ecology Studies; Biohazards Control
and Containment; Human Leukemia Therapy; and Solid Tumor Virus.

On February 1, 1971 the SVCP added an additional segment. This group,
the Breast Cancer Virus Studies Segment is under the direction of
Dr. W. R. Bryan, Chairman, and Dr. R. Depue, Vice-Chairman. The rationale




for establishing this new segment is as follows: since the initiation

of the Special Virus Cancer Program, exploratory studies based on information
and leads from the mouse-mammary tumor virus (MIV) system have been

conducted to determine whether evidence could be found for an association

of viruses with breast cancer of humans or of animals other than mice, the
only species, thus far, in which breast cancer is known to be caused by

a virus.

The similarity of the ''clustering' of breast cancer within human family
groups to the ''clustering' that had been observed for breast cancers of
mice at the turn of the century, before the development of inbred mouse
strains, suggested that a virus comparable to the mouse MIV might be
involved in human disease. Since the MIV was not discovered until high
breast cancer strains of mice had been developed by selective inbreeding,
human population groups which would most closely approximate the experimental
mouse models were selected for study. These included: (1) women of the
relatively highly inbred Parsi sect of Bombay, India; (2) women of this
country having a history of '"family clustering'' of breast cancer, e.g.
among the mothers, sisters, maternal grandmothers, and maternal aunts of
probands to be studied; and (3) women who actually have had breast cancer,
but who have survived after successful treatment by removal of one breast.
Other leads from the mouse model involved the use of milk and of tissue
culture-propagated breast cancer tissue, as the specimens most likely to
contain sufficient amounts of an etiologically related virus for detection
of electron microscopy (the only method available for the detection of a
human agent at this time).

The results of the human studies accumulated through this year provide
substantial electron microscopic evidence of virus-like particles resembling
the RNA tumor viruses of animals (both B- and C-type particles have been
observed) in the milk of women belonging to the above study groups, with
much higher frequencies than in milk from normal women of the general
population in two different geographical areas studied (Philadelphia, Pa.
and Washington, D. C.). Whereas the control studies in the latter areas
showed positive specimens with frequencies of 4.5% (7/156) and 2.3% (1/43),
respectively, the frequencies in the test-population groups ranged from
37.5% (6/16) for women who have had breast cancer, to 60% (6/10) for normal
women belonging to high-breast-cancer families. The frequency for normal
women of the Parsi sect was 39.1%, (18/46), and the average for all test
groups was 41.7% (30/72). 1In addition to these highly significant results
of studies involving milk, similar virus-like particles have also been
observed in 11% (5/45) of tissue culture explants of breast cancer tissue
maintained for 60 days or more, and in a continuous cell line from a
pleural effusion associated with metastatic breast cancer.

As previously reported, candidate C-type viral agents have been isolated

from a spontaneous breast cancer of a rhesus monkey and from a transplantable
breast cancer of a laboratory rat. Both viruses are being successfully
propagated in the laboratory, and are now being further investigated. Both
have been shown to contain 70S RNA as well as the RNA-dependent DNA polymerase,
characteristics of the RNA tumor viruses.




PROGRAM MANAGEMENT

Segment (Chairman. The program segment chairmen are concerned with the
~lzming of the scientific projects to be accomplished within each
werking segment during the oncoming year. This critical function is

serformed on the basis of an analysis of the results of ongoing efforts,
wt only within the respective areas but also the efforts of all other
orogram areas, as those efforts may pertain to the particular work of

a program segment. It is on the basis of these overall plans that more
specific work statements of the research to be performed are prepared and
upon which contractors are invited to submit specific proposals for the
performance of the work. By an integration of the research activity of
these contractors, the segment chairmen are able to work toward fulfillment
of the objectives of their segment.

In his capacity as chairman of the working group and in addition to the
usual responsibilities associated with the effective functioning of advisory
groups, the segment chairman is also responsible for bringing to the
working group sessions all information relevant to the deliberations and
decisions of the working groups, not only from the ongoing activities of

the SVCP, but also from any other program areas of the Institute which may
be relevant.

The program chairmen's meetings represent the major vehicle through which
the chairmen execute their responsibilities as the focal point of total
program operations and for which they are directly responsible to the
Associate Scientific Director for Viral Oncology, the Scientific Director
for Etiology and the Director of the Institute. The main function of
these joint sessions is to provide the basis whereby a synthesis and
integration of the activities of each segment is achieved with respect to
the differential impact of these achievements on total program objectives.
It is at the joint sessions that the relative priorities of research, which
are established in each working area,are reviewed with respect to establish-
ing an overall priority for the total program. This 1s an extremely
difficult but important step because the items considered to be of high
priority within the perspective of an individual program segment do not
necessarily achieve the same level of priority within the perspective of
total program. Thus, in joint session, simultaneously or in sequence,

the chairmen perform the reviews, analyses, integrations and program
decisions required for the effective attainment of the objectives of the
total program.

Project Officers. Project officers are the direct extensions of the program

segment chairmen regarding each particular contract within the segment.

They carry to the contractor the reflection of the intent and philosophy

of the objectives of the segment so that the contractors' performance
contribute to the total goals and objectives of the segment and, therefore,
the total SVCP. In order to do this, the project officer must have the
scientific expertise necessary to act as an advisor to assure the accomplish-
ment of the contract workscope with efficiency and effectiveness. This




activity requires close and frequent communication between the project
officer and the contract's principal investigator. The fine balance of
coordination is maintained by frequent telephone conversations, written
communications and by frequent visits between the project officer and the
contractor. The functions of a good project officer require a lot of

time which he might personally prefer to spend conducting his own research.
The need, however, for existing and additional scientific personnel to
continue and assume this managerial role cannot be overemphasized.

Executive Secretaries. The executive secretaries assist the segment
chairmen and the project officers in the managerial duties that necessarily
accompany the administration of a large research contract program. Each
executive secretary is a senior scientist in his own field of specialty and
thus consults with the segment chairmen, the project officers and the
principal investigators representing the contractor in scientific aspects
of the research being performed. A high level of scientific knowledge is
necessarily required, since it is often impossible to separate scientific
decisions from management decisions. FEach executive secretary is specific-
ally responsible for assuring that (1) each contract in his area receives
optimal review; (2) working group members, as well as NCI and NIH officials
are provided with required documentation; (3) appropriate recording of

the proceedings of each meeting is made and that the information gleaned
from the meetings is distributed to the proper scientific and management
recipients; and (4) site visits are planned, implemented and documented

as they are needed and required.

Contract Specialists. The contract specialists are the bridge between the
scientists who administer research and the administrative mechanism whereby
the research is implemented through the awarding and fiscal monitoring of

a research contract. Within the Etiology Area, contract specialists are
well conversant with scientific aspects of the program. They constantly
provide invaluable advice in fiscal and legal matters to the project
officers, the executive secretaries, the program segment chairmen and the
Associate Scientific Director. It is the contract specialists, by combining
their scientific comprehension with their administrative knowledge and skill,
that allow the senior scientists to manage such a large and multidisciplined
research program. This is an especially pertinent contribution to the

total effort in the face of the present critical persomnel shortages under
which the program must and will continue.

Working Groups. The program segment working groups are the basic operational

units for the SVCP. They are composed of both Federal and non-Federal
scientists representing expertise in the varying areas of research involved
in the program. Each working group is chaired by a senior NCI scientist.
Although the primary function of the werking groups is to provide advice

to the Institute on the research and scientific aspects of the program,

the participation of the members of the working groups is more extensive




than the typical advisory committee. The members help and advise the
respective chairmen in the development of program plans for their specific
area of research for each fiscal year; develop work statements for specific
research contracts; make site visits to contractor facilities; review
contractor proposals; and when competitive proposals are received, select
the best qualified contractor for recommendation to the Associate Scientific
Director and participate in the very important functions of analyses and
evaluation of the results of ongoing research accomplished in each of the
segment areas. These analyses and evaluations provide basic recommendations
for many major program decisions.

In addition to its advisory role to the segment chairman, the working group
acts as a technical review group for the contracts within the segment.

In this capacity, the working group acts as an advisory committee. It is
asked to review individual contracts within the segment for scientific
excellence and technical competence within the funding level, which is
determined by the program and recommended for each individual contract.

The final determination of the level of funding is dependent on many
decisions which are expressed at the level of the Associate Scientific
Director and the Scientific Director. This technical review group is asked
to review contracts to determine (1) the appropriateness of the objectives
of the contract as they fit into the overall goals of the segment's mission
and in relation to other ongoing projects within the segment which might

be related to the contract under scrutiny, and (2) the attainment of these
goals, utilizing the scientific knowledge and methods available, to assure
the highest technical performance of the contractor within the funding
level allocated. Recommendations regarding funding are welcomed and
seriously evaluated. However, the final decision will be made with
consideration for the many variables, by the Scientific Director and the
Associate Scientific Director for Viral Oncology, through their recommendation
to the Director, National Cancer Institute.

Program Segment and Contract Reviews

Program Review. The contents of the total program are constantly being
reviewed, both informally and formally, at various levels. The project
officer, by his close contact with the contract's principal investigator,
provides a continuous appraisal of each contract (1) for fidelity of per-
formance of the contract (2) for assurance of enough flexibility in the
contract to allow for changing and relevant program needs and (3) to assure
that work under the contract is performed in the best technical way possible.
Thus, the level of performance of each contract is constantly being
considered by the segment chairmen through near day-to-day contact of each
segment chairman with his project officers.

Each project officer must present, and defend his contracts to the working
group at the time of technical review. At this review, all aspects of the
contract are considered in relation to the total segment's activities and
responsibilities. At least once a year, each contract is presented by the




program segment chairman to the Program Chairmen's review group where it
is evaluated for relevance, priority and need to attainmment of SVCP
objectives and goals.

The SVCP is continuously changed, refined, reviewed, and evaluated by the
Science Management Team and its key scientific advisors.

In summary, program review is effected at three levels, all of which are
highly integrated and interrelated: i

(1) The Contract is the basic functional unit and receives almost constant
monitoring by the project officer and technical review by the working group
who makes recommendations regarding goals and objectives to the Segment
Chairman.

(2) Program segment working groups, as the basic operational units, review
the contract performance for technical and scientific competence and
adherence to contract workscope, for its contribution to segment goals and
makes recommendations to the respective segment chairman concerning each
of the segments activities.

(3) Program segment chairmen meeting jointly once a month, comprise the
basic integrative unit and determine segment priorities within overall
total program objectives and goals.

Contract Review. Contracts are reviewed according to their type.

Type I. The majority of the contracts in SVCP are of this type. These I
are research and development contracts which are generally limited to one
or two areas of research and may include a service aspect. The dollar *

range is usually between $50,000 and $500,000 per year. '

Type I1. These are large and/or multi-faceted contracts which involve a
number of research areas or have other special features. These are generally
$1,000,000 and over and require special review consideration.

Type III. These are routine procurement contracts which cover the purchase ”
of services and/or materials and contain essentially no research. -

There are three major review groups: the Segment Working Group, the Program
Segment Chairmen and the Etiology Program Management Group.

Progress Reports. As a valuable aid, in the review process, to all key

members of the staff, the Program Analysis and Communications Section
coordinates and handles progress reports on all SVCP contracts. Policy
regarding progress reports was set forth in a memorandum dated November 6,
1968, from the Associate Scientific Director to the Segment Chairmen as
follows:




"At a meeting of the Eranch and Associate Branch Chiefs, Viral Oncology, on
October 2, 1968, modified procedures for the preparation and dissemination

felt that other more effective means of comunication were already being

(1) Most contractors will continue to be required to submit short,
concise, triannual progress reports in addition to their more
comprehensive annual reports. As in the past, the latter is
to be submitted in compliance with the directions of the
Project Officer at the time the contract is considered for renewal.

(2) Management of triannual progress reports proceed as follows:

(a) Reports are received from all contractors by PAC between
the 1st to 15th of October, February and June.

(b) Copies of Teports are sent to the appropriate Segment
Chairman by the 15th of these months.

(c) Each Segment Chairman with his Project Officers prepares
one or several short paragraphs on highlights of progress.
Each abstract is identified by contract no., title, and
name of principal investigator. Abstracts of all progress
Teports are returned to PAC no later than the 30th of
October, February 29th, and June 30th.

(d) Copies of all abstracts are duplicated by PAC and sent
to all persons identified on the SVCP Route S ot

(3) A single overall analytic report on progress, problems and
projections of the SVCP is prepared on an annual basis by the ASDVO and
distributed to all program personnel .
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PROGRAM MANAGEMENT PERSONNEL

Science Management Team

Dr. J. B. Moloney, Associate Scientific Director for Viral Oncology, NCI
Mr. L. R. Carrese, Deputy Associate Director for Program,-NCI

Dr. L. R. Sibal, Associate for Program Coordination, Viral Oncology, NCI
Dr. D. J. Rubin, Scientific Coordinator for Extramural Research, VO, NCI

Administrative Officer, Assistant Administrative Officers and Contract
Specialists

Mr. John P. Patterson
Mr. Nick Olimpio
Mr. Robert Velthuis
Mr. J. Thomas Lewin
Mr. Maurice Fortin
Mr. Thomas Porter
Mr. Fred Shaw
Mr. John Gibbons

Program Segments and Membership

Developmental Research Segment

Dr. Robert Manaker, Chairman
Dr. Jack Gruber, Vice Chairman and Executive Secretary
Dr. Samuel Dales, Public Health Res Inst., N.Y.C.
Dr. Paul Gerber, DBS, NIH
Dr. Anthony Girardi, Wistar Institute
Dr. Timothy O'Connor, NCI
Dr. Alan Rabson, NCI
Dr. Bernard Roizman, University of Chicago
Dr. Duard Walker, University of Wisconsin
Dr. Virginia Dunkel, NCI

Special Animal Leukemia Ecology Segment

Dr. Michael Chirigos, Chairman

Dr. John Glynn, Vice Chairman

Dr. George Burton, Executive Secretary

. Friedrich Deinhardt, Presbyterian St. Luke's Hospital
Bernice Eddy, DBS, NIH

Charles Rickard, Cornell University

William Moloney, Peter Bent Brigham Hospital

Mearl Stanton, NCI

Peter Vogt, University of Washington

David Yohn, Ohio State University

Hans Sjogren, Pacific Northwest Research Foundation
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Solid Tumor Virus Segment

Dr. Robert J. Huebner, Chairman

Dr. James Duff, Vice Chairman

Mrs. Harriet Striecher, Executive Secretary

Charles Boone, NCI

Maurice Green, St. Louis University
Leonard Hayflick, Stanford University
Karl Hellstrom, University of Washington
Edwin Lennette, Calif. Dept. of Public Health
Joseph Melnick, Baylor University
Herbert Rapp, NCI

Wallace Rowe, NIAID, NIH

Hans Meier, Jackson Laboratories

IXFIITYNY

Immunology Group

Dr. Paul Levine
Dr. Herbert Rapp
Dr. Ernest Plata, Executive Secretary

Dr. Charles Boone, NCI

Dr. Berton Zbar, NCI

Dr. Tibor Borsos, NCI

Dr. Ronald Herberman, NCI

Dr. Maurice Hilleman, Merck Institute

Dr. Barry Bloom, Einstein College of Medicine

Dr. Arthur Brown, University of Tennessee

Dr. George Santos, Johns Hopkins University

Co-Chairmen

Resources and Logistics Segment

Dr. Robert Holdenried, Chairman

Dr. George Todaro, Vice Chairman

Dr. Roy Kinard, Executive Secretary
Dr. James Duff, NCI
Dr. K. Arnold Fowler, NCI
Dr. Adi Gazdar, NCI
Dr. Paul Levine, NCI
Miss Marie Purdy, NCI
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Biohazards Control and Containment Segment

Dr. Alfred Hellman, Chairman
Mr. Emmitt Barkley, Vice Chairman
Mr. Mark Chatigny, Naval Biological Laboratory
Dr. Peter Gerone, Fort Detrick
Dr. Seymour Kalter, Southwest Foundation
Dr. Maurice Mufson, Hektoen Institute for Medical Research
Dr. William Payne, Div. of Environmental Health Sciences, NIH
Dr. Briggs Phillips, Becton-Dickinson
Dr. Arnold Wedum, Fort Detrick
Dr. Richard Griesemer, Chio State University
Dr. Simon Sulkin, U. of Texas Southwestern Medical School
Dr. George Michaelsen, University of Minnesota

Human Leukemia Therapy Segment

Dr. Seymour Perry, Chairman
Dr. Edward Henderson, Vice Chairman

Breast Cancer Virus Studies Segment

Dr. W. Ray Bryan, Chairman

Dr. Robert Depue, Vice Chairman

Dr. H. J. Clausen, Executive Secretary
Dr. Louis R. Sibal, NCI
Dr. Ernest Plata, NCI

Dr. Harish Chopra, NCI

Dr. J. R. Fraumeni, NCI

Dr. Richard Bates, NCI

Dr. E. Vollmer, NCI

Dr. M. Black, New York Medical College, N.Y.C.
Dr. M. Brennan, Michigan Cancer Foundation

Dr. K. DeOme, University of California, Berkeley
Dr. W. Feller, Georgetown University

Dr. R. Gilden, Flow Laboratories

Dr. D. Moore, Institute for Medical Research

Program Management Segment

Dr. J. B. Moloney, Chairman

Dr. L. R. Sibal, Executive Secretary
Dr. W. Ray Bryan, NCI
Dr. A. J. Dalton, NCI
Dr. James Duff, NCI
Dr. Michael Chirigos, NCI
Dr. Robert Huebner, NCI

. Robert Manaker, NCI

. Deward Waggoner, NCI

. Robert Holdenried, NCI
George Todaro, NCI

EEE
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3) LIST OF CONSULTANTS TO THE SPECIAL VIRUS CANCER PROGRAM

FISCAL YEAR 1971

Dr. Norman Anderson, Atomic Energy Commission

Dr. Arthur Axelrod, University of Toronto

Dr. David Baltimore, Massachusetts Institute of Technology
Dr. Joseph Beard, Duke University

Dr. Trygve Berge, American Type Culture Collection

Dr. Maurice Black, Flower and Fifth Avenue Hospital, N.Y.C.
Dr. Paul Black, Harvard Medical School

Dr. Barry Bloom, Albert Einstein College of Medicine

Dr. R. G. Bond, University of Minnesota

Dr. Michael Brennan, Michigan Cancer Foundation

Dr. Arthur Brown, University of Tennessee

Dr. Joseph Burchenal, Sloan~Kettering Institute

Dr. Ben Burmester, U.S.D.A., East Lansing, Michigan

Dr. Bruce Calnek, Cornell University

Mr. Mark Chatigny, Naval Biological Laboratories

Dr. Thomas Chin, Communicable Disease Center, Kansas City
Dr. Lewis Coriell, TInstitute for Medical Research

Dr. Sam-Dales, Public Health Research Institute, N.Y.C.
Dr. Friedrich Deinhardt, Presbyterian-St. Luke's Hospital

Dr. Kenneth DeOme, University of California, Berkeley

Dr. Giampero di Mayorca, Eppley Institute, University of Nebraska
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Dr, Leon Dmochowski, M. D. Anderson Hospital and Tumor Institute
Dr. Robert Dougherty, Upstate Medical Center, S.U.N.Y.
Dr. Peter Duesberg, University of California, Berkeley

Dr. Bernice Eddy, Division of Biologic Standards, NIH

| Professor M. A. Epstein, University of Bristol

Dr. Charles Evans, University of Washington

Dr. Sidney Farber, Children's Cancer Research Foundation, Boston
Dr. William Feller, Georgetown University

Dr. Stuart Finch, Yale University

Dr. Gustave Freeman, Stanford Research Institute

Dr. Emil Frei, III, M. D. Anderson Hospital and Tumor Institute
Dr. Emil Freireich, M. D. Anderson Hospital and Tumor Institute
Dr. George Foley, Children's Cancer Research Foundation, Boston
Dr. Paul Gerber, Division of Biologic Standards, NIH

Dr. Peter Gerone, Fort Detrick, Maryland

Dr. Ray Gilden, Flow Laboratories, Rockville, Maryland

Dr. Anthony Girardi, Wistar Institute

Dr. Maurice Green, St. Louis University

Dr. Richard Griesimer, Ohio State University

Dr. Vincent Groupe', Life Sciences, St. Petersburg, Florida

Dr. Francoise Haguenau, College de France

Dr. G. D. Hammond, Children's Hospital, Los Angeles

Dr. Hidesboro Hanafusa,Public Health Research Institute, N.Y.C.

Dr. Janet Hartley, National Institute of Allergy and Infectious Disease
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M. Hatanaka, Flow Laboratories, Rockville, Maryland

Leonard Hayflick, Stanford University School of Medicine
Clark W. Heath, Jr., Communicable Disease Center, Atlanta, Ga.
Richard Herberling, Southwest Research Foundation

Karl Erik Hellstrom, University of Washington

. Brian Henderson, University of Southern California

. Werner Henle, Children's Hospital, Philadelphia

Evan Hersh, M. D. Anderson Hospital and Tumor Institute

John Higginson, International Agency for Research on Cancer

. Maurice Hilleman, Merck Institute for Therapeutic Research

. Yashar Hirshaut, Sloan-Kettering Institute

James Holland, Roswell Park Memorial Institute

Julius Horoszewicz, Roswell Park Memorial Institute
Yohei Ito, Aichi Cancer Center, Nagoya, Japan

Erling Jensen, Hazleton Research Laboratories

Irving Johnson, Eli Lilly and Company

Seymour Kalter, Southwest Foundation for Research
Edmund Klein, Roswell Park Memorial Institute
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C. Scientific Activities - Progress Highlights:

There are now over 100 viruses which are known to cause virtually all
kinds of cancer in every major group of animals including non-human
primates. The probability is very high that viruses responsible for at
least some human cancers will be found. When such agents are identified
and successfully grown in the laboratory, it should be possible to develop
therapeutic and preventive measures for the control of these diseases.

Viruses of one type (Type C) are known to cause leukemias, lymphomas, and
sarcomas in chickens, mice, and cats. Particles, which closely resemble
Type C viruses, can be found in human patients affected with these same
kinds of cancers.

A monolayer culture releasing C-type particles has been established from
cells of a pleural effusion of a child with Burkitt's lymphoma of the
American type. The line is in its 28th subculture and continues to release
virus. Studies have failed to identify this agent with known animal

tumor viruses. This is the first human cell culture producing C-type

virus in relative quantity. This makes it possible to produce antisera
specific to a human C-type virus to be used for determination of the
distribution of human C-type virus antigens in tumors.

Viruses of a second type (Type B) produce cancers of the breast tissue of
mice. Thus far, this is the only animal species in which breast carcinoma
has been proven to be caused by a virus. Recently, Type B particles
resembling the mouse agent, have been found in human breast cancers and
in milk concentrates from patients with breast cancer. Attempts to grow
these viruses, if indeed they are definitely shown to be viruses, in the
laboratory have just begun. Viruses of a third type (Herpes-type) which
are structurally similar but unrelated to other known herpesviruses, have
been shown to be associated with the following human malignancies:
Burkitt's lymphoma, nasopharyngeal carcinoma, and uterine and penile
carcinomas.

Hamster cells transformed by UV-irradiated herpesvirus type 2 grew as
tumors when inoculated into newborn hamsters. This suggests that at least
one virus which ordinarily is cytolytic may be oncogenic when an induced
genetic defect blocking normal cycle of viral maturation with cytolysis
results in the retention of the virogene in the replicating host cell.

By using techniques developed from animal tumor virus studies, every effort
is being made to determine whether these viruses cause human malignancies.
During the course of this work, it should be recognized that information
on the biological, biophysical, and biochemical characteristics of cancer-
causing viruses has provided a broad base of knowledge applicable to the
isolation and identification of human agents and prevention and control

of the disease in man. Some important new discoveries that have been

made are: (1) Certain oncogenic viruses are unable to produce
malignancies unless a "helper" virus is present, thus
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suggesting that an interplay exists between two viruses. (2) Certain
armor-inducing chemicals, irradiation, (carcinogens) may act as co-factors
n activating latent, oncogenic viruses within cells. (3) Certain

“mor viruses contain unique enzymes which are required in the replication
of viruses in cells. These and other important developments will be
1scussed further in this report.

“vpe C Particles

‘hen the Special Virus Cancer Program was initiated, highest priority was
z-ven to the search for human leukemia viruses resembling the Type C
Zruses causing chicken and mouse leukemias. Since that time, many Type C
iruses, the total is now about 85, have been found in a variety of tumors
Zrom many species of two vertebrate classes. All of these species continue
0 be studied intensively under the broader scope of the Special Virus
ncer Program. Several of the Type C viruses are established as the
causative agents in leukemias, lymphomas, and sarcomas of chickens, mice, cats
and hamsters. Many of these can infect and produce malignancies in other
species (e.g. a sarcoma virus of the cat produces tumors in marmoset monkeys).
“urthermore, some of these viruses can cause malignant transformation to
occur in animal and human cells grown in the laboratory (e.g. cat leukemia
nd sarcoma viruses alter embryonic human cells). Type C virus particles
have been found in association with malignancies of a spectrum of animal
pecies including non-human primates, rats, cattle, woolley monkeys,
gibbons, and man. Although electron microscopy is an important method
1 the search for Type C virus particles, certain newer biochemical,
bilophysical and immunological techniques, developed through intensive
collaborative studies of animal cancer viruses, are now being directed
coward finding viruses present overtly or covertly in the cells of human
-ancer.

1. Reactions between Type C viruses causing leukemias and sarcomas
solid tumors)

“ien inoculated into appropriate cell cultures, Type C sarcoma viruses

£ chickens, mice and cats produce foci of altered cells. This fundamental
~iscovery provides a readily visible indicator reaction for the detection
I sarcoma viruses. On the other hand, leukemia viruses grown in tissue
—ulture do not cause foci or other detectable changes. The finding that
“eukemia viruses can either inhibit or enhance focus formation by sarcoma
iruses of the same species has led to the development of methods for the
‘etection and quantitation of leukemia viruses indirectly.

‘ertain of the chicken, cat and mouse sarcoma viruses are 'defective"

in that they do not produce foci in cell cultures or tumors in animals

n the absence of a co-infecting, '"helper" leukemia virus. Further,

n the presence of a defective sarcoma virus the helper action of leukemia
viruses can be used as a specific indicator for their detection and
uantitation. It 1s now believed that defective sarcoma virus--leukemia
"irus interactions may be more widespread in nature than originally thought

ind that similar systems may be found in man. A mouse leukemia virus which

21




| has been adapted to grow in human cells is now available to search for
‘ defective human sarcoma viruses, if they exist. An alternative approach
has been developed for the detection of possible human leukemia viruses.
| W A defective mouse sarcoma virus and its leukemia virus helper can be
made to form tight functional aggregates, which behave as one virus.

Using a mixture of a mouse sarcoma virus and a cat leukemia virus, a hybrid

aggregate which could be grown continuously in cat cells was produced.
I Because the aggregate is defective, it requires the simultaneous presence
of a cat leukemia virus for producing altered foci in cat cells. Thus a
focus forming sarcoma virus of the mouse, artificially changed to one
possessing infectivity for cat cells, can now be used in cultures for the
detection of cat leukemia viruses.

This hybrid virus, as well as the cat leukemia virus, will also grow in
human embryonic cells in tissue culture. If sufficient amounts of the
Type C particles found in association with human leukemia can be obtained,
the possibility exists that the cat-adapted mouse sarcoma virus can be
hybridized with the human agent to produce an indicator system for the
detection of human leukemia viruses.

2. Ubiquity of Type C viruses and their possible transmission in nature
as part of the genetic inheritance.

By developing highly sensitive immmological methods for detecting Type C
viruses of chickens, mice and cats, an extensive program to determine the
occurrence of Type C viruses throughout the life span of different animals
has begun. Studies in mice revealed that no strains are completely free
of Type C virus involvement. In strains subject to a high incidence of
spontaneous leukemia, the virus could be demonstrated even in fetal
animals and at all ages after birth; in strains with a very low incidence
of leukemia, the virus could not be detected at any age under natural
conditions. If the latter mice were irradiated or treated with cancer-
causing chemicals, Type C virus could be readily detected well in advance
of the tumors that developed. Mice of strains with moderate incidences of
leukemia showed no detectable virus during the first third of their life
spans, but Type C virus appeared spontaneously and could be detected with
increasing frequency as they became older and developed leukemia and other
cancers. Irradiation or treatment with chemical carcinogens, however,
resulted in detection of Type C virus early in life and in the development

| of cancers. These and other findings led the investigators to postulate

’ that the genetic information of the Type C viruses is transmitted '"vertically"
(from parent to offspring) in a covert form along with the genes bearing

| the normal genetic information of the animal. Like normal genes they can

| be repressed and show no action under some circumstances, but can become
derepressed under other circumstances, such as during aging or under the
influence of irradiation or carcinogenic chemicals. This theory has been
supported by the demonstration of "indicators' of the presence within tumor
cells of viral material even in the absence of detectable whole virus
particles. These "indicators' or group-specific antigens (gs antigens)
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are specific subunits of the internal structure of the Type C RNA tumor
viruses. One type of group-specific antigen is common only to the viruses
of a particular animal species (species specific) and has now been
demonstrated in the embryonic tissues of most mammaliezn and avian species.
This suggests the possible role of these viruses in normal cell growth
and differentiation as well as in the induction of malignancy.

Very recently, a second group antigen associated with Type C viruses has
been demonstrated. Preliminary evidence would indicate that it may be

an interspecies-specific group antigen in that it is present and common
among the Type C viruses of 3 mammalian species, the mouse, cat, and
hamster, but not the chicken. Furthermore, this antigen has been detected in
highly concentrated extracts of cells from two different human tumors, one
of which has at times produced small amounts of a virus resembling animal
Type C particles. If confirmed, the implication of this finding is obvious--
a formidable probe for the presence of virus or viral genetic material in
human cells has been developed.

Projecting that Type C viruses will be found to be as ubiquitous in man

and other vertebrates as in mice, chickens, and the cat, the hypothesis

1s proposed as a unifying theory consistent with the phenomena of radiation
and chemically induced cancer as well as the predictable occurrence of
spontaneous cancers that develop in various populations of animals, including
man. An exciting consequence of this theory, even if it is found to

hold only for a limited mmber of cancer types in man, is the prediction

that a new approach may become available for the control of these cancers,
namely the delineation of factors responsible for both derepression and
repression of virus expression.

A somewhat different approach has been based on the premise that tumor
cells containing a common antigen may indicate a similar viral causation.
In examining the tissues from various human sarcomas, particles resembling
known animal Type C viruses were found in at least one liposarcoma. With
continued culture of the tumor, particle production ceased, but immmologic
tests using the serums of sarcoma patients revealed that the cells still
contained a substance (an antigen) which appears to be present only in
sarcoma cells (sarcoma-specific). A high incidence of serum antibody to
sarcoma antigen was found in patients with various types of sarcomas

and their close associates; a significantly lower incidence was found in
normal serums. The data suggest that a viral agent may be the causative
factor in this disease. Hopefully, continuing studies will establish a
more definite relationship of the antigen to this disease.

3. New approaches to detection and control of Type C virus infections.

Increasing evidence has accumulated to substantiate that the genetic
material of Type C RNA viruses can become integrated into the host-cell
DNA (mammalian genetic material). A dramatic breakthrough in the
imvestigation of the biochemical pathways of tumor virus infection and




replication has been the demonstration that RNA viruses contain enzymes
called polymerases which can direct the synthesis of DNA by the host cell.
In rapid succession many investigators found that one of these enzymes
(RNA-dependent DNA polymerase) is asscciated with all of the known RNA
Type C tumor viruses. Viruses that cause leukemias or sarcomas in
chickens, mice, cats and hamsters, as well as breast cancers in mice, rats,
and monkeys, have been shown to contain polymerase activity. By contrast,
well-characterized, non-tumor producing viruses do not contain this activity.
This research has resulted in the development of new, extremely sensitive
methods for the detection of RNA tumor viruses in human cancer. Assays
for the polymerase enzymes exceed by 100-fold the sensitivity of electron
microscopy and are capable of detecting viruses which are present eilther
in latent form or as whole virus particles.

Intensive investigations have now revealed polymerase activity in cells
of patients with acute lymphoblastic leukemia; more preliminary evidence
has shown the enzyme is in cells of sarcomas, Burkitt's lymphoma and
breast cancer. Since the RNA-dependent DNA polymerase is apparently
always present in the RNA tumor viruses of animals, its discovery in the
human tumor cells offers good supportive evidence that viruses are associated
with cancers in man. The RNA-dependent DNA polymerase of human leukemia
cells is inhibited by a drug, n-demethyl rifampicin, which also inhibits
the enzyme activity found in the Type C RNA tumor viruses of animals.
Studies are underway to explore the action of this drug and the various
modifications of it. These investigations could provide new approaches to
the treatment of malignancies in man.

Type B Particles

"Type B" viruses causing breast cancer in mice possess certain properties

in common with Type C viruses, such as having genetic material of the

RNA type and being transmitted from parent to offspring along with the
normal genetic inheritance. But they also differ in: (1) the manner in
which the nucleoid is formed during virus reproduction; (2) the fine details
of their ultrastructural appearance; and (3) transmission in infectious

form, under natural conditions.

The potential existence in humans of an infectious breast cancer virus
similar to that of mice, together with epidemiological evidence of
"clustering' of breast cancer in some human families similar to that
observed in the earliest studies of cancer in mice, led to systematic
viral studies on this human disease. Particles resembling the Type B
virus of mouse breast cancer have been observed in 40% or more of milk
specimens from women with breast cancer, as well as from healthy women of
high-risk populations (high-breast-cancer-families, inbred Parsi sect of
Bombay, India), as compared with a frequency of only about 6% for specimens
from healthy women of the general population. Similar particles have also
been observed in two tissue culture lines of human breast cancer that have
been successfully grown in the laboratory. More recent studies of one of
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these cell lines have revealed additional evidence consistent with presence
in the cells of an RNA tumor virus: the presence of the RNA-dependent DNA
polymerase, the interspecies antigen.

Breast cancer occurs in about 4 to 5% of American women. It is the most
prevalent and responsible for more deaths than any other type of cancer,
not only in American women but also among women of several other countries.
Because breast cancer occurs 2 or 3 times more frequently in some families
than in others it is strikingly similar to observations made on breast
cancer of different populations of mice. These animal studies led to
unequivocal evidence of the association of a virus and the demonstration
that an infectious form of it is transmitted through milk. One of the
major objectives of the SVCP is now the determination whether an agent
similar to that of mice is responsible for the unusually high incidence
of breast cancer in certain human populations.

Herpes-type Viruses

A type of virus associated with some forms of chronic leukemia, lymphoma,
and postnasal carcinoma is the herpes-type virus (HIV), similar in size
and shape but not identical to other known herpesviruses. Unlike human
Type C particles, HTV grows well in the laboratory and fairly large
quantities of purified and concentrated HIV can be recovered for study.
One of the most active areas of viral oncology is that concerned with
definitive characterization of the HIV.

Considerable interest has developed in the herpes group of viruses as
cancer-causing agents in animals and man. Herpes-type viruses have been
shown to induce kidney carcinomas of the frog and to be causally related to
lymphoproliferative diseases in chickens, monkeys, marmosets and rabbits.
Projects within the Program have focused on the significance of the
Epstein-Barr virus (EBV) from Burkitt's lymphoma and postnasal carcinoma
and Herpesvirus hominus type 2 (HSV-2) from cervical carcinoma.

Seroepidemiological studies on the relationship of EBV infection to
nasopharyngeal cancer are being conducted through the International Agency
for Research on Cancer. A study in the West Nile District of Uganda to
determine the feasibility of further studies on EBV in relation to Burkitt's
cumor is nearing completion. Other studies also suggest an association
between infection by HSV-2 and cervical carcinoma. Results of a study made
n Texas showed the presence of serum antibodies to this virus in about 85%
of cases of invasive cervical carcinoma in comparison to 22% in controls.
Pecent findings in Colombia showed a much higher incidence of antibody

in the control population selected, approximating the incidence in the
tumor-bearing group. At present, insufficient data is available to conclude
that this virus is implicated in this cancer.

EBV infection has been associated with the development of infectious
mononucleosis in young adults, a disease with the attributes of a self-
!imiting leukemia. The generally high levels of antibodies to EBV in patients
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with Burkitt's tumor or with nasopharyngeal carcinoma also suggest that
the virus might be causally-related to these diseases; high levels of
antibody also occur in patients with the sarcomatous form of Hodgkins
disease, chronic lymphocytic leukemia, and sarcoidosis. Present methods
show no significant differences between EBV isolated from these different
diseases.

Several facts make EBV suspect as a prime if not a sole factor in the
induction of hematological disease in man. (1) The virus is ubiquitous;
no human population has been found to be free of antibody to EBV.

(2) The virus is consistently found in association with Burkitt's lymphoma.
(3) Only lymphoid cells appear to be susceptible to infection. (4) Lympho-
cytes from negative donors have not been capable of continuous cultivation
unless they are infected by the virus. (5) Infected continuous cell

lines which do not releave virus contain soluable antigens that react with
serums containing antibodies to EBV. (6) EBV has been strongly associated
with infectious mononucleosis, cell lines of which grew as tumors in
immunosuppressed hamsters. (7) Other herpesvirus of animals have been
causally related to lymphoproliferative diseases. (8) The genetic
material of EBV is related to that of similar viruses known to induce
malignancies in animals. Thus, EBV has several features characteristic

of known tumor viruses. Current data suggest that: genetic material of
EBV may be incorporated into lymphoid cells; mature virus production

may be a rare event; infected cells acquire the capacity for unlimited
growth and produce tumors in the immunologically deprived host; infection
by the virus may be a factor in tumor development under certain unknown
conditions affecting the immmity of the patients.
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Projections:

Based largely on the recent findings from work conducted within the |
Special Virus Cancer Program, the following broad areas of research |
w111 be developed and/or expanded: (1) Virus (or viral antigens) -
tumor relationships, (2) Molecular studies, (3) Immumnologic studies, |
(4) Test systems,and (5) Resources. ‘ |

1. Virus (or viral antigen) - tumor relationships

a. Model Studies. Studies on animal, RNA and DNA, tumor |
viruses, known to cause malignancies in several mammalian
species, will be continued. The results of these studies
have already provided a broad base of knowledge on the
characteristics of tumor viruses applicable to the isolation
and identification of human agents. This work will remain
an integral part of the Program.

b. Human Studies. Efforts to identify viruses or detect virus |
expression in human tumors are underway. The Program is now
, prepared to broaden its activities to search for candidate

viruses or subviral products which induce human malignancies
as follows:

(1) To identify and isolate candidate viruses or subviral
products in leukemias, lymphomas and sarcomas.

(2) To identify and isolate candidate viruses or subviral
products in breast, lung and other carcinomas.

(3) To develop methods for the detection of high cancer
risk groups, i.e. individual susceptibility of
predisposition to transformation by human viruses.

(4) To extend present and develop new methods for the
successful propagation of significant amounts of
human candidate viruses.

(5) To develop suitable reagents for mass diagnostic
screening for candidate viruses.

(6) To characterize, biologically and biochemically,
presumptive viral agents.

(7) To increase emphasis on understanding the relationship
of environmental agents (e.g. chemical carcinogens)
as co-factors in viral carcinogenesis. This represents I
a major expansion of effort requiring combined efforts
of the Viral Oncology and Chemical Carcinogenesis Areas.

|
|
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Molecular Studies

In Tecent months rapid major advances have been made in the
field of molecular biology. These findings have direct
application to the study of the relationship of viruses to
fumors. There is evidence that the genmetic material (RNA)

of the tumor viruses can direct the synthesis of new DNA.

The demonstration that RNA tumor viruses contain enzymes
(polymerase, ligase) which may be required for viral infectionm,
interaction with host cell genome, and viral replication has
provided the basis for the development of new,extremely
sensitive methods for the detection of oncogenic viruses

or their "fingerprints." Indeed, knowledge of the fundamental
molecular events which occur during virus infection and
subsequent cell transformation provides the first truly
rational approach to therapy. Enzyme activities analogous

to those of RNA tumor viruses have recently been found in
cells of human leukemics. This offers strong supportive
evidence that viruses are associated with cancers in man.

a. Basic studies

The Program is prepared to broaden its activities &or
identifying and characterizing the spectrum of enzymes
(and other mediators) required by tumor viruses for
replication and transformation.

b. Applied studies

As knowledge of the fundamental molecular events in
virus-cell interactions is developed, the Program will
apply this information to the study of human cancer

as follows:

(1) To identify and characterize similar enzymes or
enzymatic activities within normal and malignant
human cells.

(2) To develop highly sensitive methods for the detection
of virus or virus activity in human cells.

(3) To develop a rational basis for therapy or prevention
by exploring various approaches to blocking of viral
replication and/or tumorigenesis at the cellular
and subcellular levels. The therapy could be
directed at any or all of the stages of cell
transformation beginning with cell infection by a
tumor virus.
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Ultimately these studies will require an exhaustive effort
to develop drugs, anti-enzymes, gene repressors or inhibitors
effective at the molecular level.

Immunological Studies

Immunologic research has provided extremely sensitive techniques
for detection and characterization of tumor viruses, viral antigens,
and changes in surface membranes of tumor cells. Indeed, such
efforts have contributed to an understanding of the role of
immmological mechanisms in host-tumor and host-virus interactions
which provide an approach to the prevention and treatment of

cancer.

a. Basic studies. Investigations of selected model systems,
representing tumors induced by Type C, Type B, and Herpes-
type viruses, will be extended to further identify,
characterize and determine the viruses, viral antigens, and
membrane antigens of tumor cells. This includes development
and application of improved techniques with the sensitivity
and specificity required to detect cellular alterations
induced by tumor viruses alone or as the result of interaction
with other environmental agents (e.g. chemicals, irradiation).
Efforts will be increased to develop similar immunological
methods and diagnostic reagents for application to human
cancer. Research will be intensified and expanded:

(1) To study cellular and humoral immme mechanisms
and to determine their relative significance in
host recognition of and response to tumor and/or
tumor viruses.

(2) To develop methods to enhance host response to
tumor or virus antigens.

Increasing emphasis will be directed toward research on spontaneous
or naturally occurring tumors in model systems relevant to human
cancer. These studies would provide the basis for a rational
approach to prevention (vaccines) and treatment (immunotherapy)

of cancer.

b. Applied studies. Basic research will provide the framework
for identification and characterization of viruses, viral
antigens, and cell membrane alterations in human cancers.
Immunological methods and reagents will be developed and
applied:
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r l (1) To relate candidate human viruses to known oncogenic
; agents.

(2) To identify and characterize interspecies viral antigens
which are present in known mammalian tumors, and therefore,
could provide the basis for a formidable probe to detect
human tumor viruses or viral antigens.

(3) To launch large-scale seroepidemiological surveys
which will define high risk populations.

(4) To determine the presence of cross-reacting antigens
in various human tumors.

Clinical studies will be directed toward understanding and manipulation
of immme mechanisms in human cancer as a basis for:

(1) Development of vaccines from identified and fully-
characterized human tumor virus (es).

(2) Determination of the role of host immune responses
in tumor Tecognition and rejection.

(3) Application of (1) and (2) in the prevention and control
of human cancer.

As research progresses, increased emphasis on application will be
as follows:

(1) TImmmodiagnosis and seroepidemiology

(2) Clinical studies on the role of immune mechanisms in
human cancer

(3) Immunotherapy

(4) Vaccines (conventional or other)

Ultimately, these studies would be organized to coordinate and
integrate the application of appropriate biochemical, immunological,
and genetic methods of detection, prevention, and control of various
types of human cancer.

| 4. Test Systems

In vitro and in vivo (animal)-test systems will be carefully

Selected to evaluate the work outlined in the previous research

areas; specifically: (a) to determine the oncogenic potential

of candidate human viruses; (b) to develop bioassay systems

for testing viral, and viral/chemical carcinogens; (c) to begin
vaccine (conventional or other) testing and immmization programs;

(d) to begin therapy testing programs; and (e) to explore

special animal tumor systems with particular relevance to human cancer.
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Well-characterized cell culture lines and virus-defined animal stocks
(small mammalian and primate species) will be developed and maintained.

. Resources

Research efforts will undergo continual change in emphasis and scope

as new leads emerge. A variety of resources will have to be developed,
maintained, and coordinated within a flexible program which meets

these needs. This requires: (a) Human Resources - collection and
storage of serum and tissue specimens, integration of data on clinical
records, storage and distribution; computerization, coordination of
specimen collection, storage, and distribution; (b) Animal Models -
maintenance of various mammalian animal colonies for basic research

and special studies; (c) Reagent Production - large scale production

of animal tumor viruses for basic research; production of standardized
lots of purified viruses; and production of high quality diagnostic
reagents; (d) Candidate Human Virus Production - intensive developmental
research effort to isolate and produce human viruses; and (e) Biohazards
Control and Containment - controlled environment facilities are required
for research on known oncogenic viruses and candidate human tumor viruses
as well as for maintaining animal colonies which are protected from
extraneous infections. To fulfill this need, a substantial and costly
effort is required to provide research, supportive services, and advice
to the Program's research laboratories.
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SUMMARY REPORT

Office of Bichazards and Environmental Control

The Office of Biohazards and Environmental Control conducts research
pertaining to the physiological and environmental factors that alter
host susceptibility and response to oncogenic and non-oncogenic viral
infections. It also evaluates and develops techniques and equipment
to minimize cross-infection and provide adequate environmental controls.

The Biohazards Section conducts research in an effort (1) to describe

the role of immunocompetence in oncogenesis; (2) to define biochemical
factors which might lead to the induction of malignancy and how best to
detect and modify these inductive changes; and (3) to develop in vivo

and in vitro systems to assess the host response to physiological imbalance.

A sensitive and reliable system to culture mouse lymphocytes, responsive

to specific and non-specific antigenic stimulation has been developed.
Hormones associated with normal physiological functions have been shown

to alter blastogenesis. It has further been established that several
chemical and physical factors are required in the process of blastogenesis.
Using Type C RNA viruses and myxo-viruses we have also demonstrated
blastogenic repression associated with oncogenic virus infection in contrast
to blastogenic enhancement with myxo-virus infection. We have further
demonstrated that many hormones influence the derepression and possibly

the repression of group-specific-antigens of the Type C RNA viruses.

Alteration of certain species of tRNA have been suggested during early
stages of oncogenic virus infection. Thus far, we have observed at least
one altered species of tRNA associated with tumor virus-infected mouse
tissue.

The Environmental Control Section uses environmental monitoring as a
method for identifying sources of contamination. To assure the integrity
of primary and secondary biological barrier systems, they evaluate
engineering and operational parameters and their effect on experimental

and personnel contamination control. Similarly, they collect and evaluate
information pertinent to biological safety and evaluate methods for handling
potentially hazardous agents. This approach has resulted in improved
performance of biological barriers and has served as a basis for
developing more efficient and safer operating procedures. Thus, more
flexible and safer laminar flow cabinetry is currently under fabrication
and will undergo in-use testing. Physical tracer systems are being
developed to aid in the evaluation of dynamic containment equipment to
assure proper use of facilities and to maintain a high level of laboratory
safety practice.
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SUMMARY REPORT
Office of Program Analysis and Communications
Acquisition, management, analysis, and dissemination of Program data
within the SVCP are the major activities in PAC. These efforts fall
under the two general areas of: (1) data management and statistics;

and (2) scientific information storage and retrieval.

Data management and statistics

1. Performs statistical consultant service for scientists in the SVCP
program on specific problems of research design, acquisition and handling
of experimental data, and its computer automation and analysis.

2. Plans and maintains automated inventories for NIH sponsored serum
and tissue specimen collections.

3. Plans and consults with research contractors on automation of their
specimen inventories and research data.

4. Promotes compatible automated systems and codes in a multi-institutional
plan for a comprehensive clinical and laboratory information storage system
for specimens and donors. The goal is a central specimen inventory at

NIH to enhance the resource potential of the many large specimen reposi-
tories throughout the country.

5. Maintains a system of regular progress reporting from all SVCP research

contracts; compiles and distributes summaries of reported progress to
program scientists.

Scientific information management

The Information Unit of PAC continued to focus on scientific information
retrieval and its dissemination to program scientists. Sources of data
are current publications in the field of viral oncology, and other
notifications and summaries of current research projects in the field.
Major contributions of the Information Unit in FY 1971 were as follows:

1. Bibliographic Service: The automated systems for rapid search,
identification, and reference printouts, covering any desired subject
in the published literature on viral oncology was maintained.

2. Reading Guide to Cancer Virology Literature: The monthly publication
featuring abstracts of current literature on viral oncology, from scientific
journals throughout the world,was continued. These abstracts are now
‘ncorporated in Carcinogenesis Abstracts; hence, this service will be
terminated.
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3. Viral Tumorigenesis Report: Indexed summaries of current research
projects in the field of viral oncology are compiled and released as
semi-annual publications.

4. Report on NCI Support of Cancer Virology Grants: This quarterly
report presents an organized summary of updated fiscal data on current
NCI research grants in the cancer virology area. The basic information
is received from the Program Analysis and Reports Section, NCI.

5. Viral Oncology Contractor Directory: This publication contains
pertinent information on all contracts and principal investigators in the
Viral Oncology program. Its purpose is to facilitate and expedite
communications between staff members and contractors; directory is
updated quarterly.

6. Compilation of Journal Instructions to Authors: This displays in

one volume the instructions-to-authors from a majority of pertinent
scientific journals. It is a reference aid for research investigators in
writing papers and also for the secretaries who type them. Compilation
will be updated and expanded periodically.

Other responsibilities of the Information Unit are: administration of
library facility; collection and distribution of translations of foreign
publications in viral oncology; maintenance and lending of recorded tapes
on NIH seminars related to viral oncology; and continuous compilation

of the SVCP bibliography containing citations to all papers published

by viral oncology staff members and contractors.
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SUMMARY REPORT

Office of the Coordinator for Ultrastructural Studies

“he Virus Studies Section continues to study several aspects of the
relationship between oncogenic viruses and their host cells. The problem
is approached a) by using the ultramorphologic examination of a number of
oumors for the search for viruses; b) by evaluation of different
malignancies grown in vitro in respect to the presence or absence of
viruses; and c) by studying early events of viral infection which may
result in the "neoplastic transformation'" of the treated cells. In
addition, studies are under way to elucidate the transfer of genetic
mnformation from the nucleus to the cytoplasm.

It is important to determine the frequency of the natural occurrence

'S RNA and DNA containing viruses in human and animal tumors, since both
Types of viruses may possibly represent causative agents for a number of
cifferent malignancies. To our knowledge, to date no systematic attempts
to make this determination have been published. Dr. A. J. Dalton in
collaboration with Dr. L. Dmochowski, M. D. Anderson Hospital and Tumor
Institute, Houston, Texas, and Dr. J. David-Ferreira, Institut Gulbenkian
de Ciencia, Oeiras, Portugal, has examined 54 biopsies from human tumors
(mostly leukemia, lymphoma:and Hodgkins cases) with the electron microscope

for the presence of virus particles. All tumors were found to be negative.

-t. Dalton in collaboration with Dr. J. Szakacs, St. Joseph's Hospital,
ampa, Florida, Dr. U. Heine, Dr. D. Ablashi, and Mrs. J. Kondratick

and T. Ben (all NCI) has studied 18 tissue culture isolates from biopsies
of human solid tumors for the presence of virus particles. Seventeen

11 lines were obtained from these isolates; most lines are fibroblastic
in appearance, a few are epithelial-like, and two are suspension cultures
resembling the Burkitt lymphoma and human leukemia cultures. One lymphoid
cell line, upon co-cultivation with WI-38 cells yielded a cytomegalo
virus isolate. The virus was characterized by ultramorphological,
1ophysical and immunological studies. The other cell lines were negative
or virus particles.

~7. A. Bader, in collaboration with Dr. H. C. Orr, DBS, has examined tissue
“dtures from a naturally occurring fibrosarcoma in a rattlesnake with the
electron microscope for the presence of virus particles. Neither the

=1ls nor tissue culture fluids contained any virus particles.

Dr. Heine in collaboration with Dr. D. Ablashi (NCI) has succeeded in
zrowing Herpes virus saimiri, originally observed in subhuman primates,
= different cell lines of human origin (WI-38, primary HEF, WHE). The
presence of the virus and its mode of multiplication were demonstrated by
virologic and electron microscopic methods.
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The study of the early events in viral infection were approached in two
separate ways:

Dr. A. Bader in collaboration with Dr. J. Bader (NCI) initiated an
investigation to determine the mode of entry of RNA containing tumor
viruses into the cell. 1In addition, by studying the influence of bromo-
deoxyuridine of chick embryo cells, controls and RSV-infected ones,
they contribute to the understanding of the relationship between viral
DNA and viral RNA during early infection with an RNA tumor virus. It
appears that a viral DNA is made early in the course of infection by
avian leuko-sarcoma viruses and that this DNA serves as a genome from
which progeny viral RNA molecules are copied.

Dr. Suskind developed quantitative autoradiographic techniques, using
tritiated RNA, DNA and Actinomycin D, at the level of light and electron
microscopy in combination with ultrastructural examination to study and
relate functional and morphologic changes within the nucleus of the intact
cell during early stages of infection with the Rous sarcoma virus,
Schmidt-Ruppin strain. The results demonstrate differences in both
morphology and function in transformed cells with respect to their recovery
from inhibition by Actinomycin D. The time interval during which these
changes arise has been shown to be agbout 80 minutes after infection.

The findings suggest a causal relationship between the activity of the
viral genome and the interval between infection and induction of transforma-
tion.

Dr.U. Heine continued studies already in progress correlating cellular
particulate material, i.e., particulate nuclear and cytoplasmic structures,
with cellular function. Morphologic observations combined with biochemical
findings provided evidence that a) 45 S RNA is contained in the fibrillar
nucleolar material, b) perichromatin granules may represent the
morphologic entities containing messenger RNA and c) the arrest of m RNA
transfer from the nucleus into the cytoplasm results in the breakdown

of polysomes and their replacement by monosomes.

Dr. Dalton has been responsible for the organization of two monographs

in the series "Ultrastructure in Biological Systems' and an Atlas on

the ultrastructure of viruses. One hundred twenty-two applications for
duty free entry transmission electron microscopes, scanning electron
microscopes and vacuum evaporates have been reviewed with recommendations
of approval or disapproval to the Florence Agreement Committee, N.I.H.

As a resource for ultramorphologic studies the tissue culture unit
established new cell lines of human origin, chick embryo cells for
membrane studies and for autoradiographic and ultramorphologic examinations.
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-n addition to the support of the electron microscope activities,
special photographic work was done for the office of the Director

‘Ur. Baker), the office of the Associate Scientific Director (Dr. Moloney),
the office of the Scientific Coordinator for Viral Oncology (Dr. Bryan),
and for other sections and branches within NIH (Dr. Manaker, Dr. S. Stewart,

Nomura, Dr. Nirenberg).

he Office of the Coordinator for Ultrastructural Studies has published
Tour papers and presented by invitation six lectures or seminars.
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SUMMARY REPORT

VIRAL LEUKEMIA AND LYMPHOMA BRANCH
July 1, 1970 - June 30, 1971

The Viral Leukemia and Lymphomsa Branch conducts research designed to

elucidate the role of viruses in the etiology of human neoplasms, particularly
leukemias, lymphomas and sarcomas. A variety of scientific approaches are
used which provide a broad base of knowledge applicable to the identification
and isolation of human oncogenic agents and the prevention or control of the
disease as it occurs in man. More specifically, the Branch encompasses a
range of scientific disciplines including molecular biology, genetics,
immunology, biochemistry, pathology and cell culture techniques.

The Section of Molecular Biology seeks to obtain comprehensive knowledge of
the biology and biochemistry of sarcoma and leukemia viruses and conducts
quantitative studies on the interaction of oncogenic viruses and cells to
determine the mechanisms of viral replication and cellular transformation

at the molecular level. The Section of Viral Pathology studies the biology
of the RNA-containing oncogenic viruses using a combination of in vitro and
in vivo techniques; thus, animal species and tissue culture systems are
infected with leukemogenic and sarcomagenic viruses to elucidate the role

of the host in viral propagation and tumor development. The Section of
Immunology examines the antigenic nature of oncogenic viruses and the
induced tumors as well as the immune response of the host to viral infection
and tumor development. The Section of Tumor Viruses is concerned with
defining in detail the biological and biochemical properties of tumor viruses
in order to understand how they may be applied to the search for human tumor
viruses. A "helper" assay to "rescue" oncogenic virus information is
currently being applied to human cell systems. The Section of Genetics is
concerned with genetic factors of both the tumor virus and the host it
infects that are involved in the oncogenic process. Particular emphasis

is placed on viral genes involved in oncogenesis and cellular "susceptibility"
genes, particularly those genes of man that predispose individuals to the
development of cancer. The Office of the Chief coordinates the research of
the various sections by recognizing the scientific freedom of the individual
investigators. The office is responsible for establishing collaborative
efforts with investigators in other areas of NIH and elsewhere such that
information derived from studies within the Branch is constantly being
applied in investigations leading to a better understanding of the etiology
of human neoplasia.

One of the most important findings in the tumor virus field in the past
yvear has been the discovery that certain RNA tumor viruses carry, in the
virus particle itself, enzymes that are capable of transcribing the viral
RNA back into DNA. These observations lead to the possibility of using
extremely sensitive biochemical probes to search for evidence of viral
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etioclogy of cancers, and especially, cancers in man. Some of the potential
applications to the etiology and control of human cancer are:

1, The use of synthetic DNAs produced from the viral RNA to search for
complementary RNA in human tumors by DNA-RNA hybridization techniques.

2. The use of highly effective synthetic templates and optimal enzymatic
conditions to search for tumor virus specific enzymes in human tumor cells.

3. The use of the tumor virus polymerase and human tumor cell polymerase

©o screen for specific inhibitors that may be used as possible chemotherapeutic
“zents (e.g., rifampicin derivatives prevent the synthesis of DNA from RNA

by the viral polymerase).

—-. The use of specific antiserum prepared against the purified viral enzymes
“0 identify individuals that have been exposed to the viral enzyme. It is
reasonable to expect that the antibodies to viral specific proteins may
ersist for much longer periods than the virus itself would persist.

A’1 of the above approaches are being actively followed by members of the
iral Leukemia and Lymphoma Branch. One of the major concerns was to answer
“hether the enzyme is specific for tumor viruses and whether it is specific
For tumor cells. All "C" type and "B" type oncogenic viruses tested have
teen found to have DNA polymerase as detected both by an endogenous reaction
and by a synthetic polymer-stimulated reaction, using such templates as
zoly rA-rU, poly rI.rC and poly rA.dT. The species that have polymerase-
containing viriong include the mouse, rat, hamster, cat, chicken and monkey.
= variety of non-oncogenic viruses that, like the oncogenic viruses, develop
U budding from the plasma membrane, have shown no evidence of this enzyme
ctivity; these include influenza, Newcastle Disease Viruses, reovirus,
esicular Stomatitis Virus, poliovirus, respiratory syncytial virus, Sendai
Tirus and such common infectious viruses of man as measles, mumps, and
rubella. This survey indicated a very strong association between presence

= the enzyme and oncogenic potential of the virus. However, two exceptions
were found. The first is visna virus, a virus of sheep which produces a
chronic, progressive, neurologic disease but has, heretofore, not been
assoclated with malignancies in sheep. The second major exception are the
group of "foamy" viruses. These can be commonly isolated from mounkeys,
cattle, and cats and have also been isolated from hamsters. These viruses,
“hough latent, have not yet been associated with any disease. Studies in
<his Branch by Drs. Edward Scolnick and Stuart Aaronson in conjunction with
Ur. Wade Parks of the Viral Carcinogenesis Branch have established that the
Tfoamy viruses are RNA containing viruses that, like the tumor viruses,
sopear to replicate via a DNA intermediate. RNA dependent DNA polymerase
Zas been found in the simian "foamy" viruses and also the bovine, hamster
and feline "foamy" viruses. The finding of this enzyme in this long
glected class of viruses raises the possibility that they may be involved
n the oncogenic process. Since they are extremely common in primates, a

4
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study of their biology, bilochemistry and epidemiology appears to be indicated,
Visna and "foamy" viruses at the moment, then, appear to be exceptions to

the rule that only tumor viruses contain this enzymes however, since neither
has been seriously tested for its oncogenic capacity, this question remains
open.

: Work in the Viral Leukemia and Lymphoma Branch established that the enzyme

* is located in the nucleoid of the virion and the antiserum directed against
the polymerase could inactivate the enzymatic activity. The use of purified
gamma globulin to inhibit the rate of the enzymatic reaction appears to
offer an extremely sensitive test for detecting antibody and the combined
disciplines of immunology and biochemistry are being utilized to see if

this approach can be extended to detection of antibodies to tumor virus
enzymes in human serum.

Other Research Developments in the Branch

The development of continuous, contact-inhibited mouse cell lines from
Balb/c and NIH/Swiss embryo cells has provided excellent model systems for
study of the effects of tumorigenic viruses both in vitro and in vivo.
These cell lines are supplied to numerous investigators throughout the

I world, and are becoming the standard cell lines for biochemical and
biological investigations of cellular growth control mechanisms.

A new type of MSV-transformed cell, the nonproducer cell, has been
discovered. These cells are morphologically transformed and are highly
tumorigenic, yet they lack all the known antigens of the murine sarcoma-
leukemia complex. The sarcoma genome can be readily rescued by the
addition of "helper" leukemia virus. These nonproducer cells provide a
very good model for cancer in man. Methods for the detection of virus
specific information in these cells are in progress. Those methods that
are most sensitive and most specific will be applied to the study of human
sarcoma cells,

The isolation of cloned cell lines infected with MSV in the absence of
detectable MuLV (S*L~ cells) has permitted the study of the defectiveness
of MSV. Superinfection of S'L™ cells with MulV resulted in a logarithmic
rise in titer of both MSV and MulV in the supernatant, beginning 12 hours
after infection and becoming maximal at 72 hours. While MSV was not
produced without the simultaneous release of progeny MulV, an excess of
MSV was produced early after superinfection. This MSV excess permitted
the isolation of MSV from MuLV. Application of these preparations of MSV
to 3T3 cells resulted in the production of STL™ cells. Inhibition of DNA
synthesis during the period of eclipse between superinfection and the release
of MSV and MulV resulted in a decrease in production of both virus types.

A potent murine sarcoma virus (MSV) isolated from a spontaneously arising
mouse tumor was found to have properties similar to those other well
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haracterized strains of MSV. However, after hamster passage, the tumors

so induced produce a virus that is antigenically related to the mouse virus
but is apparently non-infectious. The sarcoma genome can be rescued from

the hamster tumor cells. The hamster derived virus contains 70S RNA and

2as a density of 1.16 but is deficient in RNA-dependent DNA polymerase, and
Z0es not contain gs-3. Preliminary data suggests that the virus is a sarcoma
~rus produced in the absence of detectable leukemia virus of either murine
or hamster origin.

Z2ly I . Poly C, a potent interferon inducer, has two actions in MSV tumor
“nduction., Pretreatment with small doses greatly enhances MSV induced
Tumors, while repeated injections of large toxic doses suppress tumor
~ormation. Poly I.C and MLV enhance the appearance of antibodies to RNA
in New Zealand mice. Pre-immunization with Poly I-.C retards the appearance
of natural and MLV induced antibodies. The data indicates that the mechanism
°f production of antibodies to RNA following inoculation of MLV is similar
~o that operative in the natural state. DEAE-dextran enhances MSV both in
~-vo and in vitro. In both cases the enhancement ig approximately tenfold.
The in vivo effect is seen both after local and systematic administration
of DiAE-dextran,

““e relationship between age, autoimmune status and susceptibility to MSV

—22 been studied in New Zealand mice of various ages., While old and young
AZ mice are equally susceptible, old mice have considerable difficulty in
Tegressing their tumors. This effect is seen prior to the appearance of
Zutoimmune disease, indicating that immune depression precedes the appearance
o7 autoimmunity. Weanling New Zealand mice can regress MSV induced tumors

27 a considerably earlier age than other strains, indicating early appearance
o7 Immunologic competence,

—~oroved biochemical methods for fractionation and separation of murine
2eukemia virus antigens have been developed. Both major and minor antigens
bave been found. Methods have also been improved to purify and separate
“Ze antiviral antibodies from other serum antibodies and proteins. The
soal of these studies are to produce monospecific antibodies to each of
“oe viral structural proteins and each of the viral enzymes.

—Zforts continue toward the isolation of viruses or antigens specific to
—Dman and feline breast cancer using the murine MTV model system. Two
~—an and two feline cell lines are under study. Serologic tests (HA, HAT,
*7 end neutralization) were adapted this year to the identification and
Tiantitation of feline leukemia virus and antibodies. Tests to monitor
creotoxic antibody and cellular immunity were also developed. Experiments
2re in progress to develop cellular hyperimmunization protocols against
“—cogenic viruses and tumor antigens. Tests of 375 patient sera for HAT
a=tibodies against FelV, MIV and RLV showed that about 20% of the patients
react with these viruses. There was no pattern of association of antibodies
To =ny virus and a given diagnosis., Yet, certain human sera appeared to
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contain specific antibodies against one or more of the viruses tested; the
significance of these findings is being actively studied.

Methods have been developed which greatly increase the sensitivity of
detection of the viral RNA dependent DNA polymerase using synthetic templates
with manganese as the divalent cation., It has been possible to disrupt the
tumor virus and to partially solubilize it. Polymerase activity is associated
with the internal core of the virus. Certain antisera to RNA tumor viruses
inhibit the polymerase and studies to date indicate that these sera contain

an antibody which inhibits the viral polymerase of several mammalian C-type
RNA viruses but do not inhibit the polymerase of avian C-type RNA viruses

or the polymerase of the mammary tumor virus.

Syncytium forming ("foamy") viruses of several species including the primate,

bovine, hamster and feline have been found to contain an RNA dependent DNA

polymerase. Studies to define their pathologic, antigenic and biochemical
characteristics are in progress. Attempts to find isolates of such viruses
from human tissues are also under way; since they are so common in other
spe01es it is reasonable to suspect that there are human polymerase- containing
"foamy" viruses.

Recently developed biochemical methods to study the viral RNA dependent DNA
polymerase in virions have been extended to search for evidence of such
enzymatic activity in cells using the model system of MSV transformed and
normal Balb/3T3 cells. It has been possible to detect enzyme activity in
normal as well as transformed Balb/3T3. In addition, normal human
fibroblasts and normal human lymphocytes contain polymerase activity. The
relationship between the enzymes in normal cells, tumor cells and tumor
viruses provides the major focus for present studies.

Inhibitors of the tumor virus polymerase are being tested for their ability
to inhibit virus replication and transformation. Certain rifampicin
derivatives have been found to be 50-100 times more active than N-demethyl
rifampicin in in vitro assays using the purified mouse leukemia virus
polymerase. -

Eight patients with acute leukemia and their identical twins were evaluated
by a variety of techniques. Lymphocyte cytotoxicity, mixed lymphocyte
culture and skin testing were used to determine whether cellular immunity
factors could identify a tumor specific antigen, and whether there was
evidence that this antigen caused immune reactivity in family members

and controls. Cells from the patient and his identical twin were used as
sources of antigens directly and materials were also placed in tissue
culture. GSkin fibroblasts from family members were tested to determine
whether any genetic factors could be associated with acute leukemia.
Electron microscopy and immunofluorescence, using antisera against Rauscher
and feline leukemia virus, would be utilized to determine whether any of
the antigens detected by cellular immunity tests were related to any known
animal leukemia viruses. An antigen which appears to be a leukemia
associated antigen was detected in five of seven sets of identical twins.
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“he study of idemtical twins will continue in an attempt to more carefully
ZeTine the specificity of the leukemia associated antigens and the immune
esponse of humans to these antigens. New tests will be applied to the
“tudy of twins as they are developed. Since these families are ideal for

e study of genetic and immunological susceptibility, more identical
“wins will be sought for study.

study of the effect of UV irradiation of the DNA tumor virus, SV4O, on
“oe survival of its viral functions in mouse and human cells has revealed
shat the viral functions for T antigen and transformation show comparable
sensitivities but that the virion or V antigen is much more UV gensitive.
“he UV survival of SV4O functions in normal cells and cells from patients
w_th xeroderma pigmentosum (XP) have been compared. In this disease, cells
dlack the ability to repair UV damage to cellular DNA. The results show
That normal cells have the ability to repair UV damaged virus while XP cells
0 not,

A large scale screening program is underway to test human fibroblast cells
Trom patients with a variety of diseases associated with a high incidence
- tumors for their susceptibility to transformation by svko.

Serological studies in American Burkitt's patients indicate that their
zmiibody levels to EBV are much less than African patients with Burkitt's
mmhoma. The titers in American Burkitt's patients were linked to

zrognosis, however, with patients having low levels of EBV antibody doing

Zoorly. The higher immunoglobulin levels. and the high incidence of EBV

-~ normal Africans compared to normal Americans suggest that the differencesg
In ZBV titers may be related to factors other than etiology.

—=rpes saimiri is a DNA containing virus indigenous to the squirrel monkey.
==e=nt studies have shown that this virus will induce acute lymphocytic
~cixemias as well as lymphomas and reticulum cell sarcomas in owl monkeys
ard marmosets. This is the first demonstration that a virus produces
~cukemia and lymphomas in primates and may serve as an important model for
—an leukemia and lymphoma.

A very sensitive assay for the serum factor which induces cellular DNA
Tyothesis in mouse cells in much the same wgy that the tumor viruses induce
c=llular DNA synthesis has been developed using 3T3 and Balb/3T3 cells,

e characterization of the serum protein involved in the initiation of

2221 division will be important in understanding the normal mechanism by
~Zch cell division is controlled and how tumor viruses are able to overcome
“is control.

w-zer Activities of the Branch

Luring this reporting period, senior investigators of the Branch published
= total of T4 papers which covered various aspects of viral oncology.
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Members of the Branch presented by invitation over 50 lectures to research
groups in this country and abroad, and over 30 abstracts were presented at
various scientific meetings. The Branch entertained approximately 70
visitors for discussions in various aspects of viral oncology; this included
representatives from every major research institution in this country and
from 9 foreign countries. The Branch also provided training for periods

up to six months in a variety of experimental procedures to outside visitors.
This training consisted of orientation in immunological, biological and
biochemical procedures as well ag virus handling techniques.

Many of the investigations described in the Viral Oncology portion of this
report depend on the availability of clinical and laboratory materials of
optimal purity, viability, potency, etc. Indeed, comparative studies in
an integrated program of international scope, as encompassed in the SVCP,
can make more meaningful and rapid progress when adequate quantities of
standardized reagents, cell cultures and test animals are available.

The Resources and Logistics Activity provides viruses and antisera, human
tissues, special laboratory animals (including infectious leukosis virus-
free eggs), all produced, characterized, stored and distributed under
various contract operations. Diagnostic services for the detection of
murine, non-human primate, and cat viruses, and the viral reagents for
these tests, are also provided.

An annually revised catalog lists and describes all resources available
through the Resources and Logistics Activity. Usually the information on
each item includes origin, processing procedure, degree of purity (freedom
of contamination), infectious titer, or other biological activity. Human
materials, including sera, tumors, cell outgrowths from tumors and normal
tissues, are obtained for distribution to qualified investigators. A
central inventory of information on each specimen is being developed which
should greatly facilitate matching requests for human resource material
with specimens, regardless of the geographic location of the laboratory

in which it is stored.

About one and one-half years ago, a nationwide effort was initiated to
obtain cancerous cats (primarily leukemias and sarcomas) from cat breeders
and owners. Research laboratories local specimen supply has been
supplemented by the nationwide contacts for materials and cancerous pure-
bred cats with pedigrees. ILetters are being sent to cat owners soliciting
cats with veterinarian diagnosed cancers. The procurement effort not only
obtains valuable research material but reassures the cat owners and other
concerned citizens of NCI's active program for the evaluation of the
unlikely hazard of this disease to human health.

In addition, several of the senior investigators within the Branch spent

a portion of their time in support of the Special Virus Cancer Program,
The menbers serve as Chairmen, Vice Chairmen, Work Group members and
Secretaries of the major segments of the Program. They provide scientific
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guidance as Project and Assistant Project Officers on research contracts
supported by the Special Virus Cancer Program.

The activities of the SVCP and the direction of the internal research
program of the Branch are aimed at the common goal of the determination

of the viral etiology of human cancer., It is apparent that the efforts

of the Branch members have played a significant role in the progress of

the SVCP to date. The broad scientific perspective developed by these
investigators in their SVCP activities has also contributed significantly
to the direction of the Branch program for the attainment of research goals.,

“he effective functioning of senior personnel in dual capacities, i.e.,
in-house research and program administration requires a delicate balance
of effort. It must be realized through constant monitoring, that such a
balance does exist and over-emphasis in either direction would be to the
detriment of both programs. It has become clearer during the past year
that an understanding of the suspected relationship between tumor viruses
and human neoplasia requires an interaction between, among others, highly
ccilled molecular biologists, epidemiologists, cell biologists and
physiclans, along with sound and constructive administrative support; the
answers will come from no one discipline alone.
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SUMMARY REFORT
VTRAI: BIOLOGY BRANCH

July 1, 1970 -~ June 30, 1971

The Viral Biology Branch conducts research to develop and apply new
conceptual and technical approaches to the study of the viral etiology
and control of neoplastic diseases. More specifically, the Viral Biology
Branch is active in: The isolation and characterization of various
constituents of tissues which are involved in or related to the carcino-
genic process; the study of the biological interactions of viruses with
host cells in vitro and in vivo; the investigation of viruses in relation
to human neoplasia by virological, immunological and biochemical methods;
the study of interrelationships between viruses in the neoplastic process;
the study of cells and viruses at the ultrastructural level; the investi-
gation of host factors in relation to development of neoplastic diseases;
and the control of neoplasia in experimental animals.

The Cell Biology Section studies methods for increasing the antigenicity
of weak tumor transplantation antigens. Vaccination of mice with a
homogenate of tumor cells previously infected with influenza virus gave
significant protection of the animals against challenge with viable cells
of that tumor. No protective effect was observed in control animals
vaccinated with homogenates of the tumor cells not infected with influenza
virus or with homogenates of normal cells. The presence of the influenza
virus antigen on tumor cells increased the immunogenicity of tumor cell
antigens.

Methods for guantitatively measuring contact inhibition of locomotion
were developed and successfully applied to normal and SVLO transformed
cedilE .

Evidence was obtained demonstrating that the so-called membrane antigen
detected in EBR virus-infected cells was not integrated into cell membranes.
This antigen is loosely adsorbed to either the inner or outer aspect of
cell plasma membranes, and may represent non-specifically adsorbed viral
components.

The Head of the Cell Biology Section serves as Project Officer on six
extramural research contracts within the Special Virus Cancer Program and
is a working member of the Immunology Segment.

The Virus and Disease Modification Section conducts a multi-disciplinary
approach to the detection, prevention, treatment and/or control of leukemia
and sarcoma. Virus infection and chemical treatments were used in attempts
to modify tumor cell surface antigens. For this prupose, an AKR mouse
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~Ine carrying Gross virus was infected with several non-oncogenic viruses.
Hewcastle disease virus infection induced loss of the Gross leukemia virus
antigen complex in half of the cells, while measles and CGermiston virus
-nZection resulted in the loss of G+ cellular antigens and gs-1 antigen
“rom over 90 percent of the cells. AKR cells infected with Germiston

irus lost their capability to grow as tumors.

in animals previously vaccinated with BCG, a mixture of BCG and Moloney
rseudotype mouse sarcoma virus (MSV-M) induced no tumors after inoculation
z though a similar inoculum of MSV-M in non-BCG-treated mice resulted in
“mmors in all infected animals. The protective effect of adoptive immuno-
“oerapy was demonstrated in mice bearing the transplantable leukemia, LSTRA.
Tumor-bearing mice were placed in remission with bis-chloronitrourea (BCNU),
=74 then inoculated with tumor-immune mouse spleen cells. After 70 days
cuservation 94 percent of the experimental animals survived in comparison

“th LO percent survivors among animals treated with BCNU alone. Untreated
mice inoculated with LSTRA cells succumb in 14 days.

Interferon therapy was effectively applied in mice infected with the Moloney
sarcoma virus plasma variant (MSV-PV). The survival rate of virus-infected
mice treated with the interferon-inducing poly Ir:Cr-poly-D-lysine complex
w=s nearly twice that achieved with poly Ir:Cr alone. Mice immunized with
formzlinized MSV-PV were also refractory to challenge with MSV-M and Friend
zelcemia virus as well as with MSV-PV.

“ micro assay developed for delta-aminolevulinic acid (ALA) synthetase,

== important enzyme in the biosynthesis of red cell porphyrins, was applied

=< detect enzyme activity in leukemic white cells. ALA synthetase was

Toazd in leukocytes from patients with acute and chronic myelogenous

_sukemia and acute monocytic leukemia, but not in leukocytes from donors

w_th chronic lymphocytic leukemia nor from normal donors. These observations

m=7 have diagnostic value. Further studies were made with IM-1 cells, a line

- cultured lymphoblasts which have a completely functional heme biosynthetic

Tetivay. ALA synthetase was detected in these cells and found to be

szzsitive to puromycin but not to actinomycin D. This suggests a shorter

Zz_7-1life for the enzyme than for its messenger RNA. Polyphoric fibroblasts

were sensitive to rotenone, an inhibitor which reduces oxygen consumption
blocking transfer of reducing equivalents between NADH and cytochrome B,

These investigations on heme synthesis in leukocytes may reveal the

_rportance of porphyrin synthesis in the leukemic state.

The Head of the Virus and Disease Modification Section serves as Chairman

<2 the Special Animal Leukemia Ecology Segment, SVCP, and as Project or

issistant Project Officer on eight research contracts. Other investigators
_=hin the Section also have Project Officer duties.

The Human Tumor Studies Section conducted studies on EB virus. In an
zTempt to select a lower primate susceptible to infection by EB virus,

—_Iferent species of monkeys were first screened for antibodies reactive
w-.=h EB virus. Immunofluorescence tests showed a high incidence of
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antibodies in all 01d World monkeys obtained from the wild but not in New
World monkeys. Monkey sera reacted with the Beta antigen in EB virus-
infected cells and gave a line of identity with human sera in immunodiffusion
tests. Seronegative monkeys were inoculated with infectious EB virus.
Attempts to establish lymphoblastoid cell cultures from infected animals

were not successful.

Specimens of tissue from various organs of Burkitt tumor patients taken
post-mortem were tested for the presence of EB virus antigens. In one case,
immunodiffusion tests showed viral antigen in the spleen and tumor tissue
but not in other organs. Other case material was negative.

The Mason-Pfizer monkey virus (M-PMV), recovered from a spontaneous rhesus
monkey mammary tumor, banded at a density of 1.166 gr/cc on density gradient
centrifugation. The RNA of the virus analyzed by polyacrylamide gel
electrophoresis appeared to be of the same size as other RNA tumor viruses.
Tts calculated molecular weight was 7.4 x lO6 daltons. Applying the Spirin
formula yielded an estimated sedimentation value of 5€ S,which does not
agree with reported 820W values of 65-70 S which were calculated from
sedimentation velocity data. The basis for this variation is under
investigation.

Hemadsorption tests made on M-PMV infected cells showed no evidence of
the presence of SV5 virus. Preliminary serology yielded no reaction between
antiserum to M-PMV and simian foamy virus types 1,2,3,4,5,6, or T.

The Head of the Human Tumor Studies Section is Project or Associate Project
Officer on six research contracts within the Special Virus Cancer Program.

Within the Microbiology Section, a study was completed in vitro on a viral
inhibitor reported to be present in the JLS-V5 cell line chronically
infected with Rauscher virus. Silicotungstic acid, a protein precipitant
applied in the preparation of this inhibitor, was found to be the active
factor inhibiting replication of murine tumor viruses in vitro. No
activity was found by another laboratory testing the inhibitor in vivo.

The lactic dehydrogenase virus (LDV) was found to potentiate oncogenesis

by murine sarcoma viruses of the Harvey (MSV-H) and Moloney (MSV-M) strains.
Co-infection of mice by LDV and MSV-H gave a 90 percent increase in tumor
incidence and mortality. The influence of an inocuous agent such as LDV

on the incidence of disease induced by a tumor virus is particularly
significant.

A complex of poly-D-lysine and poly Ir:Cr induces higher levels of inter-
feron in vivo than does poly Ir:Cr alone. When serum interferon responses
were determined in different strains of mice, activity varied by a factor
of about 100 from the most to the least responsive mouse strain.

The Electron Microscopy Section is newly established. Collaborative studies
with other investigators were begun and support services for the Viral
Oncology Area were instituted. A considerable amount of routine examination
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oI tissues and cell cultures to detect virus was completed. Several of
the more recent murine sarcoma and lymphoma virus isolates were studied in
“he organs of infected animals of different species. A simian cytomegalo-
‘rus isolate was tentatively identified on the basis of morphological
criteria, and identity was later confirmed serologically. Studies with
“erpesvirus saimiri to determine its host range were monitored.

-Ze possibility that M-PMV might be a simian foamy virus was investigated

© comparison with seven different types of known foamy viruses in human
zZdney cell cultures. Unlike M-PMV, all the foamy viruses induced cellular
degenerative changes. Although foamy viruses form intracytoplasmic A-type
rarticles which bud from the cell surface as does M-PMV, the mature
extracellular particles differ in that they form spiked particles. Further,
antiserum to M-PMV failed to neutralize the foamy agents.

dopsies of a spontaneous mammary carcinoma of a Siamese cat contained
0 um diameter particles resembling virus. The viral nature of these
czrticles is still uncertain.

Zesearch conducted within the Virus Studies Seetion was discontinued upon

=& retirement of the principal investigator, Dr. Stewart. Under this
oject, four human tumor cell lines spontaneously transformed without

zmorphological evidence of the presence of virus. Transmission studies

w-th clarified and with filtered fluids from these cultures were suggestive

- Lhe presence of a factor inducing transformation of other cells.

——¢ Office of the Chief coordinates the research efforts of investigators
Iz each of the above sections and collaborative studies with investigators
‘n other laboratories. The Chief serves as Chairman of the Developmental
Eesearch Segment of the Special Virus Cancer Program and is responsible for
—~¢ administration and management of the extramural research contracts

o)

-~hin the Segment. He is supported by the Vice-Chairman of the Segment ,
cretarial assistance, and investigators within and outside the Branch

- serve as Project Officers and/or members of the working contract
TETIEeW group.

1
S

‘ziposed Course of Effort Within the Viral Biology Branch:

—=restigations within the newly reorganized Branch have been largely
rzeted to the characterization of specific viruses immunologically and
#iochemically, to the evaluation of measures for control of virus-induced
@me=cplasia, to the study of normal and malignant cell in vitro, and to the
—-tiation of intensive investigations on cell-mediated immune mechanisms.

Zmese studies will continue.

£ susceptible lower primate for studies on the EB virus will be sought .
tresent evidence indicated that a number of specles of monkey are naturally
~-c=cted with a virus antigenically related to EB virus. Attempts will be
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made to establish infection in these species as well as in species of New
World monkeys.

The tumor promoting effect of non-oncogenic viruses interacting with
oncogenic strains is highly significant in relation to human neoplasia.
Investigations will continue to determine the mechanism for such potentiating
activity.

Immunological control measures effective against virus tumor development
will be further evaluated. Methods to increase the antigenicity of weakly
antigenic tumors will be sought. Studies will be conducted to ascertain
the nature of factors effectively transmitting specific cellular immunity
within and across species.

Biochemical characterization of specific viruses will be continued.

Publications and Other Activities:

During the reporting period a total of 15 papers were published or accepted
for publication. Members of the Branch presented by invitation more than
twelve lectures to research groups in this country and abroad.

In addition to the intramural research efforts of members of this Branch,
most also contribute substantial amounts of their time to support research
contract projects within the Special Virus Cancer Program. Specifically,
Dr. Michael Chirigos, Associate Chief of the Viral Biology Branch, serves
as Chairman of the Special Animal Leukemia Ecology Segment and Dr. George
Burton is Executive Secretary of this Segment. Dr. Jack Gruber is the
Vice Chairman and acts as Executive Secretary for the Developmental
Research Segment, Dr. Timothy O'Connor serves as advisor in Molecular
Virology to the Associate Scientific Director for Viral Oncology and as a
working member of the Developmental Research Segment Contract Review Group.
Dr. Charles Boone is a working member of the Immunology Segment Contract
Review Group. In addition, these investigators,as well as other investi-
gators within the Branch,act as Project Officers on research contracts
within the SVCP. These duties require direction and consultation with
contractors, site visits, preparation of regular reports, and attendance
and presentation of data during contract reviews.




SUMMARY REPORT
VIRAL CARCINOGENESIS BRANCH
July 1, 1970 June 30, 1971

©ring the past year the comprehensive and highly integrated intramural
ind contract research programs of the VCB were reoriented to test the
Ta.idity of the new oncogene theory of cancer. This unitary theory
“rst proposed by VCB investigators in 1969) postulated that most, if not
,» types of cancer are specified by inherited RNA tumor virus oncogenes
‘ich like all other gene operons are controlled by other regulatory genes,

~smcer which in natural (feral) species generally occurs after the
T=oroductive period is viewed as the result of breakdowns in appropriate
T=gulation brought on by (1) endogenous factors such as mutant defective
genes, hormonal imbalances, immunological deficiencies, and simply
seescence; and (2) exogenous factors such as environmental carcinogens.
“me of the chief objectives, then, is to discover the molecular and
7iochemical mechanisms by which cells regulate oncogenes in the hope of
ding ways to postpone neoplastic change.

mmerous isolates of the C-type RNA viruses are now established in
zboratory systems from three classes of vertebrates (snakes, birds and
wemmals), and from three orders and four species of mammals, Since current
“_dence indicates that RNA viruses in these vertebrates do not depend on
Tizontal transmission, but on genome inheritance, we postulate further
that the arrangement (integration) of the RNA viral genomes with cell
#=momes must have been already well established in the common ancestors
17 these different vertebrates, thus an arrangement that probably existed
than 300 million years ago. The biochemical similarities exhibited
< the major polypeptide group-specific (gs) antigens of the C-type RNA
ases of the three classes of vertebrates, which when assembled
c=wstitute 30% of the mass of the C-type particle, provide additional
“rotemporary evidence of common phylogenetic relationships and attest
~—iner to a common ancestry and a profound evolutionary linkage to the
©ec1es in which they are found, It is very unlikely that man, who
£reriences cancers very similar to those of the other mammals, should
f@ve escaped involvement with these "built in' RNA oncogenes despite
long span of life and the longer periods during which the oncogenes
m=st be maintained in repressed state.

irre specific recent support for the oncogene theory.,

Im 1971 the heuristic value of the oncogene theory was proved in terms of
¢ wany newly launched research ventures stimulated by it, particularly
ix molecular biology, in vitro carcinogenesis, and immunogenetics.
fithough the theory still requires definitive proof, considerable
““itmatory evidence in support of it was brought forth in FY 1971 by
“estigators outside the VCB as well as those in it. The landmark
‘scovery of the reverse RNA transcriptase by Temin and Baltimore supplied

~learcut mechanism by which RNA genomes could be integrated with host
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cell DNA; indeed vertical transmission and inheritance of the RNA genomes
are implicit in the new protovirus theory of Temin. Similarly, recent
reports by Vogt and Hanafusa describe endogenous RNA virus 'helper' factors
in normal embryonic cells of chickens; others, including Meier, Lilly,
Pincus and Hartley, Payne and Chubb, working with inbred mice and chickens,
elucidated both dominant and autosomal recessive host genes which clearly
regulate and control the various antigenic, infectious and oncogenic
expressions of the endogenous RNA tumor virus genomes. Recently, also,

the Russian scientist Abelev and his associates in a series of reports
confirmed previous findings in VCB that gs antigen subunits of the RNA
virus are prevalent in embryonic and tumorous tissues of all strains of
mice, even those having maximum genotypic resistance to cancer and RNA
virus expressions. Finally, intramural and contract supported investigators
working on highly targeted VCB programs have contributed significantly in
elucidating (1) the natural behavior of the RNA tumor virus genomes in
mice, chickens, hamsters, cats and rats; (2) the profound effects of host
genotypes on cancer and virus activity; and (3) the biochemical and
immunological specificities of the independent virogene and oncogene
expressions specified by the RNA virus genomes, including those which
occur "spontaneously' and those which are induced by various carcinogenic
agents,

The most significant contributions of the VCB program in Fiscal Year 1971
can be briefly highlighted as follows:

1.0 Properties and natural prevalence of the group-specific (gs) antigens
of the C-type RNA virus genome.

1.1 The gs antigens of the RNA myxoviruses represent perhaps the best
studied of viral products; they provide the basic marker used for group
classifications of the numerous influenza and parainfluenza viruses of man
and animals. Similar gs antigens, first reported in 1964 by VCB scientists,
have been demonstrated in the RNA viruses of chickens, mice, cats, hamsters,
rats, and snakes. These antigens which have been studied intensively by
some of the top biochemists and immunologists in the world, provide a
diagnostic marker (handle) for the RNA tumor viruses which not only makes

it possible to demonstrate the presence of the genome in cells and tumors
free of infectious virus, but has increased at least 100-fold our knowledge
of the natural distribution of the RNA tumor virus genome.

1.2 Isolation, purification of gs antigen and preparation of specific
antibody to it: In FY 1971 VCB investigators Drs. Gilden, Oroszlan and
Kelloff succeeded in isolating and highly purifying the gs antigens of
mouse, cat, hamster and rat, following which monospecific antisera to the
major gs-1 component were prepared in guinea pigs and rats. When purified
by isoelectric focusing, the gs antigens from all 4 mammals were found to
be stable homogenous molecules with molecular weights of 20,000 to 30,000;
however, when assembled they found that the gs antigen molecules make up
at least 30% of the total virus particle, Gilden et al. confirmed the

52




VCB Summary Report

separate reactivities of the major gs-1 (species specific) and gs-3
interspecies) determinants; however he subsequently showed that both
“cterminants were located on the same molecule.

-.3 Universal prevalence of gs antigens: In the meantime, Huebner, Sarma,
feiloff, Gilden, Meier, Whitmire, Peters, and Gardner, with the use of rat,
guinea pig and hamster antisera to gs antigens, reported that gs antigens
were commonly detectable in virtually all embryonic tissues of mice,
certain rapidly replicating postnatal tissues, and many if not most
spontaneous and chemically induced cancers of mice. Sarma and associates,
asing hamster sera and rabbit sera (from Dr. David Allen) specific for
#71an RNA virus gs antigens, similarly demonstrated expressions of gs
=utigens in all avian embryos from 4 to 20 days in ovo including those
Zerived from RIF-free flocks known to be free of infectious RNA virus.
Siwilar but less extensive studies have indicated widespread distributions
of gs antigen expressions in embryos and tumors of cats and hamsters as
well.

-

K. Immunological tolerance to gs antigens: These direct demonstrations
<© RNA C-type virus expressions in prenatal tissues were followed up by
“tudies which revealed that all mice, hamsters, cats, and nearly all
—tickens were inherently incapable of producing antibody to the gs antigens
-f their isologous species. The fact that most members of these species
cculd produce antibodies to gs antigens in heterologous species and to
=mvelope antigens of their own species showed not only that .the antigens
vcre antigenic but that the animals were immunologically competent. This
ciassic manifestation of immunological tolerance provided solid support

°r our hypothesis that the universally distributed embryonic gs antigen
eipressions probably play important roles in the development and
~ifferentiation of embryonic tissues. This concept leads logically to the
sreculation that the RNA genome activities may for the most part be

neficial perhaps by helping to regulate cell replication; viewed in this

7, the development of cancer then results from an unfortunate breakdown
1@ normal regulating mechanisms induced by endogenous or exogenous factors.
“zncers therefore would appear as abortive efforts to produce a genetically
~zentical twin at an inappropriate time and place, thus accounting for the
‘act that the body generally recognizes and accepts the tumors as '"'self,"

-5 Activation of gs antigens concomitantly with induction of chemically
-mduced tumors in mice: Previous reports by VCB investigators of the
wwravation of complement-fixing gs antigens in subcutaneous fibrosarcomas

ced in mice by 3MC were confirmed in FY 1971 by Whitmire and associates
tm 16 strains of inbred and outbred laboratory mice. Complement-fixing
amtigens reactive with anti-gs rat antisera were demonstrated in most of
“=e fibrosarcomas when tested with broadly reactive antisera, When tested
with specific antisera to gs-1, the distribution of positives in the inbred
mce varied from 0% to 100% depending on the genotypes of the different
~-rains. The k, s and q alleles were associated with high incidences of
©=-1 antigen expression, while the b and d alleles were associated with
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lower incidences. Since adjacent normal mesenchymal tissues were negative
for antigen, the switch on of gs antigen in tumors was attributed to de-
repression of the RNA virogenes concomitant with tumor development.

1.6 In vitro activation of gs antigen (and infectious virus) in mouse,
hamster and rat fibroblasts: That individual mouse cells (C3H fibroblasts)
grown in culture can switch on oncogenes was first observed by Earle and
his associates; subsequently Evans, Hartley et al. reported that most such
cells were "switched on" for gs antigen and infectious expressions of RNA
virus, and in 1970 Aaronson, Hartley and Todaro made similar observations
in additional cultured mouse cells.

In FY 1971, Freeman, Hartley, Gardner, Officer and Kelloff observed
spontaneous and chemically induced switch on of murine RNA viruses in wild
(feral) mouse cells; recently, also, of hamster RNA viruses in 5 of 6
hamster cell lines transformed by 3MC and fractions of tobacco smoke.

Finally, Rhim and his associates discovered a new antigen having the
properties of gs antigens in rat cells transformed in early subcultures
by polyoma virus and in the normal rat cell lines when carried beyond 60
subcultures.

We concluded from these findings that mouse, hamster and rat cells grown

in vitro contain "switched off" RNA virus genomes that are subject to de-
Tepression not only by many different chemical and DNA virus carcinogens,
but also as a consequence of long term culture. Such observations not only
make less likely the contention that mesenchymal tumor cells in vivo depend
for their viral expressions on the migration of virus information from other
areas in the body such as the hematopoietic tissues, but furnish cogent
reasons for assuming that the oncogenic and virogenic events were indeed
induced in situ.

2.0 Oncogenes of C-type RNA infectious viruses as determinants of
accelerated cell transformation by carcinogenic chemicals and DNA tumor
vituses: In a series of recent reports Freeman, Rhim and Huebner and their
associates described greatly accelerated transformations induced by various
carcinogenic chemicals in rat, mouse and hamster cells when such cells were
superinfected with various mouse and hamster non-transforming C-type RNA
viruses. The normal cells treated with chemicals alone or virus alone
failed to transform and could not be transplanted in isologous newborn
hosts; however the infected cells treated with carcinogens readily trans-
formed and in most instances were transplanted successfully in newborn
isologous hosts.

Thus cells of 3 species cultured in vitro, carrying one of four strains of
RNA tumor viruses (RLV, CF-1, AKR, HalV) and treated with at least 8
different carcinogenic chemical preparations, in every case led to the
development of tranformed foci, continuous neoplastic cell lines and, with
only one exception, tumors in isologous hosts. The transformations

54




VCB Summary Report

curred rapidly within 9 to 45 days after 7 to 14 days of exposure to the

emicals in the media. Dosages as low as 0.01 ugm of MC and DMBA produced
ranid transformation; thus providing at least 100-fold range for
~arcinogenic assay below the toxicity levels of the chemicals. The high
rredictability achieved with many different combinations of viruses, cells
i chemicals clearly suggested that the added RNA viral genomes provided
~amerous additional oncogene determinants which, when derepressed by the
chemicals, accounted for the accelerated neoplastic changes observed.

3.0 RNA dependent DNA polymerase; enzymatic and antigenic properties:

CB contract supported scientists were among the first to extend Temin's

=nd Baltimore's observations on the reverse transcriptase., Green and
associates showed that the entire RNA genome of avian, mouse and cat

“ruses was copied by the polymerase as small DNA molecules and that the

dependent as well as the RNA dependent polymerases were inhibited

“~ependently by various rifampicin derivatives, The latter also inhibited
7 A-DNA hybrids while duplex DNA's were inhibited by actinomycin derivatives.
“ese observations were interpreted as providing potential leads to a

~tional approach to chemotherapy of cancer.

“wrrent studies in cooperation with Dr. Green will explore the effects of
ratampicin specifically on endogenous oncogene expressions in vitro.

“nhiibitors specifically directed against the RNA polymerases responsible
“°r assembly of the virus particle may not have specific activities in
elation to transformation or tumor induction since the oncogene
sxoressions are independent of the virogene expressions. Since most cancer
@m=t be due to endogenous rather than exogenous viruses, answers to the

ieestion of specificity inhibitor action are critically needed.

Specific antibody to RNA dependent DNA polymerases: Equally as
citing were the findings of Gilden and Hatanaka (Flow Laboratories, Inc.)
©°° purified the cat virus polymerase and with it produced monovalent anti-
722y which inhibited the activity of the mouse, cat, hamster and rat virus
c.ymerases but not that of the avian viruses. Thus the polymerase
Tecresents an additional group-specific interspecies antigen protein of the

“ralian viruses; and the ability to specifically inhibit polymerase
activity should make it possible to determine its role in spontaneous and

cinogen-induced cancers, both of which we postulate are the product of
FWI0GENOoUS oncogenes.

ot

¥ Host gene controls of RNA tumor virus expressions: One of the spin-

“7s of the inherited oncogene theory was increased interest in studies

" genetic and moelcular mechanisms by which host genes influence

“ressions of the postulated endogenous virogenes and oncogenes.

“-er et al., who in FY 1971 provided much of the natural history data on
“re universality of the C-type RNA genomes and lack of horizontal spread

virus in inbred mice at The Jackson Laboratory, also observed large and

#z’1 defined influences of strain genotypes on predisposition or resistance
“7 the development of spontaneous cancer, to susceptibility to environmental

rcinogens, and to various independent expressions of the RNA tumor viruses.

55




VCB Summary Report

Cross-breeding and other experiments have revealed the importance of a
variety of dominant and recessive alleles as determinants of RNA virus
and tumor expression. Breeding programs are well underway which indicate
that by genetic manipulation, high cancer (lymphoma) strains can be
converted to resistant strains and vice versa. Current experiments are
designed to determine the number, mode of inheritance, linkage relation-
ships and chromosome location of the host genes which regulate oncogene
and virogene expressions.

4.1 Studies of host gene controls in vitro: Similarly, Hartley, Rowe and
Pincus in characterizing embryo cells derived from 21 strains of mice
according to sensitivity to N- or B-tropic murine leukemia viruses, found
that all cells were similar to either the N-type or B-type. The patterns
of sensitivity of N-type x B-type F1 hybrids indicated dominance of
resistance to both types of virus, and embryos from back-cross experiments
suggested that a single locus (N-B) is the primary determinant of the host
cell response patterns; subsequently the N-B locus was found to be
identical with the FV1 locus which controls sensitivity to Friend leukemia
virus.

The numerous host genes that have been found to control RNA virus
expressions and the discovery that the "resistance" allele on the N-B locus
controlling wild type infectious RNA virus replication not only suppoTts
the inherited oncogene theory, but provides evidence of built-in natural
host gene systems designed through long evolutionary association to control
the RNA viral genome. This is also part of the natural inheritance of
mice. Similar host controls of cancer and RNA virus have been described
for chickens. It would seem inevitable therefore that similar host genes
and endogenous RNA genomes will be found in the cells of most or all other
vertebrates.

5.0 Cat leukemia (FelV) and cat sarcoma (FSV) viruses: detection and
natural history: FelLV and FSV have special importance because infectious
virus is rather prevalent in tumored cats; the virus is found in cat
salivary secretions and is known to grow well in human cells in culture.
Consequently VCB investigators (Sarma, Gardner, Riggs,Oshiro, Schneider

and Arnstein) have been much involved in developing and applying sensitive
detection methods such as the new COCAL test for FelV, focus-forming tests
for FSV, fluorescent antibody (FA), complement-fixation (CF), neutralization
and other serological tests for antigen and antibodies. Serological studies
by Riggs, Oshiro and Sarma have shown that sera from 600 veterinarians show
no evidence of specific FA or neutralizing antibodies to FelLV; thus despite
maximum exposure to sick and cancerous cats, veterinarians apparently are
not susceptible to infection with cat viruses.-

5.1 Epidemiological studies of cats as a cancer risk factor: Controlled
epidemiological studies designed to examine human exposure to cats as a
factor in human cancer cases in Los Angeles by Gardner and Hanes of the
University of Southern California showed no excess exposures to cats in
the households of several hundreds of leukemia, sarcoma and carcinoma
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cases as compared to comparable control households. In fact 80% of the
cancer and control households had no household exposure to cats during
the previous 10 years.

A similar survey in Northern California by Schneider failed also to show
that household exposure to leukemic cats increased the incidence of cancer
in the exposed persons as compared to control households without such
exposure.

These studies of course do not eliminate the possibility that human cancer
might occasionally result from a cat virus source, but they suggest that
cat virus is unlikely to account for detectable amounts of human cancer.
The study in Northern California will be carried on as a prospective study
in order to increase numbers and more conclusive interpretation.

7.0 Etiological and epidemiological studies of human cancer.

6.1 Search for evidence of C-type RNA virus expressions: The search for
C-type RNA viruses in human cancers at the University of Southern
California were no more successful in FY 1971 than in previous years.
Zlectron micrographic examinations of hundreds of human tumors including
all available types of leukemia and solid cancers, and of embryo and tumor
cell cultures, were entirely negative for C- and B-type particles. The
tumors were acquired and examined at USC and the cultures were produced at
the Naval Biological Laboratory under Dr. Nelson-Rees.

Since there are no currently extant human cell cultures carrying C-type
articles, and since infectious virus has proved equally elusive, the
‘CB's future efforts will be focused on attempts to demonstrate antigens
“n human tumor and embryo cells which might be expected to cross react
«1th one or more of the interspecies antigens demonstrated in mouse,
amster, cat and rat C-type viruses; we plan to look for evidence of all
“ires of antigens specified by the known RNA viruses including: group-
specific antigens 1, 3 and other postulated interspecies antigens; the
ccll surface antigens specified by the RNA genome, variously described as
A (Aoki) and TSTA (Sjogren and Pasternak); and viral envelope antigens.

6.2 Serological data: Recent attempts to demonstrate cross-reacting
tigens by complement-fixation in extracts of human tumors, utilizing
Toadly reactive anti-gs antisera produced in Fischer rats carrying MSV-

nduced tumors or in rats hyperimmunized with extracts of the MSV rat
tumors, yielded many positive human tumor and embryo tissue preparations;
“wever the reactive antigenic moieties so far have been found to be
ether resistant and associated with sedimentable cell membranes. Surveys
o< human cancer patient sera have yielded a few which react at low serum
lutions with the sedimentable antigens and the patterns of serum
reactivity are almost exactly similar to that provided by the rat sera,
%1though the antigens detected are clearly not related to the gs antigens
“ound in the mammalian RNA tumor viruses, they appear to be shared widely
#nd thus are interesting enough to be characterized and identified. It
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is possible that they will prove to be similar to the carcino-embryonic
antigens described by Gold, Uriel, Grabar and others.

New and more sensitive autoradiographic serological test systems developed
by Gilden's group, in addition to CF, FA and gel diffusion, will be
combined with absorption studies and utilized in an exhaustive study of
human tumors for antigens related to those now demonstrable in the RNA
viruses and tumors of mice, cats, hamsters and rats.

In order to adequately prepare for such studies, numerous human tumors
and sera from cancer patients have been collected and frozen for future
studies; cell lines have been derived from many tumoTs and some of these
are being subjected to intensive studies as described below.

6.3 Studies of human tumor cells in vitro: Having established several
human sarcoma cell lines which have retained their sarcomatous
characteristics, McAllister and his associates at Children's Hospital of
Los Angeles have attempted to rescue the sarcoma genome by superinfecting
them with murine and cat viruses; these efforts have been unsuccessful
despite the fact that the viruses replicated in the human cells. In
cooperation with Klement, Nicolson and Gardner, McAllister is seeking
evidence of phenotypic modifications in the mouse and cat viruses
replicating in the human tumor cells. Current tests suggest modification
of the envelope and host range but not of viral gs antigen and RNA
moieties; tests of the specificities of the viral RNA polymerases are
underway. Serial subcultures of the tumor cells, both infected and non-
infected, are being continued indefinitely in anticipation that, like
mouse, rat and hamster cells, human cells that grow continuously in vitro
will eventually derepress and yield expressions of the postulated human
RNA virus genome. At various subcultures the human sarcoma cells were
transplanted into cat fetuses in which tumors developed having
histological appearances identical with that of the original tumors seen
years before in the patients; and chromosome histograms confirmed the
human characteristics of the tumor cells. A similar in vivo human tumor
cell growth system in the mouse developed recently by Stanbridge and
Hayflick which utilizes ALS to block rejection of the human tumor cells
provides a much more available and simpler system for studies of genome
rescue of these and other human tumors.

6.4 Transformations of human cells with polyoma virus: In preliminary
attempts it appears that Dr. Rhim in collaboration with Dr. Takemoto
(NIAID) has succeeded in transforming human cells (WI-38) with large

doses of polyoma virus. The cells contain polyoma T antigen but no polyoma
viral antigen. Since rat and hamster cells transformed by polyoma virus
develop new antigens which are distinct from known polyoma specified
antigens, but which react with MSV rat antisera, related antigens will also
be sought in the human polyoma transformed cells as well,
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6.5 Epidemiological and ecological studies of cancer distributions in

Los Angeles: A comprehensive cancer surveillance program designed to
provide a '"now" registry of all cancer patients in Los Angeles County was
planned in FY 1971; as this is funded in 1972, Drs. Henderson, Hanes and
Gardner, in cooperatlon with NCI's demography and epldemlology groups,

and w1th Shimkin (University of California, San Diego) and Winkelstein
(University of California, Berkeley), plan to utilize information eventually
to be made available on 20 ,000+ annual cancer cases in Los Angeles in order
to mount field studies d651gned to answer specific questions concerning the
etiology of cancer. Examples include questions about effects of maternal
age on cancer in offspring and of course the effects of industrial, food-
borne and air-borne carcinogens. In support of the latter program, Bryan
and Gordon have underway long term studies characterizing smog constituents
in 4 different ecologic areas in Los Angeles, Freeman, Rhim, Rasheed and
GCardner have already initiated studies of smog residue and tobacco smoke
fractions in cell culture systems; preliminary results now in progress and
in press indicate that such materials have relatively strong carcinogenic
activities (vide supra). Future studies will be focused on tests of
chemically defined fractions of known environmental residues and on such
additional assays as may be indicated by the results of epidemiological

and enviromental studies in the Los Angeles ecology.
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TABLE I
ANALYSIS OF CONTRACTS BY SEGMENTS IN
VIRAL ONCOLOGY

: I F S 17 :
SEGMENT NO. OF ANNUAL LEVEL (PERCENT)
CONTRACTS
. 7 —An =
TOTAL 120 $31,590,401 (100)
Developmental
Research 24 10,119,481 (BZ]
Immunology Group 8 956,709 (4)
Special Animal
Ecology 17 4,068,618 (13)
Program Resources §
Logistics 24 2,354,772 (7)
Biohazards Control §&

Containment 5 388,796 (D)
Program Management i 2,979,100 (9)
Solid Tumor Virus 23 9,603,320 (30)
Breast Cancer Virus 8 1,119,805 €3

1/ Funds obligated by Viral Oncology during Fiscal Year 1971."

2/ The total includes non-recurring contracts funded during
FY 18%l.
See TABLE III for individual contracts involved.
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CONTRACT SUMMARIES

SPECIAL VIRUS CANCER PROGRAM
ETTOLOGY AREA, NCI
Fiscal Year 1971

DEVELOPMENTAL RESEARCH PROGRAM SEGMENT

Dr. Robert A. Manaker, Chief, VEB, Etiology Area, Chairman
Dr. Roy F. Kinard, VBB, Etiology Area, Vice Chairman
Dr. Jack Gruber, VBB, Etiology Area, Executive Secretaryl

ATCHI CANCER CENTER (NIH-69-96)

Title: Virus Rescue Studies in Human Leukemia/Lymphoma Cell Lines

Contractor's Project Officer: Dr. Yohei Ito

Project Officers (NCI): Dr. Jack Gruber
Dr. Virginia C. Dunkel

Objectives: (1) To establish cell lines in vitro from human neoplasms and
examine these for virus or antigens by electron microscopy, immunology and
transformation experiments. (2) To supply human embryonic cell cultures
and lymphoma-type tumor tissues available in the Far Fast.

Major Findings: Efforts to establish continuously growing cell lines from
human neoplastic tissues were resumed as one of the main lines of study in
the second year of the contract. In addition to the cultures from neoplasia
of the hematopoetic system, cell cultures from solid tumors such as naso-
pharyngeal carcinoma (NCP) were also attempted. This was done because of
the well established fact of high herpes-type virus (HTV) antibody titer

in the sera of patients with the disease. Among 13 NPC specimens cultured,
8 gave rise to monolayer culture, of which half showed morphological
alteration. From these cultures, one free-floating cell line was established.
The presence of HTV antigen in these cells was demonstrated by direct
immunofluorescence test.

To obtain an established cell line which grew in a floating state with less
or hopefully no HIV antigen, cultures from hyperplastic tonsils of children
were carried out. Of 136 specimens, 12 cell lines were established as free-
floating cells. The ratio of cells containing HTV antigen was relatively
small but HTV antigen was detected in all the cell lines.

Some 50 strains of cells were maintained in the laboratory and they served
as a procurement center for the supply of the cells for research workers

in the area. The procurement of human embryonic cultures was also continued
into the second year. About LO human embryos in total were processed for
such culture. Human sera of high HIV antibody titer were also supplied to
colleagues of the SVCP.

1 Replaced Dr. Roy Kinard as Vice Chairman on March 2, 1971,
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“eroepidemiological studies using indirect immunofluorescence test have been
econtinued to accumulate more data on the HIV antibody titer of individuals
with various neoplastic diseases and normal subjects. However, a hope to
~=v2al a new disease with high HTV antibody titer turned out to be fruitless

so far.

Contacts have been strengthened with the institutes of the Asiatic area to
srovide access to the human tumor material and serum specimens which might
Te useful to the SVCP.

= gnificance to Biomedical Research and the Program of the Institute:

Z--s project will supply supporting data from Far Eastern sources to
szpplement information obtained in the U.S. on the association of viruses

@.th specific neoplastic diseases.

“roposed Course: In general, studies initiated previously will be continued.
" new aspect of the work scope is the introduction of biochemical technigues
<0 search for the presence of RNA-dependent DNA polymerase among the approx-
_r=stely 90 cell lines established from human neoplastic tissue during the
==t two years. Furthermore, fresh human cell materials from leukemic and
_-—phoma patients at the Aichi Cancer Center Hospital will be tested for
~clymerase activity. Such studies would provide new data on neoplastic
©=211s from patients of oriental origin. Additionally, plans are to study
the in vitro effect of various chemical carcinogens on established lympho-
=Z=stoid cell lines, and to initiate new investigations on other human
z=oplasms where virus activity is suspected.

_=ze Contract Initiated: May 2, 1969.

BLTTOR COLLEGE OF MEDICINE (PHA43-68-678)

“~e: Studies on Viruses as Related to Cancer with Emphasis on Leukemia

~tractor's Project Director: Dr. Joseph Melnick

“soiect Officers (NCI): Dr. Jack Gruber
Dr. Roy Kinard

~<ectives: (1) To isolate, propagate and identify viral agents to provide

~dence of association with human neoplasia and (2) to continue to hold and
soserve primates inoculated with suspected cancer viruses or cancer tissues.

]

“z or Findings:

Viral etiology of leukemia and mononucleosis.

~-pagation of selected lymphoblastoid (ILy) cell lines from patients with
" -.zemia or mononucleosis and normal individuals is continuing, for use in
_——mological and bilophysical studies.
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Comparative chromosomal analysis of 16 lymphoblastoid cell lines cultivated
up to 61 months revealed no specific association between the presence of EB
virus and any of the chromosomal anomalies observed. Regardless of the
gsource of cells or the presence of EB virus, cells with marker chromosomes
or trisomies appear to have a selective advantage of growth in vitro, as
documented by the increase in frequency of clones with these anomalies

with progressive passage.

Studies were continued to search for antibody to possible tumor antigens
in acute leukemia of childhood. Peripheral blood leukocytes are being
reacted with serial autologous serum samples by indirect membrane immuno-
fluorescence (IMIF). In autologous tests, cells from 20 of 25 children
in remission have yielded negative results and 5 gquestionable. Cells
obtained from 6 children during relapse were also tested for autoantibody.
The IMIF assay has been uniformly negative for all sera and autologous
relapse phase cells tested sco far.

A 78 Al cell line of rat embryo fibroblasts that had been transformed by

the murine sarcoma-leukemia virus (MSV-MLV) complex is being used as a model
for characterization of RNA species obtained from various human Ly cell
lines. The 68S RNA of M3V-MLV was found to dissociate after heating or
dimethylsulfoxide treatment into 37S, 18S and 4S subunits, differing in base
composition and buoyant densities in cesium sulfate. A double-stranded DNA
with a sedimentation coefficient of TS density was isolated from highly
purified MSV-MLV. This DNA was complementary to the 18S subunit, but not to
the 37S or LS subunits of the viral RNA. Work is being initiated to follow
infectious virus synthesis and macromolecular synthesis during de novo
infection and transformation of cells by MSV-MLV.

B. Comparative studies on herpesviruses.

Studies continue on the distribution of complement-fixing (CF) antibody to
EB virus-induced S antigen in groups with various disease entities and in
normal individuals. The results are compared with those obtained in the
immunofluorescence (IF) test with fixed EB3 cell preparations. Sera from

21 patients with sarcoidosis, kindly supplied by Dr. Phillip Glade, revealed
both IF and S antibody to EB virus, a result similar to that reported
earlier for patients with post-nasal carcinoma. A longitudinal study of

the development of IF and S antibody starting with newborn children is

being conducted. The results to date indicate that: (1) IF antibody to

EB virus appears within several months after maternal antibody has
disappeared, indicating an early infection with this agent. (2) There

is a lag of several months between the appearance of IF and S antibodies.
(3) Infection with the other three herpesviruses (herpes simplex, cytomegalo-
virus and zoster virus) occurs much later than infection with EB virus.

Work continues to purify and characterize the soluble CF antigens extracted
from two EB virus-positve (EB3 and P3J) and from one EB virus-negative
(NC37) Ly cell lines. Ly cell line RPMI 8226, free of both EB virus and
soluble CF antigen, is used as negative control. Studies on the non-serum-
requiring complement-fixation (NSR-FCF) by EB virus-positive Ly cells
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fi-dicate that the reaction may be measuring an EB virus directed antigen-
s=tibody. Attempts are being made to identify antibody to EB virus 1in
=x.racts of Ly cells.

T-¢ biochemical and biophysical properties of the DNA of HSV type 1 and
<ipe 2, infectious bovine rhinotracheitis (IBR) and Pseudorabies (Pr)
Zruses were compared. DNA-DNA hybridization was employed to investigate
z=rmetic relatedness between these four members of the herpesvirus group.
“--uration and competition hybridizations demonstrated greater than 90%
s.zology between three strains of HSV-1 and less than 5% homology between
Z=7-1, Pr virus and IBR virus. Saturation hybridization indicated at least
» homology between two strains of HSV-2, but no homology between HSV-2
~ virus and IBR virus. Preliminary experiments indicate that there is
-:s than 50% homology between the DNAs of type 1 and type 2 HSV.

“_~ther attempts to obtain additional BUDR-induced ts mutants of HSV have
-=silted in the isolation of 50 potential mutants. The 22 original ts
~—ants of HSV have been tentatively assigned to 8 complementation groups.
sroups so far contain from 1-4 mutants. Before detailed characterization
=2 representative members of complementation groups is undertaken, repeat
esis are planned using both the 22 original mutants and the newly isolated

mr-ents mentioned above.

T&e protein and glycoprotein synthesis by a HSV temperature-sensitive mutant
ts 3L43) and the wild-type virus has continued to be compared by polyacryl-
mide gel electrophoresis. Evidence was obtained that mutant ts 343 does

~ synthesize glycoprotein C5, a major envelope protein, at the nonpermissive
te—verature (L0°). Studies are in progress on the glycoprotein synthesis

-~ additional HSV ts mutants. Preliminary findings indicate that the
z_-coprotein profiles of mutants belonging to separate complementation groups
m=7 be significantly different. '

7. Role of herpes virus type 2 in cervical carcinoma.
spidemiologic studies of women with invasive cervical cancer and controls
Uganda and Israel failed to reveal the same strength of association
~ween antibodies to herpesvirus type 2 and malignancy, as previously

served in Houston, Atlanta, Baltimore and Brussels. Studies in different
=crilations are continuing. Recently, 118 cervical cancer patients and 83
scogrols from Muslim and Christian women in Yugoslavia were studied. No
““°7srence in type 2 herpes antibodies was found between Muslim cases and
zcntrols, but the occurrence of antibodies among Christian women was twice
<ks* of control women. In New Zealand, the occurrence of antibodies was

= y slightly higher in the patients than in the control women. In the

=2 most of the studies that yielded a high incidence of antibodies were
==rried out among women of the lower socioeconomic group. Thus, in populat-
_~zs of different composition and different life styles, differences are
“-nd in the association between type 2 herpesvirus and cervical carcinoma.

T
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Type 1 strains are susceptible to cytoside arabinoside and IUDR (iododeoxy-
uridine), inhibitors of replication of DNA-containing viruses. However,
type 2 strains are resistant to these DNA antagonists. This is apparently
due to the low levels of thymidine kinase which are characteristic of type
2 strains in contrast to the high levels of this DNA-synthesizing enzyme
found with type 1 strains.

D. Immunofluorescent cell surface antigens in human tumors.

Cell lines have been established from human melanoma and sarcoma tissue.
Attempts are being made to separate tumor cells from the normal cells by )
density gradient centrifugation, (2) by cloning out tumor cells, and (3) by
injecting the mixture into immunosuppressed mice. With one of the two
melanoma cell lines tested, the patient's serum reacted in the membrane
fluorescence test. Sera from other melanoma patients reacted positively

for antigen in the cytoplasm of the tumor cells. Lymphosarcoma cells reacted
in the membrane fluorescence test with autologous sera, and cross reactions
were gseen with sera from other lymphosarcoma patients.

Significance to Biomedical Research and to the Program of the Institute:

This contract provides a progressive comprehensive research program to

determine the significance of viruses in human neoplasia. Techniques used

are tissue culture, immunology, electron microscopy, primate inoculation,
- cytogenetics and nucleic acid homology.

Proposed Course: Investigations will continue to detect the presence of
nucleic acid characteristic of the RNA tumor viruses in human tumor cells.
Immunological studies with antigens associated with EB virus will be
continued. Further serologic data will be acquired to aid in determining
the relationship between the venereal herpes hominis type 2 virus and
cervical carcinoma.

Date Contract Initiated: dJune 27, 1963

BIONETICS RESEARCH LABORATORIES, INC. (NIH-71-2025)

Title: 1Investigations of Viral Carcinogenesis in Primates

Contractor's Project Directors: Dr. John Landon
Dr. David Valerio
Dr. Robert Ting

Project Officers (NCI): Dr. Roy Kinard
Dr. Jack Gruber
Dr. Robert Gallo
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_ciectives: (1) Evaluation of long-term oncogenic effects of human and

~“mal viral inocula in primates of various species, especially newborn
mecaques; (2) maintenance of monkey breeding colonies and laboratories
secessary for inoculation, care and monitoring of monkeys; and (3)
Zicchemical studies of transfer RNA under conditions of neoplastic transform-
~~-on and studies on the significance of RNA-dependent DNA polymerase in
mrzman leukemic tissues,

- “or Findings: This contractor continues to produce over 300 excellent
w=wborn monkeys per year. This is made possible by diligent attention to
reoraductive physiological states of female and male breeders. Semen
vz uation, artifical insemination, vaginal cytology and ovulatory drugs
z#=re used or tried as needed.

T-_culated and control infants are hand~fed and kept in modified germ-free

_=-lators. They are removed from isclators at about 8 weeks of age and

z_zced in filtered air cages for months or years of observation. The holding
=22 now contains approximately 1200 animals up to 5 years old. Approximately

G are culled every year ata rate of about 25 per month. This is necessary

=< mzke room for young animals inoculated with new or improved virus prepara-

_uring the past year macaques were inoculated at birth or in utero with the
son-Pfizer monkey mammary virus, Epstein-Barr virus, Herpesvirus saimiri,

z=d Marek's disease virus. EB virus was given with immunostimulation and

imrinosuppression (ALS, prednisone, imuran). Australia antigen was given
newborn African green monkeys.

== breeding and holding colonies were surveyed for antibody to EBV. All
mreeders were positive and their offspring contain maternal antibody for
zeveral months. Colony-born offspring that have lost maternal antibody
:=° =zre sero-negative will be surveyed periodically for conversion to the
= positive state.

1= BNA-dependent DNA polymerase similar to that associated with RNA tumor
wiruses was detected in human leukemic cells but not in normal cells stimulated
v phytohemagglutinin. The enzyme was isolated, purified and concentrated

220-£0ld, making possible its further characterization and study in relation
o the leukemic process in man,

“enificance to Biomedical Research and to the Program of the Institute:
Z-zsmuch as tests for the biological activity of candidate human viruses will
= T be tested in the human species, it is imperative that another system
e developed for these determinations and, subsequently for the evaluation
=¥ waccines or other measures of control. The close phylogenetic relation-
z==_p of the lower primates to man justifies utilization of these animals for
“-ese purposes., Further study of altered transfer RNA and polymerase
~~zymes would determine their significance in neoplastic change and provide
# basis for selection of therapeutic agents.
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Proposed Course: Continuation with increased emphasis on monitoring and
intensive care of inoculated animals to determine if active infection occurs,
effects of infection, and degree of immunosuppression when used. Further
studies of human neoplasms at a molecular level will continue.

Date Contract Initiated: February 12, 1962.

CHICAGO PARK DISTRICT, LINCOLN PARK 70O (PHL3-65-1017).
Title: Marmoset Breeding Colony

Contractor's Project Director: Dr. Lester E. Fisher

Project Officer (NCI): Dr. Roy Kinard

Objectives: To provide marmosets in a quantity and quality sufficient for
the needs of the research on tumor viruses conducted under Contract NIH-T1-
2032 with Rush-Presbyterian-St. Luke's Hospital.

Major Findings: The marmoset breeding colony is regularly providing newborn
animals at the rate of 100 per year.

Significance to Biomedical Research and the Program of the Institute:

This contract is part of a program utilizing lower primates for testing
selected laboratory specimens for oncogenic activity. The marmoset, a
small, inexpensive primate is under investigation to determine its value for
cancer virus research.

Proposed Course: The project will be continued to insure the availability
of experimental animals of quality.

Date Contract Initiated: June 28, 1965.

HEALTH RESEARCH, INC. (PHL3-63-593)

Title: Biological and Electron Microscopic Studies of Viruses from Leukemia
Cells, Tissues and Plasma.

Contractor's Project Directors: Dr. Edwin Mirand
Dr. Julius Horoszewicz

Project Officer (NCI): Dr. Jack Gruber
Dr. Roy F. Kinard
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jectives: To study the EB virus associated with cells cultured from
Burkitt's tumor.

ajor Findings:

Animal studies with EB virus.

Z“=matologic studies were done on a total of 3L EBV-injected and uninjected
2-u1lt male Long-Evans rats; approximately one half of the animals were
subjected to partial hepatectomy within 24 hours prior to virus injection
“niravenously; three different virus preparations were used. There is no
:rdication that injection of EBV induces a sustained leukocytosis, or that
—epatectomy has any effect per se in the response of the rat to EBV injection.

“zltures of the buffy coat from heart blood have been made from all experi-
mental and control rats. It appears that the buffy coats from EBV-injected
rats grow somewhat faster and better than those from uninjected rats; there
‘2 no significant difference between cultures from hepatectomized and intact
animals. There appear to be cytological changes in some of the cells of the
“ufTy coats from virus-injected rats suggestive of host response to the
wirus and/or the foreign human 64-10 cells used as virus-carriers in the
eparations injected; further study is necessary before any conclusions can
= drawn.

Quantitative infectivity assay for EBV.

Tne practical range of EB virus titration was increased and extends now from

5" 5% 102 to 1 x 106 infectious units per ml. This was accomplished by
“ntroducing total counts of immunofluorescentcells in place of estimates
cased on percentages only. The previously reported procedures to concentrate
=nd store EB virus were found to preserve quantitatively the infectious
—roperties of viral inocula.

Ziring time studies on localization of viral antigens and virus formation in
=57 infected cells, Early Antigen (EA) first appeared 6 hours post-infection
==d was localized in the cell nucleus. Nuclear Capsid Antigen (CA) could be
Setected 9 to 10 hours post-infection. Soluble Antigen"Beta" (SAB) accumu-
“ates in the cytoplasm at 16 hours. Assembly of viral nucleocapsids begins
=t 14 to 16 hours and "coating" reaction specific for new membrane antigen
MA) becomes positive at 20 to 24 hours post-infection.

Siznificance to Biomedical Research and the Program of the Institute:

“ne development of a more sensitive quantitative assay is important for

“:»ther characterization of the EB virus and for assessing the quality of
fectious virus preparations. It is hoped that purified non-virion antigens

may be useful in the control of infection by EBV.

“roposed Course: This contract will terminate on June 30, 1971.

“ste Contract Initiated: April 18, 1963.
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OHIO STATE UNIVERSITY (NIH-69-2233)

Title: Application of Radioiodine Labeled Antibody Technique to Studies of
Virus-Induced Tumors.

Contractor's Project Director: Dr. David S. Yohn

Project Officers (NCI): Dr. Jack CGruber
Dr. Virginia C. Dunkel

Objectives: To apply the paired radioiodine labeled antibody technique
ZPRILAT) to the detection of virus induced tumor antigens in human tumor

cells.

Major Findings: Various forms of the paired radioiodine labeled antibody
technique (PRILAT) have been evaluated for sensitivity and quantitative
applicability to viral oncology using Adenovirus-12, Rous sarcoma virus and
feline leukemia virus model systems. Direct, indirect and inhibition
(blocking) procedures have been found applicable. Direct PRILAT yields
highly accurate quantitative estimates of the antigen content of test samples
or individual cells. Indirect and inhibition of direct PRILAT are highly
sensitive methods to detect low levels of antibody. ‘Antibodies have been
detected to Ad-12 T-antigen and to avian leukosis group specific antigens(s)
in sera which are negative by other serologic procedures.

Significance to Biomedical Research and the Program of the Institute:

The project is designed to develop and apply the paired radioiodine labeled
antibody method as a very sensitive tool for the ®&tection of specific
reactions between humoral antibodies and antigens on the surfaces of tumor
cells. Because the method permits discrimination of specific and non-specific
binding of serum globulins, it has considerable promise in the study of

human neoplasms.

Proposed Course: The main thrust of this project for the next year will be
to apply the various PRILAT procedures to the search for tumor specific
antigens in human tumors and to detect antibodies in human sera. ILiaison is
being established with the Departments of Surgery and of Hematology of the
Ohio State University Hospital for this purpose. Collaboration is also
being established with the M. D. Anderson Hospital in Houston which will
also be providing sera and cell lines from human tumor conditions for
testing.

Date Contract Initiated: June 27, 1969.
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KAROLINSKA INSTITUTE (NIH-69-2005)

Title: Studies on the Significance of Herpes-Type Virus in the Etiology of
Some Human Cancers.

Contractor's Project Director: Dr. George Klein

Project Officers (NCI): Dr. Virginia C. Dunkel
Dr. Jack Gruber

Objectives: To study the surface membrane antigens of lymphoblastoid cells
infected with Epstein-Barr virus (EBV).

Major Findings: Studies were continued on EBV-associated reactions in
relation to Burkitt's lymphoma, nasopharyngeal carcinoma and Hodgkin's
disease, in comparison with other malignancies. Antigenic studies on carrier
cultures revealed that (1) VCA-positive cells are always membrane antigen
positive, (2) VCA-early antigen positive cells exist with a variable frequency
in different cell lines, (3) VCA-early antigen positive cells can be either
positive or negative for membrane antigen, and (4) membrane antigen positive-
zarly antigen and VCA negative cells occur with variable frequency, in
different EBV~carrier cell lines. The number of membrane positive-VCA
negative cells can be increased by small doses of mitomycin, actinomycin

or X-irradiation. In lines with a high frequency of membrane antigen-
positive cells, the antigen expression was maximal during the Gl phase of

the cell cycle and lymphoblastoid cell lines derived from Burkitt's lymphoma
and NPC show a similar spectrum of membrane antigen reactivity.

Antigenic studies on virus infected cells showed that (1) no VCA is made

in the presence of DNA inhibitors; (2) membrane antigen is an early product
of the viral genome; (3) early antigen starts to appear at the same time or
slightly later than membrane antigen; and (4) VCA when observed appeared
3-4 days after infection and at a low level (1-2%).

In two Burkitt's lymphoma patients studied in detail, anti-early antigen
antibody titer increased and anti-membrane antigen antibody titer decreased
in parallel with tumor recurrence. Anti-VCA titers, and titers against five
unrelated viruses remained unchanged in both patients. In patients treated
with BCG there is a temporary increase in anti-membrane antigen titers.

¥ith repeated treatment there was often a tendency toward diminishing
2ificiency. Local radio-therapy to tumors in Burkitt's lymphoma or NPC
patients results in an increase in anti-membrane antigen titer. The same
increase in titer does not take place in patients with "control" tumors,
that is, anti-VCA positive donors with malignant tumors other than Burkitt's
Ivmphoma or NPC.

Serological analysis of EBV-associated reactivity in chronic lymphocytic
leukemia (CLL) and lymphocyte-lymphoblast lymphoma (LL) has been completed.
Ibe mean anti-VCA and MA values in the CLL group did not differ significantly
Zrom the control group. The LL group showed a significantly higher reactivity




in both tests. High reactive sera and their mean antibody titers approached
the levels characteristic for Burkitt's lymphom (BL), nasopharyngeal carcin-
oma (NPC) and Hodgkin's sarcoma.

Using isozyme markers, a number of African solid tumors were identified as
uniclonal. Six of 20 lymphoblastoid culture lines established from BL
patients were found to differ from the host from which the lines were supposed
to have been derived.

A membrane associated antigen induced by the FLV-FSV virus was detected by
immunofluorescence. Antibodies against this antigen in FSV-inoculated cats
showed an inverse correlation with the development of progressively growing
tumors. Passively transmitted antibodies protected newborn kittens from
tumor induction by FSV.

Developmental and exploratory work is being carried out with (1) cell-
mediated immunity; (2) osteogenic and other sarcomas: (3) characterization
of the hybrid human-mouse cell line, and (4) fusion of A9 cells with other
mouse tumor lines and studies on the release of C-type particles.

Significance to Biomedical Research and the Program of the Institute:

The membrane antigens present on tumor cells are important since new membrane
antigens have been demonstrated on all virally induced experimental tumors
investigated whether the interaction with the causative virus was productive
or non-productive. This project was undertaken to provide data on the cell
membrane antigens and reactive antibodies in specimens from patients with
different diseases with which EBV has been associated. A compilation of all
data relating to the virus will help to ascertain whether the virus has
etiologic significance.

Proposed Course: Current studies will be continued. Attention will be
directed to the serological patterns in Burkitt's tumor and other lympho-
reticular malignancies, the relationship of membrane antigens to the viral
envelope, antibody spectra in relation to disease category and tumor status,
levels of membrane reactive antibody in relation to tumor progression,
regression, and recurrence, and to the possible existence of fine antigenic
differences between the membrane antigen complexes on Burkitt's tumor and
nasopharyngeal carcinoma derived cells. Further efforts will be made to
measure cell mediated immunity in Burkitt's lymphoma. Collaborative
investigations on patient immune responses to sarcoma antigens will be
continued.

Date Contract Initiated: April 9, 1969.
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%erck and Company, Inc. (NIH-71-2059)

“itle: Study of Viruses in Human and Animal Neoplasia.

C-atractor's Project Director: Dr. Maurice R. Hilleman

oject Officers (NCI): Dr. Robert A. Manaker
Dr. Jack Gruber

“.iectives: To perform investigations designed to develop vaccines or
scher agents effective for the prophylaxis and therapy of human neoplasia
¢ suspected viral etiology.

¥zior Findings: This is a new contract.

S onificance to Biomedical Research and the Program of the Institute:

T rrent data support the concept that a virus or viruses are the essential

slement in most animal tumors studied and that viruses are probably the
-essary etiological component in human neoplasia, though expression may

%e greatly influenced and modified by host and environmental factors. If

“ruses are the essential element in human cancer, then prophylaxis by

Taccines to prevent or minimize infection should provide a rational approach

== cancer prevention. This could be accomplished by utilization of live or
'led virus vaccines or possibly by vaccines of purified virion subunits.

zccines would obviously provide their greatest benefit in preventing
_=fection with oncogenic viruses transmitted horizontally after birth.
#cwever, even the possible vertical transmission of hypothetical neoplastic
agents does not rule out a potential benefit from vaccines. Nononcogenic
+-ruses may function as essential cofactors in expression of neoplasia,

znd immunity against such secondary agents might prevent expression of the
weoplastic state. Additionally, antibody or cellular immunity may be
e=hanced by vaccination with homologous virus in virus-dependent cancer.
Tbviously this research investigation is of fundamental importance to the
sczls of SVCP and can make unique contributions to the total program.

#-oposed Course: The investigators will devote initial efforts to developing
me-hods for propagation, purification, concentration and specific quantitation
+% candidate viruses suspected or shown to cause cancer in man. At the
present time, investigations will be focused upon herpes-type (DNA) viruses
a2 "B" and "C" type (RNA) particles. Parallel studies to evolve live
attenuated and killed virus vaccines in appropriate animal model systems

11 be conducted. Particular attention will be given to developing and

clying optimal methods for viral attenuation, viral inactivation, viral
peantitation, vaccine safety assessment, and vaccine potency assay.

Bate Contract Initiated: March 1, 1971
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MT. SINAI SCHOOL OF MEDICINE (NIH-69-2078)

Title: Studies of EBV and Lymphoproliferative Diseases.

Contractor's Project Directors: Dr. Kurt Hirschhorn
Dr. Philip Glade

Project Officers (NCI): Dr. Virginia C. Dunkel
Dr. Jack Gruber

Objectives: To investigate the relationship of herpes-type virus (EBV) to
different diseases with a lymphoproliferative phase in order to determine
whether EBV is a specific etiologic agent with multiple modes of biologic
expression or an adventitious entity which emerges under the stimulus of
the lymphoproliferation resulting from the underlying disorder.

Major Findings: Vaccinia immunization appears to increase the potential of
circulating lymphoid cells for long term proliferation in vitro and the
lymphoproliferative effects consequent to vaccination may stimulate HLV
antibody synthesis in vivo. In addition, high antibody levels to HLV in
sarcoidosis may reflect a specific event in this disorder, since similar
alterations were not found for poliovirus antibody. High antibody titers

to HLV may correlate with the degree of impairment of cell-mediated immuno-
logic responses in patients with sarcoidosis. Similar increased levels of
anti~HLV reactivity were not found in patients with granulomatous colitis.
Sarcoidosis does not support the thesis of Dennis Burkitt that chronic R.E.S.
stimulation influences the host response to HLV with an increased incidence
of lymphoreticular neoplasms.

Studies in patients with sarcoidosis and lepromatous and tuberculoid

forms of leprosy indicate that cell-mediated immunity has a direct bearing
on the degree of the humoral antibody response of the host to infection
with the herpes-like virus (HLV Epstein-Barr). While anti-HLV antibody was
found in all of these patients, the high anti-HLV antibody titers usually
occurred in individuals who had significantly impaired delayed-type hyper-
sensitivity as monitored by skin testing. These findings indicate that it
may no longer be tenable to assign an etiologic role to HLV based upon high
antibody titers in patients without an assessment of their cell-mediated
immune responses. It is quite possible that high anti-HLV antibody results
secondarily from the impairment of cellular immunity associated with disease
rather than primary overwhelming infection with the HLV.

Studies utilizing the newly developed lymphoid cell line migration technique
suggest that high circulating levels of anti-HLV antibody have effects on
lymphoid cells which may alter their functional capacities to react.

Further studies demonstrated a significant alteration in the P3J clone of
Jijoye Burkitt lymphoma cells in terms of their ability to respond to their
own inhibitory products. These studies may provide further information
about the persistence of HLV in lymphoid cells and perhaps a specific
lymphoid defect in Burkitt's lymphoma.

112




Significance to Biomedical Research and the Program of the Institute:

The association of EBV with all cases of sarcoidosis studied and the high
antibody levels detected suggest a specific relationship of the virus to
-his disease and raises the possibility that the agent may be a necessary
co-factor in several disease conditions including Burkitt's lymphoma
nasopharyngeal carcinoma in addition to a probably direct etiological
relationship to infectious mononucleosis.

Proposed Course: This study will terminate October 31, 1971.

“ate Contract Initiated: June 17, 1969,

THE PENNSYLVANIA STATE UNIVERSITY (NIH-70-2024).

s ]

tle: Studies on the Oncogenic Potential of Defective Human Viruses.

-ztractor's Project Director: Dr. Fred Rapp

Jroiect Officers (NCI): Dr. Virginia C. Dunkel
Dr. Jack Gruber

EZectives: To conduct a systematic study of the oncogenic potential of
‘efective human viruses.

=:or Findings: Early events concerning the effect of herpes simplex viruses
=5V) on human chromosomes were analyzed. These experiments revealed that
_vtosine arabinoside (ara~C) and HSV act synergistically to produce multiple
.-romosome breaks. These breaks could be prevented by human interferon,
zccinomycin D, and cycloheximide suggesting that the expression of the virus
zenome was necessary and that both mRNA and protein synthesis were required
=- produce the breaks. Latent infection of HSV in human cells maintained in
“he presence of ara~C was demonstrated following removal of the inhibitor.
¥zZlure of the cells to replicate the virus was shown not to be due to
1mability of the cells to support virus replication.

Z=mster cells were morphologically transformed following treatment with ultra-
clet irradiated HSV-2. These cells induced tumors when inoculated into
m=wborn hamsters and the tumor cells were then readily transplantable to
@eznling animals. Virus antigens were identified both in the in vitro tr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>