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I. VIRAL ONCOLOGY AREA - THE VIRUS CANCER PROGRAM (VCP)

A. TIntroduction

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 operation-
al management for intramural and collaborative research but also conduct
investigations on oncogenic viruses and their interaction with host cells.
Any information obtained from these coordinated studies is rapidly applied
(1) to search for viruses or virus genetic information which may be etio-
logically related to the initiation of human cancer and (2) to develop
therapeutic and preventlve measures for control of human cancers when such
causative agents are found. - This program, as it is now structured, contri-
butes to six of the seven goal-oriented and key objectives set forth in the
National Cancer Plan, the ultlmate goal of which is control of all human
cancers.

Contract supported research is conducted within the Viral Oncology Program
under The Virus Cancer Program (VCP). The yearly budget from the inception
of this Program in 1964 to the present and the number of professional
positions are given in a separate section of this report. The Program has
succeeded in marshaling many of the nation's finest virologists, biochemists,
immunologists, molecular biologists, epidemiologists and physicians for this
strongly goal—orlented effort. From the beginning, it was clear that an
understanding of the suspected relationship between tumor viruses and human
neoplasia would not only require an interaction among these groups of
scientists but sound and constructive administrative support as well.

The Research Logic for the VCP, based on the premise that a virus or viral
genetic information persists in the host and is an indispensable element
for the induction of certain kinds of human cancer, is continually updated.
The plan is reviewed regularly by the Director, NCI; the Director, Division
of Cancer Cause and Prevention, NCI; the National Cancer Advisory Board,
NCI; the Executive Committee, NCI; and the Cause and Prevention Executive
Staff, NCI. Last year at the request of the Viral Oncology Area, the '
National Cancer Advisory Board appointed an ad hoc committee to review the
research efforts of the VCP and suggest any relevant changes.

B.  Organization (Viral Oncology Area — The Virus Cancer Program)

. From its inception, the Viral Oncology Area and The Virus Cancer Program

were organized into an integrated structure which manages both intramural
and collaborative research studies. All efforts are presently coordinated
by the Office of the Associate Director with its three Offices and three
Branches, each with several sections (and units) and program segments. Each
segment is assisted by a working group with members outside the federal
government.



Within the Office of the Associate Director are:

0ffice of Biohazards and Envirommental Control, with
Biohazards Research_Section
Environmental Control Section

Office of the Coordlnator for Ultrastructural Studies, Wlth
Vlral Studies Section

Office of Program'Resources and Logistics

The responsibilities for program data and. analysis and for scientific
information exchange, formerly in the O0ffice of Program Analysis and Com—
munications, have been transferred to the Office of Program Resources and
Logistics and the Office of ?B?.A§SOCiaté Director, respectively.

The Viral Biology Branch is composed of five research sections:

Cell Biology Section

Microbiology Sectiom .
Experimental Pathology Section

Human Tumor Studies Section -

Virus and Disease Modification Sectlon

The responsibilities of the Electron Microscopy Section have been trans-
ferred to the Office of the Coordinator for Ultrastructural Studies w1th1n
the Office of the Associate Director. ‘ :

The Viral Leukemia and Lymphoma Branch is composed of seven research
sections:

Primate Virus Section
Tumor Virus Section
Clinical Studies Section
Immunology Section

Viral Pathology Section
Genetics Section

Viral Biochemistry Section

The Viral Carcinogenesis Branch is composed of four research sections:

Molecular Biology Section

Ecology and Eplzoology Sectlon w1th
Field Studies Unit

Solid Tumor-Virus Section

Viral Genetics Section, with
Serology Unit
Trailer Umit




The Viral Oncology Area is planning a major reorganization of its in-house
structure. Guidance is being provided by the Management Analysis Office,
Office of the Director, Natiomal Cancer Institute, to permit better planning
and coordination of both intramural and collaborative research programs.

Program Management Personnel

Science Management Team

Dr. J. B. Moloney, Associate Director-for Viral Oncology
Dr. L. R. Sibal, Deputy Associate Director for: Viral Oncology
Dr. Elke Jordan, Coordinator for Collaborative Research, Viral Oncology
Dr. H. J. Hearn, Scientific Coordinator for Viral Oncology,
Frederick Cancer Research Center

Administrative Staff

Mr. John Miller, Administrative Officer,
Division of Cancer Cause and Prevention
Mr. N. A. Olimpio, Program Amalyst,
Division of Cancer Cause and Prevention

Mr. Robert Velthuis, Administrative Officer,

Viral Oncology = .-
Mrs. Linda Christoferson, Administrative Assistant,

Viral Oncology




Contract Specialists®

Mr. John Gibbons ' Mr. Thomas Porter .
Mr. William Caulfield Mr. Jacques Labovitz
Mr. Charles Fafard Mr. Sidney Jomnes

Mr. J. Thomas Lewin Mr. William Mundorf

Program Resources and Logistics Advisory Group

Dr. Jack Gruber, Chairman
Dr. David Howell, Executive Secretary

Dr. Robert Bassin Dr. Garrett Keefer

Dr. James Duff Dr. Gary Kelloff

Dr. Peter Fischinger - Dr. ‘Wade' Parks

Dr. Maurice Guss ~ 'Dr. Gary Pearson _ o
Dr. Robert Holdenried ~ Dr. George Vande Woude , .

Frederick Cancer Research Center Advisory Group-

Dr. Henry J. Hearn, Chairman

Dr. James Duff Dr. Louis Sibal
Dr. Maurice Guss Dr. Bernard Talbot
Dr. Jack Gruber Mr. Robert Velthuis

Program Management Segment

Dr. J. B. Moloney, Chairman ,
Dr. L. R. Sibal, Executive Secretary :
Dr. Michael Chirigos Dr.-Alfred Hellman

Dr. A. J. Dalton Dr. Robert Holdenried
Dr. James Duff _ Dr. Robert Huebner
Dr. Jack Gruber ' Dr. Robert Manaker

Dr. George Todaro
PROGRAM SEGMENTS

Developmental Research Segment

Dr. Robert Manaker, Chairman

Dr. Michael Chirigos, Vice Chairman

Dr. Maurice Guss, Executive Secretary
Dr. Michael Brenman, Michigan Cancer Foundation
Dr. Arthur Brown, University of Tennessee ,
Dr. Bernice Eddy, retired from Bureau of Bioclogics, NIH
Dr. Paul Gerber, DBS, NIH
Dr. David Kohne, Scripps Clinic and Research Foundation
Dr. Mathilde Krim, Sloan-Kettering Institute
Dr. William Moloney, Peter Bent Brigham Hospital
Dr. Malcolm Pike, University of Southern California
Dr. Lise Thiry, Pasteur Institut du Brabant, Brussels

*Members of Research Contracts Branch, NCI




Solid Tumor Virus Segment

Dr. Robert Huebner, Chairman
Dr. James Duff, Vice Chairman
Ms. Harriet Streicher, Executive Secretary

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Stuart Aaromson, NCI

Francoise Haguenau, College de France

Janet Hartley, NIAID, NIH

Jerard Hurwitz, Albert Einsteln College of Medicine
Henry Kunkel, Rockefeller University

Wade Parks, NCI '

Paul Zamecnik, Massachusetts General Hospital

Tumor Virus Detection Segment

Dr. George Todaro, Chairman
Dr. Bermard Talbot, Vice Chairman
Dr. Bernard Talbot Acting Executive Secretary

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

J. Thomas August Albert Einstein College of Medicine
Paul Black, Massachusetts Gemeral Hospital

Dani Bolognesi, Duke University

Janet Butel, Baylor Unlver51ty

Peter Fischinger, NCI '

Charlotte Friend, Mt. Sinai Hosp1tal _New York
Clarence Gibbs, NINDS, NIH

Adeline Hackett, Naval Biologlcal Laboratories
Gertrude Henle, Children's Hospital of Philadelphia
Robert McAllister, Children’'s Hospital of Los Angeles
Paul Neiman, Unlver51ty of Washington ‘
Edward Scolnick, NCI

Immunology-Epldemlology Segment

Dr. Paul H. Lev1ne, Chalrman ‘
Dr. Gary Pearson, Vice Chairman
Dr. Clarice Gaylord, Executive . Secretary

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Laure Aurelian, Johns Hopkins Unlver51ty
Diane Fink, DCC, NCI , .

Anthony Glrardl Wistar Instltute
William Hardy, Sloan-Ketterlng Institute
Eva Klein, Karolinska Institute

M. Lieberman, Stanford University

-Riehard - -Morrow, - Harvard School of Publlc Health

Ken Takemoto, NIAID, NIH




Biohazards Control and Containment Segment

Dr.
Dr.
Dr.

Alfred Hellman, Chairman
Fmmett Barkley, Vice Chairman
Garrett Keefer, Executive Secretary
Mr. Mark Chatigny, Naval Biological Laboratorles‘
Dr. Michael Chirigos, NCI
Dr. Peter Gerone, Tulane University

Dr. Seymour Kalter, Southwest Foundation for’ Research and Education

Dr. Maurice Mufson, Westside VA Hospital, Chicago
Dr. William Payne, Frederlck Cancer Research Center

“Dr. J. A. Schneider, Unlver51ty of Callfornla La Jolla =~
Dr. Arnold Wedum, Fort Detrick

Breast Cancer Virus Segment

Dr. Jeffrey Schlom, Chairman.
Dr. Wade Parks, Vice Chairman v
Dr. Ermest J. Plata, Executive Secretary
Dr. Robert Bassin, NCI
Dr. Robert Gallo, NCI
Dr. Raymond Gllden Flow Laboratoriés ' a
Dr. Frank Lilly, Albert Einstein College of Med1c1ne B
Dr. Hans Meier, Jackson Memorial Laboratory
Dr. Max Myers, NCI ,
Dr. Manuel Ochoa, Sloan—Ketterlng Instltute
Dr. William Rawls, McMaster Unlver31ty, Canada ,
Dr. Harold Varmus, Unlver51ty of Callfornla o
Dr. Erwin Vollmer, NCI
Consultants
Dr. Ronald S. Aaronson (retired from Johns Hopkins Unlver51ty)
Dr. J. Thomas August, Albert Einstein College of Med1c1ne
Dr. L. Aurelian, Johns Hopkins University
Dr. Paul Berg, Stanford University School of MEd1c1ne'"
Dr. David H. Bishop, Rutgers University ~
Dr. J. Michael Bishop, University of California, San- Franc1sc0"
Dr. Paul Black, Massachusetts General ‘Hospital e
Dr. Barry Bloom, Albert Einstein College of Med1c1ne
~Dr. Dani Bolognesi, Duke University Medical Center
Dr. Edward S. Boyse, Sloan—Ketterlng Instltute 7
Dr. Michael Bremnan, Michigan Cancer Foundation
Dr. Roy Britten, Kierckhoff Marine Labs
Dr. Arthur Brown, University of Tennessee
Dr. Ray Bryan (retired from NCI)
Dr. Janet S. Butel, Baylor University College of Medicine
Dr. Mark Chatigny, Naval Biological Laboratory
Dr. Charles Cochrane, Scripps Clinic and Research Foundation
Dr. Samuel Dales, Public Health Research Institute of City of New York
Dr. James Darnell, Columbia University
Dr. Vittorio Defendi, Wistar Institute
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Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
DE.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Dr,

Dr.
Dr.
Dr.
Dr.
Dr.

Dr.

Dr.
Dr.

Dr.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Etienne de Harven, Sloan-Kettering Institute

Eugene De Sombre, University of Chicago

Robert M. Dougherty, State University of New York
Peter Duesberg, University of California, Berkeley
Donald Evans, Texas Tech University

Jack Frankel, Life Sciences Research Labs

Charlotte Friend, Mt. Sinai School of Medicine
Raymond Gilden, Flow Laboratories

Anthony Girardi, Wistar Institute

Peter Gomatos, Sloan-Kettering Institute

Adeline Hackett University of California, Oakland
Francoise Haguenau, College de France, Paris
Hidesaburo Hanafusa, Rockefeller University

William Hardy, Sloan—-Kettering ‘Institute .

Gertrude Henle, Children's Hospital of Philadelphia
Werner Henle, Children's Hospital of Philadelphia
John Hewetson, Children's Hespifal of Philadelphia
Jerard Hurwitz,-Albert Einstein: College of Medicine
Howard Igel, Children's Hospital, Akromn

Oswald Jarrett, University of Glasgow, Scotland.

Dan Kacian, Columbia University

Seymour Kalters Southwest Foundation for Research and Education
Albert S. Kaplan, Vanderbilt University School of Medicine
Henry Kaplan, Stanford University School of Medicine
Edmund Klein, Roswell Park Memorial Hospital

David Kohne, Scripps Clinic and Research Foundation
Pavel Koldovsky, Children's Hospital of Philadelphia
Hllary KOprOWSkl ‘Wistar Institute

Mathilde Krim, Sloan-Kettering Institute

Donald Kufe, Columbia University

Henry- Kunkel Rockéfeller University

John Landoén, thton-Blonetlcs, ‘Inc.

Miriam® Lleberman, Stanford University

Frank L111y~ ‘Albert‘Einstein. College- of Médlclner
Tomas Lindahl, Karolinska Institute, Sweden

Robert McAllister, University of Southern California
Henry F. McFarland, Johns Hopkins University

William McGuire, University of Texas Medical School

Reynaldo ‘L. Malddnado, University of Texas
Sami ‘Mayyasi, Charles Pfizer and Company -
Hans Meier, THe Jackson Laboratory
Edward Melby, Johns Hopkins University
Thomas Merigan, Stanford Medical Center

Professor George S. Michaelson, University of Minnesota

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Richard Morrow, -Harvard:School of Public Health

Paul ‘E. Neimanj Unlver51ty of Washington School of Med1c1ne
Robert Nowingki; University: of Wisconsin

Manuel Ochoa, Sloan-Kettering Institute _
Michael Oldstone, Scripps Clinic and Research Foundation
Joseph Pagano, University of North Carolina

Theodore Pincus, ‘Sloan-Kettering Institute

Keith Porter, University of Colorado



Dr. Harvey Rabin, Litton-Bionetics, Inc. AR

Dr. Fred Rapp, Pennsylvania State University ST

Dr. William Rawls, Baylor College of Medicine

Dr. Marvin Reitz, Litton-Bionetics, Inc.

Dr. Marvin Rich, Michigan Cancer Foundation

Dr. Albert Sabin, Weizmann Institute : -

Dr. Robert Schwartz, Tufts University School of Med1c1ne
Dr. Aaron Shatkin, Roche Institute :

Dr. Patricia Spear, Umiversity of Chicago

Dr. Chandler Stetson, University of Florida

Dr. Eise Thiry, Institut Pasteur du Brabant, Brussels

Dr. Lewis Thomas, Sloan-Kettering Tnstitute :

Dr. Robert C. Y. Ting, Bio—Tech Research Labs,: Inc. '
Dr. Harold Varmus, University of Califormia, San- Franc1sco
Dr. Samuel Wells, Jr., Duke University :

Dr. Roger Wllsnack Huntingdon:Research Center :
Dr. Lauren Wolfe, Rush Presbyterlan—St Like's Medical Center

Administrative Structure of VCP

Pt

Segment Chairmen and Vice Chairmen. The: segment chairmen- are responSible
for planning the projects in each working: group. ‘As senior. sc1entlsts,

they must review, analyze and integrate studies whlch fulflll the objectives
of their working group and the total Program.

Executive Secretaries. Executive Secretarles a531st the chalrmen in man-
agerial duties of contract operation. They are respon51ble for optimal .
review and complete documentation of each project within the_wqulng_group.

Project Officers. Project Officers are the.direct extension of program
segment chairmen. To assure progress in.accomplishing the goals set forth
in the workscope of a project, they are.called upon to adv1se prlnc1pal
investigators on scientific matters and coordlnate segment and program
decisions.

Review Committees (Working Groups) - The program-segmentpwquing groups are
the peer review units for the Program.” The committees review individual
contracts or proposals for scientific ‘excellence and technical competence
within a given funding level. Their recommendations provide the Segment
Chairmen, Associate Director for Viral ‘Oncology, and the«Direetor, DCCP,
‘with a basis for program decisiomns.  — .-

Contract Specialists. Contract specialists are responsible for negotiating
research contracts. They provide valuable ‘advice on fiscal .and legal
matters to the project officers, executive secretaries, segment chairmen
and Associate Director. Some specialists are well.conversant- with the
scientific aspects of the Program. - They-:are-: a551gned to Program Areas by
the Research Contracts Branch NCI.

Contract Review. The projects within the totalﬁProgram'are reviewed at many
levels: : '
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(1) Each contract is reviewed for relevance, priority, and need to total
Program by the Program Segment Chairmen.

(2) Each contract is reviewed for scientific excellence and technical
competence by the Program Segment Working Group.

(3) Each contract‘is continually monitored for performance by the Project
Officer.

(4) Each contract above the annuai funding level of $1 million and with
‘multifaceted workscope undergoes a third review by an.ad hoc committee
appointed by the Associate Director for Viral Oncology.

(5) Each contract is reviewed by the Associate Director for Viral Oncology;
the Director, Division of Cancer Cause .and Prevention; the Chief, Research
Contracts Branch, NCI; and the Director, NCI.

As an aid to the review processes, key staff members receive progress
reports on all contracts on a biamnual basis. Collection and distribution
of these reports is the responsibility of the Information Unit in the Office
of the Associate Director. A single comprehensive report is prepared
annually by: the Associate Director.

C. Administrative Highlights. For most of the fiscal year, there were
no major organizational changes in management of the Virus Cancer Program.
Under the Chairman, the Associate Director for Viral Oncology, the
following segments were maintained: Biohazard Control and Containment,
Breast Cancer Virus, Developmental Research, Immuno-Epidemiology, Solid
Tumor Virus, and Tumor Virus Detection. Contracts were reviewed for
scientific excellence and technical competence by each of the six working
groups composed of both intrammral and extramural scientists and chaired
by National Cancer Institute senior scientists.

Plans for restructuring these Working Groups are nearly complete. To meet
directives of the Department of Health, Education and Welfare, the Virus
Cancer Program has reduced the number of its review committees from six to.
two. Chartered in March, 1974 and known as Virus Cancer Program Scientific
Review Committee "A" and "B", these two groups will review all individual
proposals for scientific excellence and techmical merit. These groups, each
with 25 non—-NCI scientists, will operate in conformance to the new rules set
forth by the Director, National Cancer Institute: no scientist within the
Viral Oncology. Area will serve. as the chairman of the review group; no Viral
Oncology Staff will participate as voting members; no member may be appointed
to or serve on the group that reviews his project proposal. As a result,
many changes in the mewbership rosters of the committees are anticipated

in the coming year.  Henceforth, contracts under the Breast Cancer Virus
Segment, Developmental Research Segment, and Immuno-Epidemiology Segment
will be reviewed by selected members of Committee "A"; contracts under the
Solid Tumor Virus Segment and Tumor Virus Detection Segment by selected
members of Committee "B". Those contracts relating to biohazard safety and
currently reviewed by the Biohazard Control and Containment Segment will be
reviewed by the Advisory Group of the Office of Program Resources and Logistics.




It is anticipated that a third committee——the Virus Cancer Program Advisory
Committee—-will be chartered before the end of this fiscal year. This
committee, to be composed of non-program, non-government scientists,

will provide the Chairman, Virus Cancer Program with broad directions on:

(1) allocation of resources, (2) areas of ‘expansion or reduction of research;
(3) development of new leads and opportunities; and (4) application of research
findings to the control of cancer in man. '

Viral Oncology received a significant increase in funds for the contract
‘program in FY 74, The regular appropriation provided an increase of

$4.5 million. 1In addition, court action brought about the release of

funds which had been impounded by the Administration last year. This
provided an added amount of $1.7 million for contracts for a total increase
of $6.2 million. The omnly increase in the in-~house program was to fund

the pay raise of last October, approximately $100,000. The funding history
for VCP contracts from its inception is given below: :

Funding History — VCP Contracts
- (in thousands)

Figecal : : C

Year Positions _Vvo_ SVLP ycr : © - Totals
64 30 1 4,926 - - 4,926
65 90 5,433 8,723» - | ‘ ':14,156
66 95 3,064 13,556-' - 16,620
67 138 3,137 13,505 B »'16,642
68 - 140 - - 17,241 k  17,241
69 157 - - 17,985 17,985
70 167 (59)* - - 17,340 : 17,340
71 187 (68) - - 34,691 p 34,091
72 226 (79) - - 41;889 - 41,889
73 217 (83) - - 42;511 »:_~ 42,511
74 221 (84) - oo 47,563 47,563

*Figures in parentheses represent profeésional staff, GS-13 and. above.
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D. Scientific Activities

1. Narrative.

At a time when many investigators are making a concerted effort to determine
whether certain human cancers are virus induced, it is necessary to put into
perspective some of the major developments in the field of tumor virology.
For this reason, ‘there is included in this report a brief history of viral
oncology with emphasis on contributions made by in-house and collaborative
scientists working within: the Virus Cancer -Program.

Although Ellerman. and Bang identified -the first cancer virus in 1908 in
leukemias of chickens, it was not until 1964 that the concern of -investigators
was focused onithe possibility that viruses similar to those which caused
cancers in animals might also cause human cancers. Evidence suggested a
Viral cause of leukemia in cattle, and NCI scientists received reports that
leukemic dairy cows were being killed by Danish farmers who feared trans-—
mission of the disease through milk or other dairy products. Reports on the
isolation of an RNA tumor virus from leukemic cats, on finding particles

in human leukemias and lymphomas which resembled RNA viruses known to

cause animal leukemias, and on the isolation of a DNA virus from patients
with Burkitt's lymphoma followed. -Operating on a: special $10 million
appropriation from the U.S. Congress, the National Cancer Institute began an
intensified research program on cancer viruses. With the advice of leading
non—government scientists, the NCI defined its major research objectives

and outlined the specific projects and resources necessary to accomplish the
objectives. ' In-addition to determining whether viruses cause human cancers
and if suitable measures could be developed to control virus—caused cancers,
the Institute targeted four major research areas under the program: (1) the
nature and cause of dnimal leukemias and their relationships to manj; (2) the
hazards of working with viral agents; (3) development of animal and cell _
culture systems, -quantities of viruses and other materials needed for re-
search; and (4) improved treatment for the disease in humans.

Vast evidence accumulated in the program (and in grant-supported research)
has shown that RNA viruses cause many kinds of cancer in a wide variety of
animals, e.g., in rodents, chickens, cats,  and more recently in sub-human
primates. In the extensively studied animal models (chicken, mouse, and
cat), it is clear that ‘these viruses . can cause natural disease; similarly,
DNA herpes~type viruses were found in association with cancers of animals
and man.

Although candidate human cancer viruses have been isolated more frequently

in recent years, none has met-the rigorous: criteria necessary for firm
identification as a cause of human cancer. Research findings and the nature
of the disease in humans have led to extensive modification of the virus
program. During this period scientists continued to develop techniques and
experimental systems to identify and characterize viruses in animal model
systems and apply the knowledge to the study of human cancer. They succeeded
in demonstrating that tumor viruses could be studied as viruses by virolo-
gists, immunologists, and molecular biologists.

11 -




Many of the early projects concentrated on developing experimental methods
and materials necessary to advance virus research. By 1967 new methods to
grow the mouse leukemia virus in large quantities necessary for definitive
study had been developed. This accomplishment led to development of tech-
niques for producing other needed viruses. For example, cultured Burkitt's
lymphoma cells containing the human herpesvirus (Epstein-Barr virus) were
selected, grown in quantity, - and made available to scientists. This was
the first time that a standardized culture of Epstein-Barr virus was avail-
able for scientists to compare research findings. Until then, individual
scientists had used various virus cultures, which made it difficult and
sometimes impossible to compare research results.  Nine techniques were
developed for detecting antibody to EBV in human populations. Blood samples
were collected from patients and normal- contrdls around the world, coded,
and sent to contract laboratories for tests using the wvarious techniques.
Results were compared, and three of the nine techniques were.selected be-
cause they were uniformly reproducible, sensitive and 1east expensive for
large-scale population studies.

The Virus Cancer Program currently supplies research materials of general
interest from six local and regional repositories. Materials.are sent to
scientists under contract and within NCI, and as supply permits, to qualified
cancer virus investigators throughout the world. A centralized computerized
inventory lists more tham 100,000 vials of blood samples from over 15,000
individuals and 3000 normal and cancerous tissue specimens from 1000
individuals. Uniformly prepared viruses, cell cultures and viral reagents
are also available so that research findings may be compared. The Program
has developed necessary safety standards for laboratory workers handling
viral and chemical agents. These standards are being developed into an
offical policy on safety. The Program has designed special containment
- devices necessary for the safe large-scale production of virus materials,
developed certification procedures for critical safety training courses for
scientists and laboratory assistants. The Program has frequently advised
institutions planning new or renovated facilities for research.

Over the years, the virus program has reported several important 'negative"
findings. These lengthy, often expensive, but rarely dramatic studies

enabled the program to identify research approaches and biological agents

that were unlikely to provide solutions to the problem of cancer in man. With
this negative information it was possible for the program to shift research
focus into .more productive scientific areas. This quick and flexible re-
sponsiveness to a rapidly evolving science base prevented continuing expendi-
tures on outmoded research approaches and ensured maximum scientific progress
for each dollar of funding. Some examples are:

(1) As the result of several studies, scientists in the program
determined that mycoplasma, an organism often found as a contaminant
of cell cultures and human specimens, does not cause malignant trans-
formation of cells.

(2) Several human adenoviruses, which cause mild respiratory disease

in humans, were found to cause tumors when inoculated into newborm
rodents. Animals bearing these tumors reacted to the virus by producing

12
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antibodies to a viral T antigen, or tumor protein. Scientists in the
program purified the protein and tested 6000 human blood samples for
antibodies to it. The results were completely negative.- In additionm,
other scientists, applying a technique known as molecular hybridization,
found no similarity between the mRNA of the virus and that found in
human tumotrs. Although adenoviruses subsequently were eliminated as
causative agents in human cancer, the’ concept developed was that tumori-
‘genesis bvaNAgv;ruses was»accompanied.by integration of the viral
genome into. the cell, the viral DNA becoming a heritable cellular
component. B

(3) Program scientists were able to verify the presence of viral

__ "particles" in approximately 30 percent of human leukemic samples
studied under the electron mlcroscope.v However, they were unable to
induce leukemia in approximately 700 sub-human primates inoculated
as newborns with human leukemla,speclmens. Because of their complete
failure to transmit leukemia or its "virus" to monkeys by these tech-
niques, scientists in the program were compelled to find new ways to
detect virus and its activity in human cells. Techniques were developed:
to find antibodies to a virus or its products; cell culture techniques
were perfected .and blochemlcal and 1mmunolog1c techniques were developed
for the study.of sub-viral. components.

(4) Program_scientists,confirmed the isolation in 1964 of a cat leukemia
virus. They demonstrated the ability of the virus to cause cancer in a
variety of animals including dogs, cats, and monkeys and showed that the
virus could infect human cells grown in culture. Because cats are
closely associated with humans, a population study was begun in Cali-
fornia in the late 1960's to determine whether cat owners were at higher
risk to leukemia than the’ general populatlon. The study concluded that
cat owners have no increased risk of developlng leukemia.

(5) Because of suggestive,evidence that leukemia in cows might be

caused by a virus, present in the milk, the virus program sponsored
studies to determine the relationship of milk "particles" to bovine
leukemia. By 1968, one of these studies showed that the usual pasteuri-
zation methods kill animal RNA and DNA viruses deliberately added to
cow's milk. This finding demonstrated that children and adults appear
to be at no risk to developing leukemia from mllk and milk products
which have ‘been pasteurized.

Studies on DNA viruses have concentrated on the known herpestype viruses——

" . the Epstein-Barr virus strongly associated with Burkitt's lymphoma and naso-

pharyngeal cancer, and the Herpes 31mplex viruses associated most often with
cancer of the uterine cervix in Women. Epldemlologlc data developed within
the program has strengthened the relationship between the Epstein-Barr virus
and Burkitt's lymphoma, although no causal relationship has been established.
Immunologic techniques demonstrated high levels of antibody to the wvirus in
patients with Burkitt's lymphoma and nasopharyngeal cancer and we now know
that certain immunologic responses to EBV antigens in treated Burkitt's
patients can be correlated with the prognosis of the disease. It was also
determined that the virus is the cause of infectious mononucleosis. Hereditary
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information similar to that in RNA cancer viruses'also has been found: in

Burkitt's lymphoma and nasopharyngeal cancers, suggesting that both types
of viruses may be factors imn cau51ng these cancers.

It has been difficult to prove that under natural condltlons ‘herpesviruses
cause human cancer. EBV and HSV persist in large segments of the human
population for extended periods, causing various types of illnesses. Whether
these viruses, and other human herpesviruses such as cytomegalovirus, can
cause cancerous changes in humans or act in concert with other: agents to
produce cancer requires additiomnal study.

The oncogene theory, advanced in 1969 by Robert Huebner and George Todaro
and the-protovirus theory of Howard Temin provided the impetus for major
new research within the program om the natural history, immunology and
genetics of RNA cancer viruses. These two theories postulated different
means by which the RNA viruses could infect and be incorporated into the
hereditary information of the cell to cause cancer. ¥For example, in the
so—called oncogene theory: (a) viral genetic material is present:in normal
cells, (b) it can be expressed as an infectious virus, or, if defective,
expressed only as viral antigens, without virus productlon “and (c) non- .
infectious expression of a portion of’ the viral genome may be responsible .
for cellular alteration leading to cancer. In the protovirus hypothesis,
the genetic information required for cell transformation is postulated

not to exist in the germ cell. The normal process of information transfer

is deranged to give rise to the formation of genes for neoplastlc trans—
formation.

Many interesting findings resulted from work generated by thése theories..
Following the discovery that thymidine analogs can activate RNA“viruses in
cultured cells, program scientists 1earned that such “endogencus', or

native viruses, can be activated in many types of animal and human cells.
These findings indicate that many cells contain the structural components

of the RNA virus in an unassembled form. Evidence indicating the oncogenic
activity of endogenous viruses in mouse, rat and hamster cells already exists.
However, even the limited information gained about this class of viruses
within the program helped to identify a candidate human virus as an endogenous
cat virus. Extemsive efforts are underway to isolate 51m11ar 'endogenous"”
viruses from human tissues. '

Substantial evidence has been uncovered that, in animals at least, type C
RNA viruses are transmitted as genes from parent to offspring. Within the
past months scientists have isolated the first native type C RNA virus from
normal baboon placental tissues. Similar virus particles have been observed
consistently in normal human placental tissues, and efforts are underway to
isolate and produce them in cell culture. Using DNA probes made from the
baboon virus, program scientists also are attempting to determine whether
the human particles are related to the endogenous baboon virus,:. The findings
may show that type C virus is a normal phenomenon in the development of the
embryo. Its presence in the placental tissues possibly was triggered by a
hormonal change and could 51gnal heredltary transmission of the type C virus
in primates.




Since the discovery of the enzyme RNA-dependent DNA polymerase (RDDP)
in 1970 by Drs. Temin-and ‘Baltimore research has accelerated in the
field of RNA viruses. The Virus' Cancer Program rapidly determ1ned that

RDDP is present in all known RNA cancer viruses. This flndlng established
an association of the enzyme with virus-induced cancers ‘in animals and led
to the development of sensitive techniques to assay very low levels of wviral
activity. While studies on "reverse transcription" of viral genomic RNA
continue, molecular components related to those in RNA tumor viruses have
been found in human leukemic and breast cancer cells. The viral "footprints"
now identified consist of two essential replicative components of RNA tumor
viruses, intact 70S, viral RNA and RDDP. These findings have important '

bearing on the use of v1rus—spec1f1c molecules 1n human leukemlc cells as
diagnostic markers.’ :

Instead of search1ng for the complete virus in cells, scientists now use
these new techniques to search for viral heredltary 1nformat10n, viral
reverse. transcriptases, and- protelns related to known cancer virus proteins.
Using chemicals and cell culture technlques, they also attempt to induce the
appearance of a virus or its components in human cells. New findings in
virus research have' demonstrated repeatedly the- complex1ty of human cancer.
However, with techniques developed within the Virus Cancer Program, scientists
can now identify the biochemical and 1mmunolog1c characteristics of almost
any new virus- discovered in animal or human cells. The maJor internal
proteins and ‘the reverse’ transcriptases of known RNA tumor viruses have been
purified and characterized; and specific viral reagents are available. The
activities of the Virus Cancer Program established the National Cancer In-
stitute as a key resource for information on cancer-causing viruses.

RNA Viruses: Relationshippto Human Cancer '

Oncogenic RNA viruses belong to a class of RNA v1ruses dlstlngulshed by hav1ng
an RNA-directed DNA polymerase (RDDP) AL present, two groups are recognized:
(1) type C viruses, and (2) type B viruses. The two groups dlfferentlated by
their morphology and the™ ‘diseases they causeaappear to show no cross reaction
by 1mmunolog1c and” nucleic acid hybrldlzatlon techniques. = Viruses of both
groups (1) mature by buddlng through: the cell membrane, (2) have a demsity

of 1.15-1.19 in sucrose gradlents, (3) have 7OS RNA as thelr genome and

(4) contain RDDP.

Type C Viruses. TheSe viruses are distinguished from the other groups by
their morphology, the site of maturation at the cell membrane, and by
imminological relatedness. Type C viruses. generally fall into two classes—
leukemia and sarcoma viruses. Both oceur in a wide variety of species where
they cause leukemias, lymphomas and- related neoplasms. Type C viruses can
also be induced from cells of many species by carcinogens, mutagens, nucleic
acid analogues and oncornavirus infection (see endogenous viruses, below).
Although all: leukemia viruses can: 1nfect, repllcate and mature 1ndependently,
mammalian sarcoma viruses are defectlve. ~The latter can transform cells
which they infect but cannot repllcate except in the - presence of a helper
leukemia virus.  The ‘leukemia virus- supplles the functions lacking in the
sarcoma virus but ‘does not itself-have the ability to transform cells. Many
leukemia and sarcoma“stocks are probably’ phenotypic mixtures or recombinants
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of several viruses including endogemnous viruses. - Recent experiments have
demonstrated that the various. type C .viruses recombine readily and that RNA
from one type can be packaged in a coat of amother type. It appears
plausible that a transforming virus could be formed when a non-oncogenic .
virus picks up transformlng 1nformat10n elther from. its host ‘or from an
endogenous v1rus in the host genome.

Although infection with type C viruses readlly produces cancer An anlmals,v
the frequency of malignancies and the length of the latent perlod are gov-—
erned by the genetic makeup of the host as well as a variety of environmental
factors. The genetic effects of the host have been :studied with the aid of
a large array of 1nbred mouse strains.. Several host .genes “affecting virus.
reproduction and tumor formation have been identified. Additionally, the
genetic makeup of the virus determines the host range of the agent.

In the past year, the 1solat1on and characterlzatlon of the structural
proteins of RNA tumor viruses have been described. U51ng such: procedures

as gel filtration in guanldlne hydrochlorlde, polyacrylamlde gel electro-
phoresis, and iso—electric focusing, major. proteins .and polypeptides. of
mammalian type C viruses have been obtained in a relatively pure state.
These blochemlcally defined materlals have been used to produce highly-
specific antisera and to develop radlolmmunoassays whlch are more sensitive
than standard serologic tests. These reagents: have not only proven valuable
for the analysis of. gene expression and characterlzatlon of wviral particles,
but they have become increasingly important in the search: for possible
oncogenic viruses 1n human neopla81a.i

Several groups of mammalian RNA tumor viruses have been delineated on the

basis of the serologic specificity of an internal polypeptlde of approxi-
mately 30,000 m.w. (now often referred to &s 'p27-p30) which accounts for

about 30%Z of the virion protein mass. The N-terminal sequences of this

antigen from several species of mammals show- ;extensive homology, suggesting
that the antigens are coded for by a related gene that has-evolved with the
host cell genome. This proteln possesses both spec1es—spec1f1c and inter-
species determinants and is an important. marker for virus classification.
Thus, viruses from mouse, cat, hamster, rat and hlgher primates-can be clearly
recognized. There may be exceptlons as is the case with RD-114 which arose

in a human tumor cell line after passage through a fetal cat. This virus
appears to be of feline origin even though it does not contain species-specific
determinants. Thus, while spec1es~spec1f1c determinants. can.be taken to
indicate the species of .origin, failure to detect them is- not a decisive
indicator. Furthermore, some dlfferences in.the cross-reactive;.interspecies
determinants do occur and it has been suggested that .the term ''gs-3" be
modified or qualified. .The 1mportance of .these results An attempts -to demon-
strate similar react1v1ty in human tumors is. ev1dent.

Studies on the internal polypeptldes of two recently descrlbed prlmate type C
viruses (woolly monkey, gibbon) have shown a high. degree of relationship: to
each other. Despite consistent dlfferences in:the isoelectrie points of
these proteins from two distantly related pr1mates, the high degree of
immunologic similarity offers the possibility that other primate type C
viruses may be detected by currently available reagents. Additdional studies
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on purified elements of the viral-envelope of certain murine type C viruses
have been reported--the surface glycoproteins gp69 and gp7l. By competltlon
radioimmunoassays, -these: antlgens have' been found to contain a spectrum of
determinants ‘ranging from 1nterspec1es to group-specific to type-specific. .
It -is evident that the antigenic properties of the viral proteins are more
complex than previously recognized. Since antiserum prepared against gp69-
71 has strong neutralizing act1v1ty, it may be possible to answer some
pressing questions about which- antlgens are respon51ble for virus neutrallza—
tion and p0351b1y even tumor cell reJectlon._

Another antigen, a“viriom polypeptlde designated pl2, was isolated from
_several- type C viruses of murine origin. Competition radlolmmunoassays
“revealed both group— and type-spec1f1c determinants on the molecule and
permitted classification of mouse type C v1ruses into different subgroups.
This antigen, ‘as well ‘as p30, is-present at very low levels in virus-negative
mouse cells indicating that at least two genes for structural polypeptldes

are translated in these cells in the absence of detectable virus. The method
may be useful in detecting viral-related antigens from species in which levels
are presently below the threshold of detectlon. ' ¢

A protein of-approx1mate1y 70,000 m.w. present in the core of the virion
possesses the enzymatic activities of RDDP and ribonuclease-H. ‘Antibodies-
to partially purified MuLiV-RDDP that ‘also inhibit its activity were used to
demonstrate that RDDP contains both 1nterspec1es and group-specific deter-
minants.  Interspecies determinants of MULV-RDDP are closely related to
those found on the RDDP of cats and hamsters,; and not related to those from
avian and primate type C viruses. A polymerase isolated from human acute
myeloblastic’ leukemia cells has been found to be immunologically related to
the primate RDDP, in support of the ‘theory that this disease is caused by a
virus.

The RNA of type C tumor viruses consists of a 70S genome, 28S and 18S RNA
which appears to be ribosomal, and 4S and 7S RNA also of host origin. The
70S RNA can be dissociated into smaller units of various sizes. One such
unit, a 4S methionine accepting tRNA, appears to be the primer for the
transcription of RNA to DNA. The actual precursors of the viral gemome
appear to be 355 RNAs. ' TR = : )

DNA synthe51s from the RNA template requires several steps. The first
product of the reaction is short pieces of DNA complexed with RNA. Later
single-stranded DNA ‘and eventually double-stranded DNA appear. Only after
very long periods of “incubation‘does DNA free of RNA appear. The primer DNA
is at first covalently linked-to the: newly synthesized DNA. Apparently, the
polymerase destroys' the RNA template concomitantly with the release of
double-stranded DNA; RNAse-H; found in the purified enzyme, is presumably
responsible. RDDP is not the only RNA = DNA transcribing enzyme known.
Cellular DNA polymerases can carry out this reaction, but only RDDFP can
transcribe the:hetéropolymeric reglons'of v1ral’7OS ‘RNA. This property thus
provides an extremely specific way of" 1dent1fy1ng suspected viral RNA + DNA
polymerases 1n tumor tlssues." :

It is not clear how mature viruses -are produeed‘from the DNA copies made by
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the viral polymerase, but it is-believed that DNA synthesis is an obligatory
intermediate step. The DNA copies are necessary . also for. 1ntegrat10n into

the host genome. Again, the mechanism.is -not known, but it has -been shown -
that transformed cells contaln more v1ra1 DNA . copies. than untransformed cells.
Therefore, viral genomes..can become part of the host cell genome-.as well as
become independent of it again. :

The recent 1mpre531ve progress in the understandlng of the repllcatlon of
type C viruses has provided a variety of new tools for searching .for virus
information in human cancers. The biochemical methods that have been
developed fall into two categories. The first is designed to detect virus
related nucleic acids, RNA or DNA, in tumor cells, the . second .category is
used to search. for RNA - DNA polymerase in. tumor tissues. Both. the RNA

and the polymerase of type C viruses have characterlst1cs that depend on -the

_species of origin of the virus,. factors of importance when 1ook1ng for

viral related material in humans. . The 1solat10n of several. well defined
primate type. C viruses has contributed to these studles.,1

The DNA copies of viral RNA can.be,used to search for virus-related RNA in
cell extracts by hybridization experiments. Several methods for identifying
the resulting hybrid molecules .are available, some very sensitive, some very
specific. It is 1mportant to be. aware of the. llmltatlons of..the method-
employed. Another source of problems with. these experiments- is the nature
of the DNA probe. RDDP does not copy . all parts of. the virus equally well

so that probes are produced which may not contain all the viral informatiom.
It is not known which parts of the viral genome, are. important for oncogenesis.
DNA/RNA hybrldlzatlon ‘experiments. have. been used to detect Rauscher MuLV-
related sequences in human leukemias, sarcomas and lymphomas -and - to .detect.
MMTV-related sequences in human mammary carcinoma. .

Because the initial DNA product of the RDDP reaction is complexed with RNA
template, it will cosedlment with the template in sucrose. gradients. This
is the basis for a "simultaneous detectlon test that .can detect both viral
RNA and viral polymerase in tumor tlssues.‘ The assumption is that the -only
newly synthesized DNA in a cell extract that sedlments at 708 will be DNA
complexed to viral 70S RNA. This test has been used to detect viral "par-
ticles" in human leukemlas, Burkitt's tumors, ilymphomas, :brain. tumors and
in normal human milk. The "particles'" in human milk synthesize DNA that is
homologous to RNA from human breast cancer tissues.

RNA - DNA polymerases can be looked for dlrectly in human cancer tissues.
Such an enzyme has been isolated from human leukemlc lymphoblasts. The

enzyme has the expected template spec1f1c1ty and is immunologically more
related to primate viral polymerases than to MuLV polymerase.. The three

major, normal DNA polymerases of mammallan cells: can be clearly dlfferentlated
from this new enzyme.

Type B Viruses. The other major group of RNA tumor v1ruses 1s .the type B
which causes mammary adenocarcinoma. Research on these viruses has been
limited by difficulties encountered in growing hlgh tltered_stocks.gn'v1tro,
Type B viruses can be transmitted vertically via the genome or horizontally
through the mother’'s milk. Whether a mouse harboring type B virus will

18




develop cancer "depends on its genetic makeup, hormonal eqv1ronment and the
strain ‘of ‘MMIV 1nvolved. Excretion of virus in the milk is also genetically
controlled. ‘ : ' o S o

The only type B virus isolated and well characterized is MMIV. Like type C
v1ruses,rthls Virus ‘contains an RDDP which can be distinguished from the
type C enzyme 1mmunolog1cally and by different cation requirements. The
two enzymes can be separated from one another chromatographically. A virus
like "particle", found in normal human:milk, contains 70S RNA ‘and reverse
transcriptase. Previous reports of a correlation between these biochemical
particles and particles seen in the electron mlcroscope have not been con-
firmed. However, DNA synthe51zed by the human milk "particle" will hybrldlze
with RNA extracted from malignant human breast tumor cells, as will DNA
synthesized with:MMTV RNA as template. THese findings strongly suggest a
viral etlology for human breast cancer. ’ ‘

Two major viral proteins of MMTV, d631gnated gp52 and p27, have been purified
from the virus in RIII mouse milk. Both antigens have been studied in
1mmunoprec1p1tatlon and" radlolmmunoprecipitation—inhibition assays. The

two proteins differ ¢ompletely from éach other and from major type C viral
polypeptldes. Of 1mportance is ‘the: finding that gp52 (formerly S-1)
expression occurs in milk of all- hlgh mammary tumor incidence strains tested;
it is regularly associated with MAMMATY ‘adenccarcinomas. In contrast to
earlier studies, this antlgen Wthh is probably group- speclflc for MMTV, is
located on ‘the surface ot envelope of the virion and not within the core.
The flndlngs suggest that either one straln of MMIV is common to most high
mammary tumor incidence strains, of ‘that virion surface glycoproteins may
not have unique type—spec1f1c determinants. It will be necessary to isolate
and characterize- polypeptldes from different strains of MMTV to show type-
specific differences: ‘The nature of ‘the second proteln, p27 of MMTV, has
not been fully 1nvest1gated

Murine mammary - tumor cells with type B DNA in their genome can be grown in
tissue culture-and, ‘depending on their genetic makeup, will produce low

levels of virus. Dexamethasone ‘significantly increases ‘type B virus yields
without affecting’ type C virus productlon.' The hormone appears to stimulate
specifically the rate of transcription as measured by viral RNA synthesis.
This system is of extréeme interest not only for its virus produc1ng capability
but also for its" potentlal for the study of hormone action. This is the

only known case where a hormone has been shown to stimulate preferentlally
transcrlptlon of” a speclflc RNA.

Endogenous‘ViruSes. Although the natural-induction of cancer by infectious
RNA viruses’ does occur, it-is unllkely that most spontaneous cancers are
caused by a communlcable, infectious virus. Spontaneous cancers are
probably the' result of expre331on of a'viral genome that is an integral,

heritable component of the cell. "The viral genome can be present in a cell % .

in an unexpressed state in which it does not necessarily render the cell
resistant to superinfection by the same virus. Viruses which can exlst in
an 1ntegrated state within the cell are called endogenous viruses. ~Endogen-—
ous viruses have been recovered from cells of mice, rats, hamsters, cats,
and chickens; all clones from apparently virus—free cultured cells of these
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species can be induced to yield complete or partial expressions: of type C
viruses. Some endogenous viruses have difficulty in replicating efflclently
in the cells of the species of origin, but preferentially replicate in. cells

of other animal species; thus a sub-class of endogenous viruses now called
xenotropic (x—tropic) has been recognized The fact that endogenous viruses
are at least partially expressed when . the cells whlch harbor them become. :
malignant, indicates that their study 1s 1mportant and. potentlally exploitable-
for the study of the cause of human. cancer. Most 1nvest1gators now accept

as a working hypothesis that RNA tumor agents are of endogenous origin..

Much of the recent ev1dence that RNA. tumor v1ruses ex1st in unexpressed form
is derived from studies in inbred mouse stralns. Genetic and biochemical
evidence indicates that multlple copies of the viral, 1nformat10n are. inte-
grated within the DNA of the cell. Endogenous v1ruses are 1nduced spon-_
taneously during long-term passage of cells.in tissue culture. and by co-
cultivation with cells of a different species. The induction rate can be
increased 1000-fold by treatment with. carc1nogen1c chemicals, x-irradiation,.
or infection by exogenous type C viruses. It was also. found that halogenated
thymidine analogs (IUdR, BUdR) and protein synthe31s 1nh1b1tors (actinomycin
D) are extremely efficient inducers, increasing the rate of expre551on by
more than 1 mllllon—fold . In anlmals, endogenous viruses. can be induced

by passage of tumor materlal from one animal species into. another. This is
especially true when the rec1p1ent species has been. 1mmunosuppressed In—-
deed, an example of this method was the recovery of the RD-114 virus after
injection of human sarcoma cells into the brain of a_ fetal. cat. Although
this virus had antigens distinct from those of known feline type c v1ruses,
hybr1dlzatlon studies revealed that the virus was of feline.originm..

Several 1ndependent 1nvest1gatlons have ylelded endogenous murlne type C
viruses. Each appeared to be of mouse origin as determined. by. the antigeni-
city of its major viriom polypeptide, p30. At first these v1rus 1solates _
were indistinguishable from each other in serologic and host range properties.
Newer findings, however, have shown that they differ considerably. in their
immunologic type-specificity (pl2) thus making it possible to dlstlngulsh
different subgroups of virus from the same speciesof. origin.- Furthermore,

some grow, preferentially in cell lines of another. strain. For example, an
inducible virus of BALB/c cells grows to markedly hlgher titer in NTH Swiss
cells. As studies on these inducible v1ruses contlnue, it. is qulte likely
that many subclasses of endogenous type C viruses will be discovered.

The role of endogenous viral genes in naturally occurrlng mallgnanc1es has ‘
yet to be elucidated. Ome class of type C virus that is chemlcally inducible
from virus-negative mouse cells in tissue culture can induce lymphatic
leukemia in wvivo. It is possible to speculate that at least ‘soiié ‘maturally .
occurring  malignancies result from the expression of 1nd1v1dual,,naturally—
integrated and biologically distinct tumor viruses. Although endogenous
cancer viruses have not yet been isolated from human tumors, there_are good
reasons for inferring their existence. , L

These f1nd1ngs ralse many questlons about the nature of the factors con-
trolllng viral induction. It is 1mportant to know whether v1ral genomes are
present in human cells and how often they are expressed. Such information
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can provide the basis for a specific attack against the cancer cell by
either blochemlcal or immunological approaches. If the host immune system
were to recognize some components of an endogenous virus as foreign, anti-
bodies might influence both its expression and its biological activity.

DNA Viruses: Relationship to Human Cancer

During the last decade, various herpesviruses have emerged as proven or
suspected oncogenic agents. There is now little doubt about the causal
relationship between Marek's disease virus, Herpesvirus sylvilagus and

- Herpesvirus saimiri and lymphoproliferative feoplasias in chickens, wild
cottontail rabbits and sub-human primates, respectively. These and other
experimental animal systems have been extemsively studied to elucidate the
basic mechanisms of DNA virus-induced neoplasia and to provide information
which may be applicable tb»human cancers of suspected herpesvirus etiology.

Herpesviruses 1nteract with their host cells in a productive or non—productlve
mamner. During the productive growth cycle, the synthesis of infectious
progeny is invariably accompanied by destruction of the target cells. In

the non—productlve cycle, stimulation of cellular DNA synthesis, acquisition
of virus-induced antigens, incorporation of viral nucleic acid and trans-
formation of normal cells into established lines capable of indefinite
proliferation have been described. Activation of virus synthesis in non-
productively infected cells by exposure to mutagens (BUdR, IUdR) or irradiation
is usually accompanied by cell death. Herpesviruses, like the RNA tumor
viruses, also establish persistent covert infections. Whether latent herpes
infections are the result of low-level productive or non-productive inter-
actions has not been determined. Although transmission of the genome in
non-productive cultured cells to progeny has been recorded, there is no
definitive evidence that herpesviruses are vertically transmitted in vivo as
is the case with the RNA tumor viruses. However, horizontal transmission of
‘various herpesv1ruses in animals, including man, readily occurs.

The mechanisms underlylng herpes—lnduced oncogenesis remain obscure. The
close assoc1atlon of these viruses with several human malignancies suggests,
but does not prove, their involvement as etiological agents. The p0331b111ty
remains that these DNA viruses are simply co-factors, passenger viruses, or
derepressed latent_agents whose expression is enhanced by the oncogenic
process.

Epstein-Barr Virus. Seroepidemiological, biochemical, and biological studies
suggest an association between various herpesviruses and specific malignant
diseases of man. The Epstein-Barr virus is intimately associated with
Burkitt's lymphoma (BL) of African children and, to a lesser extent, with
nasopharyngeal carcinoma (NPC). An association between EBV and Hodgkin's
disease, chronic lymphocytic leukemia, and certain other malignant and .
nonmalignant diseases has been questioned by recent seroepidemiological
studies in which a proportion of patients in these categories were found to
have no antibodies to EBV. Finally, the etiological relationship of EBV to
nonmalignant infectious mononucleosis in young adults has been firmly
established.
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Burkitt's lymphoma is prevalent in reglons of East Africa and New Gulnea
where cases occur in time-space clusters and undergo epidemic drift
characteristic of infectious diseases. However, the incidence of BL and
NPC is extremely restricted compared to the ubiquitous nature of the v1rus,
thus suggesting that cofactors and/or predisposing conditions are probably
required for expression of its oncogenicity.

Seroepidemiological data associate EBV with BL and NPC. A1l Africamn BL and
Chinese, African and western NPC patients examined have higher than normal
levels of antibody directed against EB viral capsid antigens (VCA). Addl—
tionally, antibody levels to EBV-determined cell membrane antigens (MA) and
to the diffuse (D) and restricted (R) components. of the EBV-induced early
antigen (EA) complex confirm the association of EBV with tumor. Recently,

a new EBV-related antigen has Been descrlbed——the EBV-associated nuclear
antigen (EBNA). This antigen is detected by an anti-Cl immunofluorescence
technique and is present in every cell containing EB viral genomes. Patients
with BL or NPC develop antibodies detectable by these various procedures,

the levels of which are of diagnostic or prognostic value. For example,
antibodies against the EA complex are predominantly dlrected against the

D component in IM and Oriental NPC while antibodies to the R component
appear to be the principal response in BL and Caucasian NPC patients.’ The’
differential responses may be a reflection of the extent of lymphatic in-
volvement. Thus, the absence or decline of anti-R antibodies in BL patients
or anti-D antibody in Chinese NPC patients indicate a favorable prognosis.
Similarly, anti-Ma antibody production declines 3 to 6 months prior to
recognition of recurrent tumor durlng chemntherapeutlcally—lnduced remission -
of BL.

The search for virus particles and for capsid or early antigen producing cells
in BL tumor ciopsies has not been successful. However, the majority of cells
in most BL, but not NPC, biopsies exhibit EBV membranme antigen. Both BL

and NPC biopsies are reactive for EBNA while an EBV—determined*complement—
fixing antigen, unrelated to VCA, MA or EA, has been measured in BL biopsy
extracts. Similarities between this latter CF antigen and EBNA are’ currently
under investigation. EBV DNA has been detected in virtually every BL and -

NPC biopsy and all tumor cell lines that have been examined. One to more’
than one hundred copies of EBV DNA were found per cell. The viral DNA
appears to be present in both the epithelial and the lymphoid elements of
NPC. It appears that every BL and NPC cell carries the EBV genome but only

a small proportion of the cells contain selected EBV-related antigens. These
results indicate a cellular association of EBV in whlch the v1ral genome is
largely repressed.

EBV has a distinct growth stimulating effect on lymphoid cells. Exposure of
peripheral lymphocytes from normal donors to EBV results in the establishment
of continuous lymphoblastoid cell lines. Adult peripheral white cells may
convert into such lines without the addition of extraneous' virus, but the
derived cell lines usually carry EBV. These cells acquire a chromosomal
abnormality, a constriction of the long arm of human chromosome 10, which
also occurs in many virus—producing cells in cultures of Burkitt's lymphoma.
Several lymphoblastoid cell lines have been established by direct culturing
of the BL or NPC itself. 1In contrast, cultures initiated with lymphoid cells
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from donors without EBV-~directed antibodies or from cord blood or fetal
organs failed .to grow. ~The available data indicate that EBV is the major,
if not the sole, factor required for establishment of lymphoblast cell
lines. Although the antigenic profile and virus productivity patterns vary
among these cell lines, EBV-homologous: nucleic acid sequences are, with

rare exceptions, always detectable. Expression of the viral genome may be
significantly increased by cultivation of the cells in arginine-deficient
media, or by exposure of the cells to x—irradiation, mitomycin C, bromo-
deoxyuridine, or iododeoxyuridine. Thus, the virus genome persists in these

cells in vitro, 'is- expressed in varylng degrees, and is transmitted during
cell division.

Recently, EBV propagated in human or simian cells was shown to infect and
induce lymphomatouS‘reticuloproliferative disease or lymphoma in sub-human
primates. This represents the first demonstration of the oncogenic potential
of this virus.in vivo. Although these results suggest that EBV is indeed
involved in the oncogenic process, its role could be that of an accessory
factor or passenger virus.in the tumor. No EBV DNA has yet been found in
American BL tissues even though this tumor is histopathologically similar to
African BL. RNA sequences homologous to the RNA of Rauscher murine leukemia
virus have recently been described in: human lymphomas (including BL) sug-
gesting the possible: interaction of type C and herpesviruses in the gemesis
of this disease. The viral-related:RNA is complexed with RNA -) DNA polymerase
in a particle possessing a density characteristic of the RNA tumor viruses.
It is interesting. that in non-neoplastic cells which contain EBV informationm,
such as infectious: mononucleosis, no.RNA particles are found. This may
explain the involvement of EBV infection with more than one type of disease.
Should this virus prove to be a required co-factor in the induction of dis-
ease, control of infection would be of paramount importance.

Herpes Simplex Virus. An expanding body of evidence has strengthened the

causal relationship:of herpes simplex virus type 2 (HSV-2) with carcinoma of
the human uterine’ cervix, the second most common malignancy in women in the
United States: - Genital HSV-2 infection is venereally transmitted, second

in frequency only. to gonorrhea. HSV-2 infection may be more common in
males than' females since this virus can be isolated from urogenital specimerns
taken from a high percentage of asymptomatic males. These observations
indicate that the incidence of genital herpes infectioms could account for '
every reported case of cervical anaplasia; however, the epidemiological

data are too limited to determine the number of infected women at risk to
the development of cancer. :

Women with cerviecal neopla51a tend to have higher titers of antibody to HSV-2
which are acquired earlier in life than normal controls. These differences
between patlents with cervical carcinoma and ‘control groups are more impres-
sive in Negro than in Caucasian women and in the U.S. than in several foreign
countries, including Israel, Columbia, and New Zealand. Additiomally,
exfoliative cytology studles have shown more evidence of herpetic cytopath-
ology in patlents w1th cervical anapla51a than in matched controls.

Two aspects of‘the Seroepidemiological studies of HSV-2 and cervical cancer
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impose limitations upon the interpretation:of the data. First, the degree
of accuracy with which the present antibody systems detect past infections
with HSV-2 is not known. Herpesvirus types 1 and 2 share common antigens
and have one or more type-specific antigens.  Infection with either virus
results in the production of antibodies that will cross-react with the
heterotypic virus. The immune responses to the two viruses are not inde-
pendent: a prior infection with HSV-1 modifies the production of antibodies
to HSV-2. Further, an infection with HSV-2 in an individual previously
_infected with type 1 virus may stimulate an anamnestic response to the
shared antigens of the two types of virus. . It is apparent that the isolation,
purification, and characterization of HSV type specific antigens is crucial
to definitive seroepidemiological studies.

HSV non-virion antigen(s) have been described in cells infected in vitro with
these viruses. Antibody to this antigen(s) has not been measured in patients
with active recurrent herpetic lesions, but was present in patients with
tumors of the mouth, lip oropharynx, nasopharynx, kidney, urinary bladder,
prostate, vulva, larynx; and cervix. These results indicate a possible
involvement of this virus in the etiology of human tumors other than cervical
carcinoma. It is of interest that an HSV-~2.specific soluble antigen, AG-4,
has been prepared from human cells harvested 4 hours after virus:infection.
Although it is not clear whether this antigen is virion, nonvirion or even a
modified cellular antigen, it appears to be specifically. associated with
squamous cancer of the human cervix. . Antibody directed against AG-4 is
present in women with evidence of previous HSV-2 infection, correlates well
with the progression te cervical cancer, and disappears following tumor re-
moval. -

Neither virus or virus—-specific antigens nor herpes—induced cytoplasmic
changes have been detected in biopsied neoplastic cells., However, tumor

cells on the surface of neoplastic lesions, as well as exfoliated tumor cells,
do possess HSV-2 antigens and all of the virus-associated cytological changes
but no virus particles. Cultured cells, established from a biopsy of car-
cinoma in situ, failed to show evidence of viral antigens or .virions unless
the cells were exposed to media of high pH. This in vitro data suggests

that cervical cancer cells harbor the complete HSV-2 genome in' a latent or
repressed state, and virus expression occurs following exposure of-the tumor
cells to conditions of stress.

The oncogenic potential of herpes simplex virus has been demomstrated in vitro.
Cultured hamster embryo fibroblasts transformed with ultraviolet irradiated
or dye-light inactivated HSV-2 are tumorigenic in newborn hamsters. HSV-2
antigens were detected in the cytoplasm of the cells transformed in vitro

and virus-neutralizing and membrane-reactive antibodies appeared in the sera
of the tumor-bearing animals, suggesting the presence of genetic information
derived from HSV in the tumor. Weanling hamsters that were preimmunized by
injection of HSV-1 or HSV-2 did not develop transplantation immunity to the
HSV-2 transformed cells. The transformed cells metastasized after injection
into hamsters and the number of metastases was enhanced by immunization with:
HSV-1 or HSV-2. Two additional human herpesviruses, HSV-1 and cytomegalo-
virus, have also been shown to transform cultured hamster embryo fibroblasts.
It was noted recently that Cebus monkeys develop cervical infection and
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herpetic lesions similar to that of humans following intravaginal 1nocu1at10n
of HSV-2. A large scaleé investigation is now in progress to determine
whether the repeated infection of Cebus monkeys with HSV-2 will produce
malignant changes of the cervix. This system would provide the first animal
model for study of cerv1cal cancer.

These findings strengthen the association of HSV-2 with cervical carcinoma.
Studies to determine if this virus is an etiological agent in the induction

- of this disease will be continued. If genital herpes infection can be shown

to be a factor in the development of cervical neoplasia, appropriate control
measures may be developed to reduce the incidence of this human cancer.

Papovaviruses. Recently, several papovaviruses of the polyoma—-SV40-virus

group have been isolated from humans. These human v1ruses are classified
into three antigenically distinct groups which cross-react to some extent
with SV40 but not polyoma virus. Strains of virus belonging to two of the
three groups have been isolated from brains of people dying from a rare
neurological disease, progressive multifocal leukoencephalopathy, and strains
from the third group were found in the urine of a remal transplant patient.
Broad patterns of prevalence of antibodies to these viruses have been found
in human populations; thus, human infection by certain small papovaviruses
is rather commorn. Since papovaviruses are known to cause natural or experi-
mental tumors and to transform cells in culture, human viruses of this group
are now helng studied as possible etiological agents of cancer in man.

Treatment and Control.

The most impressive evidence for the viral etiology and perhaps the best hope
for prevention and control of cancer would be the demonstration that anti-
viral agents or ant1—v1ral immune responses will prevent or modify the disease.
Rational approaches to tumor therapy may be possible even without the isola-
tion of a bonafide human tumor virus. There is considerable ev1dence that,

in animal systems, RNA tumor virus genomes are responsible for spontaneous

and induced cancers 'even when there is little or no expression of infectious
virus. As information on the blochemlstry of tumor virus replication and on
tumor virus structural and induced antigens has increased, new methods for
treatment and control of oncogenesis have become possible.

Biochemical treatment. Many compounds have been tested for their capacity

to inhibit repllcatlon of RNA tumor viruses. The studies are being approached
as follows:

(1) Enhancement of the process of reversion to normal state. Recently
two agents, colcemid and fluorodeoxyuridine were found to increase the re- .
version frequency of transformed S+L- cells to the normal state by a £factor
of 50. Any procedure or drug which would accelerate the rate of reversion
from the transformed state has obvious potential curative value. An under-
standing of cellular controls could be exploited to yield a high frequency
of reversion and be applled to tumors in vivo.

(2) Inhibition of RDDP. The systemdtic study of the mechanism of
action of different inhibitors of RDDP is underway. Such agents as
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streptonigrin, narcissus alkaloids, pyran copolymer, tilorone, rifamycins,
and poly A have potential usefulbess as inhibitors of reverse transcriptase.
Although the mechanism of inhibition is not known for all of the inhibitors,
some combine physically with the template without affecting the ‘binding of
template and enzyme. A few of the most active compounds have been tested
in mice and proved effective in increasing survival of animals in induced
remission.

(3) Interferon treatment. ' The graft versus host reactlon was shown
to be highly effective in activating murine leukemia wvirus (MhLV) with sub-
sequent development of leukemias in mice. MuLV is activated from recipient
lymphoid cells responding to foreign skin graft antigens in sites where
lymphoid blastogenesis is maximum. Interferon. treatment prevents this
activation of virus and current studies suggest that interferon may also-
prevent GVH-virus-induced leukemogenesis;

Immunological treatment. Attempts to prevent or reduce the 1nc1dence of
vnw1Mm&nmﬂ%mbymmmbgalmmsﬁnlQOmewm@n%ﬁ

(1) Non-specific stimulation of host immune mechanisms, Among the
agents that stimulate the reticuloendothelial system nonspecifically, imi-
dazolethiazole, pyran copolymers, tilorone, BCG and Str. hemolyticus have
proven effective in increasing the survival. tlmes of leukemic mice. Some
compounds exhibit dual effects: (a) direct, on tumor cells 31mllar to that
of conventional anti-tumor agents, and (b) indirect, through enhancement
of host immune response to virus or virus-induced, tumor specific cell
antigens. o

(2) Vaccination with RNA tumor viruses. It now appears possible
to use virus vaccine-induced antibodies to modify natural type C virus
expressions and either delay or prevent.tumors associated with these viruses.
Early experiments established the feasibility of using. formalin-killed virus
vaccine in the prevention of murine leukemias induced by the Rauscher strain
of MuLV. Inactivated murine type C virus vaccines also produce 51gn1f1cant
reduction in tumor incidence in mice treated with chemical carcinogens. Only
vaccines prepared from the natural (endogenous) virus of the mouse strain
were effective. Recently virus-specific antibodies which develop spontan—
eously in several strains of mice have been shown to have virus-neutralizing
capacity. The development and use of viral vaccines are plausible because:
(a) specific antigens can be packaged in viral partlcles that can be repli-
cated in virtually unlimited amounts; (b) high concentrations of purified
particles are available; (c¢) viral protein separation techniques provide
additional opportunities for isolating and concentrating those tumor antigens
specifically responsible for protection; and (d) growth of virus in various
types of tumor and normal cells provide opportunities for selecting a variety
of viral-coded, cellular membrane antigens as well as viral proteins. ‘

Virus neutralization titers vary according to vaccine potency and immunologi-
cal competence of the mouse strain. Although the humoral antibodies to

type C viruses may not represent the immunological factors most responsible
for protection, they do serve as indicators of vaccine potency. . Cell

mediated response stimulated by vaccination may actually provide more effective
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immunity to tumors.

(3) Virus—assisted immunological stimulation. Homogenates of tumor
cells infected with certain non-oncogenic viruses are more immunogenic
than extracts of non-infected cells. This phenomenon has been studied
thoroughly with v1ral—1nduced tumors infected with influenza virus. Homo-
genates of non—lnfected SV-40 transformed cells did not induce 1mmun1ty in
BALB/c mice, whereas homogenates of” SV—40 transformed cells infected with.
influenza virus or VSV caused suppression or complete regression of tumor
transplants. The results stress the necessity of worklng with fully adapted
viruses. Viruses which seem suitable for the purpose of v1rus—a331sted
immunotherapy in man have been adapted to human mallgnant ‘tissues and a
new research strategy towards human appllcatlon now seems fea51ble.

2. Progress Highlights (not ‘covered in Narrative)

Type C viruses.

The major glycoproteln ‘which appears on lymphocytes ‘transformed by type C
viruses has been purified. This protein is found mnot only on the surface
of cells but also on virion surfaces, a fact which is important for an
understanding of the relatlonshlp between the host immune response and on-
cogenesis.

Specific antibodies -to the RNA » DNA polymerase of murine type C viruses
have been isolated from the renal glomerull of both leukemic and mon-
leukemic AKR mice. This flndlng prov1des further ev1dence for ‘the lack of
1mmunolog1c tolerance in ‘the mouse to 1ts own endogenous v1ruses.

A highly signifieant and predictable association betweer endogenous type C
viral expression in early life and leukemias and reticulum cell sarcomas with
advancing age has been found in 'mice, suggestlng that these viruses are a
major determlnant of these dlseases. o o

Morphologic revertants -of 'sarcoma virus transformed non—producer cells have
been isolated. These show normal cell morphology but still contain the
sarcoma viral gene. Both cellular and sarcoma viral mutants obtained by
this approach aré being characterized to define the viral and cellular
functions involved iﬁ“expression’of saréoma virﬁs transformation.

Genetic studies have revealed that’ mouse genomes contain several blologlcally
distinguishable endogenous RNA viruses which can be activated independently.
Genetic factors affecting inducibility and persistence of different endogen-
ous viruses have been detected and are currently being studied.

A few and hlghly potent class of chemical -inducers of type C virus, protein
synthesis ‘inhibitors, was discovered. These inducers are able to activate
endogenous viruses selectively from the same cell, indicating that there
exist cellular regulatory mechanisms specific for each virus.

The Kirsten sarcoma virus was found to be a recombinant between Kirsten
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murine type C virus and sequences in rat cells. At least, part of the rat
sequences are homologous to rat type C virus produced from NRK cells. The
results suggest that transduction of oncogenic information occurred.

A new host range class of endogenous type C viruses has been identified
which are unable to replicate in any mouse cell line tested. The term "S-
tropic", derived from the virus sensitive rabblt cell line. SIRC, is used
to identify these agents. By host range propertles and by nuclelc acid
hybridization studies, this class of viruses is dlstlngulshable from both
N and "B" tropic murine type C viruses.

DNA sequences complementary to 70S AMV-RNA can be. separated from the bulk
of cellular DNA because of their high GrC content.A This flndlng permlttedv
studies which showed that the cellular content of viral DNA increases as
early as one hour after infection of cells with AMV or RSV and that within
24 hours the viral DNA becomes covalently linked to host cell DNA.

H3-labeled 355 AMV RNA can be exhaustively hybridized with excess normal
chicken DNA leaving residual RNA which hybridizes only to leukemic chicken
DNA but not to normal chicken DNA. If confirmed, these results indicate that
DNA from leukemic cells contains v1ral speclflc sequences Whlch are absent
from DNA in normal cells. '

Tumors induced in hamsters by bovine papllloma polyoma viruses or DMBA
contain hamster lymphoma virus. Although present in amounts too low to be
‘detectable by EM, reverse transcriptase or gs antigen tests, the virus was
detectable by its ability to produce v1scera1 lymphomas after 1n3ect10n

into newborn hamsters. Similarly, rat cells’ transformed by chemlcals or
polyoma virus, while free of demonstrable overt RNA virus, reverse. tran-
scriptase or gs antigen, were shown to contain significant amounts of virus-—
specific RNA. These findings suggest that RNA viruses may be involved as
co-agents in all forms of cancer. o ' : '

An 1ntr1gu1ng new finding is the dlscovery of RNA > DNA polymerase in certaln
normal cells, specifically chick embryo cells and amphlblan oocytes. It is
suggested that this enzyme (and perhaps cancer viruses: themselves) plays a
part in normal embryonic development.

Type C viruses have been isolated'from'baboon placentas, spleens,’lungs and
testes. The DNA product of an endogenous reaction using .these viruses as
templates hybridizes to the normal baboon cell DNA and to the cellular DNA
of other primates. Eight to twelve DNA copies are found per diploid genome
in all normal baboons tested. This is the first demonstratlon of endogenous
type C virus in primates.

To date type C particles have been found in 17/20 normal human placentas
examined by electron microscopy. . Placentas from patients with lupus, an
auto-immune disease, have been found to be partlcularly rlch in. type C virus
particles.

Virus-neutralizing envelope antibodies against one or more envelope antigenic
types were found in the sera of 22-247 of cats with or without .neoplasia but
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not in the sera of 36 veterinarians or in 33 laboratory persomnel working
in two laboratories engaged in feline leukemia research.

Terminal transferase activity has been found in 6 out of 8 cases of
childhood acute lymphoblastic leukemia but not in cases of chronic lymphatic
leukemia, lymphosarcoma, cell leukemia and acute myeloblastic leukemia. The
enzyme has also been found in a class of normal human infant thymocytes
which predominate during fetal life and may be T lymphocyte precursor cells.
These findings have important implications for diagnosis and studies of the
origin and mechanism of induction of acute forms of leukemia.

Reverse transcriptases have been purified from three cases of human acute
myelogenous leukemia. The enzymes have antigenic properties closely related
to those of the type C viruses found in woolly monkeys and gibbons. How-
ever, hybridization studies indicate that the gibbon virus is not an en-
dogenous primate virus but appears to be derived from rodents.

DNA produced in an endogenous reaction with particles from human acute

myeloid leukemia cells was shown to hybridize most readily with RNA from
simian sarcoma virus-1l.

DBA synthesized in an endogenous reaction with 70S RNA containing particles
from Hodgkin's and Burkitt's lymphomas- was shown to hybridize with DNA

from the lymphoma cells but not with DNA from normal cells. The unique

DNA sequences found in the lymphoma tissues are related to each other but
not to the DNA of the Epstein-Barr virus. These findings suggest that tumor
virus information may not be transmitted through the germ line and that RNA

viruses, as well as DNA viruses, may be involved in the etiology of Hodgkin's
and Burkitt's lymphomas.

Type B viruses.

MMTV viral polymerase was shown to differ from type C polymerase, immunologi-

cally and biochemically. MMTV and MP-MV reverse transcriptases prefer

Mg++ when synthetic templates are employed, as opposed to the enzymes of

type C viruses which prefer Mn++. This distinction has provided an import-

ant tool for the 1dent1f1catlon and measurement of enzymes in cells which
contain both viruses.

Phospholipase C can be used to prepare cores from MMIV and from human milk
particles. Cores, unlike complete virions, band in gradients in a regiom
comparatively free of cellular contaminants. Using this method, assays for
particles become more sensitive and reliable.

Studies with clones of high and low expressor cells from MMIV cell limes
suggest that transcrlptlonal regulation of the integrated MMIV genome is a
critical determinant in MMIV expression. In spite of 1000-fold differences
in viral expression in vivo and absolute differences in mammary tumor inci-
dence in different strains ins of inbred mice, no differences in the number of
multiple viral copies in the cellular DNA were found.

Epidemiologic surveys showed no increased risk of breast cancer in man
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associated with breast feeding.

A DNA probe synthesized from the RNA of human milk cores hybridizes signi-
ficantly with the polysomal RNA from human malignant breast tumors but not
to the polysomal RNA of benign breast tumors, normal breast tlssue, sarcoma
tissue, leukemic cells or spleen.

Immunologic evidence for a viral involvement in human bfeast cancer was
demonstrated by studies which showed that the migration of leukocytes in
breast cancer patients was inhibited by mouse milk contzining MTV but not

by milk which does not contain MIV. Studies using cryostat sections of
breast tumors as antigens showed that small tumors were antigenic and patients
with small tumors were able to respond immunologically to MTV or human breast
cancer antigens. However, patients with advanced disease were unable to
respond to breast cancer related antigens. Similar results were obtained
with studies in mice. Of interest is the restoration of the immunological
response of patients occurring after surgery. This finding has obvious
implications for treatment of human breast cancer.

DNA Viruses.

The earliest effect of SV-40 infection on the host cell is a twofold drop
in cAMP concentration which occurs within threée hours of 1nfect10n of
contact-inhibited cells. The cAMP level gradually rises to the original
level over the following 8-10 hours. cAMP has been 1mp11cated in a number
of cellular regulatory mechanisms.

The human papovavirus, BK virus, can transform BHk,1 clone 13 cells which
are then tumorigenic in adult hamsters. Similarly, BK virus will transform
specific marmoset fibroblast cell linmes.

Genital infection of cebus monkeys with HSV-2 has resulted in persistent
mild to severe cervical dysplasia in 5 animals one to two and a half years
after inoculation. '

Antibody to a non-virion HSV-2 antigen has been detected in the sera of
patients with advanced carcinoma of the lip, mouth, oropharynx, nasopharynx,
kidney, urinary bladder, prostate, cervix uteris and vulva. No antibody is
found in serum from normal individuals, donors with current or recurrent
HSV-1 or HSV-2 infection or patients with other cancers. -

Studies on the genetics of Burkitt's tumor demonstrated a high incidence
of HLA types 1 and 8 in patients with American BL; the same HLA types have
been found in an increased frequency in patients with Hodgkin's disease.

The EBV genome was found to be linearly integrated into some, but not all,
chromosomes of infected lymphocytes. A nuclear antigen, EBNA, induced by
the virus associates with the chromatin fibrils in interphase nuclei and
with the chromosomes in metaphase. EBNA is present in most of the tumor

cells examined. It appears that only lymphocytes derived from B cells can
be infected by EBV.
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E. Projections:

The Viral Oncology Area set forth a long range research plan for the identi-
fication and control of virus-induced cancers of man. Many studies within

the following broad categories have already been implemented and will be
expanded in the coming year:

1. Virus (or virus—expression)-tumor relationships

a.

Model Studies. Studies on animal, RNA and DNA, tumor viruses,

"known to cause mallgnanc1es in several mammalian species, will

be continued. The results of these studies have already
prov1ded ‘important 1nformat10n about tumor viruses that is
applicable to the isolation and identification of human agents.
Special emphasis will.be given to determine the characteristics

-of - several newly-isolated primate viruses, since these agents

may provide the best probes for detection of Type C virus

information in human cells.. This work will remain an integral
part of the Program.

Human -Studies. Efforts to identify viruses or detect virus

expression in.-human tumors have been underway for some time.
The Program will continue to increase its activities in the
search for viruses which induce malignancies of man.

'(1)_TQ“identify and isolate candidate viruses or subviral

products in leukemias, lymphomas, sarcomas, and carcinomas.

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

(3) To develop methods. for the detection of high cancer risk
groups, i.e. 1ndiv1dual susceptibility or predisposition
to transfqrmatlon,by.human viruses.

(4) To extend existing and develop new methods to induce tumor
virus expression in "mormal" cells.

() Té»ﬁévelop suitable reagents and to improve existing
immunological and biochemical methods for mass diagnostic
screening for candidate viruses.

(6) To characterize, biologically and biochemically, presumptive
human virus isolates.

(7). To. increase emphasis on understanding the relationship of
-environmental agents (e.g. chemical carcinogens) as co-
factors in viral carcinogenesis.
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Molecular Studies

Major progress in the understanding of the molecular pathways of
tumor virus replication has been made within the past year.  Such
advances have already provided the basis for new, extremely sensitive
methods for the detection of oncogenic viruses or virus expression.
It is now possible to characterize agents detected in specimens of
human cancer patients in terms of their content of high molecular
weight RNA and of RDDP. .Specific hybridization procedures already
provide a method for further investigation of host-cellsvirus re-
lationships which have been extended into the study of human cancers.
Preliminary results offer strong supportive evidence that certain

human tumor cells contain genetic 1nformat10n related to that found
in known oncogenic viruses,

a. Basic Studies. The program will continue ‘to broaden its activities
for detecting, identifying, and characterizing the spectrum of
enzymes and their products required by tumor v1ruses for repli-
cation and/or transformatiom.

b. Applied Studies. As knowledge of the fundamental:molecular events

in virus-cell interaction increases, the Program will continue
to 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 w1th cell 1nfect10n by a tumor
virus.

Ultimately these approaches will require an intensified program to

develop drugs, anti—enzymes, gene repressors, or 1nh1b1tors 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. These studies have also
contributed to an understanding of the role of immunological mech-
anisms in host-tumor and host-virus interactions which provide a
rational approach to the prevention .and treatment of cancer.
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2.

Basic Studies. Investigations of selected model systems, repre-
senting tumors induced by Type C, Type B and herpesviruses,

will be extended to further identify, characterize, and determine
the viruses, viral antigens, and membrane antigens of tumor cells.
The studies include development and application of improved
techniques to detect cellular alterations induced by tumor viruses
alone or as the result of interaction with other environmental
agents. Research on spontaneous or naturally occurring tumors

in model systems relevant to human cancer will be continued as a
basis for a rational approach to prevention and treatment:

() To study cellular and humoral immune mechanisms and to deter-
mine their relative significance in host recognition of and
response to virus-induced tumors and/or tumor viruses.

(2) To develdp methods to enhance host -response to virus-induced
tumors or tumor virus antigens.

Applied Studies. As basic research provides the framework for
identification and characterization of viruses, viral antigens,
and virus—induced cell membrane alterations in human cancers,
immunological methods will be applied:

(1)‘To relate candidate human viruses to known oncogenic:agents.

(2) To identify and characterize intra- and inter—species viral
antigens which are present in known mammalian tumors, as
probes for detecting human tumor viruses or viral antigens.

(3) To determine the presence of cross-reacting antigens implying
viral causation in various human tumors.

(4) To launch large-scale seroepidemiological surveys which will
define populations at high risk to virus-induced cancers.

Clinical studies will be directed toward understanding and mani-
pulation of immine mechanisms in human ‘cancer as a basis for:

(3) Development of vaccines (viral or sub-viral compoments) from
identified and fully characterized human tumor viruses.

(6) Determination of the role of host immune respomses in virus-
induced tumor recognition-and rejection..

(7) Application of a. and b, in the prevention and control of
human cancer.

Test Systems and Resources

4a,

Test Systems. In vitro and in vi.o (animal) test systems will be
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carefully selected to evaluate the work outlined in the previous
research areas: S

(1) To determine the oncogenic potential of candidé:e human
viruses;

(2) To develop bioassay systems for testing viral and viral/
chemical carcinogens;

(3) To begin viral vaccine (conventiomnal or other) testing and
immunization programs; '

(4) To begin viral therapy testing programs;

(5) To explore special animal tumor systems, especially in primate
species particularly relevant to human cancer;

(6) To develop and maintain well—characterizéd‘éell culture lines
and animal stocks (small mammalian and primate species).

Many of these systems are being‘developed at the National Cancer
Institute's Frederick Cancer Research:Center.

b. Resources. Since research efforts undergo continual change in
emphasis and scope as new leads emerge, a variety of resources
will have to be developed, maintained, and coordinated.

(1) Human Resources—collection and storage of serum and tissue
specimens; integration of data on clinical records, storage
and distribution; computerization of specimen collection.

(2) Animal Models-maintenance of various mammalian animal colonies
for basic research and special studies;

(3) 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; -

(4) Candidate Human Virus Production-intensive developmental re-
search effort to isolate and produce human viruses;

(5) Biohazards Control and Containment—controlléd 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 infectiomns.

F. Reports of Meetings Sponsored by the Virus Cancer Program:

Participation in US-USSR Agreement, Develoﬁéd within the framework of the US-
USSR Agreement on Health Cooperation, a Memorandum of Understanding for further
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cooperation in the study of the microbiolegy, the immunology, and the
molecular biology of cancer viruses was signed on November 18, 1972. The
Memorandum established procedures for joint studies through the exchange

of information, materials, and scientists. A detailed account of the

first year's proceedings is given in last year's Annual Report. On

November 12, 1973, a meeting of the Joint Subcommittee on Oncology was

held in Bethesda, Maryland.. At a Working Group Conference on Tumor Virology,
the discussions-centered on:  viruses isolated. from the six cell lines sent
to the U.S. last year: .cytogenetic studies-on these cell lines; and progress
on the study of plasma samples from leukemic subhuman primates sent to the
U.S. by Dr. B. Lapin. The first studies have resulted in a joint US-USSR
publication which confirms the presence of virus-like particles in five
different human cell lines. The virus from one of the lines, a human amniotic
cell, was selected for further study by immunological and biochemical tech-
niques. It was found to.be closely related to MP-MV, first described in
1970 in biopsy material from a rhesus monkey mammary adenocarcinoma.

In further discussions,.the U.5.S5.R. side agreed: to conduct collaborative
viral seroepidemiologic.studies on ethnic groups within’ the U.S.S.R.; to
make available human tumor cell cultures.not yet producing virus particles;
to provide materials from baboon and monkey leukemias induced by inocula=
tion of human leukemic materials. The U.S. side agreed to make available:
cell cultures containing the recently isolated type C particles from baboon
placentas and human_.placentas, and antiserum to reverse transcriptases from
selected mammalian tumor viruses. Both:sides agreed that two groups per
year of omne to three young:Soviet scientists would come.to the:U.S. for
work and study in the.laboratories.of the National Cancer Institute and in
collaborating laboratories of. the Virus Cancer Program. Scientists will
visit selected laboratories in the U.S.S.R. for participation in seminars,
lectures, etc. The members agreed-to.-prepare:lists of appropriate viral
oncology meetings to-which scientists of ‘both countries could-be invited to
attend and/or part1c1pate. ~

A U.S. delegatlon attended a 301nt Sov1et—Amer1can symposium on biology of
oncogenic viruses of animals and man.in Moscow in May, 1974. Visits were
made to institutiomns actlvely engaged in the field of v1rology and immu-

nology in Moscow, Kiev, Sukhumi, Riga, Leningrad, and Tblisi. An account
of these meetings will appear in the next Annual Report. '

During the last few years a number of cases of leukemia in primates have
occurred at the Institute of Experimental Pathology and Therapy at Sukhumi,
U.S.S.R. Although some animals were injected with material from human
leukemic patients, the origin of the disease in the primates is not clear.
This .year two baboons (Paplo ‘hamadryas). were. sent. to the U.S. for further
study. The flrst one arrived in January, 1974. After exhaustive physical
examlnatlons, the anlmal was sacrificed; the..diagnosis.at autopsy was malig-
nant lymphoma. Organs and tissues.have been sent to several collaborating
laboratories in the P:ogram, -and attempts to transmit the disease to other
primates and to isolate a virus from.the cells have begun. No definitive
results are available at this time. .The second animal arrived in March in
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apparent good condition. The animal is now being observed and examlned
for signs.of mallgnancy at a local contract fac111ty

Under the- agreement, the following U S.S.R. virologists have made official
visits to the National Cancer Institute and collaboratlng laboratorles
within the U.S.:

Dr. Viktor Zhdanov, Ivanovsky Institute of Virology, and Dr. Frederick Seitz,
Petrov Research Institute of Oncology, visited with séientists at the
National Cancer Institute and attended the annual meeting-of the Virus Cancer
Program at Hershey, Pennsylvania. Dr. Seitz also visitéd several labora-
tories in the San Francisco:area.’ ‘ A

Dr. Konstantin Ilyin, Gamaleya Institute of Epidemiology and Microbiology,
visited scientists at .the National-Cancer Institute as well ‘as the M. D.

Anderson Hospital and Tumor Instltute in Houston, Texas and Flow Laboratories
in Rockville, Maryland. ~ :

Franco-American Exchange Program.. This‘program permits-theée-exchange of U.S.
and French scientists to work and study in laboratories®of-the respective
countries for perlods up to three months. ‘This year the following scientists
participated: : ' SRS

U.S.: Dr. Dharam Ablashi - International Agency for Research on Cancer, Lyomn
' Dr. Barbara Marczynska - Hopital Saint Louis," Parls
Dr. Robert Bassin ~ Institut Pasteur : » :
Dr. Victor H:. Zeve - College de France, Paris and Internatlonal Agency
. - for Research on Cancer, Lyon'-
Dr. Paul Levine - International Agency for Research on Cancer, Lyon

France: Dr. J. C. Chermann ~ Viral Oncology Area, NCI '
Dr. Jean—-Claude :Chuat - Viral Oncology Area, NCI; Flow Laboratories,
Rockville, Md.; and University of Southern
Callfornla, Los Angeles, Callfornla

VI International Symp031um on Comparatlve Leukemla Research

The World Committee.of the:International~Association'for"Comparative Research
on Leukemia and Related Diseases selected Nagoya-Ise-Shima; Japan, as the
site for the sixth meeting, September 16-21, 1973. Dr. Yohei Ito of the
Aichi Cancer Center was Chairman of tle Organization Committee. - The meeting "
brought - together leading scientists from all over the world who work on the
problem of leukemia and related diseases.  Discussions and original scienti-
fic papers were presented on comparative animal model systems; neoplastic
conversion of cells and tissues by leukemogenic¢ agents; growth regulation

and differentiation of hematopoietic cells; in vitro viral and chemical
carcinogenesisy mechanisms of: growth regulatlon and- dlfferentlatlon of leuke-
mic cells; immunological approachj non-human primates in the study of human
leukemia; detection and identification $ystemsy virusés, genes-‘and nucleic
acids; the state and function of viral gernome in transformed cells; the role
of immunological, virological and chemical determinants; genetic, biochemical
and immunological control; new therapeutic approaches; advances in genetic,
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biochemical and immunological control; current trends in the management
of leukemia and lymphoma; problems and progress in the comntrol of bio-
hazards in experimental cancer research.

Nétional Conference on Virology and Immunology in Human Cancer

This American Cancer Society-National Cancer Institute co-sponsored meeting
was held in New York City, November 29-December 1, 1973. Papers presented
at this conference covered the current developments in research and clinical
investigation in virology and immunology and the assessment and implications
of this work in the prevention and treatment of human cancer.

The 1974 Abraham Flexner Symposium. This two-day conference on Viral Trans-
formation and Endogenous Viruses was held in Nashville, Tennessee, April 1-2,
1974, ' : ‘

Conference on Papovaviruses. An informal meeting at NIH on April 8, 1974
brought together a number of investigators in the field of papovaviruses
to discuss the possible role of this group of viruses in human cancer and
to develop a system of nomenclature for these viruses.

Eighth Annual Joint Working Conference-Virus Cancer Program. The annual
meeting of the Virus Cancer Program was again held at Hershey, Pennsylvania
on November 4-7, 1973. The following topics were discussed: molecular
basis of tumor virus expression; breaSﬁ-cancer; basic studies in the under-
standing of viral oncogenesis; the‘bioibgyvof virus—-induced cancer; cancers
associated with herpesviruses; endogenous RNA viruses; and the control and
prevention of virus-induced neoplasia.

Atlantic Coast Tumor Virus Group (ACTVIGR)

The Atlantic Coast Tumor Virus Group was formed to provide an opportunity for
investigators located in the eastern region of the country to discuss re-
search .activities -of mutual interest. Its objectives are to promote ex—
change of information on current concepts and progress and to maintain inte-
gration of the research effort within the Program. The informal atmosphere
of smaller discussion groups is conducive to active exchange among partici-
pants with special research interests. =

Meetings are held under the chairmanship 6% Dr. Fred Rapp, who contributes
his time to make these gatherings possible at facilities offered by different
_contractors. Attendance has been. limited to one day, and each participant
arranges his own travel. The constraints imposed by time and space require
some limitation on attendance. Accordingly, selection of specific areas of
research involving several laboratories is required in order to best achieve
the objectives of these meetings. The various ramifications of an area are
presented by different investigators drawing on their own and supporting data,
thereby providing the basis for amplification through the ensuing discussion.
Participation has not been restricted to scientists within the SVCP. Contri-
butions from others have been invited to provide more comprehensive coverage
of current research.
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Arrangements were made by Dr. Fred Rapp to hold the first ACTVIGR meeting
at Pennsylvania State University, Hershey, Pa., on March 22, 1971. The
topics discussed were of general nature reflecting the broader aspects of
Program. Dr. David Yohn arranged facilities for a meeting on June 7, 1971,
at Ohio State University, where those attending considered the current
knowledge on relationships between herpesv1rus type 2 1nfect10ns and carci-
noma of the uterine cervix. :

The first ACTVIGR meeting in 1972 was held on January 11, at the Institute
for Cancer Research, College of Physicians and Surgeons, Columbia University,
New ¥ork City. Dr. Sol Spiegelman was host for this workshop meeting to
discuss molecular approaches to viral oncogenesis.

Dr. Joseph Pagano served as host for a meeting held at the .University of
North Carolina at Chapel Hill on June 6, 1972, Participants involved in
the study of herpesviruses were invited to discuss several possible

mechanisms whereby infection by these agents- mlght effect neoplastlc trans-
formaticn.

The fifth ACTVIGR meeting was held in Houston, Texas, on ‘January 16, 1973.

Dr. Leon Dmochowski was host for this one day workshop to discuss cellular
immune mechanisms in human neoplasia. Topics discussed included: .cell
mediated immune response to acute leukemia cells and soluble leukemia antigen;
quantitative measurement of cell and antibody mediated immune reactions of
patients to cultured sarcoma cells; cellular hypersensitivity to autologous
breast cancer; immune responses of tumor-bearing marmosets; immunologic
activation of oncogenic viruses; and, function of the host immune system in
the regulation of endogenous RNA tumor virus expression:

Dr. Jeno Szakacs served as host for the sixth meeting held -at St. Joseph's
Hospital in Tampa, Florida, on May 14, 1973. Participants were invited to
discuss their recent findings in molecular studies in viral oncology. Dis-
cussions centered about the following topics: - techniques for detection and
isolation of reverse transcriptase; partial transcription By type C particles
in BALB/c mice$ proteins and low molecular weight polypeptides of RNA tumor
viruses; detection of EBV DNA in malignant tissue and cells- and relevance
of RNA tumor viruses tO human lymphomas.

The seventh meeting was held on April 26, 1974, at Emory University in
Atlanta. Dr. Andre Nahmias was host for this workshop meeting to discuss
" viral vaccines, their potential usefulness and associated problems for
prevention and therapy of neoplastic diseases in man and animals.

Pacific Coast Tumor Virus Group (PACTVIGR)

Only two PACTVIGR meetings were held during fiscal year 1974. Each presented
preliminary findings (since published) of enormous significance in the search
for the human type C RNA tumor virus, and possible approaches to cancer pre-
vention and control through viral immunoprevention (wvaccines) and better
understanding of the mechanisms of switch-on and suppression of oncogenesis.
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New discoveries and techniques included the visualization of type C RNA
particles in human and other primate placentas; the presence of endogenous
type C RNA (xenotropic). viruses which could:not grow in their respective
host cells but which were prime candidates as: causes:of naturally occurring
cancer; methods of: induction for uncovering the xenotropic viruses; and -
biochemical probes: which. provide an extremely sensitive method for establish-
ing the probable species of origin of the numerous viral isolates being re-
covered and which. will eventually prov1de the proof of the human origin of
"rescued" viral isolates.

These meetings provided .a forum for establishing collaboration between
laboratories and programs working in related: areas to accelerate progress
and make p0551ble a poollng of resources.

The 15th PACTVIGR meetlng was held on. August. 29, 1973 at the Unlver31ty of
Southern California ~ Dr.. Murray -Gardner (USC). descrlbed a long-term study

of a number of wild mouse .colonies, in which: a' colony switched-on for type

C RNA tumor virus demonstrated -early cancer incidence ‘and paralysis.” Ex-
perimental follow—up‘conflrmed the etiologic association between the type

C virus, tumor and paralysis. The form of paralysis seen was-clinically and

- pathologicad#ly almost identical to amyelotrophic lateral sclerosis in humans,

and studies are now underway to. search for an equivalent ‘agent in humans,
and to determlne the. host ‘range--of -the murine viral 1solate. :

Dr. BrianaHenderson,»who is in charge of\the“epidemiologyaprogram at the
University oquputhernfGalifornia, described what appeared ‘to be an
enhanced incidence of .lung tumors-in three -areas of Los Angeles, all of
which were in high petroleum refining districts. The increased incidence
appeared to be associated with residence, but the data are preliminary.
Studies are now underway to study occupatlonal exposures, etc.

Dr. Frank Dlxon, of the Scrlpps C11n1c and Research Institute, dlscussed hls
work on the immunopathology and biological behavior of the type C virus
derived from the NZB mouse, which has a high incidence of autoimmune disease
associated with the type.'C virus. -This disease strongly resembles lupus
erythematosus in humans. The disease in both mice and humans is strongly
genetic, and is associated with familial cancer in humans; the mice do not
usually live long enough to.develop cancer,:but do. develop leukemla if
treated with 1mmunosuppressants at an early age.

Dr. Dixon's group descrlbed a new oncornavirus surface antigen, and was now
settlng up a. radlolmmnne assay for thls.

Dr. Karl Hellstrom of the- Unlver51ty of Washlngton presented a progress re-
port on cellular immunity to tumor antigens in which he described his" most
recent flndlngs on the blocking and unblocking factors originally described -
by Dr. Hellstrom; the presence of the former. associated with loss of regula-
tion and the cancerous state in humans and in animals. Animals with the

blocking factor would accept tumor transplant cells, whereas those with the
unblocking factor would not.
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Dr. Hellstrom described some very promising preliminary studies in which
lymphocytes cytotoxic to target cancer cells could be induced in animals
lacking the blocklng factor by treatment W1th sera from anlmals with the
factor. - v a

Dr. J. Taylor, of Dr. Michael Bishop's: laboratory at the Unlver31ty of -
California in San Francisco, described their work on cliaracterization ‘of
the 3' end in the 70s RNA complex, which had been found to:be a 4s*R¥A
They are currently doing some work with the Visna viruses which lack the 4s
RNA, among other differences from the type C RNA tumor virusé€s.. They hoped
to determine whether the :3' 4s RNA precursor of the RNA virus: template was
the RNA on which oncogenic behavior was coded. ‘

Dr. Eckhart of the.Salk Institute described his most recent fifidings on the
polyoma temperature sensitive mutants. in efforts to determine which gene -
products were important in transformation. - The ts A mutant was required

for initiation of transformation, but not for maintenance of the transformed
state; ts 3 was required for maintenance of lytic characteristics of trans-
formed- cells. The ts A's retained their characteristics; the ‘ts 3 did not.
Current emphasis was on whether translation of a. given gene was involved in
transformation of a normal cell. They. were also locking:at alterstions in-

the mechanism of uptake of hexoses (Deoxyglucose) and p0531ble correlatlons
with transformatlon at permissive- temperatures.- :

. : : .~

Dr. Henry.Kaplan,nStanford University,.described'his efforts to culture
malignant cells, with emphasis on Hodgkins:disease and other: lymphomas.
Acknowledging the difficulty in growing Reed-Stermberg cells, he noted

that his group had found. enough malignant cells  in the spleen to ‘establish
lines. The established lines would be studied intemnsively in efforts to '
detect and rescue a virus, particularly from the Hodgkins lines; since
there was some epidemiological and other evidence of : ‘a p0831ble v1ral
etiology in Hodgklns -disease. ‘ :

Dr. Robert Huebner, National Cancer Instltute, focused on the importance of
the host immune response in the development and control of tumors. His™
group was attempting enhancement of the immune system by production of anti-
bodies to the viruses involved, which would require antibody to the precise
antigens involved in tumor induction.. . He described his vaccine trials and
results leading to his conclusions. : i : : '

Dr. Huebner also described:. tumor induction:in hamsters by the bovine papilloma
virus which apparently had derepressed the hamster's:endogenous’ type C viral -
genome, resulting in a series of tumors which continued to come up and regress
throughout the lifetime of the hamster. At the: time of the ‘experiments, the

‘hamster leukemia virus had not been isolated. Seta from 'the ‘afflicted animals,

tested recently, revealed high levels of HaLV antigen. In addition, inde—
pendently, the endogenous-HaLV had been proved oncogenic after a period of
about 18 months on test.  He pointed up:the necessity of now going back to
tumors produced by other DNA viruses to ascertain whether- they too operated
through derepression of their endogenous RNA viruses.
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Dr. John Stephenson, NCI, described his and Dr. Stuart Aaronson's work on
genetic controls 'of ‘virus expression-using temperature sensitive murine virus
mutants. It’ dppeared that’viral- inducibility (IdU and BrdU) and persistence
were dominant in some ‘genetic crosses.’ Work was®in progress to.try to
determine whether the genetlc controls involved structural genes or regu-
latory’ genes. ' : -

Dr. Hans Meier of The Jackson Laboratory dlscussed his flndlngs which revealed
the type C virus or viral genome'to be present in every mouse cell. ' Viral
expression varled with respect to a number of 1nduc1ble loc1, and pathogenlc
expression was related to early v1rus expre551on. »

Utilizing F; and Fy backcrosses of high and low viral expression strains,
Dr. Meier determined that the development of tumors was associated with

gst mice, prov1d1ng an 1mportant tool for 1dent1fy1ng hlgh rlsk individuals
and groups. -

Additional experlments 1nd1cated the presence of a réepressor gene which regu-

lated gs antigen expression in low tumor-incidence mice. Thus tumor formation
may be repressed by repression of antigen expression.

Dr. Meier's group was also worklng on ‘the use of carcinogens transplacentally
to 1nduce tumors in the offsprlng of f1ve different strains which were
chosen with respect to - thelr ‘inherent ‘antigen or virus expression. The
effect of the carC1nogens was found to be dependent on the genetic strains
and crosses used with the greater heredltary influences reflected on' the
maternal side. Infectious virus was not necessary for pathogenesis or
transmissibility of carcinogenesis; offspring derived from gs and virus-—
positive (high tumor) strains developed the same tumors normally seen in

the strain at a much earlier age. These strains would be used to test the
effects of vaccines used prophylactically. Dr. Meier summarized by stating
that through genetic selection one could prevent cancer, identify genes
associated with cancer, and possibly identify and make use of repressor gemnes.

Dr. Gilden (Flow Laboratories) described his studies om the evolution and
relationships of the type C RNA viral gemome in a number of species. He
demonstrated a mammalian viral "family tree" in which he demonstrated the
gibbon and woolly monkey viruses to be relatively closely related, the RD1l4
to be in a category by itself, and the hamster, rat and murine leukemia
viruses to be relatively close at the lower spectrum.

At the 16th meeting, which was held in Berkeley, California, Dr. Jay Levy
described the discovery of a "xenotropic" type C RNA mouse virus, present
in virtually all strains, which was characterized by its inability to grow
in its host cell. He described the technology used to uncover the presence
of this virus and viral genome, which could be applied to other species.
This finding was of enormous potential significance, since it provided in-
sights into the natural history of the type C viral genome, its role in
natural cancer, and the technology for rescuing an analogous virus/genome
in humans.
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A major finding had been the discovery in;several labo:etoriesiof type C
viral particles in human and primate placentas. This work.was summarized
by Dr. Kawakami of the University of Califormia at Davis. .

In view of the foregoing, a large segment of the meeting was devoted to a
number of approaches in several laboratories in efforts to induce and/or
rescue the human type C virus or viral genome. Participants included
Drs. Walter Nelson-Rees and Adeline.Hackett (Naval Biological Research
Laboratory, Oakland), Drs. Robert Huebmer and Paul Arnstein (NCI), Drs. John
Riggs and Linden 0'Shiro (Callfornla State Department of Public Health), Dr.

Jay Levy (University of California Medical Center, San Franc1sco) and Dr.
Thomas Kawakami.

Dr. Huebner followed with a br1ef summary of the ev1dence to date of the
genetic transmission of oncogenic wiral information, prov1d1ng further
confirmation of the universal presence of an oncogene normally suppressed
under immunological controls -until old age or other carcinogenic environ-
mental influences. This pointed up the necessity to better understand the
mechanism of immuno—control. . o s

-The meeting concluded with a discussion by Dr. Michael Bishop (University

of Califormnia Medical Center, San: Franc1sco) on the use of blochemlcal
probes to demonstrate the presence of . endogenous virus and to prove homology
with given species. This was a highly sensitive method of demonstratlng
homology between viral isolates and their presumed tissues of origin and

to rule out contaminants or agents whlch 1nfected the host but were not part
~of its gemetic heritage.
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I1I. SUMMARY REPORTS. OF OFFICES OF THE ASSOCIATE DIRECTOR

A. Frederick -Cancer:.Research Centér

The Viral ‘Oncology Program :(VOP) at the Frederick Cancer Research Center is
implemented through the Scientific Coordimator for Viral Oncology who is
physically located at Fort Detrick, Frederick, Maryland. Program direction
for the VOP is derived from the Associate Director for Viral Oncology with
the assistance of the FCRC Viral Oncology Advisory Group. The latter
currently consists -of seven NCI staff members plus at least three outside
consultants. The major function of the Viral Oncology Advisory Group is to
_review all'VO»pfdjects at<FCRC.on .a continuing basis for the purpose of
attaining and maintaining program excellence. and to insure rapid respomnse of
the FCRC project operations to needs related to the overall NCI program
objectives. The attainment of research objectives is further served through
close associations between the FCRC Scientific Coordinator for Viral Oncology,
and the NCI Project Monitors, the Contractor's Project Managers, the Office
of Program Resources and Logistics, the Office of Biohazards and Environmental
Control, and other NCI program elements.

During the second year of operatioms, Viral Oncology completely funded five
projects and partially supported three others. New this year was Project 13,
Basic Research in Viral Oncology, which consisted of a number of NCI
intramural sub-projects that were initiated with contractor persomnel on a
collaborative basis. Also new this year was a research program in Project 6
to support the work of Dr. T. O'Connor on the evaluation of a possible

human oncogenic virus candidate. ‘A summary of these efforts and other VO
projects at FCRC are presented below.

Those projects that are completely funded by Viral Oncology are the
following: S :

Project 1, Virus Production.  The objectives of this project were to attain
a production level of Rauscher murine leukemia virus (RLV) of 150 liters per
week, to concentrate and purify this and other oncogenic or suspected
oncogenic material, to phase in the large-scale production of a second virus
(woolly monkey fibrosarcoma virus), to produce and concentrate limited ;
amounts of a variety of specially requested viruses on a one-time basis, and
to distribute virus products as requested by the Office of Program Resources
and Logistiecs; NCI. o

Project 2, Developmental Research. The objectives of this project were to
"develop techniques -applicable to scaling up cell culture production of
Epstein-Barr virus and mouse mammary tumor virus, involving continued studies
directed at optimizing parameters for growth, including concentrations of
amino acids, oxidation reduction potentisl, pH and dissolved 0, and CO,, the
induction of viral yields with chemicals, (e.g. 1dU, hormones, DMSO, cyclic
AMP), host range screening of cell cultures for infectivity and replieation,
development and/or improvement of testing and assay procedures in vitro, and
the development of a mouse colony to supply tumors, milk and animals for
MMIV testing.
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Project 3, Viral Diagnostic and Test Reagents. The major ‘objectives of this
program were to purify group specific antigens (p30) and viral reverse
transcriptase (RDDP) enzyme from Rauscher leukemia virus and to prepare
specific antisera in various laboratory amimals using the purified proteins
as antigens; this project also had the responsibility for the quality
control of FCRC products until the formation of a new separate Quality
Evaluation Section in November.

Project 5, NCI Office of Biohazards and Environmental Control. Project 5
provides and maintains laboratories, animal holding and administrative space.
for use by the NCI Office of Biohazards and Environmental Control in Building
550. -Fhe Project will evaluate potential hazards associated with research
activities in the viral oncology laboratory. Methods will be developed for
identifying and evaluating viral hazards. -Nonhazardous model systems for
evaluating standard laboratory procedures and equipment will be developed.
Safer techniques, procedures, equipment and devices will be developed. and
made available to all NCI contractors.

Project 13a, Studies on Herpesvirus. The major objective of Project 13a
during this report period has been the implementation and support of the
Herpesvirus program of Dr. Albert B. Sabin. Specific objectives included
the following: (1) preparation of nomvirion HSV antigens in guinea pig
kidney (GPK) and HEp2 cultures, (2) preparation of virion antigen in HEp2
cultures, (3) preparation of antisera in guinea pigs to the HSV nonvirion
antigen(s) (NVA), (4) absorption and preparation of human sera for comple-
ment fixation (CF) testing, (5) CF testing of large numbers of human sera
from patients with a variety of cancer types.

Project 13b, Virus Disease Modification. The goal of this project is to
conduct a multidisciplinary approach to the detection, prevention, and/or
control of viral-induced and spontaneous neoplasias (specifically, leukemias,
sarcomas, carcinomas, and melanomas). The research efforts are concentrated
in three gemeral areas of investigation: (1) antitumor therapy; (2) antiviral
and immunostimulation effects of drugs in vitro; and (3) biochemical
assessment of active compounds on the basis of inhibitory effects on viral

polymerases ‘and the synthesis of protein and nucleic acids by both virus and
host cells.

Project 13c, Purification and Characterization of Virus—-Associated Tumor
Antigens. The major contract objective of Project 13c is to isolate and
characterize virus—-augmented tumor transplantation antigens using the
following virus-mouse-tumor systems: (1) SV40-transformed. BALB 3T3-induced
fibrosarcoma in BALB/c mice, (2) Moloney virus—induced asc1tes lymphoma in
A/He mice, and (3) mammary tumor virus-induced Adenocarcinoma in C3H mice.
Other objectives are to develop protocols for the use of concentrated
antigens in immunotherapy and to support the human clinical program of the
Cell Biology Section, Viral Biology Branch, NCI.
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Project 13d, Primate Virus Section. The objective of this unit is to develop
and staff facilities for the study of the virology, biochemistry, immunology,
and pathology of human.and nonhuman primate oncogenic viruses. The Primate
Virus Section is oriented to conduct and devote its efforts towards the role
of human and nonhuman. prlmate viruses in the induction of neoplasia and all
its studies have either direct or 1nd1rect relevance to the understanding
and prevention of cancer -in humans. The Primate Virus Section will also
provide laboratory. facilities and training for visiting scientists from the
U.S.A. and abroad for research in the above areas.

Those projectsathéttare,partially funded. by Viral Oncology are the following:

Project 4, Environmental Control. Control of theé total work environment to
minimize risk of human exposure to. blologlcal agents and chemical carcinogens
used in experiments, to safeguard against accidents involving radioactive
materials, toxic chemicals or physical apparatus are the objectives of the
Environmental Control Project. The control measures that protect the
experimenter also. protect the valldlty of the experiment, which could be
compromised by accidental contamination or cross-contaminatiom of cultures,
cell lines and anlmals, Euv1ronmental Control personnel are attempting to
assess risks, define problems and develop solutions for the effective control
of envirommental hazards. Viral Oncology supported approximately 35 percent
of this effort..- C ’ o v

Project 6, Developmental Electronmicroscopy.’ The objectives of this project
are to: 1interface the TEM and light microscope with the automated image
analysis system to increase the capabilities of these instruments for quanti-
tative and qualitative measurements; perform collaborative research within
the FCRC utilizing the image analysis system to improve efficiency and
accuracy of quantitative and qualitative measurements for quality control and
specimen evaluation; and perform collaborative research within the FCRC
utilizing the combined resources of the TEM and SEM.

SA-4 Project. Objectives are to develop adequate expertise for the purpose

of examining and evaluating human oncogenic candidate viruses. The first of
such candidates, introduced by Dr. Timothy O'Connor in January, 1973 is
associated with studies conducted. on cultured cells (SA-4) derived from a
human liposarcoma. A major effort was made to produce large volumes of cells
and to process supernatant fluids necessary for evaluation of 60-70S complexes
in the simultaneous detection procedure. Plans were also implemented to .
prepare adequate amounts of virus concentrate for nucleic acid hybridization
studies for species determination at FCRC and other laboratories collaborating
in this endeavor.

Viral Oncology supported approximately 40 percent of the total Project 6
effort which includes all of the above mentioried work.
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Project 12, Animal Farm. PrOJect 12 prov1des for the production of inbred,
hybrid and outbred laboratory animals of various species and strains, free
of spontaneous diseases and of known gemetic background; these: animals are
to be produced in sufficient quantities to meet the needs of ‘the FCRC and
other NCI operations as directed by the Project Officer. Viral Oncology
supported approximately 25 percent of this project. A

The FCRC Viral Oncology Program will undergo some alteration next year. The
general scope of effort within which the Contractor will be réquired to
perform consists of four main segments of work: (1) Virus and Viral Reagent
Production, designated Project 1; (ii) Viral Oncology Research, consisting
of Project 13, Basic Research in Viral Oncology and Project 2, Developmental
Research on Viruses and Viral Components’ (iii) Product Characterlzatlon and

Standardization, designated as Project 3; ‘and (1v) Blohazards -and Environ-
mental Control, designated as Project 5.

It should be emphasized that the FCRC Viral Oncology effort is to be performed
as a total integrated activity which will allow for a high degree of flexi-
bility in response to overall program needs and for broader latitude in
creating and pursuing critical fundamental research objectives both in-house
and on a collaborative basis with outside acknowledged experts. ‘As work in
the given areas is performed, particula;'research objectives may receive

changes in emphasis; new objectives may be 1ntroduced and/or previously
established ones may be postponed or ellmlnated
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B. Office of Biohazards and: Envirommental Control

The office is responsible for developing safety standards with regard’to
oncogenic viruses and.chemical carcinogens. It assists contractor: and, where
applicable, -intramural:-and grantee. programs -in: carrying out cancer research
safety policies. Performs research to develop effective control practices and
establishes risk assessment criteria. It conducts basic research pertaining
to the 'physiological ‘and -environmental factors that alter . the host S, sus—
ceptibility and response to oncogenic viruses:. and carcinogens.

The Biohazard Section conducts research to elucidate the mechanisms involved
in host immunocompetence and the consequences of endocrine imbalance on such
competence and oncogenesis. These factors are being investigated by in vivo
and in vitro as are:thlie genetic factors :associated with hormonal activation
of proteln synthesis associated Wlth tumor virus expression.

In collaboration with .the Southwest Fgundation for Research and Education (a
collaborative contract laboratory) we recently observed the presence of type
C viruses in normal:-baboon.and human placental tissue.. The significance and
function of type-C viruses in-reproductive tissue of primates as well as
rodents is being further evaluated. Conditions normally necessary for the
expression of such particles are also under study. We are further exploring
the nature and significance of the M-7 type C virus presumably isolated from
baboon placental tissue.

The Environmental Control Section develops and recommends: equipment, facilities,
procedures rand standards for: the proper handling of potentially biohazardous
materials-and disseminates..this information to the scientific community

through publications,  training programs, site visits and consultation activi-
ties. Procedures, equipment and facilities are evaluated to identify inherent.
safety deficiencies:and.to:provide basic information for developing corrective
measures.. The. Section operates the NCI virus containment facility and proto-
typeﬂcontainment laboratories.

The Sectlon conducts applled research to.evaluate potentlal hazards associated
with research act1v1t1es in viral ‘and. other areas of oncology and to develop
adequate protective measures. This. program_ls performed at the Frederick
Cancer Research Center. ' '

Minimum Standards for Biological Safety‘andiEnVironmental Control have been
issued to all contractors within the VCP. Consultation and training activities
have been expanded to. assist contractors in 1mp1ement1ng these standards.

Minimum Safety Guldellnes for Research Involv1ng Chemlcal Carc1nogens have
been developed by the Sectlon in collaboration with the NCI Cancer Research
Safety Committee. The Section has provided technical assistance to the
Carcinogenesis Program in areas of laboratory safety and envirommental
control. Studies have been undertaken to determine the impact of the
Department of Labor Carcinogen Standard on cancer research and to select
practical methods for the implementation .of this Standard.
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C. Office of the Coordinator for Ultrastructural Studies

This office and the Virus .Studies Section continue to-be involved: in a number
of projects concerned with viral replication:and oncogenlc virus-host cell
interactions. These prOJects are as follows::

1. A search for viruses in biopsies and tlssue culture 1solates -of human
solid tumors and other human tissues.

2. The study of ultrastructural variations in dlfferent oncogenlc and Te-
lated—viruses.

3. Electron microscopic and blochemlcal analy31s of partlcles found in -
guinea pig leukemia and normal guinea pig cells.

4. Ultrastructural and biochemical studies on viral RNAs.-

5. Investigation of ‘viral nucleic acid-metabolism-during the eclipse phase
after infection using radloautography and pulse labellng of Act1nomyc1n D,
urldlne and thymldlne. ' ¢
6. Ultrastructural-changes during transformation following:RSV infection.’
. = J
Search for Viruses

A total of 10 cell lines have developed from sterile biopsies-of human solid -
tumors. Six of these are monolayetrs, 4 ‘are‘suspension cultures. In-addition
4 tissue cultures from placentas have been obtained, ‘one from an ectopic
pregnancy, 2 from caesarian settion and one from a term placenta. - Suspen-
sion cultures as would be expected from-préevious work have: the Epstein-Barr
viral genome but to date no virus has been identified in monolayer cultures.
Eighteen of the cultures presently being carried in this laboratory have been
sent to Jon Fogh at Sloan—-Kettering partly for safekeeping, partly so that
Dr. Fogh can carry out studies not contemplated for' this.laboratory. The
placenta cultures are being stimulated with ‘BUdR to determine whether a type
C viral genome can be induced to replicate type C virus.

Ultrastructural Variations in Virions
Recently a comparison was made between the type C viruses of the mouse, cat,
gibbon ape and baboon with the placental virus of the rhesus monkey, the
baboon and human. All typical type C viruses exhibit an electrom lucent
space between the envelope ‘and the nucleoid durlng the ‘bud’ stage. "The large
majority of placental virioms in all’' 3 species have no such space. This
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suggests the possibility that two type C viruses are present in placentas
and that in tissue culture of placentas, a typical type C virus has been
selected while the placental virus has not been isolated.

Viruses vs. Host Cells

Studies on the particle associated with guinea pig leukemia have indicated
that the particle is not.-a type C particle but an intracisternal A particle.
This particle in practically 100Z of the cases is attached to another
particle or to the membrane of the endoplasmic reticulum. It would appear
that this particle. escapes from the cell only at the time of cell death

and is probably not respousible for the induction of leukemia.

Normal guinea pig cells (guinea pig embryo cells) do not contain intra-
cisternal A particles but on stimulation with BUdR produce a particle which
has most of the ultrastructural features of a mouse mammary tumor virionm.
Typical intracytoplasmic A particles develop which are incorporated into
buds which in turn separate from the cell. Many of the particles ex-

hibit eccentric nucleoids and possess surface spikes.

These results indicate that if a type C genome exists in guinea pigs, its
phenotype has yet to be demonstrated.

Viral RNAs ;
After many months of painstaking effort and variable results and numerous
failures, the structure of the RNA of avian myeloblastesis virus and of MC29
has been determined. These RNAs have lengths of 0.7, 1.1 and 1.9u. Under
comparable conditions the RNAs of vesicular stomatitus and Newcastle's
disease viruses exhibit lengths of 8-10p which correspond to their molecular
weights. Thus previously described molecule lengths of some viral RNAs are
incorrect and probably represent contaminating DNA.

Radioautography Studies

Quantitative autoradiographic studies by light and electron microscopy in-
dicate that following Rous sarcoma virus infection, a virus induced amplifica-
tion of ribosomal cistrons in nucleolar chromatin occurs as a result of inte-
gration of the viral genome and derepression of cellular (oncogenetic) DNA.
These events occur within 80 minutes of infectiom.

Structural Changes Durirg Transformation

Cells transformed by Bryan (high titer) Rous sarcoma virus develop numerous
vacuoles which apparently contain mostly water. Other Rous sarcoma virus
strain do not induce vacuole formation. The membranes bounding these

vacuoles have features different from other cellular membranes. A temperature
sensitive mutant derived from BHK,. cells deficient in cytoplasmic 28S RNA
was used to determine whether cellS of this type could be infected with

either a hamster leukemia virus containing a murine sarcoma virus genome or
with SR RSV.  Neither virus would infect.
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Preparation of sections for electron microscopy included 867 embeddlngs
of which 724 were sectiomned. :

A total of 28 tissue culture lines are presently being carried in the tissue
culture unit. Twelve of these were developed during the past fiscal year.

The photographic unit produced 5,634 prints. -In addition to the work for
the staff in the Office of theée Coordinator for Ultrastructural ‘Studies,
work was done for Dr. Molomey, Dr. Ablashi, Dr. Perk, Dr. Boone, Dr. Orme,
Dr. Chirigos, Dr. Albert, Dr. Gruber, and Dr. Pearson. These included 150
light mlcrographs and prints, 25 large lantexrn slides, 500 2x2 slides,

600 4x5 copy negatives and 20 16x20 exhibit prlnts.‘

Lecturers in the Virus Studies Sectlon in the seminar series:  Dr. C. Weichan,
Dr. K. Perk, Dr. E. de Harven, G. Schidlovsky, Dr. J. Dahlberg and Dr. G.

Weber.

Dr. Kalman Perk has been associated with the Offlce of the Coordlnator
Ultrastructural Studies.as a visiting scientist.
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D. Office of Program,Resources.and.Logisticsv

The Office of Program Resources and Logistics within the Office of the-
Associate Dlrector for Viral Oncology is responsible for the review and
scientific management of collaboratlve research contracts providing research
resources . and loglstlcal support to intramural investigators within Viral
Oncology and collaboratlng laboratorles _participating in the NCI Virus
Cancer Program, and, when adequate resources are available, to the gemeral
scientific community.. The Office is also respomsible for the day-to-day
general management and dlrectlon of resources distribution. This Office

was established in 1972 to centralize the scientific administration and
management of research resources ‘and logistical functions and to ‘unify these
activities within. the Office of the Associate Division Director. In this
way 1nd1v1duals respon31b1e for. coordlnatlng these support activities are
able to prov1de to. the entire Program with an awareness of the overall scope
of activities. This. has av01ded .any special consideration to a particular
area, unnecessary dupllcatlon of effort and the appearance of undesirable
competition w1th1n the Program. '

Many of the research 1nvest1gat10ns carrled out in the Viral Oncology Area
depend omn the avallablllty of clinical and laboratory materials of optimal
purity, v1ab111ty, and potency. Comparable studies in an 1ntegrated program
of internmatiomnal scope, as. encompassed in the VCP, make more meaningful and
rapid progress when adeQuate quantltles of standardized reagents, cell
cultures,.and. test, anlmals are available.. The Office of Program Resources
and Logistics prov1des these supportive activities through contract
operations representing four general areas of act1v1t1es. These include:

1. Act1v1t1es dlrected toward productlon and characterlzatlon of
purified viruses and viral reagents.

2. ;Act1v1t1es concerned with acqulsltlon, collectlon, storage,
inventory and dlstrlbutlon of normal and mallgnant human
specimen materlal

3. Act1v1t1es concerned with, anlmal resources, 1nclud1ng production
-of pathogen—free .and germ—free species of animals, breeding of
primates, maintenance. of anlmal colonles, and contalnment type
holding facilities.

4, Act1v1t1es dlrected toward the prov151on of specialized testlng
- services, for the. examlnatlon of experimental materials.

The overall requirement for research reSources and the number and extent of
requests received. frequently exceed the availability of Program resources.
This is due, to-:some extent, to the high cost of produc1ng or preparing
certain scarce reagents, to fiscal considerations which limit the ability
to prepare everygpotentialiy necessary item, and to a valid reluctance to




prepare highly specialized and expensive materials which can bejutilized by -
only a few laboratories. Because requests do exceed availability, the
distribution of resources is influenced by the relative value of specific
contract research in relation to overall Program goals. These relative
values, or priorities, are determined by the joint Program Segment Chairmen,
the individual Segment Working Groups, the OPR&L Advisory Group, and “the

VO Branch and Associate Branch ChlefS.  The dlstrlbutlon of resources is
patterned. on the evaluatlons and recommendatlons of these groups."

During the past year, this Office ‘has coordlnated the dlstrlbutlon to NCI
intramural investigators and VCP part1c1pants of a wide variety of
biologieal, chemical, and materiel resources. The amount of materlal
processed has been enormous. To illustrate the scope of act1v1ty, durlng
this year the purified and concentrated products from over 25,000 liters-

of tissue culture-grown viruses, propagated in over 30 dlfferent ¢ell lines,
were distributed to over 100 participating Taboratories throughout the
world. - Additionally, approx1mately 750 grams of a single agent not-
propagated in tissue culture, was sent to over 80 dlfferent 1nvest1gators
in over 130 shipments. Furthermore, the Program repositories handled or
shipped .out over 50,000 items. In addition to these act1v1t1es, the Office
has coordinated the distribution to U.S.S.R. scientists of a varlety of
resources in keeping with the Memorandum of Understandlng signed ‘in Moscow -
in 1972 covering the mutual exchange of cancer research materlals.. The
materiel supplied 1ncluded purified and concentrated viruses of murine;
feline, avian, and primate origin; spec1allzed viral proteins and antigens;
normal and infected tissue culture cell llnes, various tumor-derived cells;
a wide range of standard reagents and chemlcals for tissue cultire
utilization, including dried powder medla, radioisotope—labelled chemicals
and nucleotides, - and enzymes and hormones; a variety of antisera prepared
in a wide range of host an1mals°'and various other substances.-*'

An analysis covering a twelve-—month time period of the distribution of
Program resources by type of rec1p1ent indicated the extent " to which cancer
investigators have been supplled with tesearch resources. NIH intramural
investigators received 187%, collaborating VCP laboratories 71%; and
non-Program participants 11%, respectively, of the total resources effort.
For both the collaborating laboratories and the non—partlclpatlng
investigators, approx1mately one-half of the total resources were distributed
to scientists affiliated with academic institutioms. :

The Viral Oncology Program at the NCI-Frederick Cancer Research Center
includes aspects involving production and purification of viruses and viral
components, and preparation of selected antisera. Monitoring and evaluation
of these special efforts is conducted by OPR&L persomnel, and the Office is
responsible for gemeral management of the distribution of such materials to -
FCRC intramural investigators and to VCP’ collaboratlng laboratories. During
the perlod February 1973 to February 1974, over 8,000 1iters of virus
materials were produced and purified, and‘over‘7,600‘ml;‘of virus concentrates
were released to investigators as directed by this Office. ‘“All Program -
requests for viruses available from FCRC have been met and approximately
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3,000 ml. of virus concentrates remain available at the FCRC virus repository
to meet any additional needs.

The OPR&L is also-concerned with the preparation of an annual catalog listing
and describing the research resources available to collaborating laboratories
within the Program. Usually the information provided for each item includes
designation, origin, and processing procedure. This year, as in last year,

a revised new edition of the catalog was prepared and distributed to Program
participants. Loose-leaf binding, adapted last year, was retained to permit
efficient future updating of information, and the format and contents

were revised to expedite the recovery of items or services and reflect
current research interests. Additionally, an element of the OPR&L is
concerned with the development of a computerized central inventory for the
sera, tumor tissue, cell out—growths, and other human specimen materials
continuously being acquired by the Program. The central inventory facili-
tates matching investigators requests. for human materials with specimens

available, regardless of the geographlc 1ocatlon of the repository or
laboratory at which ‘it is stored..

Because of the dynamic nature of the Viral Oncology Program and the
increasing and expanding respomsibilities of the Office of Program Resources
& Logistics in support of that Program, admlnlstratlon within the Office was
streamlined and expanded during this fiscal year. An element from the
former Office of Program Analysis & Communications, responsible for
providing data and information management in support of the Office of Program
Resources & Logistics, was transferred to OPR&L and will assist OPR&L in the
general areas of systems analysis, analytical statiStiCs, computerized data
and information storage, and retrieval and dlstrlbutlon of resource material.
Because of its increasing respon51b111t1es, it is ant1c1pated that sections
concerned with the management of specific areas of resources will ultimately
be established. These newly designated sections would involve viral
resources activities, and the human. and animal resource activities. ,
Additionally, a third section comprised of the elements responsible for data
and information management would be appropriate. :CQIrently the specific :
activities of the Program Data and Analysis Unit within OPR&L continue to
involve the following: ‘

Automated Inventories of,VCP Resources :

1. VCP Serum Collection: Maintains a computerized inventory of
150,000 sera specimens held in seven local and regional
repositories: PDAU manages the continuous input, updating,
and *distribution data for .these specimens stored for utilization
by program scientists.

2. VCP Tlssue Collection: ;Plannéd, installed, andvmaintains‘a
computerized inventory of ‘human tissues from 1500 donors.

3. Environmental Coﬁtrol Speciméhs: The:NCI Office of Biohazard

and Environmental Control collects sera from research and
related activity employees of Viral Oncology supported contracts.
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Specimens are collected annually from individuals, and also at
the time of employment, termimation, injury, and during
convalescence. - PDAU maintains’ storage, donor, ‘and dlstrlbutlon
data for this collection of spec1mens.

4. Local Systems: The PDAU provides contlnued support for prev1ously
developed and installed 1nventor1es in three laboratories
participating as resource rep031tor1es for the VCP: Naval
Biomedical Research Laboratorieés, Huntlngdon Research Center,
and Simpson Memorlal Instltute—Unlver51ty of Mlchlgan.

5. Central PDAU Inventory: The PDAU has promoted compatlble
automated systems and codes for specimens in all institutions
participating in the VCP. This includes the capture and
automation of complete clinical, demographic, and ‘laboratory .
information on specimen donors. " The goal~-has been a central
specimen inventory at NIH making available for all of VCP the.
many large specimen repositories throughout the United States.
PDAU receives a tape copy semianﬁually‘of the indeperndent
satellite repository inventories which is merged with the PDAU .
system to prepare a central 1nventory flle.

Data Services

The PDAU prepares monthly an inventory listing for each of the satellite
repositories maintained in the VCP Serum-Bank and Tissue Bank system.
Ad hoc reports are prepared when requ1red by OPR&L

Statistical and SyStems:Servicesb

All laboratories in the VCP are offered a comprehensive statistical
service (comsultation on problems of research-design, data .procurement,
data management, and statistical analysis of survey or experimental
findings). A completely automated data processing routine directed by
experienced technicians maintains direct access to the main NIH computer.
Consultation and systems planning service is also rendered to VCP
contractors in developing, planning and ‘installing local automation
systems for managing and processing experimental data.

Progress Reports

During the major part of the fiscal year, a system of managing semiannual
progress reports was maintained. PDAU alerted contractors:when progress
reports were due, and received and disbursed copies to appropriate
personnel (project officers, segmentichairmen, contract: officers, and
Viral Oncology management). PDAU also- compiled and distributed to
program scientists condensed summaries of the actual progress reports.
This function has now been assumed by the VO Information .Unit.
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Within the Office of Program Resources & Logistics, principal support is
provided by three staff scientists, a computer programmer, and a secretary
who assist in responsibilities for the management of the collaborative
contract operation and the coordination of resources distribution.

®, Scientific Information Management

The Information Unit continued to focus attention on scientific information
retrieval in the -area of viral oncology, and its dissemination to program
scientists. Sources of information are scientific journals, books, and"
other notifications and summaries of current research in the field. Major
contributions of the Information Unit in FY 1974 were as follows:

(1) Bibliographic Service: A semi-—automated system is maintained for
storage, rapid search, identification, and reference print-outs

covering almost any desired topic in the published literature on
viral oncology. ‘

(2) Cooperdtive Literature Searching Service: Cooperative arrangements
from this office have been established with the Informatiom offices
of six other federal agencies whereby their literature collections
and other user services are made available to Viral Oncology program
staff members on request.

(3) Viral Oncology Contractor Directory: This quarterly publication
contains the names, addresses, and telephome numbers of contractors,
principal investigators, project officers, and contract specialists
within the Viral Oncology Program. Its purpose is to facilitate and

- . expedite communications between staff_members and. contractors.

(4) Compilation of Journal Instructions to Authors: This displays in one
volume the instructions-to-authors from a majority of pertinent
scientific jourmals. It is a reference aid for research investigators
in writing papers and also for the secretaries who type them. The
compilation is updated and expanded periodically.

Other responsibilities of the Information Unit are: Administration of the
Viral Oncology library facility containing subscriptions to seventy scientific
journals and also a collection of 350 reference books; continuous compilation
of the VCP bibliography containing citations to all papers published by Viral
Oncology staff members and research contractors; and the preparation of special
bibliographies both manually and by computer on request.
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III. BRANCH REPORTS

A. VIRAL BIOLOGY BRANCH
July 1, 1973 - June 30, 1974

The Viral Biology Branch conducts research om virus and host factors
related to carcinogenesis and the development and evaluation of

measures. for cancer control in experlmental systems. Investigations are
conducted to detect and identify the nature of virus activity in tumor
tissue, .study the effect on tumorigenesis -of interaction bétween viruses
co-infecting the host, determine the biological behavior of neoplastic
cells, characterize virus and tumor specific antigens, and examine
biochemical events related to viral infection and cell transformation.
Ultrastructural studies permit detectidén and morphological characterization
of viruses associated with disease processes and their effect upon the
internal organization of the cell. Selected experimental animals and

cell cultures are used to evaluate viral relationships to the carcinogenic
process. and the effectiveness. of combined chemotherapeutic and

immunotherapeutic measures in the control of virus activation and tumor
growth.

The Section of Cell Biology investigates malignant cell behavior and

the cell surface neoantigens associated with malignant transformation.
Methods are developed to study the cell surface changes which accompany

cell transformation. Increase in host immune responsiveness to tumor

cell antigens through induced modifications of cell surface is sought

as an approach to improved 1mmunotherapeutic control of neoplasia. The
Section of Microbiology has emphasized investigation .of herpesvirus-induced
malignancies in non-human primates in conjunction with current interest in
association between members of this group of viruses and human cancers. Host
immune responses to herpesvirus-induced antigens are correlated with the
progression of disease. Similar studies related to 1mmunolog1cal control of
RNA virus-induced neoplasia are conducted. The Section of Human Tumor
Studies combines viral, immunochemical and biochemical approaches to detect,
isolate and characterize viruses associated with human and some animal tumors.
. Protein products of virus gene expression, in vitro viral protein synthesis,
and the relationship of these proteins to cellular transformation are under
investigation. The Section of Virus and Disease Modification is concerned
with the development of effective measures for the control of virally-induced
neoplasms. Combined chemotherapeutic and immunotherapeutic measures are
evaluated in terms of prolonged life and suppression or elimination of tumor
growth in animals. The Section of Electron Microscopy had devoted efforts to
the detection of viruses in biological materials, viral morphology, and the
virally induced alterations in cellular ultrastructure. The Section will be
integrated into the Office of the Coordimator for Ultrastructural Studies.
The Office of the Chief coordimnates the research conducted in the Sectioms
with due recognition to the scientific freedom of the individual investiga-
tors. The Office is responsible for establishing collaborative efforts be-—
tween investigators in the Branch and other laboratories at NIH or elsewhere.
The Chief serves as Chairman of the Developmental Research Segment of the
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Virus Cancer Program and is assisted in this capacity by the Vice Chairman
and Executive Secretary for the Segment. As such, the Chief is responsible
for the extramural research contracts contributing to the Segmert's
mission. :

Studies on the biological behavior of cultured cells indicate that
decrease in cell-substrate adhesivity is related to the malignant
properties of the cells. Non-neoplastic cells do not grow and divide on
substrates to which the cells cannot adhere, but will undergo mitosis
under these cultural conditions in the presence of low concentrations of
N6, 02' ~-dibutyryl cyclic AMP. Since CAMP aids in assembly of cellular
microtubules and microfilaments, it is postulated that these structures
promote adherence of cells to substrate. Cyclic AMP also appeared to
restore anchorage dependence for growth of a spontaneously transformed
mallgnant cell line.

A type C RNA virus has been rescued from an apparently virus-free human
mammary tumor cell line, HBT-3, by treatment with testosterone followed
by iododeoxyuridine. The virus is 85 to 100 nm in diameter with a

40 to 58 nm core and had a density of 1.15°in a sucrose gradient.  The
particulates contain 285 and 70S RNA. The antigenic properties of

the agent are under investigation. Preliminary observations indicate

the presence of gs—3 interspecies antigen. Further, there is no
co—electrophoretic identity between the protein components of the viruses
from HBT-3 cells and with the major structural protein p30, of simian
feline or murine v1ruses.

An agent isolated’from a human cell line produces a cytopathogenic

effect on transformed or type C virus—shedding simian, bovine and murine
cells, but is without effect on normal cells or primary fibroblast
cultures on which tests have been made. A plaque assay has been developed
using Vero and monkey embryo spontaneously transformed (MEST) cells.
Purified preparatibns-of the agent titering 109 PFU/ml are obtained using
a combination of polyethylene glycol precipitation and Renografin
equilibrium sedimentation. The agent has a density of 1.16 in Regografin
and contains DNA. “The extracted DNA has a molecular weight of 10° daltomns
as estimated by co-sedimentation with HSV-DNA and a density of 1.70 in
cesium chloride. While these biochemical characteristics are similar to
herpesvirus, thin sections of infected cells or negative stains have
failed to reveal any particulate forms resembling herpesvirus. Normal
human sera neutrallze the agent and the reaction appears to be complément
dependent. :

Plaque purified herpes simplex virus type 1 (HSV-1) repeatedly passaged
through JLSV9 cells retaimned its characteristic plaque morphology.
Slmultaneously'paesaged”HSV—_ in Rauscher murine leukemia virus-infected
JLSV-9 cells altered the phenotypic expre531on of the virus. Plaque
morphology changed from the round cell form to a giant cell syneytial
form. Syncytia were also produced on chicken embryo fibroblasts (CEF)

in contrast to the parental vitrus which produced no cytopathogenic

effect on these cells. The plaque morphology was conserved on subsequent
passage in Vero and CEF. The virions produced in the doubly-infected
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cells were examined by electron microscopy.. Some particles possessed.
two distinct membranes surrounding the nucleocapsid and the outer
membranes contained surface projections 85 angstroms in length. To
determine whether phenotypic co-encapsidation is responsible,
neutralization assays, immunofliuorescence microscopy and ferritin
tagging experiments are in progress.

Purified, biologically active herpesvirus saimiri (HVS) is prepared

by polyethylene glycol precipitation fpllbwed»by equilibrium sedimentation
or flotation in Renografin. Up to 70 percent of the biological activity
is recovered = in a single, virtually pure 1.16 density band. Following
infection with HVS, owl monkeys develop antibodies to virus-induced

cell membrane antigens (MA) and late wvirus antigens (LA) regardless of

the presence or absence of the development of neoplasia. However,
antibodies to early virus-induced antigens (EA) are only detected in those
animals that developed leukemia and/or lymphoma following infection.

The antibodies usually appear prior to the onset of disease, indicating
the anti-EA response is diagnostic for lymphoproliferation.:There is

no evidence that malarial infection activates HVS in the squirrel monkey,
the natural carrier of this virus. “

The P3J-HRIK strain of Epstein Barr Virus (EBV) is infectious for
marmosets. Inoculated animals develop antibodies reactive with virus
capsid antigens and splenic enlargement which eventually subsides. A
transient respomse to EA accompanied by cervical node enlargement
occurred in one of five animals. A cell line originated from bone
marrow of an infected animal is positive for EB virus-—induced nuclear

antigen (EBNA). These cells lack T-cell markers and can be superinfected
by EBV.

A sarcoma virus-specific polypeptide of 57,000 daltoms has been identified
by co-electrophoresis of purified feline leukemia v1rus (FelLV) and

murine leukemia virus (MLV) pseudotypes of the Moloney murine sarcoma
virus (MSV) with their respective helper viruses. These studies also
confirm biological and immunological data on the 4:1 ratio of MSV
focus-forming units to FelLV replicating units. . Prellmlnary experiments
have shown significant differences between the leukemia viruses and

the sarcoma pseudotypes in the region of the membrane glycoproteins
(70,000 daltons).

The co-electrophoretic method that has been developed is in itself

a powerful tool in that the degree of relatedness between different RNA
tumor viruses is reflected in the number of the viral polypeptides

that have electrophoretic identity.

Translation products that co—electrophprése with avian myeloblastosis
virus (AMV) capsid proteins have been synthesized in vitro using AMV
messenger RNA in a protein synthesizing system derived from fetal bovine
kidneys. Autoradiographic immunodiffusion analy51s of the in vitro
translation product-with carrier AMV virus polypeptides, using an
antiserum prepared agianst Tween- ether disrupted AMV, gave one major
radioactive band tentatively identified. as p30.
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The RNA directed DNA polymerase of a reptilian type C virus resembles
the polymerase of AMV in its elution pattern from phosphocellulose
but has a molecular welght of 109, 000 daltons in contrast to that of
the avian enzyme (180 000 daltons) )

The mechanism of . action of different 1nhib1tors of AMV-RNA directed DNA
polymerase was studied Whereas streptonigrln binds to the RNA
template, an alkaloid extract of Nardussus tazetta L combines physically
with the template without affecting the binding of template and enzyme.
Pyran copolymer interacts with the polymerase at a region other than
the template site and inhibition is ‘overcome ‘only by excess enzyme.
Tilorone is an. exceptionally potent inhibitor of purified viral DNA
polymerases. The degree of inhibitidn was template specific for the
templates tested. Chemically modified polyA is unable to base pair
.with corresponding bases and, therefore cannot be primed  to act as a
synthetic substrate for polymerase. Since the modified polyA cannot
effectively base pair with nucleic acids normally involved in cellular
processes, it has potential usefulness as an inhibitor of oncogenic
viral polymerases.

Immunity to a transplantable Moloney virus-induced lymphoma can be
transferred to mice by sera possessing high antibody titers against

mouse sarcoma tumor cell membrane antigens. Such sera are obtained

only from donor mice bearing regressing allogeneic sarcomas. Protection
is particularly effective when the serum treatment is used in combination
with drug therapy. Thus, titer of serum against tumor cell membrane
antigens provides a measure of effectiveness for the control of tumor
growth: Such sera also enhance the cytotoxic activity of normal lymphoid
cells for target cells carrying these membrane antigens. The enhancing
factor is contained in the IgG serum fraction.

The immunogenicity of tumor cell membrane antigens is increased
considerably if the tumor cells are infected by influenza or vesicular
stomatitis virus. Such virus—augmented tumor antigens also are more
effective than the noninfected tumor antigens in elicidation of a
delayed hypersensitivity reaction in tumor-immune animals. A factor
present in necrotic tumors specifically depresses cellular immunity in
mice bearing the tumor.

Evaluation of nomspecific stimulation of immunity for the comntrol of

the growth of virus-induced neoplasms in mice was' continued. A number
of chemical and biological materials which were ineffective alone did
produce substantially increased periods of remission following
chemotherapeutic reduction of the tumor burden. The antibiotic,
streptonigrin, is quite effective at low levels in inhibiting both virus
replication and MSV-induced tumor growth. The most active inhibitors

in tests in vitro are alkaloids of the narcissus bulb, adriamycin,
tilorone and its derivatives, and methylene blue.

Other Activities of the Branch:

During this reporting period, investigators in the Branch were senior
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authors on 23 published manuscripts, on 9 papers in press, and were
collaborating authors on 33 publishedvreports and 19 reports in press.

Members of the Branch presented lectures by. 1nv1tat10n to research groups
in this country and abroad and discussed research observatlons at e
different scientific meetings. The Branch also ‘hosted visiting ‘scientists
desiring training in experimental procedures. Senior members of the '
Staff served as Project Officers on research contracts, and part1c1pated
in site visits to different laboratorles 1n the research contract program
of the Institute. \ -

The Electryon Microscopy Section ass1sted 1ntramural investigators in-
the Viral Oncology Ared by providing ultrastructural studles on
specimens submitted. ' The Photographic Unit assisted 1nvest1gators
requiring photographic records of spec1mens and by proce581ng electron
photomicrographs for 1nclu31on in manuscrlpts.
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B. VIRAL CARCINOGENESIS BRANCH
July 1, 1973 - June 30, 1974

Introduction

The mission of the Viral Carcinogenesis Branch is concerned with the
natural histories of tumor :viruses in animals and man and their established
and suspected roles as' causes.of cancer; the ultimate objectives are the
isolation and characterization of postulated human cancer-inducing viruses
‘and the prevention of such cancers by antiviral vaccines or inhibitors.

As ¢an be seen in the bibliographies of this and previous reports of the
Viral Carcinogenesis Branch (VCB), the research program is part of am
extensive collaborative research effort involving large numbers of
scientists working on research projects and programs located in other
Branches and Laboratories of VCP-NCI (Todaro, Scolnick, Benveniste), in
the Natiomal Institute of Allergy and Infectious Diseases (Rowe, Hartley),
and a number of VCP=STS research contracts (see list). Much of this
collaboration had been established by Dr. Huebner prior to his appointment
as Chief of the VCB in 1968; VCB had been and continues to develop and
furnish RNA and DNA- tumor virus diagnostic tissue culture systems and.
sero—epidemiological ‘services to the other programs. The work of these
collaborating laboratories are so interlocking, supplementary and comple-—
mentary to each other’that separate descriptions of their joint accomplish-—
ments would be quite incoherent. Thus where indicated they will be
discussed together.

Ao

Background

Since 1966 the VCB and collaborative programs have been primarily concerned
with the RNA tumor (oncorna) viruses and their subunits found in normal

as well as tumorous tissues of ‘a number of classes of animals and cells;

the chief question has ‘continuously béen, "What are they doing there?"

Since the known well-established type C and B RNA tumor viruses are

clearly tumorigenic, it was logical to -assume that their partially expressed
naturally occurring counterparts in“célls -also ‘carried oncogenic genes.,

In order to establish this it was necessary to develop semsitive in vitro,
as well as ig_Vivo;vtechniqnes for isolating, assaying and characterizing
the indigenous RNA“tumor viruses and the viral specific immune respomnses
they produced. ‘Working in close c6llaboration with a number of other

- programs in NCI and NIAID, VCB scientists succeeded in developing a number
of critical techniques for doing precisely this. The application of
these new procedures: (complemént-fixation tests for viral antigens and
antibodies, COFAL, COMUL, XC test, reverse transcriptase assay for virus
in tissue cultures,; production of virus specific antisera to gs (p30) and
viral envelope antigens using CF, IFA, radioimmune assay, gel diffusiom, -
neutralization tests, etc.), to RNA tumor virus research have been
described in previous annual reports and numerous publications.
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The Viral Oncogene Hypothesis . _ L \%:

Studies beginning in 1962 of RNA tumor virus expressions and behavior in L
a number of natural mammalian species led to the Viral Oncogene Hypothesis i
in 1969 which postulated that oncorna viruses have their origims in cellular
genes of most if not all vertebrates. Proof of this hypothesis would |
provide a useful unitary theory concerning a basic cellular cause of cancer K
in vertebrates. During the 4 years since 1969 .the validity of this
hypothesis has gathered considerable support amd although not proven in its
entirety it is now apparent that in natural species certain endogenous

type C RNA tumor viruses indeed are transmitted and regulated primarily
through gemetic mechanisms although other RNA tumor virus representatives ‘
are also in some circumstances transmitted -epigemetically and even . [
horizontally as will also be described below. During FY 1974 it was finally '
shown (vide supra) that a number of apparently universally prevalent
'endogenous viral genomes (mice, rats, cats, hamsters, chickens, and pheasants)
have oncogenic potential as demonstrated by (1) injection and long term ’
observation of susceptible experlmental anlmals, and (2) by Mendelian

cross—-breeding experlments. : ST .

In FY 1974 immunization with RNA virus vaccines. led to virus specific _ v
neutralizing antibodies in mice and rats to their own viruses;. it is :

anticipated that this new development should lead.to some degree of control '
of virus expression and hopefully also of cancer in. these and other species, j
and finally hopefully in man. : '

The major research effects of VCB and collaborating programs have been and
still are directed towards achieving evidence concerning the following major
questions or tasks:

e . P

Task I: Are endogenous RNA tumor wvirus genomesvtrahsmitted as part of the
natural inheritance of host cell DNA? What experimental and natural
evidence supports this concept and how universally is it true?

Task II: What is the evidence in those vertebrate species available for
testing, where the technology is adequate, that spontaneous or induced
cancers and transformed cells are caused by oncogenes of RNA tumor viruses?

o e s i T e

Task ITI: Do endogenous and exogenous factors, including defective genes,
hormones, chemicals, radiation, and DNA tumor viruses, known td induce
various cancers also activate or derepress endogenous RNA tumor. virus
genomes as endogenous basic co-carcinogens? » ~ ;

ity ot b ttng e

Task IV: Can virus specific immune responses occurring naturally or
produced by virus specific vaccines prevent or otherwise modify cancer
occurring spontaneously and/or induced in well-studied experimental
animal systems and when human RNA tumor virus-is available in man?
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Major Accomplishments Relating to Endogenous (Genetic)‘Origins of RNA
Tumor Viruses.

Delineation of X~tropic type C RNA tumor viruses (Task I): In 1970 Dr. Jay
Levy of VCB succeeded in isolating the first representatlve of a new class
of type C virus from New Zealand Black (NZB) mice; this virus was unique

in that it would not infect any mouse cells, but would replicate in rat
cells. 1In early 1973, Todaro, Arnstein and Huebner reported the isolatiom-
of the AT124-type viruses from human cells (RD line) derived by culture

of these cells in the brains of antithymocyteétreated NIH Swiss mice and .
C57L/J mice. These viruses could not be grown in mouse cells but did grow
regularly in human and rat cells. At about the same time Aaronson isolated
a rat cell troplc virus from BALB/c cells which were: 1mmunolog1cally and

by genetic segregatlon dlStlnCt from the N- and B-tropic viruses.

Subsequently, in late“1973, Levy (nOw wbrking at the University of California
in Berkeley) found that similar v1ruses could be isolated 1n his rat cell
system from NIH Swiss-and other "virus-free" mouse strains; 'Since these
viruses do not infect and replicate in mouse cells but do infect and
repllcate in rat and other non~mouse cells, for these viruses Levy c01ned
the term 'xenotroplc ‘viruses (Sc1ence 182:1151, 1973). These viruses

were entirely similar not" only to those described above but to the BALB/2
virus described in 1973 by Aaronson of VCB. Subsequently, but before Levy's
paper appeared, Drs° Todaro and Benveniste of the Viral Tumor Detection
Branch described. 1solat1ons of similar v1ruses from numerous strains of mice
using rabblt cells” (SIRC) and a variety of other cells. These were
independently reported as X—troplc viruses;’ they also could not infect

mouse cells. Shortly after this, Aarorson and Stephenson of VCB reported
that sera from 14 of 15 mouse strains (sera taken at 2 months of age were
tested) had h1gh 1eve1 neutrallzlng antibodies to the X—troplc viruses. '
In addltlon to adding another technlque for detectlng endogenous virus
expression, Aaron‘on s group found that all X-tropic mouse viruses were

of the same sero—phenotype, thus suggestlng that these viruses are i
rigorously controlled by murine cell regulatlng genes, making it very

llkely that they are wholly genetlc both in their origins and transm1351on.

It should be emphasized that X-tropic type RNA tumor viruses are not
peculiar to mice but were demonstrated in 1972 in cats (RD114 virus reported
by McAllister et al.), hamsters (HaLV), rats' (RaLV) and chickens (ALV '
strain E). Presumptive evidence for similar X-tropic viruses have been
reported by VO and DCCP sc1entlsts for pigs, cows and baboonms. It is clear
that the X-tropic’ v1ruses represent a major new class of oncornaviruses,
which deserve 1nten51ve study.

Genetic (Mendellan)'studles which reveal independent segregations of
several endogenous RNA tumor virus ‘genomes in inbred mice and the ex1stence
of virus regulatlng genes have prov1ded 1mpre551ve addltlonal evidence for _

genetic orlgln and transm1581on of both v1rogenes and oncogenes (Tasks I
and 1I): '
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Segregation. of two endogenous viruses:

Genetic studies have revealed multiple gemetic loci for RNA tumor virus
induction in mouse cells of different strains. These biglogically - .
distinguishable viruses have been actlvated at distinct loc”jthus estab-
lishing that different structural genes for 2 different viruses segregate

1ndependently in backcross and Fo progeny (Aaronson, Stephenson and
assoc1ates)

Viral genomes in DNA of normal cells:

These same - 1nvest1gators demonstrated w1th Gelb and Martln that virus
specific DNA is present in. the high molecular weight DNA of mouse cells.
Cooperative studies with Hatanaka and Gilden (Flow Laboratorles) have
revealed similar virus specific DNA in rat, hamster and cat cells, using
rat (RalV), hamster (HalV), and cat (FelV and RD114) virus specific probes.

Use of dominant anti-viral genes to_switch off virus and cénceri

In collaboration with Meier and Taylor (The Jackson Laboratory) and with
Gardner, Officer and Henderson (USC), overt RNA tumor virus. infections ‘
occurring. in lOO/ of female mice in a large wild mouse deme, Lake Ca31tas
(1C), have been virtually eliminated in F1 progeny of a cross with
C57BL/10/Sn males. Studies of virus. expre551on in F2's and backcrosses
confirmed earlier findings by Meier and Taylor (with AKR mouse crosses)
that the C57BL/10/Sn mouse carries, homozygous dominant genes for sw1tch1ng
off the murine RNA tumor virus expressions . (this includes not only the
major viral protein, gs antlgen, but the 1nfect10us virus as well)

Slnce the. wild type RNA viruses in, the LC wild mlce have. been shown to

be responsible for high frequencies of motor neuron paraly51s afid lymphoma
in these mice, the elimination of virus expre331on by the dominant genes

of the C57BL/10/Sn in most of the progeny predicts that they'w1ll continue
to be relatively free of spontaneous lymphomas and expre551ons of paraly31s
(both diseases have been prevernted by virus— -specific neutrallzlng antibody

in already completed tTansmission experlments) (Henderson, Gardnér, Officer’
and Huebner).

Multiple gene loci in regulation of endogenous yirus:

Rowe, Hartley and ‘their assoclates followed up their 1973 flndlngs conflrmlng
that endogenous mouse tropic RNA tumor viruses could be predlctably induced
in vitro in virus-free mouse cells by mutagenic agents (IdU, BrdU)

The viruses were found to be regulated by at least two 1ndependent loci.

More recent studies revealed three 1ndependently segregatlng virus—-inducing
loci-determined virus expre551onson the high virus mouse:strain C3H/Fg.
Another high virus mouse strain, C€58/J, revealed 3 or poss1bly 4 virus-—
inducing loci; the evidence suggests that these virus-— 1nduc1ng loc1 are not
allelic sites in the cell genome, but more likely represent random 1nsert10ns
of MulV genetic information into the genome.of the mouse.
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One or several endogenous viruses?

Virus induction and.genetic:studies: have revealed a very complex situation
in various ‘strains of inbred mice. Some strains which. are relatively
resistant to virus infection and iexpression reveal only one endogenous
virus——-the X-tropic:virus (which to date has been found to be universally
present in all laboratory strains): the NIH Swiss and C57L/J fall into
this category. -Other strains like AKR and C57BL/6 contain two inducible
viruses, one N or B-tropic and the other X-tropic. BALB/c mouse.cells,

on the other hand, have at least 3 endogenous viruses, N-tropic, B-tropic
and X-tropic¢. Thus in the inbred mouse geneticists now have the opportunity
to study two different bags of gemes, 1nclud1ng up to 3 phenotyplcally
different oncorna v1rus genotypes and at least 3 or 4 different virus

" inducing loci. " Since cats have: 3 host cell tropic viruses (FeLV types 1,

2 and 3), and RD11l4 (an X—troplc v1rus), the. problems aren't any simpler
in this spec1es. ;

However, in hamsters,-rats, pigs and: baboons, ‘only one class of type C RNA
tumor virus has so:-far been demonstrated (Klement, Huebner, Gilden, Sarma,
Todaro). - In each ‘instance the wild type virus isolates do not infect their
host cells and'therefore appear tO'be’X-tropic.

Significance of X—troplc oncornav1ruses.

The dlscovery of hlghly prevalent type C RNA tumor viruses (X-tropic)

which cannot infect cells of natural hosts (mice, cats, rats, hamsters,
chickens and others) provided strong new evidence supporting the concept

of naturally inherited oncogenic viral information. These new virus genomes
apparently can-be spontaneously derepressed in vivo and in vitro where they
are then continuously generated in certain cells. The viruses produced

are able to peénetrate other host:cells and carry "defective'" information

(as when rat Virus is-linked with'the defective sarcoma genome) and
presumably could integrate and produce oncogenic: effects.

Quite apart from their great potential significance as cancer—inducing
viruses, the endogenous oncornaviruses of both mouse-tropic and X-tropic
types can be regarded‘a time:bomb in:normal. cells that are comstantly
susceptible to being triggered by a variety of agents and factors. These
include, besides mutagens, radiation, carcinogens, DNA tumor viruses,

graft versus host reactions (GVHR) and simple aging in in vivo and in vitro
systems (long-term cultures) (Freeman). The presence of known potential
oncogenic viruses as endogenous genomes in all cells of many mammalian
species therefore presents a potential problem of considerable urgency

- and dimensions.
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New evidence for induction of RNA tumor viruses in vitro.(Task I): .

In FY 1973, Rowe, Aaronson and Tedaro, and a number of VCP-supported
scientists (Klement, Freeman; Price, Gilden) reported induction . of en— .
dogenous mouse cell tropic RNA tumor viruses ‘not only .in.virus resistant
inbred mouse, rat and chicken cells, but dlso in hamster, pig and baboon
cells. Using RT probes these“induced viruses ‘were shown'to have homologous
DNA sequences with the DNA of the cells ‘of homologous spec1es (Gllden,
Scolnick, Todaro) ~ Lo .

Evidence for induction of RNA tumor viruses in conJunctlon w1th sgontaneous

and indaced tumors of- hamsters (Task I)

Huebner, Lane and'Hill (manuscript in preparation),foundgthatntumors
induced in hamsters by bovine papilloma, polyoma: viruses,-and DMBA each
contained hamster lymphoma virus (HalV). Although present in amounts

too low to be detectable by EM, reverse transcriptase or gs antigen tests,
it was possible to detect infectious virus in cell-free :(Moloney procedure)
preparations by injecting newborn hamsters. = Visceral lymphomas were

invariably induced within 100 to 150 days; further passages -of the lymphomas

when transmitted by cell-free viral preparations yielded tumors: much
earlier and, in some, detectable gs antigen and virus particles. These
particles apparently do not infect hamster cell cultures in vitro and .
therefore are not hamster tropic; however one strain of HalLV derived by
endpoint dilution from a MSV(HalV) pseudotype (Huebner,; Gilden and Kelloff)
produced lymphomas by 21 months in 607 of hamsters 1nfected as newborms. .
Controls were essentlally negatlve. :

Evidence that wild type endogenous RNA tumor viruses.are oﬁeogenic‘(Task I1):

It is often stated in the literature (with mno good evidence one way or .
another) that wild type isolates of type :C RNA tumor -viruses are not.
oncogenic; this claim is unsubstantiated.

(1) Direct inoculation tests of newborns: Peters, Kelloff and Huebmer
produced lymphomas in 39% of BALB/c mice;.controls had 10% (published
FY 1973). Cell-free extracts of spontaneous BALB/c tumors: were injected

into newborn BALB/c mice. Only those tissues which contained mouse chell'

tropic virus produced tumors; N-tropic virus-containing preparations did
not. - Since several hundreds of mice vere. used the differences. were
qulte significant. :

(2) As descrlbed above, wild type hamster viruses were also shown to be
oncogenic (Huebner, Lane and Gilden, unpublished).

(3) Meier and Tavior demonstrated that a wild type N-tropic virus isolated

from SWR/J mice produced lymphomas and other tumors in newborm SWR/J mice
(unpublished data.)
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(4) Greenberger and Aaronson, in tests of the biological activity of
chemically ac¢tivated type C virus, produced lymphatic leukemias in newborn
mice of a low leukemia incidence strain. Gardmer, Theilen, Rickard and
Sarma produced 1eukem1as and sarcomas by injecting newborns with wild type
cat viruses.

Finally, several investigators have reported that viruses activated in

lymphomas induced by graft versus host reactions readily induced lymphomas
when injected into newborns of the parental line.

Evidence that natural high expression of endogenous viruses are associated

with high levels. of early spontaneous cancer and the evidence concerning
the influence of host genes (H2) and immune responses. (Tasks II, ITII, IV):

It is nearly axiomatic that mouse strains having extremely high rates of
leukemia early in 1life have ad&quately high titers of infectious RNA tumor
viruses in their tissues; they also have a relatively short life span.
Examples of the extreme situation are AKR, C58, DBA/2 strains, and the
hr/hr hairless congenic variant of the HRS/J strain. The latter is most
1nterest1ng and has been studied by Meier, Taylor and Helnlger, and

Huebner. The hr/hr homozygote develops 50-60% lymphomas within 12 months,
but the congenic hr/+ heterozygote develops only 2-7%; both categories of
mice which appear in the same litter seem to have approximately the same:
amount of wild type infectious virus in their tissues. Further studies
of the possible effect of immune responses on the discordant tumor
incidences revealed the follow:ng'

(1) Treatment of hr/+ and +/+ tumor-resistant mice for several months
with azothioprine, a powerful immunosuppressant, resulted in 50-60%
incidences of lymphoma in both strains; treatment of the hr/hr mice
did not increase the tumor incidence appreciably. It was concluded
that the hr/hr mice lacked immumé responses present in hr/+.

(2) ‘Quantitative studies of immune respomses of the hr/+ and hr/hr
mice revealed significantly lower humoral responses to tetanus toxoid
in the hr/hr mice; suggesting that the defectiveness of immune
surveillance mechanisms in hr/hr may be responsible for the high tumor
incidence (Heiniger and Meier).

Correlations of magnitude of virus expressions with incidences of lymphoma:

In our FY 1973 report we described a collaborative study:with Meier and
Taylor of the Jackson Laboratories wherein a predictable correlation was
found between RNA virus gs antigen expressions detected shortly after birth
and the incidence:.of tumors which occurred much later in life. It was
possible to predict that 80-907 of the gs-positive mice would develop cancer.

A recent report by Lilly (Einstein College of Medicine) . provided highly

significant data on Fo's and backcross progeny from BALB/c-AKR matings
which showed a high degree of correlation between infectious RNA virus
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titers and subsequent leukemias and other cancers during the lifetime of
the mice. The virus titers were determined in quantitative XC tests of
tail extracts (Klement, Rowe and Hartley technique):

LEUKEMIA INCIDENCE AMONG (BALB/c x AKR) x AKR BACKCROSS MICE,
ACCORDING TO MuLV TITER AT 6 WEEKS OF AGE

Virus Titer H-2 /H— k H-2 /H— d Total
3.3 ~ 3.0 11/15 (73%) 7/9  (78%) 18/24 (75%)
2.9 - 2.0 23/27 (60%) 17/38 (45%) 39/75 (52%)
4.9 - 1.0 9/22 (41%) 1/14 ( 72) 10/36 (28%)
0.9 - 0.3 1/14 (72)  3/14 (21%) 4/28 (147)
None  6/64 ( 97) 1/86 ( 1%) 7/150 (5%)

These findings plus the RNA virus-—suppressing power of the homozygous

gs—- gs- C57BL/10/Sn mice when used in crosses with the nearly 100% virus-
positive LC wild mice (described above) which normally develop high
incidences of virus-induced lymphoma and paralysis provide a strong case

for the presence of specific oncogenes in endogenous w1ld type RNA tumor
viruses,

As is the case for non-oncogenic viruses of mammals,. the characteristic
generic properties of the RNA tumor viruses, which in all cases that have
been properly tested are shown to be present, should not be dssumed to be
absent in other situations merely because a specific new isolate or strain
hasn't yet been tested properly.

Although most natural viruses of natural hosts rarely produce serious
disease, most often producing inapparent or subdinical infections, no one
doubts that poliovirus causes poliomyelitis, or that adenoviruses, para-
myxoviruses or rhinoviruses cause a variety of respiratory illnesses. The
evidence for oncogenic capacity on the part of bonafide type C and B RNA
tumor viruses is just as unequivocal., While it will be necessary to
establish without question the oncogenic capability of new wild type
isolates, particularly the new xemotropic viruses, the logical assumption
must be that they do possess the properties of the generic groups to which
they belong: greater responsibility for providing proof resides with those
who would assume that oncornaviruses are not oncogenic. Prevalent viruses
natural to a species rarely show anything like a l:1 relationship of virus
with disease; it is likely to be closer to 1:1000. Many factors, including
dosage, virulence, genetic factors, age, immune responses, etc., must
conspire together to produce overt disease. A congregation of these same
factors are required in the case of RNA tumor viruses.
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RNA tumor viruses in in vitro transformation of cells:

(1) Rat cells treated with appropriate doses of IdU followed by appropriate
treatment of 3MC presented evidence of activation of endogenous rat type C
virus (RalV gs antlgen) simultaneously with accelerated neoplastic trans-
formation (Freeman, Price, Gilden, Huebner; published).

(2) Ten BALB/c mouse cell llnes, each infected with a wild type B-tropic
BALB/c virus, became transformed within 10 subcultures and when inoculated
produced tumors in syngeneic newborn mice (Freeman, Zimmerman, Huebner)

—(3) Rat cells transformed by chemicals or polyoma virus, while free of
demonstrable overt RNA virus, reverse transcriptase or gs antigen, were
shown by Hatanaka, Gilden and Rhlm to contain significant amounts of
virus-specific RNA.

These findings tend to confirm studies reported earlier that rat, hamsterxr
and mouse cells infected with appropriate exogenous or with switched-on
endogenous RNA tumor viruses undergo greatly accelerated transformation
in some instances with, and in other cases without, carcinogen treatment.

.Current studies designed to determine specificity of the viral influence
on cell transformation include the use of both chemical and specific
immunological inhibitors of RNA tumor virus replication applied to the
cells at various periods prior to the expected transformatiom.

Attempts to prevent or reduce cancer 1nc1dence w1th ‘RNA tumor virus
vaccines (Task IV) '

Studies of natural 1mmunolog1cal surveillance mechanisms of various types
show effective protectlon against early neoplastlc disease in inbred mice
and also in rats, cats and humans. Similarly, as described earlier in °
this report, the use of immune suppressant agents are known to accelerate
the onset. of neop1a51a in both humans and mice.  The latter is apparent
in humans with organ transplants who are maintained on azothioprine and
other immunosuppressants. Reports by several groups describe increased
incidence of leukemia in NZB and hr/+ mice when given prolonged treatment
with azothloprlne startlng in early life (Mellors, Meier and Heiniger).

Earlier in this report we described virus-specific neutralizing antibodies
which develop spontaneously in most strains of mice versus the so—-called
X-tropic virus (Aaronson, Hartley, Huebner and Capps). Immune response
genes are known to determine high and low incidences of neoplasia and of
RNA tumor virus expressions. Since this information is comparatively well-
defined in numerous inbred and hybrid mouse strains, VCB scientists
(Huebner, Lane, Capps and Kelloff) in collaboration with scientists at

The Jackson Laboratory (Meier, Taylor, Heiniger), Flow Laboratories (Gilden
and associates), and Microbiological Associates (Peters, Nims) developed a
systematic program to see if formalin-killed virus-specific RNA tumor virus
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vaccines could be made which would produce neutralizing antibodies capable

of preventing of modifying not only virus expression and repllcatlon but
also the leukemias and other cancers of inbred mice.

Earlier experiments by Rauscher, Sibal and Fink established the feasibility
of formalin~killed vaccines in preveantion of the murine leukemlas produced
by Rauscher virus. Our preliminary results show that it is quite possible
to produce virus—specific neutralizing antibodies to natural endogenous
viruses in the sera of mice and rats of a number of strains. The virus
neutralization titers produced varied according to vaccine potency and the
immunological competence of the mouse strains used. Certain strains of
mice were "tolerant" to vaccines made from their own virus. These mice,
however, invariably produced large amounts of complete virus during
embryonic and early post-natal life and do not represent the situation

found in most natural species wherein.infectious virus expre551on is low

or nonexistent during early life.

Using strains of mice hdving resistance to type C RNA virus expression

early in life and potent formalin-killed virus of the type known to be
associated with spontaneous tumors, it has been possible to rroduce high
titered neutralizing antibody responses during early 1ife, i.e., by

2 months of age. Antisera from vaccinated mice at dilutioms of 1:20 to 1: 80
have neutralized as much as 100 focus—formlng units of the live virus tested
in tissue cultures.

The viral specificities of such antisera are critical in establishing that
the antibodies neutralize virus in specific fashion and do not produce
non-specific precipitation. Thus immunologically distinct viruses were

used for vaccine production. When given to weanling mice (3 .to 4 injections
at l4—-day intervals) of those strains known to give good immune responses,
quite re3pectable amounts of neutralizing antlbodles were produced which
were specific. The results shown in the following table clearly indicate
that high titered virus-specific neutrallzlng antibodies can be produced

to endogenous mouse cell—tropic RNA tumor viruses and that these antibodies

can be produced early in life (<70 days) at a time when v1rus express1ons
in resistant mice are still low or undetectable.

NEUTRALIZATION OF SPECIFIC VIRUSES

Vaccine AKR SLV WM R
made from 10 20 40% 10 20 40 10 20 40 10 20 40
AKR (virus) 100%% 98 75 6 0 O o 0 0 0 0
SLV O 0 o 100 99 92 NT .0 o
Wild Mousé 0o 0o o0 0 0 0 100 99 70 NI
RLV 29 0 0 O 0 0 0 0 0 73 41 0

*Reciprocal of serum dilutiomn.
*%*Percent foci neutralized.
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Thus it appears quite feasible to utilize vaccine-induced antibodies to
modify natural virus expressioms and in the process delay or probably
prevent tumors associated with demonstrable virus later in 1life.

In order to reduce the time factors in getting needed answers, careful
selection of test systems and of appropriate vaccines become very
critical. Also, the costs of vacclne production are very high.

Current vaccine projects are being done in collaboration with Meier and
Taylor using AKR. and Gross vaccines produced by Flow Laboratories and
Electro-Nucleonlcs. The experiments will be performed in various mouse.
-strains which will be treated by chemical carcinogens, and in SWR/J/AKR
and BALB/c/ARR hybrlds. The female parent will be immunized and the
young progeny as well. The incidences of tumors in these uybrids is 100%
at 4 months of age when ENU is given at an approprlate dose on the 16th
day of pregnancy. ..
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Tmportant Specific Observatioms by VCB Scientists on a Section Basis.

Molecular Biology Section:

Two genetic loci for induction of RNA type C virus in BALB/c mouse embryo
cells have been shown to segregate independently in backcross embryo

cell lines. The viruses at these loci are shown to be biologically
distinguishable. The first codes for activation of a virus that grows
preferentially in NIH Swiss embryo cells. The second locus codes for
activation of the virus that grows poorly, if at all, in NIH Swiss or
BALB/c-cells, but replicates well in a rat cell line. These findings
suggest that the loci for virus-indaction in BALB/c cells represent
structural genetic information for type C viruses.

The immunologic respomnse of different strains of mice to the natural
expression of their endogenous type C viruses has been examined.

High titered neutralizing antibodies have been detected to endogenous
virus of the class that grows in rat, but not in mouse, cells. The
findings indicate the widespread occurrence of endogenous viruses of
‘this class and the ability of the mouse to immunologically respond to
a type C virus whose mode of transmission is identical to that of
cellular gemnes.

Under conditions by which viruses have been induced from tissue culture
cell lines derived from several different strains of mice, NIH Swiss
mouse embryo cells were consistently virus-negative. Antigens which
immunologically cross—react with two mouse type C viral polypeptides,
p30 and pl2, were partially purified from NIH Swiss cell extracts. The
type-specific antigenicities of these polypeptides were distinct from
those of known strains of virus including the two endogenous type C
viruses of BALB/c mouse cells, but were indistinguishable from the
corresponding polypeptides of a type C virus obtained by passage of
human tumor cells in immunosuppressed NIH Swiss mice. These findings
suggest that the block to expression of an endogenous virus of NIH Swiss
cells is at a level beyond that of production of two of its structural
polypeptides. .

Genetic studies have revealed the presence of multiple genmetic loci for
virus induction in mouse cells of different strains.  Biologically
distinguishable viruses can be activated at distinct loci. These
findings, along with findings that virus—specific DNA is present in the
high molecular weight DNA of mouse cells, indicate that type C viruses
are naturally integrated within the mouse cell genome. Genetic factors
affecting inducibility and persistence of different endogenous viruses
have been detected and are currently being studied.
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Morphologic revertants of sarcoma virus transformed non-producer cells
have been isolated. These show normal cell morphology but still contain
the sarcoma viral genome. Both cellular and sarcoma viral mutants have
been obtained by this approach. These are being characterized to define
the viral and cellular functions involved in expression of sarcoma virus
trnasformation. ' '

MSV non-producer .cells have been of particular interest because they
provide a model system with many 31mllar1t1es to the human tumor cell.
Non-producer cells have been found to lack any detectable transplantation
antigens, in contrast to.RNA virus-producing transformed cells or DNA
transformed cells, which are highly antigenic. The non-producer cell

has, however, recently.been shown to contain an MSV-associated cell surface
antigen, which is being studied to determine its involvement in the
transformation process..

Ecology and Epizoology Section:

This section recently reported the induction and isolation of a virus
identical with RD114 from virus-free sublines of an established cat kidney
cell culture (Crandell). 1In more recent studies, evidence was obtained '
to suggest that the RD114 viral genome is widespread. in apparently normal
cats. Thus, virus—free cultures of diverse cat cells derived from normal
or tumor tissues contalned covert RD114~1ike viruses inducible with
5-iododeoxyuridine (IdU) Infectious virus was isolated from each of 16
cat cell cultures derived from 9 cats, which included 6 cultures of diverse,
normal embryonic tissues from 6 cats, one subline, CRFK, of the Crandell
cat cell line, and 7 single cell clones we prepared from subline C-C

of the same Crandell cat cell line.

Continuous cell lines of cat origin were examined for covert endogenous
type C viruses by 1nduct10n -and cell co-cultivation techniques. Nine

cell lines examined ylelded a virus similar to RD114 virus. Im additiom, .
four of the nine. cultures also yielded FeLV-like isolates which replicate
preferentially in human rhabdomyosarcoma cell line RD. Studies are

in progress to characterize these suspected endogenous FelV isolates.

- These preliminary studies suggest that cats have two completely different,

genetically transmitted endogenous type C viruses, the RD1l4 virus and FeLV

Virus—neutralizing envelope antibodies against one or more envelope
antigenic types were found in the sera of 13 of 59 (227%) cats without

“neoplasia and in 9 of 38 (23.7%) cats with neoplastic disease, but not

in the sera of 36 veterinarians or in 33 laboratory personmel working
in two laboratories engaged in feline leukemia research.
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Viral Genetics Section ' T

Primate type C viruses (woolly and gibbon) were found to be hlghly related
to each other, immunologically, using radioimmunoassays and 129I-labelled
purified viral polypeptides. Viral antigen was detected in spontaneous
primate tumors from woolly and gibbon tissue, but not in rhesus tumor
tissue. The finding of antigen in the tumor tissue suggested that these
primates might be higher mammalian analogues of mice and ‘cats and that

type C viral DNA transcript did not show that gibbons and: woolly monkeys

" carry homologous type C viral genomes.. Consequently, these "primate

type C viruses may represent an example of oncogernic epigenetié¢ transmission
and/or novel natural expression of type C viruses in primates.

Murine mammary tumor viral (MMIV) systems are being intensively studied.
Clones of high and low expressor cells from MMIV cell lines suggest that
transcriptional regulation of the integrated MMIV genume (as DNA) is a
critical determinant in MMTV expression. All mouse strains examined -
contained multiple copies of MMIV information as DNA and differences
between strains were not noted in spite of 1,000-fold dlfferences in viral
expression in vivo and absolute differences in mamary tumor. 1nc1dence 1n
different strains of ‘inbred mice. »

MMTV viral polymerase in the milk of mice waSgshown.to'différ from type C
polymerase in size, immunologically and biochemically. Both MMTV and
MP-MV RNA-dependent DNA polymerases prefer Mg " as a divalent cation when
synthetic templates are employed and type C viruses prefer Mnit, This
distinction in type C and B viral enzymes has provided an 1mportant means
of quantifying MMTV in tissue culture.

Levels of MMTV-RNA and antigen in murine cell lines can be stimulated 10-50-
fold using dexamethasone. For the first time it is possible to detect
significant levels of MMIV specific DNA polymerase in murihe'cell cultures.
This method of increasing in vitro MMIV. production may provide a source of

large quantities of MMIV for biological, immunological and blochemlcal
characterization.
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Solid Tumor Virus Section

The association of herpesviruses with some human and animal tumors has been
amply documented in the literature. Essentially all of the studies carried
out to date have attempted to dlrectly 1mp11cate herpesviruses as oncogenic
agents based on "guilt by’ assoc1at10n ‘ Although studies within the VCB
have taken mnote of this association between herpesviruses and tumors,

analysis of the data suggests that while herpesv1ruses may play an ancillary -

role in oncogenic transformatlon, the- herpesv1rus ‘genome, in itself, has
not been shown to be oncogenlc.A In order to acquire more direct evidence
concerning herpesv1ruses and tumors, studles have been directed towards
elucidating the mechanlsm of herpesv1rus latency, with particular emphasis-
on the Epsteln—Barr (EB) virus in. human lymphoblast01d cells.

Evidence that the EB virus genome resides in human cells in a repressed
state was obtalned using a producer cell l1ine (P3HR~1) made resistant to
BudR. The P3HR—1(BU) cells: carrylng a repressed virus génome showed no
expression of thym1d1ne kinase (dTK)+ enzyme, while cells where spontaneous
virus activation had ‘occurred did show a‘positive 4TK pathway of DNA
synthesis. Subsequent studles showed that the virus genome. in non—producer
cells could be" actlvated by 1ncorporat10n into DNA of thymldlne analogues
(IdU or BudR). These flndlngs suggested a means for detalled studies
concerning the assoclatlon between the EB virus genome and the cell genome.

When producer and non—producer cells synchronized by the double thymldlne
blocking technlque were exposed to IdU for 60 min. intervals, it could be
shown that virus activation requlred 1ncorporat10n of the analogue into DNA
during a critical perlod localized 'in the cells' early S phase (S-1 period).’
This suggests that‘the DNA made during the S-1 period' contains unique
sequences which control activation and repression of the EB virus genome.
When the DNA from synchronized non-producer cells was isolated at various
times during the S phase and hybrldlzed with virus specific cRNA, it was
shown that repllcatlon of  the resident repressed EB  virus genome  occurs
during the S-1 period, whlch c01nc1des ‘with the critical period for virus
activation by IdU. " These findings’ suggest that EB virus activation is
initiated at or near the site-of assoc1atlon of the resident virus gemome -
with cell DNA and that the resident v1rus genome is phy51cally associated
with early repllcatlng cell DNA.‘

The flndlngs, thus far, have partlcular relevance to the ultimate objectives
of the VCB and the VCP. First, this is the first d1rect evidence that a
naturally occurrlng latent human herpesv1rus genome may be assoc1ated with
specific cellular DNA. Second, the procedures developed for EB virus

should have- dlrect appllcatlon in studies relating to latency by RNA tumor
viruses. Flnally, the findings to date in conjunction with ongoing studles
may furnish direct evidence concernlng the role of herpesviruses in
oncogenic transformation, a role which undoubtedly is of importance although °

it probably does not include a direct® oncogenic potential of the herpesvirus -
genome in itself.
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C. VIRAL LEUKEMIA AND LYMPHOMA BRANCH
July 1, 1973 - June 30, 1974 R

The Viral Leukemla and Lymphoma Branch conducts research de31gned to
elucidate the role of viruses in the etlology of human neoplasms,
particularly leukemias, lymphomas and sarcomas. A variety of sc1ent1f1c
approaches are used which provide a broad base’ of knowledge appllcable
to the identification and isolation of human oncogenlc agents and the |
prevention or control of the disease as 1t occurs in man. More i
specifically, the- Branch - encompasses a range of sc1ent1f1c dlsc1p11nes

including molecular biology, genetlcs, 1mmunology, blochemlstry, pathology, =

and cell culture techmiques. In the past year, the empha31s has been " away
from model systems to the more direct study of human materials.

The Section of Viral Pathology exerts a multldlscipllnary approach

towards the in vivo and in vitro study of viral oncogene51s.( .The areas

of study 1nclude v1rology, immunology, pathogenesis and the 1nterferon
system, and are pursued emphasizing several viral 1nduced and Spontaneous
leukemias and sarcomas. The Section of Genetics. seeks to obtaln‘
comprehens1ve knowledge of the biology and. blochemlstry ‘of sarcoma and
leukemia viruses and conducts quantltatlve studies on . ‘the 1nteract10n of
oncogenic .viruses and cells. to determine the mechanlsms of v1ral
replication and cellular transformation at the molecular level. The
Section of Primate. Viruses conducts studies to .determine the. pathologlc
factors of both tumor viruses and the hosts which. they infect that are
involved in the oncogenic process.. Partlcular empha51s is, placed on ,
herpes virus oncogenesis and cellular ' susceptlblllty genes, particularly
those genes of man that predlspose individuals to the development of |
cancer. The Section of Viral Biochemistry plans ‘and. conducts studles

to detect viruses and their constituents in human tumor cells by biological
and biochemical methods. The Section of Immunology examlnes ‘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 w1th deflnlng in detail the
biological and biochemical propertles of . tumor, viruses in order to under—.
stand 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 Clinical Studies utilizes
information and laboratory techmniques derived from investigations in viral
oncology and applies these techniques to cllnlcal studies on the etiology
and control of cancer. The Office of the Chief coordinates the research
of the various sections while recognizing the. sc1ent1f1c freedom of the
individual investigators. The office is respon51ble for establlshlng
collaborative efforts with investigators in other areas of NIH and
elsevhere such that information derived from studles w1th1n the Branch
is constantly being applled in investigations leading to a better
understanding of the etiology of human neopla51a.
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Potential RNA-containing tumor viruses have been recognized by a number
of methods based on biological,. biochemical, and 1mmunological properties.
The reverse tramnscriptase has prov1ded another potentially extremely
sensitive method for virus detection.

The discovery that. certain RNA tumor viruses have an enzyme capable of
transcribing the v1ral RNA back into DNA has led to the possibility

of using extremely sensitive. blochemlcal probes to search for evidence
of viral.etiology of cancers, and especially, cancers in man. Some of

the potential appllcatlons to .the etiology and control of human cancers
are: :

1. —The use of synthetlc DNAs produced from the viral RNA to search for
complementary RNA in human tumors by DNA-RNA hybrldlzatlon techniques.

2. The use of highly effective synthetic templates and optimal
enzymatic conditions to search for viral reverse transcriptase in human
tumor cells.

3. The use of spec1f1c antiserum prepared agalnst the pur1f1ed viral
enzymes to 1dent1fy 1nd1v1duals that have been exposed to the viral
enzyme. It is reasonable to expect that the antibodies to viral spec1f1c
proteins may. persist for much longer periods than the virus itself would
persist. :

Each of the above approaches are belng actively followed by members of the
Viral Leukemia and Lymphoma Branch

Type C viruses have been isolated from baboon tissues. The first isolate
was obtained from a baboon placenta and the virus was found to grow
well in a varlety of heterologous cells, but especially in a dog thymus
line (FCfZTh) Several add1tional viruses were isolated from baboon
spleen, lung, and testes.' ‘The DNA product of an endogenous reaction
hybridizes to normal baboon cell DNA and also to the cellular DNA of
other primates. Viral expression (RNA gs antigen) can be detected in
normal baboon spleen, testes, and placenta. Eight to 12 DNA copies are
found per diploid genome in all normal baboons tested. ThlS is the
first demonstratlon of -a group .of endogenous type C viruses in primates.
The finding of related genetic information in other primates (rhesus,
green monkey) indicates that they, too, have endogemous type C virus
information. .

Following the initial isolation of a cat type C virus (CCC) with =
properties very much llke ‘the RD114 virus, several additional viruses

have been isolated from normal cat tissues which can be shown to constitute
a group of viruses closely related to one another. There is also partial
sequence homology between the cat (RD114/CCC) virus group and the primate
virus group; the’ ‘gs antlgens and reverse transcriptases of viruses of

these two groups share antlgenlc determlnants with one another and ‘their
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pseudotypes interfere with one another. The results indicate a closer
evolutionary relationship between these two groups of viruses that would
not have been expected based on the exten51ve genetlc dlvergence between
the species. '

A reverse transcriptase has been purified from three cases of human

acute myelogenous leukemia in collaboration with Dr. Robert Gallo's group.
The enzymes have antigenic properties closely related ‘to those of the
type C viruses found in woolly monkeys and gibbon-apes.  The gibbon ape '
viruses, which are highly infectious for primates, do not seem to be-
endogenous primate viruses and may have at one time been derived from
_rodents. However, the enzyme in the particles in the human leukemic

cells has the properties of a type ¢ viral enzyme, and its reverse
transcriptase is particularly strongly inhibited by antisera to the gibbon
type C reverse transcriptase group. If further cases of leukemia show  the
same characteristic enzyme, it would strongly implicate infectious, as
opposed to endogenous, type C viruses in human acute leukemia.

In 1969, it was proposed that the cells of most or all vertebrate species
contain type C RNA virus genomes that are vertically transmitted from
parent to offspring. Depending on ‘the host genotype ‘and various modifying
environmental factors, either virus production or tumor formatiom, or both,
may develop at some time during the life of these animals or in their
cells when grown in culture. The evidence for this concept was derived
both from cell culture experiments and from. a variety of seroepidemiologic
studies and was presented as a unifying concept that would be consistent
with the facts ‘as they were known at the time.

In the time that has followed, a great deal more ev1dence has accumulated
that provides strong support for the general theory. - One partlcular
prediction that was made was that the gemetic 1nformat10n for making an
RNA tumor virus, being present im a repressed form in all ‘cells, would be
potentially 1nduc1ble by carcinogenic and/or mutagenlc ‘agents. Recent
evidence from single cell clones of mouse embryo cells of both the high
susceptible strain, AKR, and the low susceptible strain; Balb/c, indicate
that every cell clone in culture does contain the information for producing
a type C virus. Infectious virus can be induced from clonal lines of
mouse, rat, and Chinese hamster cells, normal as well as transformed,
which provides dramatic support for the original hypothesis.

One of the major advances in the past year has been the characterization
of the endogenous viruses contained within most, and very likely all,
vertebrate cells. These viruses differ in certain of their properties
from the horizontally transmitted viruses isolated from the same species.
The differences are most extreme in the case of the cat where there are
two essentially unrelated type C viruses. The first (FelV) is a virus
which can be horizontally transmitted and can producé tumors. The second,
an endogenous virus, can be isolated from cell lines and primary cultures
from a variety of cat tissues such as, cat embryo cells, kidney cells,

and lung cells. The endogenous type C.virus is unable to grow in most cat
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cells, but grows readily in primate cells. It will appear spontaneously
from continuous lines of cat cells and the probability of appearance can
be 1ncreased by treating the cells with thymidine analogs. - Six independent
cat cell cultures have yielded, either "’ spontaneously or upon inductiom,

a virus with, properties 1ndist1ngu1shable from the prototype endogenous

cat virus, RD-114. The cat, then," offers”a unique species in which to

test the relative contribution of endogenous and exogenously added viruses
in the development of naturally occurring tumors in that species. -

As a general rule, endogenous viruses of several species are unable to
reinfect the cells from which the virus is produced. The cat viruses
(RD1l4/CCC group) do not ‘grow in most cat ‘cells, but grow readily in
primate cells. The baboon v1ruses do not infect most normal baboon cells,
but grow readily in dog cells. A group of ‘mouse viruses grow readily

in rabbit cells, but not in mouse cells. In addltlon, endogenous viruses.
have been obtained from 'several other’ spec1es' Chinese hamster, Syrian
hamster, rat and pig.. In all of these cases, “the virus does not infect

and grow well in clomes of the spec1es ‘that produce the virus. Virus
‘production in several species begins spontaneously in long-term cell
cultures; the’ probabllity of virus- release however, can be increased by
treating the cells with thymidlne analogs, such as iododeoxyuridine.

The findings in the past year in mouse- cell 1ines suggest the possibility
that spontaneously transformed cells more-‘readily release their endogenous
virus than do untransformed cells. " The following table shows those species
in which it has now been ‘shown that complete virogene 1nformatlon is
present in normal somatic cells of the species.

;Spec1es‘Where a Complete Virogene is
Krown to be Present in ‘Normal Cells

Chicken .
Chinese hamster#*
Syrian hamster
Mouse¥® .- :
Rat*

 Cat*
Pig-
Baboon

* Single cell clones spontaneously
“:produce viruszin;long term culture

The 1solation of type C v1ruses from reptiles, birds, as well as mammals
would suggest that they have evolved as the organism has evolved for
many millions of: years.-and that the species. SpElelc proteins will have
evolved in much the same way that -serum albumins, globulins, and other
proteins have evolved. . The genetic relatedness of the group-specific
antigens and the reverse transcriptases may well then, be used-as an
index of the genetic relatedness of the species from which the type C
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virus was derived. Obviously, those viruses derived from higher mammals,
and especially primates, will be the most related to the viruses that

come to be obtained from man. - The VLLB is concentratlng on the endogenous
primate type C viruses, because they should have enough genetlc relatedness
so that an antiserum produced to the’ purlfled polymerase or the purlfled
group specific antigen should show some ability to recognlze type C

viruses isolated from human tlssues, unless, of course, a 31tuatlon

exists in primates 51m11ar to that in cats where the endogenous type C

virogene is very different from a horlzontally transmitted virus also in
that species.

_The system 1nvolv1ng the actlvat1on of the type C v1rus has obv1ous
superficial similarities to the lysogenic system in bacterla. " However,

in many ways virogene induction might be considered more analogous to

the switching on of a differentiated functlon by vertebrate cells. Either
spontaneously or:- after.addition of a small molecule, the cell ' ’
begins producing proteins whose genes ‘are normally repressed and assemble”
a rather complex package for export. from the cell. BrdU has been ‘known

to greatly affect the differentiated state in culture and to both increase
and decrease the rate of only partlal express1on of’ v1ral genetlc information
However, upon induction, new viral RNA rapldly appears, Clearly, then,
one major control in this system is. at the. level of transcrlptlon. :
Whether there will be additional controls at the level of translatlon ;
remains to be resolved. The 1nductlon of a 1ysogen1c prophage involves -
the excision of that genetic 1nformatlon from the. bacterlal chromosome
and also the lysis of the cell. In the induction of type C virus, the
cells produce virus but do not die; whether this, too, involves an
excision mechanism is not clear. It is possible that the system works
entirely by reading off cellular - genes. So in a- sense, ‘the cell lines
that produce endogenous Virus would not be replicating the virus, but

would, rather, be transcribing and translating information that is part of
their natural genetic makeup.

Other Research Developments in the Brench y'

The Kirsten sarcoma virus was found to be a Tecombinant between Kirsten
murine type C virus and sequences in rat cells. At least part of the

rat sequences are homologous to rat type C virus produced from NRK cells.
The results suggest that transduction of:oncogenic information has occurred.

Employing an 3H—*DNA copy of mouse mammary’tumor:virusaRNA or the Kirsten
strain of murine leukemia virus RNA, it was shown that the DNA from a
variety of mouse cells, even those not producing virus, gave readily
detectable hybridization reactions. With the type C.probes, the DNA

from NIH 3T3 and feral mouse cultures had lower levels: of hybridization
than seen with DNA from RIII, Balb/c 'or €57 Bl/6 mice: These differences
might represent partidl homology between the viral genomes present in NIH
Swiss and feral mouse cells and the Kirsten murine leukemia probes, and/or
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of cells which survive the MulLV superinfection. These effects have been
quantitated and have been compared to MulV infection of normal and
non-producer mouse cells where no obv1ous changes of this type are seen.

S+L~ 3T3FL cells are equally sensitive to N- and B-tropic viruses unlike
almost all other cell lines reported to date. The presence of the S+L-
MSV genome in‘ these cells is not responsible for the enhanced sensitivity;
S+L~ Balb/3T3 and S+L— NIH/3T3 cells still retain their original host
range restrictions. Surprisingly, untransformed 3T3FL cells also are
equally susceptible to N- and B-tropic leukemia viruses even though the
original 3T3 line from which they were derived is clearly type B. Cloning
experiments showed that the 3T3FL line is not a mixture of B- and N-type

eells, and thus they appear to represent a cell line in which the Fv-1
gene is either missing or is not .expressed.

Mouse x human hybrid cells, uniquely segregating mouse chromosomes,have
been used to determine the influence of the human and mouse genomes on the
replication of mouse tropic and xenotropic strains of MuLV. - The complete
human genome does hot inhibit the replication of mouse N-, B~, or NB-tropic
viruses. The Fv-1 locus exerted its viral restrictive functions in the
hybrid cells. The replication of a xemotropic MuLV strain, AT-124, was
completely inhibited in hybrids having a complete or nearly complete

mouse chromosome'content.

Certain avian nontransformed flbrosarcoma cells, which are gs+ and cellular
helper factor positive, absorbed the activity of the chicken anti-Bryan -
strain Rous sarcoma virus (B-RSV) serum to the envelope antigen of B-RSV,
1ndicat1ng the presence of CSA common to B-RSV-envelope antigen. This
suggests that p0551hle human oncogenic viruses can be searched for by
examining VEA on’théﬁtell sufface with anti-VEA serum.

The H—Zb antlgen on EL4. cells and the G surface antigens of EJG2 cells,
treated once with 0.1% formalin and stored at 4°C in EBSS for 3 months
were well preserved; formalin~treated tumor cells may thus provide a

stable antigen source, for immunotherapy and prophylaxis, without
biohazard problems..

Specific antibodies to the RNA-dependent DNA polymerase (RDDP) of murine
type C viruses have been isolated from the renal glomeruli of both leukemic
and nonleukemic AKR mice. The antibodies-were shown to have sedimentation
coefficients of 26S to 285 and 55 to 7S and to be both IgM and IgG classes.
This further proves the lack of immunologic tolerance.

The American Burkitt Lymphoma Registry has been continued and expanded.

An additional twelve patients have been added in the past six months and

a cell line has been established from one of these patients. Although
sensitive blochemlcal assays have demonstrated that four patients with.
American BL had no EBV genome in any of their tissues, specimens taken from.
a more recent case of American BL contained EBV, and virus-associated
antigens were readily induced by IdU. Serological studies demonstrated
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might be related to the fact that neither of these cells are ‘inducible
to form a complete type C virus, and may lack an essentlal v1ral
component necessary for complete viral expression.

The mouse cell line Balb/c 3T3 and its derivatives transformed either
spontaneously or by treatment with a variety of agents including
methylcholanthrene and X-irradiation were analyzed for cytoplasmic RNA
complementary to DNA products from the Kirsten strain of murine sarcoma-
leukemia virus and from an endogenous type C virus of Balb/c 3T3. While
none of these clonal lines spontaneously release virus they all contained
RNA which was partially homologous to a portion of the 35S RNA isolated
from these viruses. The parental cell line, Balb/c 3T3, contained a low
level of viral-related RNA. There was an increased amOunt of ‘this RNA in
some of the transformed cells

A new host range class of endogenoqumufine type C viruses has been
identified which are unable to replicate in any mouse cell line tested

so far, but replicate well in a varlety of other mammalian cells, including
rhesus monkey, dog, mink, and rat cells. Because of the sensitivity of
the rabbit cell line, SIRC, for detecting this group of viruses, they have
been called "S—tropic'" viruses. By host range propertles -and by nucleic
acid hybridization studies, this new class of viruses can ‘be distinguished
from both "N-" and "B-" tropic murine type C viruses. The S-tropic

virus is preferentially induced by halogenated pyrimidines from the Balb/
3T3 line, although low levels of N-tropic type C virus are also produced.
S—tropic virus has also been shown to be spontaneously released from
certain Balb/3T3 derived cell lines. Balb/c splenocytes preferentlally
release S—tropic type C virus after induction and also after graft-versus-
host or mixed splenocyte reactions. Spleens from older Balb/c animals
generally contain S-tropic virus, whereas young animals do not. Normal
weanling mice of C57B1, CBA, DBA, NZB, C58, and AKR strains have

S—tropic virus. The S-tropic viruses from Balb/c cells and the S—-tropic
viruses from NIH Swiss cells are related but dlfferent.

A tissue culture system using an SV40-transformed human cell line has been
developed to study the transforming effect of various sarcoma virus pseudo-
types. This continuous line offers several advantages compared to diploid
cells; transformed foci are recognized within five days, and the system
lends itself to easy quantitation of transformation. Another
transformation system using a m1nk cell 11ne has proven to be useful for
transformation assays since the S~tropic mouse viruses as’ well as both
groups of cat viruses and both the infectious and endogenous primate
viruses grow readily in these cells. Pseudotypes of mouse sarcoma,

feline sarcomd, and woolly monkey sarcoma virus have been produced and

the same mink cell has been transformed by sarcoma viruses from these
three different species. Using these cells, it has been p0851ble to
generate feline sarcoma transformed non-producer cells as well as mouse
sarcoma virus transformed non-producer cells. Each of these can be
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rescued by a variety of type C viruses emnabling the study of pseudotypes
with sarcoma and leukemia virus information derived from different species.

The single hit interaction of mouse cells with the murine sarcoma virus
results in sarcoma positive-leukemia negative (S+L-) cells which release

a noninfectious particle. The RNA of these fragile particles or nucleoids
from one S+L- line consists of several sizes. The 28S virion RNA is
interesting in that this size of RNA does contain sarcoma-leukemia virus
specific sequences, although this is smaller than the murine leukemia viral
subunit size. Additional demonstration of its wiral nature is the
presence of covalently linked polyadenylate sequences at the 3'-terminal.
In another S+L- mouse cell subline apparent multimeric aggregates of

28S RNA exist, seen as 56, 68, and 80S structures.

Human S+L- cells have been investigated in detail. Sarcoma virus was
rescued from the human amnion S+L-- cells with RD114 virus and was used

to generate new human S+L- cells in L-132 human lung cells. These new
human lung- S+L- cells were analogous to the human amnion S+L- cells. Both
were transformed, expressed the stable gs-1 marker of murine leukemia
virus and contained cryptic murine sarcoma virus rescuable by various
helper viruses. ©Neither human S+L- cell line had type C particles.

After induction by. several chemical agents, human S+L- cells failed to
yield infectious sarcoma or helper viruses.

The understanding of the process of reversion of S+L- cells to apparently
normal cells was approached in several ways. Initially, it was asked ,
whether there are chemical agents -which can significantly enhance reversion
frequency. Two such agents, colcemid and fluorodeoxyuridine each could
raise the reversion frequency by a factor of fifty. These revertants
were compared to spontaneous revertants in terms of sarcoma virus rescue,
agglutinability, chemical induction, saturation density, growth in soft
agar, virus susceptibility, spontaneous retransformation, and chromosomal
"makeup. All the features of chemically derived revertants were essentially
identical to properties of spontaneous revertants except that
fluorodeoxyuridine—-derived revertants had a lower chromosome number than
the parental S+L-.cells.  An important finding was that in rare instances
a back-transformed cell demonstrated a rescuable sarcoma virus genome,
implying that reversion from the transformed state in S+L- cells was
phenotypic. To determine which. chemical or physical agents increase the
reversion frequency, a rapid screening assay was developed for the
detection of revertants if these occurred at very low frequencies. This
was based on the fact that S+L- mouse cells but not revertants infected
with leukemia virus underwent a secondary morphological change accompanied
by reduced adhesion to the surface. On simple washing of the leukemia
virus infected monolayers, only revertants were seen as colonies.

The S+L- type of MSV-transformed mouse cell responds to MuLV superinfection
by a characteristic morphological change and a markedly decreased
plating efficiency, followed by the:eventual selection of a subpopulation
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the need for measuring all EBV-associated antibodies since a prev1ously
"EBV-negative" American BL serum (no VCA, EA; or MA) was shown to have
antibody to the EBV-associated nuclear antigen (EBNA). Retesting of all
the American BL patients demonstrated that only one case is entirely
negative for antibody to all of the EBV-associated antigens. Antibody
to the leukemia associated nuclear antigen (LANA), which has been described
in the two EBV-negative cases of African Burkitt's lymphoma, was found in
30% of sera from American BL cases and generally correlated with a poor
prognosis. Studies on the genetics of Burkitt's tumor demorstrated a high
incidence of HLA type 1 -and 8 in patients with American BL. ' It.is of
interest that these HLA types have also been found in an increased
frequenacy in patients with Hodgkin's disease. Skin test studies performed :
in lymphoma patients using antigens prepared from EBV-containing cell lines
and control cell lines indicate that lymphoma patients show an increased
reactivity against antigens on the surface of lymphoid lines derived from
cancer patients,but not from cell lines derived from normal individuals.
In vitro studies evaluating cell-mediated immunity to EBV'also indicate
that there is a parallel relationship between humoral and cell-mediated

immunity to EBV-associated antigens in lymphoma patients, although the
correlation is not a complete one.

Two-hundred sera from five stages of nasopharyngeal carcinoma (NPC),

African Burkitt lymphoma (AfBL) patients, controls and patients having tumors
of the cervix, head and neck and liver when tested to four EBV antigens
(early antigen (EA), virus capsid antigen (VCA), EB nuclear antigen (EBNA),
and soluble antigen (S)) showed that antibodies to two of these: EBV

antigens were quite significant. The EA antibody in NPC sera gradually
increased (from clinical stage 1 - 5) and even though EA titers were higher
in AfBL, - these were not as high as in NPC. ' A1l other groups have
practically no antibody titers to EA. Therefore, EA antibody titers suggest
a direct relationship to the progressionm of NPC. Similarly, the titers

to S antigen in NPC sera was significantly higher in c¢linical stage 1

of NPC, whereas titers to EA, VCA and EBNA were much lower. This finding
also suggests that S antigen may be of prognostic value in NPC.

Sera from owl and marmoset monkeys developing lymphoma and leukemia

contained Herpes virus saimiri (HVS) EA antibody which reacted with

nuclear antigen in two distinct patterns similar to those reported for EBV.
No EA antibody was detectable in owl monkeys which did not develop neoplasia;
however, other antibodies to HVS antigens (CF and late antigen,

neutralizing) were present. This finding suggests that antibody response

to EA may be a very useful marker to indicate lymphoproliferation or

cell transformation. The squirrel monkey which is the natural host of

HVS rarely contains EA antibody.

Other Activities within the Branch

In addition to their intramural research activities, several of the senior
investigators within the Branch spent a substantial portion of their
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time in support of the Virus Cancer Program. The members serve as
Chairmen, Vice-Chairmen, Work Group members and Executive-Secretaries

of segments of the Program. They provide scientific guidance as Project
and Assistant Project Officers on research contracts supported by the
Virus Cancer Program. :

The activities of. the VCP and the direction of the internal research program
of the Branch are: aimed at the common -goal of the determlnatlon of the

viral etiology of- human cancer. It is apparent that the efforts of the
Branch members have played. a signlflcant role in the progress of the VCP

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

The 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
skilled molecular biologists,. epidemiologists, cell biologists, and
physicians, along with sound and comstructive administrative support;

the answers will come from no one discipline alome.
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IV. CONTRACT PROGRAM

A. Research Logic for the VCP (See Chart.)

B. Major Program Modifications of Viral Oncology Contracts

Flexibility within a program is necessary if effective program management
is to provide responsiveness to changing program needs: This requires
constant monitoring and evaluation of each scientific project in terms

of need, priority and relevance to specific program objectives within the
framework of available funds. This task is time consuming and requires
constant attention because of the number of contracts to-be monitored,

the complexity of many 6f the contracts, and the necessity for reappraisal
of their scientific objectives as priorities, degrees of relevance, and
need, change in the light of accomplishments, failures, and newer
information. ' :

One early accomplishment of the planning team of the Special Virus Cancer
Program was the recognition of this need for flexibility so that the
program would be respounsive to changing requirements.  Indeed, it is
program management of this type which in part separates the contract
support mechanism from the grant support mechanism. '

This report is a summary documentation of major modifications of contracts
within the Viral Oncology Area for the period ending June 30, 1974. The

actions include (1) termination, (2) modification of workscope, (3) change
of emphasis within existing workscope, and (4) initiation of new contracts.
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B. SUMMARY: MAJOR MODIFICATIONS OF VIRAL ONCOLOGY CONTRACTS

July 1, 1973 - June 30, 1974

NO. OF CONTRACT

TOTAL NUMBER OF CONTRACT MODIFICATIONS

ACTION PREDOMINANT REASONS MODIFICATIONS
Modification of existing Decrease activity of Tow ~ 9 )
workscope priority Co ,)”
) 4
Modification of existing Expansion of activity of high 5. )
.workscope priority : -
Change of emphasis workscope To exploit new;informAtign,‘
to respond to changing
program priorities, to 3
provide maximum program
flexibility e
Termination Work successfully completed 3 )
Termination No Tonger high priority 9. 3 18
Termination Insufficient progress. 4 )
Termination ‘Transfer to other programs 2 )
New contract Satisfy program needs . 27 ) 30
New contract Provide better management of 3 )
- large efforts ' '
65




06

SPECIFIC MAJOR PROGRAM MODIFICATIONS OF VIRAL ONCOLOGY CONTRACTS!

July 1, 1973 - June 30, 1974

BREAST CANCER VIRUS SEGMENT

PURPOSE

CONTRACTOR

DATE
CONTRACT
INITIATED

.MODIFICATIONS

~ ACTION

REASON,/PURPOSE

In vitro cultivation
of human and mouse
mammary tumor virus

University of
California
(33253)

1972

Modification of

~ workscope

Increased effort to
characterize Murine
mammary tumor virus

in vitro

Etiological studies of
breast cancer in human
milk and breast cancers

~Institute for

Medical Research
(33339)

1968

Modification of
workscope

Increased effort in
biochemical and immu-
nologic characteriza-
tion of "virus-1ike"
particles from human -
milk and tumors

Studies of primate and

other mammary tumor
viruses :

Méson Reséakth
Institute
(33358) .. .

1970

Modification of

workscope

Decreased emphasis oh

- rate R-35 virus studies

and hormonal monitoring
of test monkeys
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BREAST CANCER VIRUS SEGMENT CONT'D

DATE -
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
o o INITIATED | o 5
ACTION  REASON/PURPOSE

Studies on milk in high
risk breast cancer
families

w‘>MfCh%géﬁ'Cancer | 1971 o

Foundation
(33347)

"Méd%f1Cation 6f>”

workscope

Increased work on

characterization of

"virus-1ike" particles
associated with human .
milk and breast -

~tumor-derived cell lines

Virological studies of
human and animal breast
cancers’ '

Pfizer, Inc. 1967
(33239) |

Modification of
workscope

Decreased work on
development of molecu-
Tar hybridization
techniques '

Studies on viral
etiology of human
mammary adenocarcinoma

Georgetown 1965
University
(50053)

Termination

No longer high priority

~within the goals of the
Virus Cancer Program
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BREAST CANCER

VIRUS SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE
Hormone effects‘on Medical College 1968 Termination No longer high priokity

in vitro viral
propagation in breast
cancer :

of Wisconsin

| (.81»010)

within the goals of the
Virus Cancer Program

Collection of sera from Memorial Hospital 1971 Termination Work ‘successfully com-
breast cancer and con- for Cancer and pleted _
trol population groups Allied Disease o

' ' (43208)
Correlation of molecular Howard University 1974 New To examine diagnostic
viroTogy studies to (43287) non-pregnancy excretions
diagnosis of breast for detectable markers
cancer SRR of "oncorna-virus-Tlike"

‘ activity R

Molecular studies of Meloy Laboratories 1974 New To develop molecular

human and animal cancer

with emphasis on breast

cancer

Inc.
(43223)

virology techniques for
studies on relationship
between viruses and
breast cancer

TR AR .

Rt 101111 1111 AR —
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BREAST CANCER VIRUS SEGMENT CONT'D

_ PURPOSE

| S DATE
CONTRACTOR ~ CONTRACT
- INITIATED

MODIFICATIONS

ACTION

REASON/PURPOSE

Study of the release

of RNA tumor viruses

~and their genet1c

contro]

‘Radiobiological 1974

Institute
(43328)

New

To characterize the
effect of aging and
environmental factors
‘on the genet1c control
of v1rus express1on
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DEVELOPMENTAL RESEARCH SEGMENT

PURPOSE

DATE
CONTRACT
INITIATED

CONTRACTOR

MODIFICATIONS

ACTION

REASON/PURPOSE

Studies on viruses
related to cancer

Baylor College 1963
of Medicine
(33257)

Modification of
workscope

Termination of peri-
pheral studies rela-
tive to human
leukemia, gene linkage
mapping and transcrip-
tion

Expression of the RNA
tumor virus genome in
animal and human malig-
nant cells

Duke University 1973
(33308)

Modification of
workscope

Expansion of effort to
characterize proteins
of type B viruses™ -

Support fdr National Con-
ference on Virology and =
Immunology in Human Cancer

American Cancer 1973

Society, Inc. . .

N-CP7-4152A

Termination

- Meeting successfully

completed. .. ..

Application of feline virus
systems in the study of
viral relationships

Cornell University 1965
(33346)

Termination

No longer high pri-
ority within the goals
of the VCP
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DEVELOPMENTAL RESEARCH SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE

Aerosal transmission of Ohio State Uni- 1965 Termination No longer high
oncogenic viruses versity Research priority within the

Foundation : goals of the VCP

(43217)
Studies of gehetic acqui- Rutgers Univer- 1971 Termination f No 1ongek’high
sition .of oncogenic poten- sity . priority within the
tial by non-oncogenic RNA  (12077) ~goals of the VCP
viruses : ¥
Studies on the relation- University of 1965 , Termination No longer high
ships of viruses to human Texas priority with the
neoplasia (33304) goals of the VCP
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DEVELOPMENTAL RESEARCH SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE

Sero-epidemiologic Boston Hospital 1974 New To provide informa-
study of Herpes type 2 for Women ' tion of herpes type 2
in cervical cancer (43379) as the etiological

agent of cervical

cancer
Studies on viruses Litton Bionetics, 1974 New To provide information

in relation to cancer -

using non-human
primates

Inc.

(12025)

on host-virus rela-
tionships established
by potentially onco-
genic viruses
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IMMUNOLOGY-EPIDEMIOLOGY SEGMENT

. DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE

Develop. coord1nated | Unive s1ty of California 1971 Modification of Deemphasis of large
Program on gene- (43211) . workscope scale cell mediated
tics of cancer ' - immunity studies
Evaluation of un- Center for Disease Control 1967 Modification of - Termination of
usual epidemiolo- (40202) workscope nasopharyngeal

gical situation

- relevant to

the yiral etiology
of cancer :

carc1noma stud1es

Study of immunolo-
gical reactivity
of cancer patients
to tumor and viral
associated antigens

Geor
(23251

Modification of

ge Washington University 1972
‘workscope

Deletion of labora-
tory studies



IMMUNOLOGY-EPIDEMIOLOGY SEGMENT CONT'D

- DATE :
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS

INITIATED

ACTION ‘ REASON/PURPOSE

Studies of anti- Johns Hopkins University 1971 Modification of Deemphasis of sero-
tumor reactivity - (3337) o workscope logical studies
in cancer patients '
Stimu]ation-of Immu-  Mt, Sinai Hospital 1972 - Modification of Expansion of devel-
nity against tumors (43225) workscope opmental research in
in animal, and human ' viral oncology and
systems ' human breaSt”cgncer
Determine relation- University of Texas | 1972 ' Modification of Deemphasis of in
ships between animal (33301) workscope vivo human studfes
and human leukemias ' ‘ o
Immunological and Epi- Aichi Canéer.Cehter 1969 ' - Termination - No longer high
demiological studies (33290) ‘ _ priority

on Japanese cancer
patients
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IMMUNOLOGY-EPIDEMIOLOGY SEGMENT CONT'D

cancer patients to
tumor specific
antigens

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATION
’ INITIATED |
ACTION REASON/PURPOSE

Studies on rela- Atomic Energy Commission 1965 Termindfion Readvértisément of
tionship of fetal (30210) ~ effort
antigens to the v .
etiology of cancer
Epidemio]ogic invés- Makékere University | 1967 | Terminatibn Work Successful]y
tigation of Burkitt's (70047) | . completed
,Lymphoma in Uganda '
Studies of immune re- University of»Miami | 1973 Termination Readvertisemeht of
sponses to breast (33218) effort; relocation
cancer of principal in-

vestigator
Study of immunologi- University of Minnesot 1969 Termination Transfer to Tumor
cal reactivity of (92061) ' Immunology
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IMMUNOLOGY-EPIDEMIOLOGY SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED

ACTION REASON/PURPOSE
Development of vac- Research Foundation of 1971 Terminétion Transfér to Tumor
cines for prevention State University of N.Y. Immunology Program
and cure of cancer (33373) , o
Characterization of Robert B. Brigham Hospita] 1967 Termination Insufficient bro-
tumor specific (12172) gress
antigens ‘ o - .
Purification and TRW Systems Group 1970 Termination Readvertisement of
characterization of (33252) effort; insuffi-
viral antigens and cient progress
antibodies ; .
Studies on the Biotech Research Laboratories 1974 | To studykhuman géne-

genetics of
cancer

(43365)

New

tic variation in

" susceptibility to

transformation and
to characterize high
risk cancer groups

1
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IMMUNOLOGY-EPIDEMIOLOGY SEGMENT CONT'D

: DATE ‘
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION . }REASON/PURPOSE
‘Ihtefnétionéi in- fIhtérhat%pna1 Union 1974 New o Tofdéfihe the role
vestigation on the Against Cancer B of viruses .in the
epidemiology of ©(43292) - _ _ , v etiology of human
1ymphomas | , lymphomas
Study of cellular Johns ‘Hopkins University 1974 _ New . | "~ To study‘a)possib1e
and humoral immune (43330) : .- etiological asso-
response of cancer SR -+ ~ciation between
R © . herpes: simplex virus
and cervical cancer
Emory University 1974 New -~ (two RFP awards)
(43393) ' I :
SeroTogica] and viro- Littoanionetics, Inc. 1974 New _ To appiy serd]ogica]
logical studies on (43252) ; ‘techniques to stud-
human cancers | : , ies on the viral

-etiology -of human
cancer
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IMMUNOLOGY-EPIDEMIOLOGY SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION 'REASON/PURPOSE
Immunological assays Littbn Bionetits, Inc. 1974 New To apply immuno]ogica1
for DNA and RNA ‘ (43333) o techniques to studies
viruses R on the viral etiology
of human cancer
Studies of immune University of Miami 1974 ” ~ New To determine the pos-
responses ‘to breast . (43358) sible role of host
cancer: S immune reactivity in
i ‘ viral carcinogenes
University of Texas 1974 New - (two RFP awards)
(43370) I
Characterization. MedfcaT:College‘of 1974 New To isolate ‘and purﬁfy'

of viral antigens

Pennsylvania
(43319) )

EBV associated anti-

_gens and study rela-
tionship to human =

cancer . 0 .




IMMUNOLOGY~-EPIDEMIOLOGY SEGMENT CONT'D

MODIFICATIONS

. DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
R ) INITIATED - ) |
ACTION =~ REASON/PURPOSE - °
Immunological Univéﬁéity of‘TénneSsee 1974 New To provide information
studies on the (43325) ' on the mechanism of
relationship of ‘ viral oncogenesis and
embryonic anti- on the use of fetal
gens to virus- . . antigens in the immu-
induced tumor Duke University 1974 . New nological control of
= antigens (43395) . virus-induced tumors
w v " . B : ‘ . o
University of Alabama 1974 New' (three RFP aWards)

(43394)
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SOLID TUMOR VIRUS SEGMENT

RNA tumor viruses

(43240)
(formerly part of 70-2068)

Administrative

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE
Studies on type C Flow Laboratories, Inc. 1971 Administrative Contract 33247 was
viruses in relation (43388) divided into 3 separate
to oncogenic potential (formerly part of 33247) contracts (43387, 43388)
43389) to provide better
management
Virus and reagent Flow Labofatoriéé,llnc. 1971 Administkétive - To provide better
production and (43387) ‘management
- purifigation ~ (formerly part of 33247) S
'HerpesVirus,stUdies Flow Laboratories, Inc. 1971 Administrative -'To’proyide better
(43389) B management :
(formerly part of 33247) o
Studies of type C Microbiological Assoc.,Inc. 1970 Contract 70-2068 was

- divided into 2 separate

contracts to provide

- better management

A
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SOLID TUMOR VIRUS SEGMENT CONT'D

DATE
PURPOSE CONTRACTOR CONTRACT MODIFICATIONS
INITIATED
ACTION REASON/PURPOSE
Mo]ecu]ar v1ro1ogy Univé?éity of California 1971 Change of em- Expéhsion of;effdris on
studies - e (33293) . : Lo phasis of molecular-hybridization
workscope and renovation of
' ' facilities
Immuhd]Ogic‘étudy of | Scripps Clinic 1972 Change of em- Expansion of efforts on
RNA- (type C).viruses and- Research Foundat1on phasis of the isolation: of: human
R N T (43375) S workscope tumor virus
Search for genetic St. Louis University 1967 Change of em- Decrease of activities
material “in human (43359) phasis of of lower priority
cancers ‘and studies - workscope L

on the mechanism of
oncogenesis by RNA
and DNA tumor
viruses
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SOLID TUMOR VIRUS SEGMENT CONT'D

PURPOSE

CONTRACTOR

DATE
CONTRACT
INITIATED

MODIFICATIONS

ACTION

REASON/PURPOSE

Studies on surface
alterations in RNA
tumor virus trans-

formed cells

Princeton University
(71-2372)

1971

Termination

No longer high
priority within the
goals of the VCP

Growth regulation

of normal and trans-
formed..cells -and:im-
munolagical approaches
to tumor rejection and

prevention

~ Salk Institute for
Biological Studies
(72-3207): .

1972

Termination

No Tonger high

- priority within the
~-.goals of the .VCP - .

Electron microscope
studies -of tumor
virus nucleic acids

California Institute o

‘Technology - - B

(43306)

1974

New -

 'Afhew‘approach§to;,
~cancer etiology. at
~the cellular level

i
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SOLID TUMOR VIRUS SEGMENT CONT'D

PURPOSE

CONTRACTOR

DATE
CONTRACT
INITIATED

MODIFICATIONS

ACTION

REASON/PURPOSE

Isolation of human
xenotropic viruses

University of California
(43381) ~

1974

New

A new approach to =
the 1solation of the
putative human tumor
virus

Genetic studies on

endogenous RNA tumor

viruses

Department of Agriculture

Beltsville)
40214)

1974

New

An additional model
system to further

- study the genetic

control of RNA tumor
virus expression

Virologic, immuno-
logic and biologic
characterization of
Hodgkin's disease

Stanford University
(43228)

1974

New

Intensive search for
the etiologic agent
of Hodgkin's disease
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TUMOR VIRUS DETECTION SEGMENT

DATE MODIFICATIONS
PURPOSE CONTRACTOR CONTRACT
INITIATED
ACTION REASON/PURPOSE

Integrated program Atomic Enekgy 1972 Modification Phase-out research of
on host factors of Commission of workscope Tow priority
significance 1in (20208)
carcinogenesis
Study host restriction Albert Einstein 1974 New Tove]ucidate the
of Friend Leukemia College of ' ‘molecular mechanism
Virus - Medicine ~of restriction in-

= (43380) duced by the FV-

gene SR

Study regulatory pro- | University of 1974 To find out if the

teins in polyoma and
SV40

California
(43298)

New

regulatory proteins

-are involved in
~transformation

o

+
12
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TUMOR VIRUS DETECTION SEGMENT CONT'D

PURPOSE

CONTRACTOR

DATE
CONTRACT
INITIATED

MODIFICATIONS

ACTION

REASON/PURPOSE

Attempt to isolate type
C virus from cultured
human leukocyte cells

-Children's Cancer

Research Foundation
(43269) .

1974

New

Once a human type C
virus is isolated, -
its role in the
etiology of human

-cancer can be studied

Molecular and genetic
studies‘of Rous Sarcoma’
Virus '

Foundation Curie
Institut du Radium
(43219)

1973

New

To learn more of this
important model
system

Study of relationship be-
tween cells transformed
by DNA and RNA tumor
viruses

Harvard University
(43299)

1974

New

To identify common
cellular functions
following transfor-
mation by either DNA
or RNA tumor viruses

Study new papovaviruses
isolated from man

Johns Hopkins

University
(43266)

1974

New

To learn the rela-
tionship of human
papovaviruses to
human cancer
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C. TABLE I - ANALYSIS OF CONTRACTS BY SEGMENTS*

Profit
Segment No. Amount**
Program Management 1 2,951,282
Developmental
Research 5 2,301,567
Solid Tumor Virus 6 4,339,524
Immunology 3 554,322
Resources and
~Logistics 20 9,152,494
~ Breast Cancer
Virus - 3 793,764
Tumoy Virus
- Detection 4 2,753,155
TOTAL 42 22,846,108

(By Type of Institution)
Viral Oncology Area, DCCP, NCI

Educational Non-Profit Other*** Total

No. Amount No. Amount No. Amount No. Amount

1 574,726 O 0 2 972,917 4 4,498,925
18 4,392,704 3 397,226 0 0 26 7,09],497
14 6,263,135 4 1,370,968 2 217,500 26 12,193,127
22 2,224,398 3 257,154 4 986,111 32 3,976,325,.
18 1,070,502 | 8 323,170 3 238,731 49 10,784,897

8 953,160 4 461,464 0 0 15 2,208,388
13 1,591,379 1 174,900 2 648,006 20 | 4,584,234
94 17,070,004 23 2,984,882 13 3,063,259 v172 45,337}393

*Chart based on FY 74 operating level

**Dol1lars in thousands

***Included interagency agreements

i
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TABLE II  Analysis of Contracts by Activity

Phase I: SELECTION OF SPECIMENS AND DETECTION OF VIRUS OR VIRUS EXPRESSION

Contractor

Biotech Res. Labs
Bost. Hosp. Women

‘Calif/, Univ. of
:CDC ‘

Child. Hosp. (Phila)
Georgetown Univ.
Hebrew Univ.

Howard Univ.

TARC

Inst. for Med. Res.
Johns Hopkins Univ.
Johns Hopkins Univ.

~Johns Hopkins Univ.
_ Karolinska Inst.

Litton-Bionetics
Mich. Canc. Fdn.
Minn., Univ. of

S. Calif., Univ. of
Texas, Univ. of
uIcC

Cont. No.

43365
43379

43211

40202
33272
50053
33342
43287
43296
33339
33345
33337
43266
33316
43249
33347
33357
53500
33304

43292

Step 1: = SELECTION OF VIRUS SOURCES ’ L

Description of Work

Genetic studies on high risk populations
Retrospective cohort study of HSV-2 in cervical cancer

‘Relationship of HL-A type to cancer .incidence
‘Epidemiological studies of ‘cancer clusters

Immunological studies of EBV-associated cancers

Studies on populations:at high risk to breast cancer
Epidemiologic studies of Hodgkin's Disease and other lymphomas
Studies on-populations at high risk to breast cancer

Seroepidemiological study of BL and NPC in SE Asia and Africa

Studies on populations at high risk to breast cancer
Seroepidemiology of cervical carcinoma :

Immunological studies of leukemia/lymphoma patients and families
Seroepidemiological study of papovaviruses in human cancer
Immunological studies of EBV-associated cancers

-Study of human milk for viral markers

Studies on populations at high risk to breast cancer
Studies of high risk groups with immunodeficiency diseases
Cancer surveillance and epidemiologic studies in LA County
Serological studies of certain human cancers
Epidemiological studies of 1ymphoma.

Step 2:  SOURCES OF VIRUS OR ‘SUBVIRAL MATERIAL

Baylor Univ.

Bost. Hosp. Women
Calif., Univ. of

CDC . ,
Child. Canc. Res. Fdn.
Georgetown Univ.

G. Washington Univ.
Harvard Univ.

33257
43379
43211
40202
43269
50053
23251
33390

Acquire clinical data and specimens of human neoplastic tissues
Acquire specimens from cervical cancer patients and controls

Acquire clinical data and specimens of normal and neoplastic tissue

Collection of clinical data and specimens from human leukemias
Clinical data and specimens from human leukemias. '
Acquire clinical data and human milk and breast cancer specimens
Acquire clinical data and specimens-breast cancer and 1ymphoma
Virus detection in non-human primates
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_S. Calif.,

Phase I:
Step 2:

'Contractor

Hebrew Univ.

Inst. for Med. Res.
IARC

Johns Hopkins Univ.
Johns Hopkins Univ.
Johns Hopkins Univ.
Johns Hopkins Univ.
Karolinska Inst.
Memorial Hosp. (NY)
Mich. Canc. Fdn.
Minnesota, Univ. of
Mt. Sinai Hosp.

N. Y. Med. Coll.
Univ. of
Texas, Univ. of
Texas, Univ. of

Step' 3

Aichi Cancer Center
Alabama, Univ. of
Atomic Energy Comm.
Baylor Univ.

Bost. Hosp. Women -
Calif. SDPH

Calif. Inst. Tech.
Calif., Univ. of
Calif., Univ. of
Calif., Univ. of
Calif., Univ. of
Child. Hosp. (Phila)
Columbia Univ.

TABLE II

Cont. No.

33342
33339
43296
33245
33337
43266
33345
33316
43208
33347
33357
43225
33398
53500
33301
33304

33290

- 43394

20208
33257
43379
43209
43306°
33242
43211
43381
33283

33272
33258

Analysis of Contracts by Activity

SELECTION OF SPECIMENS AND DETECTION OF VIRUS OR VIRUS EXPRESSION
SOURCES OF VIRUS OR SUBVIRAL MATERTAL (continued)

Description of Work

Acquire clinical data and specimens-Hodgkin's disease and lymphomas
Acquire clinical data and specimens from human breast cancer patients
Acquire clinical data and specimens from BL and NPC

Acquire clinical data and specimens from pediatric cancer patients
Acquire clinical data and specimens from leukemia patients

Acquire clinical data and specimens from brain tumor patients

Acquire clinical data and specimens from patients w/cervical carcinoma
Acquire clinical data and specimens from BL, NPC, and leukemias

Supply data and specimens for human breast cancer studies

Acquire data and specimens for human breast cancer studies

Data and specimens from patients with immunological deficiency diseases:

Clinical data and specimens from leukemia and breast cancer patients
Clinical data and specimens from breast cancer patients

Acquire clinical data and specimens of human neoplastic tissues
Acquire clinical data and specimens from leukemia pat1ents

Acqu1re c11n1ca1 data and. tumor spec1mens

DETECTION OF VIRUS OR VIRUS EXPRESSION

Immuno]og1c and ep1dem1o]og1c studies on Japanese cancer patients
Immuno]og1ca1 detection of viral and fetal antigens

Detection using immunological, biochemical, tissue culture techniques
Detection using immuno]ogica1=and ce]].cu]ture techniques
Detection:by immunological techniques

Studies on the role of:oncogenic viruses in cancer of man

EM studies of tumor virus-nucleic acids

Detection techn1ques in comparative leukemia/sarcoma virus studies
Detection using cellular 1mmuno]ogy techniques

Isolation of human xenotropic viruses

Detection using biochemical techniques

Immunological detection of EBV-associated antigens in human cancer

Screening human cancer specimens with biochemical techniques

}
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TABLE II

Analysis of Contracts by Activity

Phase I: SELECTION OF SPECIMENS AND DETECTION OF VIRUS OR VIRUS EXPRESSION
Step 3: DETECTION OF VIRUS OR VIRUS EXPRESSION (continued)

Contractor

Atomic Energy Comm.

Cornell Univ.
Duke Univ.

Emory ‘Univ.

Flow Laboratories
Flow Laboratories
Georgetown Univ.
Harvard Univ.
Hazleton 'Labs
Hebrew -Univ.
Hebrew Univ.
Howard Univ.

I111n01s, Univ. of

TARC

~ Inst. (for‘Méd;'Res.

Jackson' Labs

Johns Hopkins Univ.
Johns Hopkins Univ.
- Johns Hopkins Univ.

Karolinska Inst.
Litton- Bionetics
Litton Bionetics
Litton Bionetics
Litton Bionetics
Mass. Inst. Tech.
Med. Coll. Wisc.
Meloy Labs

Meloy Labs

Meloy Labs

Cont. No.

43210
33346
43395
43393
43388
43389
50053

33390
33212

33342
33310

43287
-+ 43318
. 43296

33339

-.33255
33345

33337
43330
33316
43224
43333

43252

43249

33348
81010

43236
43207
43223

Description of Work

Relationship of fetal antigens to tumor and virus-associated ant1gens
Isolation, characterization ov viruses from human cancer specimens
Immuno]og1ca] detection of viral and fetal antigens

' “Herpes antigens’ in cervical cancer patients

“Immuniological studies -of mamialian Type C viruses®
‘Immunological studies of ‘herpesviruses

“Biochemical techn1ques for human breast cancer detect1on
Virus datection in non-human primates ‘

Immunological/biochemical -detection of virus in an1ma1/human tumors

~Immuno1og1ca1 detection of virus in Hodgkin's d1sease/other 1ymphomas |
- Detection using biochemical techniques -
. ‘Biochemical detection of virus in human breast secret1ons

Detection using biochemical and:tissue culture techniques
Immunological studies of BL, NPC L
Immunological/biochemical: stud1es on murine’ and human breast cancer

Gerietics of susceptibility to ‘cancer in.mice

Immunological studies on herpesvirus antigens in cerv1ca1 carcinoma

Imnunological studies of human: leukemia and lymphoma

‘Immunological studies on HSV antigens in cervical cancer

Immunological studies of EBV-associated human neoplasia

Screening of human/primate neoplastic tissue for v1rus activity
Detection us1ng immunological .techniques

Detection us1ng virological and sero1og1ca1 techniques

Detection us1ng molecular techniques ;

Detection using biochemical techn1ques
" Hormonal effects on virus expression

Immuno]og1ca1 and biochemical detection of virus
Detection using EM, 1mmuno1og1ca1 biochemical, tissue culture tech.
Biochemical detection of v1rus in human/mamma]1an breast cancer
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~Nether Canc.

Phase I:
Step 3:

Contractor

Mich. Canc. Fdn.

‘Micro. Assoc.
Micro. Assoc.

Minn., Univ. of
Inst.
Ohio State Univ.
Penn. State Univ.
Pfizer, Inc.
Rad1ob1o] Inst.
Rockefeller Univ.
Rush-Presbyterian
Scripps Clinic
Scripps Clinic

S. Calif., Univ. of
Southwest Foundation
Stanford Univ.

St. ‘Louis Univ.
Tel Aviv Univ.

Tennessee, Univ. of
Texas, Univ. of

Texas, Univ. of
Washington, Univ. of

Washington, Univ. of

Wisconsin, Univ. of
‘W1star Inst

‘‘‘‘

TABLE II

Cont. No.

33347
43240
33248
33357
33368
43217
02024
33239
43328
33306
33219
43375
33204
53500
43214
43244
43359
23237

43325 -

33304

33292
33372
33236

22022+

33250

Analysis of Contracts by Activity

SELECTION 0# SPECIMENS AND DETECTION OF VIRUS OR VIRUS EXPRESSION
DETECTION OF VIRUS OR VIRUS EXPRESSION (continued)

Descr1pt1on of WOrk

Virus detect1on in human breast cancer by b1ochem1ca1 techn1ques
Detection using immunological and cell culture techniques

Bioassay of murine leukemia/sarcoma viruses

Immunological and virological studies of immunodeficiency diseases
Immunological detection of natural MTV expression

Immunological detection of feline viruses in cats

Biological, biochemical studies of human herpesviruses
Immunological/morphological detection of viruses in mammalian tissue
Genetic and environmental control of RNA tumor virus expression
Development of methods for isolation of virus from human neoplasia
Immun., biol., tissue culture studies -of primate tumor viruses
Development of new immunolaogical techniques for detection of virus
Immunological studies .of virus antigen-antibody complexes
Immunological studies of human fetal and tumor tissues

Selection of virus by EM and tissue culture techniques

Development of cell «culture methods: for human tissue:

Detection using tissue culture and biochemical techniques
Biochemical detection of tumor viruses:in human breast cancer
Immunological- detection of viral and fetal antigens. .

EM/tissue culture/immunological: studies: of human- neop]astic ‘tissues
Immunological methods for detection of human tumor ant1gens, antibodies
Deve1opment of 1mmuno1og1ca1 tests for act1vat1on of viruses

Immuno10g1ca1 b1ochem1ca1 t1ssue cu]ture techniques
Iso]at1on and character1zat1on of v1ra1 1nduced tumor antigens

N S ITS
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Phase II-A:

+ TABLE 11
ESTABLISHMENT OF REPLICATION AND INITIAL CHARACTERIZATION

Analysis of Contracts by Activity

Step 1: ESTABLISH REPLICATION OF VIRUSES

Contractor

Baylor:Univ.

Biolabs, Inc.
Calif. SDPH.:
Calif., Univ. of

Calif., Univ. of
Calif., Univ. of
;Ca1if., Univ. of

Cornell Univ.

Flow Labs, Inc.
Harvard Univ.
Hazleton Labs
IARC

Hlinois, Univ. of

- Johns Hopkins Univ.
. Karolinska Inst.

Life Sciences
Litton-Bionetics
Litton-Bionetics
Med. Coll. Wisc.
Meloy Labs

Meloy Labs

Mich. Canc. Fdn.
Micro. -Assoc.

Naval Biol. Res. Lab

Ohio State Univ.
Penn. State Univ.
Pfizer, Inc.
Rush-Presbyterian
S. Calif., Univ. of
Southwest Fdn.

Cont. No.

33257
22068

43209

33237

33332
33242
33253

33346
43387
33390

33212

43296

43318
- 43266
33316
33291

43224

23294

81010
43236
43207
33347
43254
40200
43217
02024
33239

33219

53500

43214

Description of Work

Human leukemia transmission studies in non-human primates

Development and improvement of in vitro production of HSV

Isolation and characterization of human tumor viruses

Evaluation of ‘cell cultures for.viral oncology research .

Effect of hormones on virus rep11cat1on

In vitro and in vivo studies of simian virus 1nfect1v1ty & rep11cat1on

Development of methods for in vitro. propagation of MTV

‘TIsolation and characterization of human tumor.viruses

Large-scale production of RNA tumor virus diagnostic reagents
Replication of primate HSV

Isolation and product1on of ts- mhtants of RNA tumor viruses
- Replication of HSV in NPC and Burkitt's 1ymphoma specimens

Replication of papovaviruses

Replication of papovaviruses ‘

Growth and replication of herpes-type v1ruses

Production and characterization of avian leukosis viruses
Inoculation of primates with various. virus materials

Deve]opment and}1mprovement of techn1ques for virus and- reagent produc.
Stimulation of'Type C virus product1on in human . cells by hormones

Replication of murine mammary tumor virus

Growth of mammalian Type C viruses for tissue cu]ture/b1ochem studies

Replication of virus in cultures from human breast tumors
Characterization, transmission studies of mammalian, avian tumer virus
Studies of env1ronmenta1 factors influencing virus-host interactions
Studies on factors affecting horizontal transmission of viruses
Herpes-type virus replication in human and animal cells

- Test systems for growth of putat1ve mammary tumor viruses:
“Mammalian tumor virus infectivity in nonhuman primates
Production of mammalian RNA tumor virus and candidate human agents

Replication of Type C viruses isolated from simian and human placentas

-
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TABLE IT  Analysis of Contracts by Activity

Phase IT-A: ESTABLISHMENT OF REPLICATION AND INITIAL CHARACTERIZATION
Step 1: ESTABLISH REPLICATION OF VIRUSES (continued)

Contractor Cont. No. Description of Work |
St. Louis Univ. ‘ 43359 In vitro cultivation of various mammalian Type C tumor viruses
Tel Aviv Univ. 23237 RepTlication and infectivity of viruses from mammary cancer
Texas, Univ. of 33304 Isolation and character1zat1on of cand1date human - Type C viruses

Step 2: INITIAL CHARACTERIZATION _.

A. Einstein Med. Coll. 33311 Immunological characterization of RNA tumor vifuses

Baylor Univ. 33257 - Comparat1Ve'character1zat1on of human Herpes-type viruses

Calif., Univ. of 33293 Comparative studies on simian 1eukem1a/sarcoma viruses

Calif., Univ. of. 33253 Characterization of ‘murine MTV

Child. Hosp. (Phila) 33272 Immunological, tissue culture characterization of EBV

Columbia Univ. 33258 Biochemical character1zat1on of mammalian Type C viruses -

Cornell Univ. 33346 Imunological characterization of feline tumor virus isolates

Duke Univ. 33308 Immunological characterizat1on of RNA tumor viruses

Flow Labs 43388 Immunological, tissue culture studies of mammalian RNA viruses

Flow Labs E 43389  Immunological, tissue culture studies of mammalian DNA viruses

Hazleton Labs - 33212 Characterizatiohtof ts mutants of RNA tumor viruses

Inst. Med. Res. 33339 Characterization of MTV and human milk derived particles

IARC 3 43296 Isolation and characterization of HSV in cultures of BL and NPC

Johns- Hopkins Univ. 43266 Biochemical and immunological studies of papovaviruses

Karolinska Inst. 33316 Immunological and biochemical characterization of EBV

Med. Coll. Penn. 43319 Isolation and characterization of EBV-associated antigens .

Meloy Labs . 43207 . Biochemical characterization of mammalian Type C viruses

Meloy Labs ) 43236 . Immunological characterization of murine MTV and mamma11an Type C

Meloy Labs. . .. 43223 Molecular studies of ‘animal -and human breast carcinonias

Mich. Canc. Fdn. 33347 Characterization of particles.from human milk and breast ‘tumors
‘Microbiol.. Assoc. 43254 ImmunoTogical ‘characterization of mammalian Type C. tumor viruses ,
Neth. Canc.:Inst. 33368 Characterization of MuMTV types :. . - ,
Penn. State Univ. 02024 Biological, biochemical, immunological stud1es of HSV transformed cells
Pfizer, Inc. 33239 Characterization of suspected oncogenic viruses
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TABLE II  Analysis of Contracts by Activity

Phase II-A: ESTABLISHMENT OF REPLICATION AND INITIAL CHARACTERIZATION
Step 2: INITIAL CHARACTERIZATION (continued)

Contractor Cont. No. ..~ . » Description of Work
Rush-Presbyterian 33219 Characterization of Herpesviruses of nonhuman primates -
Scripps . Clinic : 43375  Development and improvement of specific viral diagnostic reagents
Scripps Clinic 33204 . Isolation.and immunological characterization of viral antigens
'S, Calif., Univ. of 53500 Immunological characterization of mammalian ‘tumor viruses
Southwest Fdn. 43214 - Characterization.of viruses isolated from primate placentas
St .Louis -Univ. 43359 Biochemical‘¢haracterizatidnﬁQf:chbggnic‘RNA'and'DNA‘Viruses
“Texas, Univ. of 33304 . Characterization of candidate human. Type.C oncogenic virus

MWisconsin, Univ. of 22022 Isolation and characterization of. subunits of RNA tumor viruses

Wistar Institute 33250  Isolation and characterization of virus-induced tumor ‘antigens

phase T1-B: REPLICATION AND CHARACTERICATION OF VIRAL EXPRESSION

~ -Step 1+ INDUCE VIRAL REPLICATION OF WHOLE VIRUS OR  TRANSMISSION OF EXPRESSION
A.'Einstein'Co11.’Med. 43380 Hoét'raﬁéé résfriét{én'of'FLV”i' o H
Atomic Energy:-Comm. 20208.  Induction virus.expression by cell fusion techniques

Baylor University 43355  Development of "nonsense" suppressor mutant cell lines

Baylor University: 43385 Regulation of gene expression in murine mammary cancer

Calif. SDPH 43209 Attempt to rescue defective viral genome from tumors

Calif:, Univ. of 33237 Culture human neoplastic tissue for induction of virus replication
Calif., Univ. of 33332 Effect of hormones on virus expression

Child. Canc. Res. Fdn. 43269 Induction of Type C virus from leukemic cells

Flow Labs 43388 Cell hybridization techniques to rescue "defective" viruses

Harvard Univ. 43299 Study permissivity of cells to polyoma mutants

Hazleton Labs 33212 Transmission and induction of oncogenic virus expression

Hopital St. Louis 33365 Induction and transmission of oncogenic virus expression in human cells:
Institut du Radium 43219 Viral replication in synchronized cells.

Litton-Bionetics 43249 Studies of virus expression and transmission ‘

Mass. Gen. Hosp. 43222  Studies of activation of Type C viruses by immunological techniques
Med. Coll. Wisc. 81010 Co-cultivation of human breast cancer and hormone-secreting cell lines
Meloy Labs 43207 Virus rescue from non-producer transformed cells

~ Meloy Labs 43236 Effect of hormones on virus expression
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Phase II-B:

TABLE 1I

Analysis of Contracts by Activity

REPLICATION. AND CHARACTERIZATION OF VIRUS EXPRESSION

Step 1: INDUCE VIRAL REPLICATION OF WHOLE VIRUS OR TRANSMISSION OF EXPRESSION (Fontinued)

Contractor

Mich. Canc. Fdn.
Micro. Assoc.
Nether. Canc. Inst.
Penn. State Univ.

.Radiobiol. Inst. -

Rockefeller Univ.
Salk Institute
S. Calif., Univ. of

S. Calif., Univ. of

Stanford Univ.

Tel Aviv Univ.
Texas, Univ. of
Wisconsin, Univ. of

Cont. No.
33347

43240
33368
02024
43328
33306

. 43243

53500
43242

43244
23237

33304

22022

Description of Work

‘Virus rep]1cat1on in human breast cancer cell lines

Chemical carcinogens and Type C viral genome expression
Immunogenetic studies of breast cancer and leukemia
Induction-and maintenance of human Herpes-type virus oncogen1c1ty
Genetic and environmental control of RNA tumor virus expression
Rescue of viruses from human tumors '

Studies on the-activation of Type C virus genome by polyoma virus

Studies of virus expression in human fetal and tumor tissue

Methods for recogn1t1on and/or rescue of tumor virus expression

- Methods to induce virus replication in human tumor cells

Infect1v1ty of part]c]es from human milk and breast tumors
Attempts to induce viral rep11cat1on in human cell lines

- Effect of chemical .carcinogens on v1rus express1on

5 Step"e INITIAL CHARACTERIZATION S

A. E1nste1n Coll. Med

Atomic Energy Comm.
Biolabs - o
Calif., Univ. of
Calif., Univ; of-
Ca]if., Univ. ‘of
Calif., Univ. of
Calif., :Univ. of
Co]umb1a Uniwv:-
Duke_ Univ.

Flow: Labs'.

Harvard Univ.
Haz1eton Labs -
Hopital St. Louis
I1linois, Univ. of
Inst. Med. Res.

133311

20208

22068 -

33293

143298
43212

33332

33253
33258

33308
43388
43299
33212
33365
43318’

33339

Character1zat1on of viral- spec1f1c enzymes and other proteins
Biochemical studies on regu]at1on of gene express1on

‘Characterization of HVS DNA
Molecular studies of avian tumor-virus- assoc1ated enzymes
- Characterize polyoma and SV-40. mutants

Structure of oncogenic viruses and charact. of viral- -specific enzymes
Growth. regulatory mechanism in normal ahd neoplastic ce11s

e;Character1zat1on of MMTV. rep11cat1on in cell cultures
-, Biochemical character1zat1on of viral-specific enzymes

Biochemical and 1mmuno]og1ca1 character1zat1on of viral proteins

T.Character1zat1on of .tumor virus. expression in marmma11an systems

Characterization of cell membrane changes in  transformation
Cellular and subcellular alterations in viral transformation -
Biochemical characterization of viral enzymes. and NA
Characterization of papovavirus proteins

Characterization of particles from human milk and breast tumors

e e i ety
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TABLE IT  Analysis of Contracts by Activity

Phase II-B: REPLICATION AND CHARACTERIZATION OF VIRUS EXPRESSION
Step 2: INITIAL CHARACTERIZATION (continued)

Contractor Cont. No.
Johns Hopkins Univ. 43266
Litton-Bionetics o 43249
Litton-Bionetics 33211 -
Mass. Gen. Hosp. . 33366 - -
Mass. .Inst. Tech 33348
MeToy Labs " . . 43207 <
Me]oy‘Labs L . 22020
Meloy .Labs . 43236
Meloy Labs 43223
Miami, Univ. of =~ = 43358
Mich. Canc. Fdn. 33347
Micro. Assoc. = 43240
Minn,, Univ; of 33357

: Nether Canc. Inst. 33368

N. Carolina, Univ. of 33336

Rockefeller Univ. 33306
Scripps Clinic 43375
S. Calif., Univ. of 53500
S. Calif., Univ. of 43242
St. Louis Univ. 43359
Tel Aviv Univ. 23237
Texas, Univ. of 43370
Wisc., Univ. of 22022

Descr1pt1on of work

Character1zat1on of papovav1ruses

Characterization of 'viral-specific enzymes ,
Characterization of 'viral-specific enzymes and nuc1e1c ac1ds
Character1zat1on of ‘nucleic acids of AMV:. e
Biochemical characterization of viral- spec1f1c enzymes
Characterizat1onf0f virus-expression and mediators .of: rep11cat1on
Characterization of virus-enhanced tumor::transplantation antigens
Characterization of viral- spec1f1c enzymes

Characterization-of mammary tumor viruses : ' :
Characterization:of virus and tumor-specific breast cancer
Chardcterization of particles from human milk and breast tumors
Immuno]og1ca1 identification of -antigens related to known tumor viruses
Cell membrane changes: following viral transformat1on

Characterization of :MuMTV types . :

Biochemical identification of Herpes DNA v1ra1 genome 1n human ce]]s
CelTular and subcellular alterations in malignant transformation
Immunochemical methods .for detection of cell membrane changes
Immunological identification of antigens related to known tumor viruses
Methods for identification of virus-induced transformation
Characterization: oncogenic virus expression, mediators of replication
Biochemical identification of subvira]:expression in breast cancer
Characterization of virus and tumor-specific breast cancer antigens
Detection of virus express1on 1n chemically- 1nduced tumors

Phase ITI-A: COMPLETE CHARACTERIZATION AND DEFINITION 0F PRESUMPTIVE DISEASE RELATIONSHIPS
Step 1: PRESUMPTIVE DISEASE RELATIONSHIPS ' :

Alabama, Univ. of 43394
A. Einstein Coll. Med. 33311
A. Einstein Coll. Med. 33249
Atomic Energy Comm. 20208

Relationship of fetal antigens to virus-induced tumors
ReTationship of Type C viruses to human cancer
Genetic studies on tumor/virus susceptibility

- Interaction of RNA tumor viruses and host immune mechanism
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TABLE IT  Analysis of Contracts by Activity

Phase IIT-A: COMPLETE CHARACTERIZATION AND DEFINITION OF PRESUMPTIVE DISEASE RELATIONSHIPS
Step 1: PRESUMPTIVE DISEASE RELATIONSHIPS (continued)

Contractor

Baylor Univ. ,
Child. Hosp. (Phila)
Columbia Univ.

Delta Reg. Pri. Ctr.

Duke Univ.

Duke Univ.

Emory Univ.

Emory Univ.

Flow Labs

Flow Labs
Georgetown Univ.
George Wash. Univ.
Harvard Univ.

_ Hebrew Univ.

I1linois, Univ. of

. IARC -

Inst. Med. Res.
Jackson Labs

Johns Hopkins Univ.
Johns Hopkins Univ.

“Johns Hopkins Univ.

Karolinska Inst.

~“Life_ Sciences

. Litton-Bionetics
Litton-Bionetics

“,LittonFBTonétics

Litton-Bionetics

“Mason Research Inst.

Meloy Labs
Meloy Labs
Meloy Labs

Cont. No.

33257
33272
33258
33396

33308
43395

22301
43393

- 43388

43389
50053
23251

- 33390

33342

43318
43296
33339
133255

33345

43266

43330

33316

33205

3321
43249
743224
23294
33358

43207
43236
43223

Description of Work |

Studies on presumptive disease relationships of HTV

Relationship of EBV to human 1ymphoma

Biochemical studies on relationship of Type C and Type B
Determination of response of natural host to Herpesvirus saimiri
Relationship of Type C viruses to human cancer

Relationship:of fetal antigens to virus induced tumors

Determination of host response to HSV in cervical cancer

Immunological studies of HSV-2 in cervical cancer

Characterization of RNA viruses/viral antigens in mammalian tumors
Characterization of DNA viruses/viral antigens in mammalian tumors
Studies on Type B particles associated with human breast cancer
Cell-mediated immunity to human cancers S

HSV and oncogenic disease in primates

‘Epidemiological studies of Hodgkin's disease
Relationship of papovaviruses to human. cancer

Seroepidemiological studies:of Burkitt's 1ymphoma, NPC o
Studies on Type: B particles associated with human breast cancer
Host geneg control of RNA tumor. virus expression

Relationships of HSV-2 to cervical. cancer .

Relationship of. papovaviruses to human cancer

“Immunologic studies of HSV-2 in cervical cancer

Immunologic studies on-the ‘etiology of EBV-associated diseases
Studies on Marek's disease herpesvirus-

“Relationship of: Type C viruses to human leukemia . R
- “Relationship of Type C viruses to jnduction/maintenance. of oncogenesis
‘Relationship of herpes:and other'viruses: to cancer in primates

P Lo e 2.

Immunological, biological studies of.HSV-related oncogenic diseases

 "Oncogenic potential of M-PMV S .
‘ Biochemical studies on relationship of Type C viruses to human cancer

Relationship of Type B viruses to breast cancer in animals and man
Studies on Type B particles associated with breast cancer
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Phase III-A:
Step 1:

Contractor

Mich. Canc. Fdn.
Microbiol. Assoc.
Microbiol. Assoc.
Minnesota, Univ. of
Naples, Univ.. of
New York Med. Coll.
Ohijo State Univ.
Rush-Presby. Hosp.
S. Calif., Univ. of
St. Louis Univ.
Tennesse, Univ. of
Texas, Univ. of
Texas, Univ. of
uIcc ‘
Washington, Univ. of

Washihgton, Univ. of -

Wisconsin, Univ. of

Step 2:

A. Einstein Med. Coll.

Duke Univ.

Flow Labs

Harvard Univ.
Hebrew Univ.

Johns Hopkins Univ.
Karolinska Inst.
Life Sciences

Mass. Gen. Hosp.
Meloy Labs

Meloy Labs

TABLE II

COMPLETE CHARACTERIZATION AND DEFINITION OF PRESUMPTIVE DISEASE RELATIONSHIPS
PRESUMPTIVE DISEASE RELATIONSHIP (continued)

Cont. No.

33347
43240
33248
33357
33314

33398 :
43217

33219
53500
43359
43325
33262
33301
43292
33372
33236
22022

33311
33308
43388

- 33265

33310
43266
33316
33205
33366
43207

43236

Analysis of Contracts by Activity

Description of Work

Studies on "viruses" in human milk and breast tumors

Evaluation of cocarcinogenic factors in viral oncogenesis

Type C virus expression in embryogenesis and spontaneous cancers
Immunologic evaluation of host response to human tumors
Isolation and characterization of HSV-induced antigens

Tmmunopathology of human breast cancer

Immune response to viral antigens in model systems and man
Oncogenic potential of selected Type C and herpesviruses
Possible role of animal tumor viruses, environmental cocarcinogens

Relationship of Type C viruses to human and animal cancer

Immunological studies on fetal ant1gens

Immunological studies on host reaction to tumor antigens

Reaction to murine leukemia virus antigens in human cancer pat1ents
Epidemiological studies of ~human 1ymphomas

Immunologic reactivity to tumor antigens in patients with cancer
Immunologic reactivity to canine sarcomas

Detection and quantitation of immunity to oncogenic viruses/antigens

COMPLETE CHARACTERIZATION

Biochemical characterization of oncogenic viruses

Biochemical characterization of oncogenic viruses

Characterization of oncogenic viruses

Biochemical characterization of Type C avian virus proteins
Biochemical, biophysical characterization of EBV

Character1zat1on of papovaviruses

Immunological characterization of EBV

Biological characterization of MDHV

Biochemical characterization of avian Type C virus nucleic acids
Biochemical, biophysical, immunologic characterization-Type C viruses

Biochemical, biophysical, immunologic characterization-Type B viruses
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TABLE II  Analysis of Contracts by Activity

Phase ITI-B: COMPLETE CHAﬁACTERIZATION: DEMONSTRATION OF VIRUS-MEDIATED FUNCTIONS ESSENTIAL FOR
INDUCTION AND MAINTENANCE OF NEOPLASIA |

Contractor Cont. No. Description of Work
A. Einstein Coll. Med. 33311 Determine molecular pathways of oncogenic virus expression
Baylor Coll. Med. 43385  Regulation of gene expression in mouse mammary cancer
Calif., Univ, of 33293 Biochemical determination of viral gene expression
Calif., Univ. of 33283 Biochemical characterization of viral gene expression
Columbia Univ. 33258  Search for specific viral gene expressions in human cancer
Duke Univ. 33308 Biochemical characterization of viral gene expression
Hebrew Univ. 33310 Search for EBV gene expression in human cancer .
Hopital St. Louis 33365 Search for viral gene expressions in human leukemia
Johns Hopkins Univ. 43266 Molecular hybridization using papovavirus probes
Life Sciences, Inc. 33205  Co-carcinogenic factors in the etiology of Marek's disease
Litton-Bionetics 33211 Biochemical markers of Type C virus gene expressions in human cancer
Mass. Inst. Tech. 33348 . Determine the nature of oncogenic viral gene expression
Meloy Labs 43207 - Molecular hybridization studies on human cancers .
Meloy Labs - - 43236 . Molecular hybridization studies on human cancer
Nether. Canc. Inst. 33368 Immunogenetic studies on breast cancer and leukemia
N. Carolina, Univ. of 33336 Molecular hybridization studies of human 1ymphoma, cerv1ca1 carc1noma
Radiobiol. Inst. 43328 Genetic control of release of RNA tumor viruses
Salk Institute ' 43243 . Viral gene expression in the induction and maintenance of oncogenesis
S. Calif., Univ. of 53500 Biological and biochemical determinations of viral gene expressions
St. Louis Univ. 43359 Search for specific viral gene expressions in human cancer

Phase IV-A:  IMMUNOLOGICAL CONTROL '
Step 1: DETERMINE SUITABLE IMMUNOLOGICAL CONTROL

Atomic Energy Comm. 20208 ;Effect of po1y(Am) 1n=boosting immune response

Flow Labs’ 43388 Vaccines against natural mouse Type C viruses

Inst. Med. Res. 33339 Immunological studies of murine mammary cancer

Meloy Labs 22020 - Evaluation of various approaches to immunotherapy in model systems
Microbiol. Assoc. 43240 Viral vaccines/interferons in protection against chemical carcinogens
Microbiol. Assoc. 33248 Immunoprevention of spontaneous neoplasms

Merck and Co. 3 12059 Developmental research for virus vaccine production
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TABLE IT  Analysis of Contracts by Activity
Phase IV-A: IMMUNOLOGICAL CONTROL -
Step 1: DETERMINE SUITABLE IMMUNOLOGICAL CONTROL (continued)
Contractor Cont. No. Descriptiop of Work

Mt. Sinai Hosp. 43225 Enhancement of tumor cell immunogenicity by neuraminidase

Ohio State Univ. 43217 _Development and evaluation of Type C feline viral vaccines

Radiobiol. Inst. 43328 Immunological studies of murine mammary cancer
- S. Calif., Un1v. of 53500 w11d mouse endogenous virus vaccines and antisera

Phase IV-B: BIOCHEMICAL CONTROL | |

Step 1: DETERMINE SUITABLE METHODS FOR BIOCHEMICAL .CONTROL

Atomic Enngy Comm. 20208 Poly A inhibition of viral polymerases

Litton-Bionetics 23294 Immuno- chemotherapy for treatment/prevention of viral- induced tumors

St. Louis Univ. - 43359 Screening of various chemicals as inhibitors of viral polymerases

RESOURCES |
Contractor Number Type Species

California, Univ. of 33237 cell cultures human, animal

California, Univ. of 72-2202 animal feline

Chicago Park District 33271 animal primate

Child Research Center 33333 service cell cultures

Colorado, Univ. of 33400 tissues human

Connecticut, Univ. of 33221 animal avian

Cornell University 02224 service feline

Dow Chemical Co. 33243 service biohazards

Duke University 33308 virus avian

Electronucleonics Labs., Inc. 23249 virus human, animal
Electronucleonics Labs., Inc. 33335 virus, cells human, animal
Electronucleonics Labs., Inc. 43334 virus human, animal

Emory University 33343 animal primate

Flow Laboratories, Inc.- 33391 animal ‘rodent

Flow Laboratories, Inc. 33201 repository, service sera, tissues, reagents, virus
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Contractor

Georgetown University
Goodwin Institute
Health Research, Inc.
Hektoen Inst. Med. Res.

"Hospital for Sick Children

Huntingdon Research Center
I1linois, University of
Jewish Hospital & Med. Ctr.
Johns Hopkins. Hospital
Life Sciences, Inc.

Life Sciences, Inc.

Litton Bionetics, Inc.
Litton Bionetics, Inc.
Louisville, University of
Meloy Laboratories
Memorial Hospital

Michigan Cancer Foundation
Michigan, University of
Microbiological Associates
Microbiological Associates
Minnesota, University of
Montreal Children's Hospital
Naval Biomedical Res. Lab
Naval Biomedical Res. Lab
Padua, Un1vers1ty of
Pfizer, Inc.

Southwest Foundat1on Res. & Ed.

St. Joseph's Hospital
University Laboratories
Wolf Research & Development

RESOURCES (Cont'd)

Number Type
33404 tissues
23261 animal
23247 tissues
43344 tissues
23266 tissues
33223 antisera
43345 tissues
43251 tissues
33245 tissues
33210 animal
33291 virus
43224 animal
43260 tissues
60902 virus
43263 virus
43335 tissues
43391 milk
33224 tissues
60914 animal
33288 service
43285  service
33377 “tissues
40201 - service
40200 service
33359 tissues
33234 - virus’
33340 animal
33393 tissues
33222 virus
43351 service

Species

human |
avian, rodent
human

human

human

animal

human

human

human

avian, murine
avian

primate

human

primate
murine
human. =

human

human

murine
murine, feline
biohazards
human.
facility support

- biohazards

human

animal, human
primate

human

avian, murine
computer support
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IABLE TII

ALPHABETICAL LfSTING OF CONTRACTS
AND INDEX TO CONTRACT NARRATIVES

1/ For descfiption of research activities, see SVCP Convergence Chart and TABLE II.

Z] No narrative provided for newly negotiated contracts.

CONTRACTOR FUNCTIONS!/ PAGE
Aichi Cancer Center (33290) I (2) 218
Alabama, Univ. of (43394) I(3); ITI-A (1) New?/
A. Einstein Med. Coll. (33249) I1I-A (1) 294
A. Einstein Med. Coll. (33311) IT-A (2)5 11-B (2); III-A (1, 2); III-B 183
A. Einstein Med. Coll. (43380) I11-B (1) | New
‘American Cancer Soc. (74152) Conference -
Atomic Energy Comm. (43210) I (3) 219
Atomic Energy Comm. (20208) I (3); II-B (1, 2); ITI-A (1); IV-A (1);

V-8 (1) 341

Baylor Coll. Med. (43355) II-B (1) 369
Baylor Univ. (43385) I1-B (1); I1I-B New
Baylor Univ. (33257) I (2, 3); II-A (1, 2); I1I-A (1) 77 .
Biolabs, Inc. (22068) IT-A (1); II-B (2); Resources 343
Biotech Res. Labs (43365) I (1) New
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TABLE III (continued)

CONTRACTOR | | FUNCTIONS PAGE

Boston Hosp. Women (43379) I (1, 2, 3) New
Calif. SDPH (43209) | I (3); I1-A (1); II-B (1) 289
Calif. Inst. Tech. (43306) I (3) | New
Calif., Univ. of (33237) II-A (1); 1I-B (1); Resources 378
Calif., Univ. of (33242) I (3); II-A (1, 2) 290
Calif., Univ; of (33293) I1-B (2); I11-B 292
Calif., Univ. of (43212) 11-B (2); III-B 355
Calif., Univ. of (43211) I (1, 2, 3) 222
Ca]if.; Univ. o f (43381) I (3) New
Calif., Univ. of (43298) 11-B (2) New
Calif., Univ. of (33253) II-A (1, 2); 1I-B (2) 154
Calif}; Univ.' f (33283) 1 (3) ' 358
Calif., Univ. of (33332) 11-A (1); 1I-B (1, 2) 356
Center for Disease Cont. (40202) 11, 2) 224
Chicago Park District (33271) Resources 380
New

Child. Canc. Res. Fdn. (43269) T (2); 11-B (1)
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TABLE III (continued)

CONTRACTOR FUNCTIONS PAGE
Child Res. Center of Mich. (33333) Resources 381
Children's Hosp. of Phila. (33272) 1.(1,:3); 1I-A (2); III-A (1) 226
Colorado, Univ. of (33400) = “Resources’ ' ., 382
* Columbia University (33258) 1 (3); II-A (2); I11-B (2); III-A (1); III-B 178
Connecticut, Univ. of (33221) Resources 383
Cornell University (02224) " Resources 384
“ Cornell University (33346) 1 (3); I11-A (1, 2) 180
Delta Reg. Primate Center (33396) STII-A (1) 261
Dow'Chemica1 Co. (33243) Resources 145
Duke University (33308) CII-A (2); 11-B (2); III-A (1, 2); III-B;
B - Resources ‘ 182
Duke University (43395) B (3); ITI-A (1) New
Electronucleonics Labs, Inc. (33355) " Resources 385
Electronucleonics Labs, Inc. (23249) Rgsburces - 386
Electronucleonics Labs, Inc. (43334) Resources New
Emory University k33343) Resources 387
Emory Universfty (22301) iII—A (1) 202
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TABLE III (continued)

Hazleton Laboratories, Inc. (33212)

CONTRACTOR FUNCTIONS PAGE
Emory University (43393) I (3); III-A (1) New
Flow Labs, Inc. (33201) Resources 388
Flow Labs, Inc. (33247) Split into 43387 43388, 43389 at end of FY 296
~'(43387) II-A (1)
(43388) I (3); II-A (2), I1-B (1, 2); III-A (1, 2);
IV-A (1)
(43389) I (3); I1-A (2); III-A (1)
Flow Labs, Inc. (33391) Resources - 389
Fort Detrick (20207) Housekeeping service for 23294 (Litton-Bionetics) -
~ George Washington Univ. (23251) 1 (2); TII-A (1) 230
Georgetown Univ. (50053) I (1,2, 3); 1II-A (1) 156
Georgetown Univ. (33404) Resources 390
Goodwin Inst. for Canc. Res. (23261) Resources 391
Harvard Sch. Pub. Health (43218) Biohazard resource 147
Harvard University (33265) ITI-A(2) 299
Harvard University (33390) I (2, 3); II-A (1); III-A (1) 371
Harvard University (43299) I1-B (1, 2) New
I (3); TI-A (1, 2); 11-B (1, 2) 301




TABLE III (continued)
s | 1
~ . CONTRACTOR - | ~ FUNCTIONS PAGE
‘Health Research, Inc. (43392) Resoufces | 392
Hebrew‘Universify (33342) I (1,2, 3); III-A (1) 232
 Hébrew University (333163 © 1 (3); II-A (2); I1I-B 345
‘Hoektoéh Iﬁst. Med. Reé; (43344) i 'Resburcéé S | ~ New
Hopital St. Louis (33365)  11-B (1, 2); TII-B 185
HOSpifa1 for.31Ck Children (23266) ' Reéources 393
s 'Howard Uhiveréity (43287) 1 (],>3) New
° ‘k}HuﬁtihgdoﬁsRés: Ctr. (33223) | ;RéSOurCes 394
inois, Univ. of (43318) I (3); 1I-A (1); TI-B (2); T11-A (1) - 360
I11inois, Univ. of (43345) Resources | New
Institut du Radium (43219) I11-8 (1) 344
Inst. for Med. Res. (33339) I (1, 2, 3); II-A (2); I1I-B (2); III-A (1)
| IV-A (1) 158
Int'1. Agency for Rés; on Cancer (43296) I (1, 2, 3); II-A (1, 2); III-A (1) | 234
Int. Assoc. fof Comp..ReS. dh J
Leukemia (40047) - Conference
303

Jackson Laboratory (33255) I (3); III-A (1)
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TABLE III (continued)

FUNCTIONS

CONTRACTOR PAGE
Jewish Hosp. & Med. Center (43251) Resources 395
Johns Hopkins Univ. (43330) [ (3); IT1-A (1) Neti
Johns Hopkins Univ. (33337) I (1, 2, 3) 237
Johns Hopkins Univ. (33245) I (2); Resources 396
Johns Hopkins Univ. (43266) I (1, 2); II-A (1, 2); 1I-B (2); I1I-A (1, 2);
111-8 351
Johns Hopkins Univ. (33345) 1 (1, 2, 3); III-A (1) | 187
Karolinska Institute (33316) I (1, 2, 3); 1I-A (1, 2); III-A (1, 2) 188
Life Sciences (33291) Resources; I1-A (1) 398
Life Sciences (33210) | Resources 397
Life Sciences (33205) I1I-A (1, 2); III-B 190
Litton Bionetfcs; Inc,.(43249) I (1,‘3); II-B (1, 2); III-A (1) 346
Littoﬁ Bfonétics, Inc. (43333) I (3): | - New
Litton Bionetics, Tnc. (43252) I (3) | 240
Litton Bionefics,vinc; (43224) I (3); II-A (1); III-A (1); Resources 399
L{tton Bionetics, Inc. (33211) I1-B (2); I11-B; III-A (1) | 192
) 271

Litton Bionetics, Inc. (23294

11-A (1); IIT (A)-15 1V-B (1)
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TABLE III (continued)

I s s S TPRRPC L PP

CONTRACTOR

FUNCTIONS

PAGE

Litton Bionetics, Inc. (43260)
Louisville, Univ. of (60902)

" Mason Research Inst. (33358)

Mass. General Hosp. (33366)
Mass. General Hosp. (43222)
Mass. Inst. Tech. (33348)
Med. Coll. of Penna. (43319)
Med. Coll. of Wisc. (81010)
Mé]oy'Labs, Inc. (43207)

Meloy Labs, Inc. (22020

Meloy Labs, Inc. (43223
43263
43236

( )

( )
Meloy Labs, Inc. (22306)
Meloy Labs, Inc. ( )
( )

Meloy Labs, Inc.

Memorial Hosp. (N. Y.) (43208)
Memorial Hosp. (N. Y.) (43335)

Resources

Resources

ITI-A (1)

I1-B (2); I1I-A (2)

I1-B (1)

I (3); II-B (2); I1I-B
II-A (2)

I (3); II-A (1); II-B (1)

I (3); II-A (1, 2); II-B (1, 2);
IT11-A (1, 2); III-B _

II-B (2); IV-A (1)
I (3); II-A (2); II-B (2); III-A (1)
Resource for Emory Univ. (22301)

Resources

I (3); II-A (1, 2); II-B (1, 2); III-A (1, 2)

IT1-8B

I (2)
Resources

401
402
159
194
195 .
349
New

161

372
197
168
202
403

352
162
405
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TABLE III (continued)

FUNCTIONS

CONTRACTOR PAGE
Merck & Company, Inc. (12089). - 1V-A (1) _ 198 -
Miami, Univ. of (33218) I1-A (2); 11-B (2) 23
Miami, Univ. of (43358) .- I1-B (2) 7 S | New :
Michigan Canc. Fdn. (33347) I (1, 2, 3); 11-A (1, 2), Ii‘-—B (1, 2);‘ II1-A (1) 163 |
Michigan Canc. Fdn.;(43391) » Resources D | New
Michigan, Univ. of (33224) Resources 406
Micro. Assoc. Inc. (60914) Resources } 406
Micro; Assoc. Inc. (33248) I (3); III;A (15;viV:A (1) 314
Micro. Assoc. Inc. (33288) Resources 1 : ] 407
Micro. Assoc. Inc. (43240) I(3); II-A (1, 2)5 T1-B (1, 2); TII-A (1); IV-A (1) 305
Micro. Assoc. Inc. (43254) II-A (1, 2) _ | 311
Minnesota, Univ. of (33357) I (1, 2, 3); II-B (2); III—AV(]) 364
Minnesota, Univ. of (43285) Resources - | 149
Montreal Child. Hosp. (33377) Resources 409

Mt. Sinai Hosp. (43225)

I (2); IV-A (1)

245
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TABLE III (continued)

Scripps Clinic & Res. Fdn. (43375)

CONTRACTOR FUNCTIONS PAGE
‘Naples, Univ. of (33314) I11-A (1) 200
Naval Biological Res. Labs (40200) II-A (1), Service 140
Naval Biomedical Res. Labs (40201) Service | - 378
- Netherlands Canc. Inst. (33368) I (3); II-A (2); II-B (1, 2); fII-B 165
~ N. Y. Med. College (33398) I (2);'111-A (1) 248'
N. Carolina, Univ. of (33336) I1-B (2); IiI—B p 203
- Ohio State Univ. (43217) I (3); II-A (1); III-A (1); IV-A (1) 139
Pédua, Univ. of (33359) Resources 409
~-.Penn. State Univ. (02024) 1 (3); TI-A (1,‘ 2); 11-B (1) 204
Pfizer, .Inc. (33239) 1 (3); 1-A (1, 2) '  167
\ Pfizér, Inc. (33234) o - Reéources | 410
‘Radiobiological Inst. (43328) I (3); II-B (1); ITI-B; IV-A (1) - New
Rockefeller Univ. (33306) -1 (3); 11-B (1, 2) . 206
Rush-Presbyterian Hosp. (33219) I (3); 11-A (1, 2); T1I-A (1) 208
Salk Institute (43243) I1-8 (1); III-B 318
T (3); II-A (2); 1I-B (2) 319
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TABLE III (continued)

Texas, Univ. of (33301)

CONTRACTOR FUNCTIONS PAGE
Scripps Clinic & Res. Fdn. (33204) I (3) II-A (2)- 252
S. Calif., Univ. of (53500) I (1,2, 3); II-A (1, 2); II-B (1, 2); .
| ITI-A (1) III B; IV-A (1) 325
S. Calif., Univ. of (43242) I1-8 (1, 2); III-B 328
Southwest Fdn. (33340) Resources 413
Southwest Fdn. (43214) I (3); II-A (1, 2)° 143
St. Joseph's Hosp. (33393) - Resources . 412
St. Loufs Univ. (43359) - I (3); 11-A (1, 2); 11-B (2); ITI-A (1); |

| IT1-8; TV-B (1) 316
Stanford Univ. (43228) I11-A (1) New
Stanfdrd Univ. (43244) I'(3) I1-B (1); Resources 329
Te]_AVIV Univ. (23237) I (3); I1-A (1); 1I-B (1, 2) 169
Tennessee, Univ. of (43325) I (3); III-A (1) New
Texas, Univ. of (33304) I (1, 2, 3); 1I-A (1, 2); 11-B (1, 2) 210
Texas, Univ. of (33292) I (3); TTI-A (1) 254
Texas, Univ. of (43370) I1-B (2) New

( I (2); ITI-A (1); IV-A (1) 256 .
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TABLE IIT (continued)

PAGE

‘Wolf Research & Dev. (43351)

Service

CONTRACTOR FUNCTIONS

‘Universftvaabs,‘Inc. (33222) Resources 414
UICC (43292) I11-A (1) New
Washington, uﬁiy. of (33372) I (3); 1II-A (1) 330
Washington,’UniV. of (33236) 1 (3); 11I-A (1) 263
Weizmann Institute‘(43241) 11-8 (2) 331
Wisconsin, Univ.vof (22022) I (3); If—A (2); 11-B (1,2); III-A (1) - 367
Wistar Institute (33250) I (3); II-A (2)}, | - 333

| 416




D. Contract Summaries by Segments

1. BIOHAZARD CONTROL AND CONTAINMENT SEGMENT
S July 1, 1973 - June 30, 1974

Dr. Alfred Hellman, QADPVO, Division of Cancer Cause and Prevention, Chairman

Dr. W. Emmett Barkley, OADVO, Division of Cancer Cause and Prevention,
Vice Chairman

RESTRICRR oW o0 kP2 st RIS R

The contract programs administered by the Biohazard Control and Containment
Segment are designed to identify potential biohazards which may be
associated with facilities, equipment and procedures used by virus cancer
investigators and to provide guidance and technical assistance to these
investigators in order to improve their capacity for performing research
with minimum hazards to the laboratory worker and the community and
maximum protection against contamination. A major contract effort with
the Dow Chemical Company has provided environmental control and laboratory
safety services to all contractors of the VCP. These services include
conducting surveys of laboratory facilities to identify potential
biohazards and to recommend practical corrective actions, designing
equipment and developing improved procedures for the safe handling

of oncogenic viruses, certifying safety equipment and assisting in the
design of laboratory faecilities. The equipment certification service has
demonstrated that over 60 percent of all laminar flow biological safety
cabinets tested to date failed to meet performance specifications and

had to be modified in order to provide adequate safety for the user.

A basic safety training course on the principles of biohazard and injury
control has been developed through a contract with the University of
Minnesota. This course is presented four times annually to laboratory
workers engaged in cancer Vvirus research. These courses provide an
opportunity to investigators and technicians to learn the fundamentals
of laboratory safety including the correct usage of biological safety
hoods, personnel protective devices, disinfection and sterilization
techniques and the principles of biological, physical, chemical and
radiological hazard control.

An evaluation of potential aerosol exposure hazards created by biochemical
and biophysical procedures used in virus-tissue culture laboratories has
been conducted by the Naval Biological Laboratory. Tests have been
performed to quantitate the aerosol output of the blender, sonic homogenizer,
pipetting procedures and the zonal centrifuge. Results of these tests
demonstrated that the blender, sonic homogenizer and pipetting procedures

are capable of producing detectable aerosols which can be inhaled by the
laboratory worker.

Basic research studies are in progress to: (1) evaluate the effect of a
selected stress situation on induction of viral disease or cancer in situ,
(2) investigate the immunological response of laboratory animal hosts to
oncornaviral antigens and (3) elucidate the role of endogenous virus
infection of laboratory animals. Aerosol exposure of mice to selected
environmental insecticides which mimic estrogenic activity induces the
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expression of information found in murine leukemia virus... Studies
initiated at the Southwest Foundation for Research and Educition to

determine if oncornaviruses could pass the placental barrier demonstrated

the presence of C-type v1rus partlcles ‘in the syncytlotrophoblast.
observation is being pursued in detail.
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OHIO STATE UNIVERSITY (NO1-CP-43217)

Title: Biohazerdbcentrol'and'Contaipment in Oncogenic Virus Research

Contractor's Project Director: Dr. D. Yohn : .

Project Officers (NCI): Dr. A. Hellman
Dr. A. K. Fowler

Objectivesi

The pr1nc1pal objective of this program this past year has been to
continue the evaluatlon of prophylactlc vaccination of cats against
RNA tumor virus oncogenesis. Several regimens and protocols have
been employed. For the sake of completeness, ‘this report will
summarize the results of all completed protocols as well as those
that are still ongoing.

As corollary objectives these studies have provided an opportunity
 to evaluate the immunologic responses of kittens and adult cats to
the various vaccines using several different serologic procedures.
These include fluorescent antibody (FA) tests for FOCMA antibodies,
complement fixation (CF) and complement fixation inhibition (CFI)
tests for antibodies to viral structural antigens and neutralizing:
antibody (NA) tests to viral membrane antigens. A lymphocyte blast
transformation (LBT) assay has been developed to study cell mediated
immunity during immunization and oncogenesis.

The final aspect of this program has included pilot studies on the
effect of various steroid hormones on infection and/or transformation

of various cell cultures by fellne sarcoma virus (FSV).

Major Findings:

Vaccination of kittens with killed virus vaccines at weekly intervals
for 4 weeks prior to challenge at 35 days of age with a dose of GA-FSV.
known to induce tumors in 95% of unimmmized kittens has given varying
results. Vaccines prepared in Adjuvant 65 have induced no protection
and only minimal antibody respomnses as measured by CFI and NA tests.
Vaccines prepared in complete Freunds adjuvant appear to be inducing
some degree of protection. Antibody studies are yet ‘to be completed
in these animals. To date four kittens developed a persistent
neutrallzlng titer approximately one month after four injectionms.

Two others had only a single serum that was reactive. In another
litter kittens readily demonstrated neutralizing antibodies within two
weeks after the final injection of vaccine. The variability of these
responses in which at best 3/6 produced neutralizing antibodies by the
time of virus challenge is interpreted at this point as an

unfavorable level of respomse.
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Tests on additional kittens which have been similarly immmized
including those immunized with virus emulsified in Freunds complete
adjuvant are underway. Sera taken from kittens solidly protected by
immunization with inactivated tumor extracts prior to challenge with

virus are also being examined for neutralizing antibodies. These tests

should be completed within the current contract year.

Results of tests for neutralizing antibodies in seven adult female cats,
six of which were immunized during their pregnancy with UV irradiated
GA-FSV emulsified in adjuvant 65. These tests show that this
immunization regimen induced readily demonstrable levels of
neutralizing antibodies in all six pregnant queens by the time they

gave birth. These findings may in part account for the moderate
protection afforded kittens to GA-FSV from these queens. Of nine

kittens from these queens, only four developed tumors Wthh eventually
led to their death.

Significance to Biomedical Research and the Program of the Institute:

Development of a vaccine against a type-G RNA virus in a model system

such as the cat could provide some rationale as to the potentials for
developing such vaccines against human dlsease if ever a viral induced
malignancy can be identified in man.

Proposed Course:

. The presence of neutralizing antisera in cats previbusly immunized will
further be determined. In order to permit a greater degree of
immunological competency to develop prior to virus challénge, a feline
leukemia virus isolated by Dr. Hardy, will be used. This virus will
cause disease in adult cats, thereby permitting adequate vaccination
regimes to be developed, since other feline tumor virus to date required
inoculation into cats during the first week of life.

Date Contract Initiated: Junme 25, 1965

NAVAL BIOLOGICAL TABORATORY (YOl—CPA—OZOOj

Title: Aerosol Properties of Potentially Oncogenic Viruses

Contractor's Project Director: Dr. N. Vedros

Project Officers (NCI): Dr. A. Hellman
Dr. A. K. Fowler
Dr. W. E. Barkley
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Objectives:

This project involves task—areas as well as providing hood-testing
service to certain other NCI contractors. The task areas are: laboratory
hazards from aerosols; environmental effects on characteristics of viral
aerosols; host—virus interactions; disinfectants.

Major Findings:

1. Aerosol Studies. Aerosols of Rauscher murine leukemia virus (RMLV)
were exposed to relative humidities .(RD) ranging from 10% to 90% at 26°C.
Impinger samples were taken at time intervals through 4 hours post-
atomization, and’/quantification.of recovered virus was accomplished
using the XC cell ‘assay system.

Survival at conditions of low. relative humidity is better than at higher
relative humidities. At humidities below 30%, virus could be recovered
from aerosols exposed to environmental conditions for 4 hours. The most
substantial virus inactivation occurs during the initial drying process
leading to the equilibrium state. It appears that the slower this
initial drying process is (i.e., at hlgh RH), the more detrimental its
effects on the virus.

It is known that various additives (i.e. sugars) can protect aerosolized
virus from the effects of relative humidity. All the current studies
were performed using standard tissue culture media for aerosolization

of the wvirus. It is -also known that certain viruses, when drawn through
a vessel maintained at 100% relative humidity, immediately before
impinging, show markedly enhanced recovery from the aerosol state. Our
initial studies indicate that RMLV does not display this phenomenon.

2. Disinfection Studies. - After the initial application of 0.5 ml of
each concentration of hypochlorite into 4.5 ml of unpurified poliovirus
or Rauscher Murine leukemia virus tissue culture suspension, samples
were collected at 10, 20 and 40 minute intervals. The virus samples
were rapidly diluted with Hanks Balance salt solution (to avoid the
inherent toxicity of hypochlorite for cells) and were then inoculated
into either Hela cell monolayer for plaque assay for poliovirus, or

A3l mouse cell monolayer for leukemia virus assay. All experiments were
carried out at room temperature.

A preliminary experlment 1nd1cated that 0.2 ml of 1000 part per milliomn
(PPM) solution of a neutralized hypochlorlte (NHC) could be added to a

60 mm in ‘diameter tissue culture dish with 5 ml of medium without killing
the contained culture of Hela cells. Therefore, assay at low dilution
levels was possible.
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The residual hypochlorite was rapidly decreased after neutralized with
KH9PO; to a pH of 7.4 and after 24 hours, only 2% of their initial”
residual was remaining in the open container. However, the un—neutrallzed
hypochlorite was very stable, even in the open’ contalner.

The results of hypochlorite experiment w1th‘unpurified poliovirus in
tissue culture menstrum indicate that the poliovirus titer decreased
gradually with a neutralized hypochlorite solution of 1000 ppm and
completely inactivated within 40 minutes upon application. On the
other hand, low concentration of hypochlorite (100 ppm) has no effect
on poliovirus. However, with higher concentration of neutralized
hypochlorite (2500 ppm) poliovirus could be completely inactivated
within the first 10 minutes upon application. Furthermore, the data
also indicated that the un—-neutralized hypochlorite had more effect
on poliovirus. When 10%Z fetal calf serum-was added into the virus
suspension, the virucidal activity of hypochlorite was decreased.

Neutralized hypochlorite was held in either an open or closed container
and samples were withdrawn and used to inactivate poliovirus at 4, 8,
24 and 48 hours after hypochlorite was neutralized with KHoPO4, to a
pH of 7.4. The data indicated that the poliovirus-titer decreased
slowly from 1.8 x 108 pfu/ml to 1.4 x 10% pfu/ml, and from 1.8 x 108 to
1.4 x 106 pfu/ml in 40 minutes with a n2utralized hypochlorite
solution of 1000 ppm of 4 and 8 hour samples, respectively. Moreover,
the poliovirus titer decreased more rapidly from 1.8 x 103 to

1.5 x 104 pfu/ml within the first 10 minutes and reduced. to < 5 x 10’
in 20 minutes with a neutralized hypochlorite solution of 2500 ppm of the
8 hours sample. However, there were no virus titers changed in both
24 and 48 hour samples.

Wescodyne and Lysol were also used to inactivate poliovirus in order
to compare their virucidal activity. Neither were virucidal.

Rauscher Murine Leukemia virus (RML) was used to test the virucidal
activity of hypochlorite. Rauscher leukemia vifrus was rapidly
inactivated by low concentrations of neutralized hypochlorlte.

Virus titer was reduced rapidly from 2 x 107 pfu/ml to 2 x 102 pfu/ml
in 10 minutes with a neutralized hypochlorlte solution of 500 ppm, and
completely inactivated in 20 and 40 minutes with 500 and 100 ppm of
neutralized hypochlorite, respectively. However, in the presence of
fetal calf serum in the leukemia virus suspension, the virus-titer
decreased gradually and infectious virus was present in the suspension

at both the 500 and 100 ppm hypochlorite solution after 40 mlnutes of
inactivation.

Herpes saimiri will next be included in disinfectant tests in
preparation for studies of aerosol survival of the latter agent.
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3. Laboratory Hazards. Spray factors, useful in determining the
probable dosage involved in respiratory exposure to incidental aerosols
produced by standard laboratory operations, have been reported previously.

The next step under this task area was to study the extent of inclusion
of viral units in airborne particles less than 0.8 um. This work has
been delayed because we have not received theé aerosol sampler
(centrifuge rotor) that ‘is needed to collect small particles; the

unit has been on order for more than 1 year.. The item is "hand-made"
must be calibrated during final balancing tests, and the manufacturer
repeatedly assures’ us that after a few more tests the rotor will be
_availabile.

Significance to Biomedical Research and the Program of the Imstitute:

An understanding of the survival and clearance rate for virus aerosol
will allow the development of a rational and hopefully less expensive
means for control of cross infection. Similarly development of
mathematical models will permit the more precise evaluatlon of
facilities, on the ba51s of risk.

Proposed Course:

We propose to continue studies- of specific problems in control of
laboratory biohazards generated in work with oncogenic viruses and
infected tissue cultures. We will study symergistic effects of selected
chemicals and viruses on oncogenic susceptibility, and the effect of
physiological stress (as related to changes ‘in immune response) on
susceptibility.’ As adJuncts ‘to this work we will study survival of
selected airborme viruses in varied env1ronments and optimize methods

of assay. '

Date Contract Initiated: March 1, 1971

SOUTHWEST: FOUNDATION - FOR RESEARCH AND EDUCATION (NOl—CPé—SZlé)
Title: Study of Latent Virus Infection and Transmission

Contractor's Project-Director:- Dr. R. L. Heberling

Project Officers (NCI): - Dr, ‘A. Hellman '
: Dr. J. Strickland
Dr. A. Fowler

Objectives:

It is the purpose of this contract to study the viral flora of
placentas with special emphasis on the occurrence of; type-C viruses.
Although a number of mammalian species (including the mouse, cat, dog,
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horse and cow) are to be surveyed for the presence of type-C viral
particles, a major portion of the work will concentrate on baboon and
human placentas and fetal tissues derived. from these two prlmate sources.

Major Findings:

The occurrence of a relatively large number of type—~C. virus particles in
the syncytiotrophoblast of all baboon: placentas examlned -#hile a few
particles were seen in approximately 60% of human placentas.

Gs antigen activity and RNA-directed DNA polymerase were.

demonstrated in baboon placentas where partlcles were numerous.

With this as a background, studies during the past 6 months have
concentrated on attempts to isolate a virus in cell culture in order
to carry out definitive studies on its antigenic composition, enzyme
activity and pathogenic (oncogenic) potential. Confirmation of the
presence of virus particles in cell cultures has been primarily by
examination with the electron microscope. Further electron microscope
studies have centered on the examination of various placental. and
fetal tissues in an attempt to define species distribution, the
precise locations of viral synthesis within the fetoplacental unit
and the point in the gestation period when morphologically
distinguishable type—-C viral particles are first observed. Initial
attempts have also been made to detect viral activity in purified
fractions of homogenized placental tissue and cell culture fluids.:
Seven to 21 day embryo material has been collected and is being
processed. Type—C particles have been seen in one 20 day embryo.
Previously a 27 day. embryo was the earliest placenta studied which
was positive. It is of interest that the cytotrophoblast cells .of
the 20 day embryo have more particles than the syncytiotrophoblast,
in opposition to what has been observed in later embryos.

Only a few fetal tissues have been examined to date, but none has
been found to contain viral particles.

To date, in excess of 100 cell cultures have been processed for
observation on the electron microscope. Approximately 80 of these
have been of adequate quality for evaluation. Five preparations have
contained what appear to be type-C virus particles. Four of these |
resulted from the cocultivation of :a placenta culture derived from

a single baboon with a chimpanzee fetal lung culture or rhesus monkey
fetal foreskin. One of the four cultures, a placenta—chimpanzee
cocultivation, has been treated with 50 pg/ml IUDR. Several of the
placenta-chimps cocultivation cultures show numerous intra- and -
extracellular particles and are currently releasing significant
quantities of type-C particles.

Pools of primate type—C viruses are being prepared for reference
materials and the preparation of appropriate antisera. Fluorescein
labelled antisera is being made available from Dr. Hellman's laboratory.
The sera was prepared in goats and dogs against the M-7 isolate.
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Frozen sections of placental tissues are being prepared for use in
immmologic techniques such as fluorescent antibody labelling which
may allow for the localization of type—C virus antigens, as well as
others, within:the placenta. . Additionally, sera from other baboons

are being surveyed for the presence of antlbodles to these placental
antigens. ,

Specimens of uterus, ovary, testis,'etc. are being collected for
examination to determine the origins of type-C viral activity.

A number of placental and fetal tissues (approximately 30) were sent
ta the Project: Offlcer for this contract (Dr. A, Hellman) for testing
in his laboratory and dlstrlbutlon by him to other laboratories. ‘
Studies on this material include tests for Gs antigens, RNA-directed
DNA polymerase and purification of.type~C viral particles from fresh
placental tissue. Various cell cultures were.also sent for Gs antigen
testing. ' ' ' ‘

Significance to BiomedicallReseareh and the Program'offthé Institute:

The presence of type—C particles in "normal" primate tissue has for the
first time been visualized and the agent isolated. The significance of
their presence can only be conjectured at this time, however, the fact
that they are present in relatively large quantities at a time of
endocrinological stimulation further adds significance to the

induction of C-particles information by hormones (Hellman and Fowler)
and may be 51gn1f1cant for propogation of the species. Finding such
particles in "normal' tissue permits: one now to determimne whether

they really have any. direct cause and effect relatiomnship in inducing
malignancy in any. primate. '

Proposed:  Course:

A1l efforts will be directed in this laboratory and that of the project
officer to determine the function that these particles have in primates
as well as the possible universal presence of such C particles at
particular stages of ‘host development.

Date4Contracthnitiated:' Jﬁne(3, 1971

THE DOW - CHEMICAL 'COMPANY (NOl-CE3—3243)

Title: -Research: and Development of Blohazard Control and . Containment
Facilities

Contractor's Project Director:  Mr. Cyril.B. Henke

Project Officer (NCI): “Dr. W. Emmett Barkley
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Objectives:

1. In collaboration with the NCI Office of Biohazard and Environmental
Control, the contractor performs Blologlcal Safety and Environmental :Control
surveys of VCP contractor operatioms ‘to evaluate laboratory’ practices,
safety equipment and facilities and to assess the effect of contractor
operations on laboratory safety and environmental quality.

2. The contractor assists the Office of Biohazard and Envirommental Control
in the preparation and dissemination of safety equipment specificatioms,
facility design crlterla, operatlons ‘guidelines and safety procedures. The
contractor also prepares englneerlng design drawings and sPeclflcatlons for
containment sSystems requlred to meet spec1f1c program needs.”

3. The contractor operates a'safety'equipment certification*program to
assure safe operation of VCP safety and containment equipment.

4. The contractor assists the Office of Biohazard and Environmental Control
in the review of plans-and specifications.f§r VCP renovation and new facility
construction projects.

Major Findings:

The contractor participated in eight site visits; provided extensive
consultation support to VCP contractors, and has reviewed facility design
criteria for a number of NCI contractors and -grantees. The contractor has
assisted the NCI, OB&EC in evaluating laboratory safety problems:identified
during the eight completed site visits. ‘Individual site visit reports were
prepared to provide necessary guidelines to assist contractors in
implementing the NCI Minimum Standards of Biological Safety and. Environmental
Control. A comprehensive survey of Building 37, NIH, was completed.
Observed deficiencies were evaluated, listed and presented in a final report
to NCT in July. The report emphasized short and long term recommendations
for correctlng deficiencies and 1mprov1ng thelr safety -and env1ronmental
control program.

The contractor, in collaboration with the Division of Research .Services, NIH,
has prepared two slide—cassette tape packages for distribution to VCP con-
tractor laboratories and other interested inmvestigators. -The :first presenta-
tion entitled, "Effective Use of the Laminar Flow Biological Safety Cabinet"
contains 54 slides and a 16—minute tape recording. This packette has been
loaned to 167 laboratories. The second package entitled, "Formaldehyde
Decontamination of Laminar Flow Biological Safety Cabinets" contains 42 slides
and a 13-minute tape recording. So far 90 laboratories have requested and
received the second presentation. The contractor arranged a one-day seminar
on centrifuge biohazards at the Frederick Cancer Research Center,

November 8, 1973.

The equipment certification program has demonstrated that 41 percent of the
cabinets tested this past year failed to pass initial leak tests. Cumulative
test results indicated an initial failure rate of 57 percent.
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Significance to Biomedical Research and the Program of the Institute:

This contract contiibﬁtes:bioloéical safety and environmental control
expertise to the VCP. This expertise is used to improve the quality
and safety of the cancer research laboratory environment. The contractor

functions as an integral part of the NCI Office of Biohazard and
Environmental Control.

Proposed Course: =

The contractor will continue to provide technical assistance to the VCP
contractors on problems of environmental control, personnel safety and -
product protection. The contractor will participate in approximately ten
Safety and Environmental Control surveys. The contractor will review all
plans and specifications for renovation and new facility construction
projects upon request. All recommendations will be based on compliance
with accepted engineering design, biological safety and environmental
control practices. The contractor will continue to prepare the slide-
cassette tape packages and provide distribution to VCP contractors.

Date Contract Initiated: June 25, 1965

HARVARD SCHOOL OF PUBLIC HEALTH (NOl—CP4—3218)

Title: Cancer and Chronic Disease in Virologic Laboratory Workers

- Contractor's Project Director: Dr. T. Mack

Project Officer (NCI): Dr. A. Hellman

Objectives:
1. To evaluate the costs and beneflts of several methods of assembling,
in retrospect, a roster of v1rologlsts, laboratory persons and others

with professional exposure(toAthekv1:olog1oal laboratory.

2. To evaluate the feasibility'of measuring'the past morbidity and
mortality in such a cohort.

3. To measure the costs of startlng and malntalnlng an on-going
registry of such persons.

4. To evaluate the fea51b111ty of 1nst1tut1ng survelllance for chronlc
diseases among these persons; in order to:

a) Prospectlvely evaluate the occupatlonal hazards of biological
materials in general and of 1aboratory acqulred v1ruses in particular
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b) Most qulckly recognlze unforeseen dlsease ‘risksy examlne their
corrolates, speculate as to their causes, and prudently act to
minimize future hazards.

Major Findings:

We are still developing a questionaire to be sent out to selected virdlbgy
laboratories, until such time findings, significance and proposed
course will have to await further development. i

Significance.tovBiomedical‘kesearch and the Program 6ffthe’Insti£uté:

.Will have to await further developmentiof‘the contract;

Proposed Course:
Will have to await further development of'the contract.

Date Contract Initiated: July 2, 1973 : ' Tigiatel oy

THE UNIVERSITY OF TEXAS SOUTHWESTERN MEDICAL SCHOOL AT DALLAS (NOl—CP—12135)

Title: Biohazards Information Gatherlng Center Survelllance of
Laboratory-Acquired Infections and Accidents

Contractor's Project Director: Dr. Malcolm Pike

Project Officer (NCI): Dr. Alfred Hellman

Objectives:

(1) To gather information concerning laboratory—acqulred 1nfect10ns and
accidents by the use of questionnaires and personal contact'

(2) To collate this information into a readily useable form°f0f“detefmining‘

factors which may affect the occumrenceof laboratory acquired infection.

Major Findings:

No progress as yet under this contract, contractor has had dlfflculty in
getting program initiated.

Significance to Biomedical Research and the Program of the Inétitute:f

By becoming aware of the problem, as defined by past experlence it is
hoped that work with newer agents, partlcularly oncogenic v1ruses, can
proceed with a greater chance of protecting the safety of personnel 4
involved.
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Proposed Course: -

The unused funds from this contract will be used to transfer all historical
laboratory acquired infection data to data forms developed by the Center

for Disease ‘Control. " CDC will maintain in the future a national data bank
on laboratory acquired ‘infections.

Date Contract Initiated: May 10, 1971

UNIVERSITY OF MINNESOTA (NO1-CP4-3285):

Title: Development and Presentation of Course in Contamination and
Physical Hazard Control

Contractor's Project Director: Dr. Donald Vesley

Project Officer (NCI): Dr. W. Emmett{Barkley
Objectives:

The objective of this project is to present four courses on the principles
of biohazard and injury control in the biomedical laboratory. Course
participants are drawn from persomnel from other cancer laboratories
associated with‘the‘NCI contracts and grants program.

These courses provide ‘an opportunity to scientific -investigators and
laboratory technicians involved in cancer virus research to learn the
fundamentals of laboratory safety including the correct usage of
biological safety hoods, the adequacy of protective clothing and other
personal protective devices, disinfection and sterilization techmniques and
the principles of biological, physical, chemical and radiological hazard.
control. i ' SR ' o

“Major Findings:

Four courses have been presented, three at the University of Minnesota,
June 12-15, September 11-14, October 16-19, and one at the NIH from
December 11-13, 1973. Approximately 180 cancer scientists and senior
laboratory technicians attended the courses presented this past year. A

total of approximately 330 investigators and technicians have attended the
courses to date.

The contractor has developed a course manual and compiled a "handout packet"
of up—-to-date reference materials. The course manual includes lecture out-
lines, references, data tables, and other supporting information for each
of the course lectures. Another section of the manual details laboratory
exercises and instructions for the laboratory portion of the course. A
catalog of safety aids and equipment has also been developed.
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The course has succeeded in Stlmulatlng the participants to think positively
about laboratory safety problems. Follow through efforts by the Office

of Biohazard and Environmental Control have demonstrated an increased
awareness of laboratory safety objectives among those scientists. who have
attended -the course. Most important, however, has been an increase in
laboratory safety practices by many course participants.

Significance to Biomedical Research and the Program of the Institute:

The training program provides a most effective mechanism for disseminating
current biological safety information. Course participants benefit direct-—
ly by learning biological safety and environmental control methods and
techniques. This program benefits the instltute by increasing the general
safety awareness of the laboratory part1c1pant and his associates.

Proposed Course:

The contractor will present four courses in 1974, two in. June and one each
in September and December. Three of the courses will follow the same format
as the 1973 courses. Two will be presented in Minneapolis: and one at NIH.
The second course scheduled for June in Davis, California will be a special
session presented to campus safety officers in conjunction with the summer
meeting of the Campus Safety Association. The course material will be
altered to accomodate ‘the experlence and respon31b111ty level of. the
attendees at this session.

The contractor will reevaluate the course content thoroughly on the basis
of evaluations received from the four 1973 courses before plans are
finalized for the new series. -‘Handouts and references will be updated as
new materials become available.  The laboratory sessions particularly will
be reviewed and revised as necessary for maximum impact. ’

Lecturers will be encouraged to update -and revise lecture outlines and
content after each course. The lectures are being written in a script
format for future use in the development of single subject slide-cassette
presentations.

Date Contract Initiated: December 10, 1971
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. SUMMARY REPORT
" 2.. BREAST CANCER VIRUS SEGMENT
_ July 1, 1973 through June 30, 1974

Radioimmune preclpltatlon assays have been developed for the quantitation of
the mouse mammary tumor virus (MMTV) by using MMTV externally labelled with
1125, This technique ‘provides a rapid, sensitive assay for intact virus,
viral antigens, and antibodies against the virus. The RIA for MTV virion has
proven valuable for evaluating MIV produced in culture and for antisera
titration. The 507 end point titer of the standard sera is 1:200,000. - The
MTV-RIA can also be used to assay serum from other species. We have found

that antibodies from mice and rats 1mmunized against MIV. can inhibit the
RIP of MTV.

The structure of MMIV has also been studied. Most of the protein analysis
work was performed on sucrose density purlfled MIV from primary monolayer
cultures of BALB/cfC3H tumor cells. The virion was studied in polyacrylamide
gel electrophoresis (PAGE) using internal labelling (tritiated amino acid or
glucosamine) , external labelllng with lactoperoxidase 1od1natlon and staining
(Coomassie blue or PAS)

Twelve polypeptldes were reproduc1bly resolved by the combined methods. TFive
major polypeptides had estimated molecular weights of 52,000, 36,000, 28,000,
14,000 and 10,000 daltons. Minor polypeptides were observed at 70,000,
60,000, 46,000, 38,000, 30,000, 22,000 and 17,000 daltons. Five of the
polypeptldes were assoclated w1th carbohydrates. They had molecular weights
of 70,000, 60,000, 52,000, 36,000 and 10, 000 daltoms. Three polypeptides,
32, 000 28, 000 and 14,000 were present in 1.24 subviral particle while the
28,000 and 14,000 dalton polypeptldes were present in 1.27 subviral particle.

In vitro cultivation of mouse mammary -epithelial cells gives rise to three
dimensional structures referred to as domes. These domes arise within 24 to
48 hours post platlng provided 3 condltlons are fulfilled. These require-
ments are: (1) eplthellal cells; (2) an initial’ plating density of 100 cells
per cm2 (3) the presence of insulin and cortisol. Domes arise in primary '
cell cultures of mouse mammary epithelial cells derived from the following
sources: tumor, hyperplastlc alveolar outgrowths, prelactating mammary -
tissue, and ductal tissue from.v1rg1n females. These cells need not be
infected by the mouse mammary tumor virus (MIV) for dome genesis to proceed.
However, there appears to be some relationship between the presence of domes
and the quantity of the MIV extruded into the culture medium. Because of

the relationship of domes to MTV productlon, the behavior of domes in

culture was analyzed by means of sequential photography of dlffractlon images
and time lapse cinematography. The presence of the MTV in the culture fluid
seemed to parallel the number of domes present in the culture, suggesting
also a cyclic release of MTV. Total,v1rus protein harvested in a 10 day
period averaged 3.6 mg. o

Studies are in progress to develop quantitative infectivity and transformation
assays for Mason-Pfizer monkey virus (M-PMV) and to develop cloned isolates
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of M-PMV. The co—cultivation of M-PMV infected cells with human KC cells"
carrying the RSV genome resulted in production of large numbers of syncytia.
The induction of syncytia can be neutralized by incubating the virus with
specific antisera. Clones of M-PMV have been isolated and appear to repli-
cate independently of a second virus (Type C) which can also be demonstrated
in M-PMV stocks. Transformation of monkey cells, as evidenced by colony
formation in semisolid agar, has been demonstrated. M-PMV like particles ;
have been regularly isolated from Rhesus monkey breast b10p31es, placentas, i
and fetuses.

Phospholipase C can be used for preparation of cores from the mouse mammary
tumor virus and from human milk particles. The human and mouse cores both
contain 60-70S RNA and reverse transcriptase. In addition to offering
further evidence of similarity between the human milk particles and the RNA
tumor viruses, core isolation obviates certain technical difficulties.
Because of their uniquely higher demsities, cores, unlike complete viriomns,
band in a region comparatively free of cellular contamlnants and minimizes

the problems generated by enzyme 1nh1b1tors and by the presence of cellular
debris found in human milk.

A homology in nucleic acid sequence between the RNA in virus particles from
mouse milk and RNA from mouse mammary tumors has beem found. Similarly,

a homology was. reported in nucleic acid sequences between the virus particles
from a human milk and RNA_from human mammary adenocarcinomas. Studies were
done to determine if the 3H-DNA probe synthe31zed from human milk "cores”

is complementary to the RNA of human breast tumors as well as other human
tissues. The probe synthesized from the RNA of human milk cores hybridized
significantly with the polysomal RNA from human malignant breast tumors;

no significant hybridization could be detected with polysomal RNA of human
benign breast tumors, normal human breast tissue, human sarcomas, leukemic
cells, or 'mormal" human spleen.

Mason-Pfizer monkey virus (MPMV) was isolated from a spontaneous mammary
carcinoma of a rhesus monkey. , To determine the origin of MPMV and its
relatedness to various human ﬂeoplastlc tissues, hybrldlzatlon of SH-DNA
product of MPMV to nucleic acids of various tissues is being studied.
Tritiated DNA is synthesized from MP-MV 70 S RNA using purified reverse
transcriptase from avian myeloblastosis virus. ' This §H--DNA probe hybridizes
to the polysomal RNA of approximately two—thlrds ‘of human malignant breast
tumors examined as analyzed by both cesium sulfate and hydroxyapetlte.

The simultaneous detection assay has been utilized to detect particles, in
extracts of human breast adenocarcinomas, with a demsity of 1.16-1.19 g/ml,
that contain a 60-70S RNA 1n assoc1at10n with a reverse transcriptase.

Using the detergent sterox, ''cores' from these particles are generated that
have a density of 1.26-1.27 g/ml and contain a 60-70S RNA in association
with a reverse transcriptase. Further studies to characterize these
putative viral particles from human malignant breast tumors are in progress.

No such particles have been detected in experlments employing benign human
breast tumors.

Five out of fifteen human mammary tumors were shown to possess RNA sequences
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homologous to MuMIV genome.. These RNA sequences. hybridized between 18 to
77 percent of the MuMTV DNA probes at C,t values greater than 10%. The
Crt curve amalysis of these positive tumor RNA's showed very low amounts
of MuMIV related RNA ranging from 1 to 8 molecules per cell. Only about
5% mismatching was observed in these MuMTV DNA-human RNA hybrids judging
from the differences in Tm.

Several hundred domors participated in the milk collection program. As in
the past, family histories of these women were obtained by interview and
will be corroborated by rigorous documentation. The detailed amalysis of
these data will provide the high and low risk profiles to be used in studies
correlating breast cancer risk with oncormavirus detection.

To determine the reliability of the simultaneous test for 60-70S RNA and
reverse transcriptase and the exogenous template tests for reverse trans-
criptase for the screening of human milks for RNA tumor viruses, a series of
reconstruction experiments where RLV, or AMV was added to human milk were
carried out. It was found that using existing protocols, it was difficult
to detect reverse transcriptase of the.seeded virus in some milks. The
reverse transcriptase activity gel profiles from seeded milk tested with the
simultaneous test resembled those from virus samples which had RNAse
deliberately added at the lysis step to destroy the RNA template.

A recent report indicated that human mllks contain cells, primarily derived
from mammary epithelium that could be maintained in culture. Milk cell
cultures have been tested for reverse transcriptase activity by the simul-
taneous detection test. Activity was observed in both the cells and in the
1.16 to 1.18 region of the supernatant fluids from such cultures fractionated
on 20-50% sucrose gradients. RNA extracted from particles derived from the
supernatants of such cultures which band in the 1.16-1.19 gms/cc regiom of
sucrose gradients, was analyzed by velocity sadimentation. While no
radioactivity was. observed in the 70S region of the gradient, a peak was'
found with a sedimentation of 358. The relationship between this and the
indication of viral activity in human milk samples is currently under
investigation.

A stable cell line of human mammary carcinoma cells has recently been
established. These cells were recovered from a pleural effusion of a
female with diagnosed malignant mammary adenocarcinoma. The line has
been in existence for more than two years. Several different criteria
have been employed. to establish the human and mammary origin of -these cells.
These cells were used in an. attempt to demonstrate proliferation of a
candidate human tumor virus. Results of these studies can be summarized
as follows: (a) Buoyant demsity = 1.7 (¥ 0.01) in sucrose—HZO, (b) An
internal 70S RNA, (c) Reverse transcriptase (RT) which used endogemous 70S
RNA as template measured in a simultaneous detection assay, (d) Internal
cores with a p = 1.25-1.27 which contains RT activity.
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BREAST CANCER VIRUS SEGMENT

Dr. Jeffrey Schlom, OAD, DCCP, Chairman
Dr. Wade Parks, VC, DCCP, Vice Chairman
Dr. Ernest Plata, VLL, DCCP, Executive Secretary

UNIVERSITY OF CALIFORNIA, DAVIS, CALIFORNIA (NOl—CP-3 3253)

Title: In Vitro Cultivation of Human and Mouse Mammary Tumor Viruses

Contracto;'s Project Director: Dr. Robert C. Cardiff

Project Officer (NCI): Dr. Robert H. Bassin
Objectives: - o

1. To study the production of mouse mammary tumor virus (MTV)
in vitro in order to develop concepts, techniques, and reagents
‘that might be applicable to larger scale production of this virus
and of potent1al human breast cancer viruses.

2. To study human breast tissue under various experimental conditions
developed from the mouse mammary model for the presence of possible
human mammary tumor viruses.

Major Findings: A radioimmune precipitation assay has been developed for
the quantitation of the mouse mammary tumor virus (MMIV) by using MMTIV
externally labelled with’Ilzs. This technique provides a rapid, sensitive
assay for intact virus, viral antlgensS and antibodies against the virus.
Following iodination and dialysis, 1125 1abelled material was found to
concentrate after isopycnic centrifugation in sucrose density gradients in
the fractions where the MIV virion is usually found. These procedures
provided specific activities between 17,000 and 58,000 counts per.minute
per microgram of total viral protein. Polyacrylamide gel electrophoresis of
intact, iodinated MIV revealed that 80-90% of the I migrated in a single
peak. As little as 5.0 mugms of unlabelled MIV reduced the percent RIP as
compared to an unlnhlblted control RIP

The specificity of the inhibition was evaluated through the addition of a
series of unlabelled antigens. Sucrose demnsity gradient purified C type
particles from BALB/c spleen cells, AKR spleen cells and cultures infected

with Rauscher leukemia virus, and Moloney sarcoma virus did not inhibit the

precipitation of MIV. In a like manner, homogenates of BALB/c lactating
mammary gland, defatted BALB/c milk, and fetal calf serum did not inhibit
the precipitation reaction.
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The RIA for MIV virion has proven valuable for evaluating MTV produced in
culture and for antisera titration.. The 50% end point titer of the standard
sera is 1:200,000. - The MIV-RIA can also be used to assay serum from other
species. We have found that antibodies from mice and rats immunized

against MTV can.inhibit the RIP of MTV.

The structure of MMIV has alsoc been studied. Most of the protein analysis
work was performed on sucrose density purified MTV from primary monolayer
cultures of BALB/cfC3H tumor cells. The virion was studied in '
polyacrylamide gel electrophoresis (PAGE) using internal labelling
(tritiated amino. acid or glucosamine), external labelling with lactoperoxi-
dase iodination and staining (Coomassie blue or PAS). ‘

The polypeptides were considered méjor if they contained 10% or more of the
total counts or label and minor if they contained less than 10% of the total.
The number of polypeptides were~almost identical in all techniques used. |

Twelve polypeptides were reproducibly resolved by the combined methods.
Five major polypeptides had estimated molecular weights of 52,000, 36,000,
28,000, 14,000 and 10,000 daltons. Minor polypeptides were observed at
70,000, 60,000, -46,000, 38,000, 30,000, 22,000 and 17,000 daltons. Five of
the polypeptides were associated with carbohydrates. They had molecular
weights of 70,000, 60,000, 52,000, 36,000 and 10,000 daltons.. '

Treatment of MTIV with 1.0Z and 2.0% NP-40 gave subviral particles with
buoyant densities of 1.24 and 1.27 gms/cc in potassium tartrate density
gradients. These particles contained viral RNA as seen when ~H uridine
labelled MTV was treated with NP-40. Immunodiffusion tests showed no
reaction with antisera made against intact MIV. These subviral particles
have been studied using internal labelling ( amino acids and 3H uridine)
and external labelling techniques.

In summary, twelve polypeptides were obtained when MIV grown in tumor tissue
cells was studied using SDS-polyacrylamide gel electrophoresis. There were
five major polypeptides with molecular weights of 52,000, 36,000, 28,000,
14,000 and 10,000 daltons. The seven minor polypeptides had molecular
weights of 70,000, 60,000, 46,000, 38,000, 30,000, 22,000 and 17,000 daltoms.
Staining with PAS revealed that the 70,000, 52,000, 36,000 and 10,000
daltons polypeptides contained carbohydrate moieties, while 3 glucosamine
was found associated with the polypeptides with molecular weights of 70,000,
60,000, 52,000 and 36,000 daltons. Three polypeptides, 32,000, 28,000 and
14,000 were present in the 1.24 subviral particle while the 28,000 and
14,000 dalton polypeptides were present in the 1.27 subviral particle.

In vitro cultivation of mouse mammary epithelial cells gives rise to three
dimensional structures referred to as domes. These domes arise within 24 to
48 hours post plating provided 3 conditions are fulfilled. These
requirements are: (1) epithelial cells; (2) an initial plating density of
10° cells per cm2; (3) the presence of insulin and cortisol., Domes arise in
primary cell cultures of mouse mammary epithelial cells derived from the
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following sources: tumor, hyperplastic alveolar outgrowths, prelactating
mammary tissue, and ductal tissue from virgin' females. These cells need -
not be infected by the mouse mammary tumor virus (MIV) for dome genesis to
preceed., However, there appears to be some relationship between the
presence of domes and the quantity of the MIV extruded into''the' culture
medium. Because of the relationship of domes to MIV production, the
behavior of domes in culture was analyzed by means of sequential
photography of diffraction images and time lapse cinematography.

The presence of the MIV in the culture fluid seemed to parallel the number
of domes present in the culture, suggesting also a cyclic release of MIV.
The quantity of virus was monitored..on a daily or 48 hour basis by
determination of total protein by the micro-Lowry method.

Virus can be detected usually by day 4 or 5., - Peak virus brOdpction appears -
betyeen day 5 and 25 of culture, with a daily harvest yield between 3 to-
25 ug protein per 75 cm? flask per 24 hours. Total virus protein per

75 cm“ flask per 24 hours. Total virus protein harvested in a 10 day ‘period
averaged 3.6 mg. ' ' ' : Sl

Significance to Biomedical Research and the Program of the Institute: The
knowledge and technology gained on the in vitro cultlvatlon and structure
of MMTV may be directly applicable to a  human breast cancer virus.

Proposed Course: -The activities described will be continued at the current
contract level. ‘ ’

Date Contract Initiated: Ol Febfuary 1972

GEORGETOWN UNIVERSITY SCHOOL OF MEDICINE (NO1-CP-50053)
Title: Human Breast Cancer Virue Studies

Contractor's Project Director: Dr. William F. Feller

Project Officer (NCI): Dr. Ernest J. Plata -

Objectives:

1. The detection of viral markers, such as revetrse tramscriptase, in
human milk and breast tumors to define their assoc1atlon with
human breast cancer.

2. The possible propagation of virus-like agents in cell cultures
infected or co—cultivated with fractions or cells deerEd from
selected human milks and breast tumors.
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Major Findings: Cells of the A204 (human sarcoma) and MC-1 (human milk)
established culture lines were shown to agglutlnate shortly after exposure
to approximately 25% of human milk specimens in a manner reminiscent to the
agglutination produced in certain cells exposed to Mason-Pfizer virus.
Attempts to repeat the findings with a variety of other available cell
lines were not successful., Preliminary characterization showed the
agglutination factor to be soluble after centrifugation at 10,000 x G for .

1 hour, stable at 37°C and -80°C. It does not appear to be an antibody

of the ABD or HL-A systems. No association between the agglutination -
patterns and the incidence of breast disease was detected to date.

Cell culture studies: resulted in the establishment ‘and chdaracterization of"
the MC-1 cell line derived from the co-cultivation of cells obtained from
a specimen of human milk with monolayers of human foreskin cells

(Flow 7000). ~MC-1 cells have characteristics®of human macrophages.

This program has also been in operation to obtain milk -from women with and
without family or personal history of breast:‘cancer. - Specimens were tested
by the simultaneous idetection test .for reverse transcriptase (RT) and
60-70S RNA which might:‘be indicative ‘of virus—like activity. To date, no
correlation has been shown between the findings in milk and the clinical
status or history of the donors. Since human milk contains substances
which are inhibitory or-interfere with .the tests described, this contractor
developed a method of ultracentrifugation of clarified milk through a
cesium chloride density gradient solution which removed at least part of
the inhibitory activity present in milk. This advance failed to resolve
the question of relatlonshlp of RI act1v1ty and cllnlcal history of the
donor. ) « SR

Significance to Biomedical Research and the Program of the Institute: The
search for viral markers in human milk and breast tumors is important for
the definition of the significance of the reported biochemical milk -
particles in human breast cancer. ~The demonstration of biological activity
and/or viral characteristic’ such as :infectivity and replication of these -
agents will facilitate tremendously further studies concernlng the etiology '
of human breast cancer.

Proposed,Course:' Worksinsthis.laboratory-andvothers~has shown that
epidemiological studies with. reverse transcriptase in human milk- are at
best premature at thisstime.. Cell culture studies of milk and human tumors -
are being carried-out in“a variety of laboratories throughout this program.
Based on these. con31derat10ns, ‘this contract will terminate on- 31 August,
1974. Cld

Date Contract Initiatéd: 19 November 1964 -
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INSTITUTE FOR MEDICAL RESEARCH (NO1-CP-3-3339)

Title: Studies of Human Milk and Mammary Tumors

Contractor's Prolgct Director: Dr. Dan H. Mbore ]

Project Oﬁficer (NCI): Dr. Ernest J. ?1ata

Objectives: To determine, through a multi-disciplinary program, the
significance of virus—type particles resembling oncogenlc RNA ‘viruses
present in some human milks and breast tumors.

‘Major Findings: .Five out of fifteenqhumannmammary tumors were shown to
possess RNA sequences homologous to MuMIV genome. These RNA sequences
hybridized between 18 to 77 percent of the MuMTV DNA probes at Cyt values
greater than 10*. The Crt curve analysis 'of these positive tumor RNAs
showed very low amounts of MuMTV related RNA ranging from 'l to 8 molecules
per cell. Only about 5% mismatching was observed in these MuMTV DNA-human
RNA hybrids judging from the dlfferences in Tm.

MTVurepllcatlon and mammary tumorlgene51s.were sUppreSsed'in CS7BL mice
vaccinated with killed and challanged with live RIIT MuMTV. The immunity
shown was principally, if not wholly, a cellular immune .response.

A radioimmunoassay for MuMTV'withullzsalabeled“wholelvirions was developed.
It was sensitive for the detection of MuMTV in RIII milk at a milk
dilution of 1:6000 and an antlbody dilution of 1:800.

With freeze cleanlng, etchlng, and crltlcal p01nt drylng technlques for
electron microscopy it was shown that .the surface of MIV has a coating
which .apparently covers and embeds..the surface "spikes". - This coating

although not yet chemically deflned, cons1st of hlghly regular arrays of
subunits. ,

Studies to demonstrate correlation between particles observed in the EM and
reverse transcriptase (RT) activity have shown no correlation to date. In
general, milks containing the MS-1 particle contain RT activity. Recon-
struction experiments by adding mouse -RIII virus to human ‘milk. showed that:
RT activity was inhibited. In addition, some milks effect extensive
destruction of MMIV as .seen by EM. No correlation was :found between the

" loss of morphologic integrity with the loss of RT activity and infectivity.
Attempts have been made to obviate some of the problems by modifying the
assay. These techniques have.resulted: in 100 to-1000 fold "increase in the
sensitivity of detection of RT activity of RIII MMTV as compared with the
previous method. With the new technique, 74%Z of human milk specimens were
positive for RT activity. However, there is still no correlation between

RT activity and particle content in human milk or disease status of the
patient.
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It has been found that approx1mately 25% of human female serum neutralize
MMIV by 1nfect1v1ty tests in mice. In thls serles, no correlatlon with the
cancer status of. the patlent was shown.'

In the past year a total of 110 human breast tumors have been explanted

The life span of breast tumor cells in suspension was never extended beyond
the tenth month. A search for 70S RNA and reverse transcriptase in primary
cultures and co—cultures of breast tumors did not give clear evidence of an
oncogenlc v1rus.‘ One hundred seventy specimens have been searched by EM for
the presence of, buddlng virus partlcles without positive ‘findings; however,
many virus-like partlcles are found in’ hlgh—speed pellets of culture
supernatants. A serum substltute supplemented ‘with amniotic’ fluid and
prolactin has been developed that appears to stimulate cell multlpllcatlon
in primary cultures:of human breast tumor cells.

Slgnlflcance to Blomed1Cal’Research and the Program of the Institute: :This
approach to the human breast cancer virus problem is one of using techmology.
developed in the MMTV system to determine whether a comparable viral agent.
can be demonstrated in human breast cancer. This contractor was selected
initially because the Principal Investlgator has had long experience with,
and has contrlbuted 31gn1f1cantly to the developmént of the mouse model
system. Exploratory_studles on human materials-led to strong evidence- for

a comparable human virus ‘and resulted in’ ‘the estab11Shment of this multi-
dlsc1p11nary effort to follOWbup these 1eads.

Proposed Course. 4Theﬂpotent1ally s1gn1f1cant f1nd1ngs reported will be
confirmed and exten ed. It is of ‘great importance that additional data be
generated to support the observatlons of possible hybridization .of MuMTV
probes with RNA of human breast tumors. The immunological studies. also
warrant consolldatlon. It is expected that ‘the ‘next period will be
sclentlflcally productlve and may lead subsequently to possible appllcatlons,
of proven technlques to human systems '

Date Contra“c't Initiated:: 28 June 1968

MASON RESEARCH INSTITUTE (NOl—CP—3—3358)

Title: Study on the Role of Hormonal Factors on Inductlon ‘of Breast Tumors

- Contractor s PIO]eCt Dlrectors. “Dra Arthur.E, Bogden

Proiject Offlcer (NCI) Drt;Jeffrey'Schlom .

Ob]ect1ves. To evaluate the oncogenlc potentlal of two viruses isolated
from mammary adenocarcinomas, MPMV from a rhesus monkey and R-35 from a
Spraque—-Dawley rat, and determine the roles of hormomes, especially those

which induce mammary hyperplasia and lactatlon, in pathogenesis of mammary
cancer caused by these viruses,
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Major Findings: There are presently 1n—honse 25 female and 4 male rhesus,
8 female cyno and 1 male bomnet inoculated neonatally with MFPMV ‘and 44

mature M~PMV inoculated and control female rhesus, 12 mature M-PMV inoculated :

cyno, bonnet and owl monkeys and 1 male rhesus breeder. There are also

3 juvenile (1 male, 2 female) rhesus born 1n—house to M-PMV 1nocu1ated
mothers. The age range of the neonatally M-PMV 1noculated anlmals is from-

8 months to 3.5 years of age. As of this date no ev1dence of ‘palpable
mammary tumors has been found in any prlmate under test. 'To warrant long
term holding of the rhesus colony, a concentrated effort has been initiated °
during this contract period directed at. demonstratlng M?PMV 1nfect10n and/or
antigen expression in virus inoculated and. un—inoculated monkeys. TIn
collaboration with two other VCP laboratories 1mmunolog1cal tests for virus
antigens, reverse transcriptase determlnatlons, DNA and RNA probes for
hybridization studies, as well as a tissue culture plaque assay for detecting
infectious virus, are being performed on the blood and tlssue of selected
animals from various experimental . groups, Several tissues from each monkey
have been sent. to the: above investigators. and the remalnder used for
hlstopathology and. freeze preservation. ..

R-35 MIV was 1noculated subcutaneously 1nto neonatal GFRC SPF(SD) female rats,
a Spraque-Dawley derived stock negative.for known rodent virus’ contamlnatlon,
to determine its mammary. tumorigenic. act1v1ty 1n the spec1es of origin.

During a 20 month observation period, the total percent tumor incidence was

29.5-in the R-35 MTIV inoculated populatlon and 18.5 in the control populatlon.z

Although the incidence of benign tumors in both control (16.7%) and virus
inoculated populations (18.7%) was. 31m11ar, the’ 10.8% 1nc1dence of mallgnant '
tumors (primarily mammary adenocarcinomas) in the R-35 MIV inoculated
population was six times greater than the control 1nc1dence of only 1.8%Z.
Malignant tumors were first detected in the virus 1noculated animals between
4 and 5 months of age-as compared w1th 9 to 13, months in the ‘control group,
whereas the onset of benign tumors in control and virus 1noculated anlmals
were similar. Malignant tumors, 90 percent of which were mammary ‘neoplasms
of epithelial origin, occurred earlier tham the benlgn., Significantly, the
rate of increase in malignant tumor incidence plateaued after 250 days of
age, or at a population incidence of approximately 30 percent. No leukemias
were found over a 400 day observation period.

An attempt was made to induce a synergistic effect and accelerate maAmmMAary
tumorigenesis by combining 178-Estradiol pellet implantation with total body
X-irradiation. It was found that X-irradiated estradiol pellet implamted
populations had significantly fewer tumors (33Z incidence than the non-
estrogen treated, X-irradiated populations (67% incidence), indicating a
tumor—-inhibiting effect by estradiol that was totally unexpected. Estradiol
treated, X-irradiated populations not only had a fewer numbeg Jof ‘tumors over
an equivalent time span, but there was a definite lag in the onset of such
tumors as compared to non-estrogen treated populatlons."
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Significance to Biomedical Research and the Program of the Institute: This
project is part of a.program to determine if viruses are related to breast
cancer in other species besides mice, including momnkeys and humans. Animal
studies are necessary.to develop methods and reagents for the search for
viruses in human cancer: patients. This w111 contribute to VCP objectives by
providing substantial support, or lack of it, to the general idea that a type
of cancer of great clinical significance in humans is caused by viruses. The
leads involved must be investigated and evaluated as soon as possible.

Proposed Course: - Completion of the survey described to detect evidence of
M-PMV = infection prior to or independent from tumorigenicity. This will
lead to data on which to base decision concerning continued long-terms hold-
ing—and observation of these animals. Evaluation of the results obtained
with R~35 MIV as the experimental periods are completed and if warranted

extend certain confirmatory studies 1n genetlcally and v1rolog1cally defined

Date Contract Initiate&: 9‘June 1970

MEDICAL. COLLEGE OF WISCONSIN (N01-CP8-1010)

Title: Hormone Effects on Virus Production in Breast Cancer

Contractor's Project Director: Dr. Roland A. Pattillo

Project Officer (NCI): Dr. Ernest J. Plata

Objectives: To study the effects of human hormones on possible oncogenic
virus production in human breast cancers in vitro. The hormones to be
studied include the lactogenic hormone and blologlcally active estrogenic
and progestatlonal steroids.

Major Findings: Estrogen metabolism was identified in primary human breast
cancer in short term culture and in an established long term human breast
tumor line (HBT-3). Conversion of 3H-estrone to 3H—estradiol was documented
in infiltrating ductal carcinoma. Because of previous findings that
estradiol stimulates luminal secretions in the aveoli of breast tumor
lobules, it is suggested that estrone, the major estrogen in post menopausal
females may act as ‘a biogenetic steroid precursor or pre-hormone for the
biologically active hormone, estradiol. Stimulation of virus production in
hormonally manipulated tumor cultures was Sought since the work of others
has shown that mammary tumor virus replication appears to be related to
insulin and hydrocortisone associated cellular organization. No evidence of
viral synthe51s was detected by reverse transcriptase assays. Fetal breast
cell strains were established. Parabiotic cultures of primary breast cancer
with these neonatal cells monitored by reverse transcriptase assays and
sucrose density gradients demonstrated inconclusive increases in radio-
activity with the synthetic template poly rA-oligo dT..
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Milk from lactating mothers operated for” mammary carcinoma  in the opposite
breast was inoculated on fetal breast cells in culture. -Phase microscopic
monitoring revealed lipid uptake by these cells. Continued observations of
these cultures has shown no transformatlon, growth stlmulatlon or other
indication of viral infection.

Breast cancers of various histologic types also have ‘been' co-cultivated with
female and male fetal breast cells. An established cell line from an infil-
trating ductal adenocarcinoma has been developed and is presently being

characterized. No evidence of v1ral replication has been detected to date
by¥-EM or enzymatlc studies.

Significance to Biomedical Research and the Program of the Institute: The
understanding of the gene regulatory functions of horménées ‘and their sub-
sequent influence on virus expression is of paramount importance to oncogenic
virology. It is likely that the most important model for breast cancer in
humans is the MIV system; hormonal influence in viral ekpression has been
clearly demonstrated in mice and that same influence is fairly clear concern-
ing the growth of breast tumors in the humans. Further understanding in
these areas could be translated into improved treatment and diagnosis as Well
as improved understanding of the pathogenesis of breast ‘cancer.

Proposed Course: The progress of this contract has.been limited because of
the complexity of the systems studied and perhaps prematurlty in the choice

of human systems for experimentation. ' This contract will terminate on
31 May 1974, o o

Date Contract Initiated: 19 September 1963

MEMORIAL HOSPITAL FOR CANCER AND ALLIED DISEASE (Noiét24-3zosl

Title: Collection of Breast Cancer Specimens

Contractor's Project Director: Dr. Herbert F. Oettgen -

Project Officer (NCi): Dr. Ernest J. Plata

Objectives: Procurement of serum spec1mens'from the following defined
population groups as a part of a collaboratlve effort to determine whether
candidate viruses isolated from human or animal sources are related
etiologically to human breast cancer.

Basic defined population: Women eﬁtering Memorial Hospital, New York

City, for first diagnesis of any breast
disease. '

Test group: Women whose lesions prove to be maiigqent as determined
by biopsy.

162




Coptrol groups: i

a. Women whose lesions are found on biopsy to be benign pro-
liferative reactions or reactions suspected as being pre-
neoplastic in nature.

b. Women whose lesions are considered to be unrelated to
neoplasia.

Major Findings: From May, 1972 to December, 1973 the contractor collected
over 650 blood samples. The serum was separated and stored in small
aliquots. Questionnaires pertaining to family history were completed.
Serums were collected from 301 patients with malignant conditions of the
breast and from 330 patients with ‘benign conditions of the breast. Some
additional specimens are awaiting histological confirmation of diagnosis.
Specimens continue to be collected at a rate of approximately 50 per month.

Significance to Biomedical Research and the Program of the Institute: Sincg
viral agents suspected of causing cancer in man cannot be tested directly

in human subjects, it is necessary to establish etiological relationship
indirectly through immunoepidemiological studies. This contract  is for
procuring the epidemiologically defined bank of serum specimens essential

to the determination of whether antibodies against suspect viruses occur
with high frequency, and in larger amounts, in sera. of women with breast
cancer as compared with appropriate controls.

Proposed Course: Since the objectives of this contract have been largely
fulfilled, the collection phase of this effort will be concluded on 24 June
1974. The serum collection will be stored and monitored by the Breast Cancer
Virus Segment of this program.

Date Contract Initiated:” 23 June 1971

MICHIGAN CANCER FOUNDATION (NO01-CP-3-3347)

Title: Studies on High Risk Breast Cancer Families

Contractor's Project Director: Dr. M. Brennan

-Project Officer (NCI): Dr. Jeffrey Schlom

Objectives: This program, aimed at the identification and characterization
of that sub-population at high risk to breast cancer, may be divided into
two areas: 1. A determination of the presence and the biological signifi-
cance of oncornaviruses in human milk, aimed at both elucidating an
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etiological role for these agents and the development of practical methods
for the exploitation of their presence as a correlate of high risk to the

disease, 2. The development and utilization in vitro systems for the
cultivation of candidate human breast cancer viruses.

Major Findings:

1. Acquisition of milk specimens: During the firsti £ive months of this
contract year, 452 primary donors participated in this milk collectlon :
program. As in the past, family histories of these women were obtained by
interview and will be corroborated by rigorous documentation. The detailed
analysis of these data being conducted as part of the breast cancer
epidemological program of the Mlchlgan Cancer Foundation, will provide the
high and low risk profiles to be used in studies correlatlng breast cancer
risk with oncornmavirus detectiom.

2. Biochemical detection of virions in milk: To determime the reliability
of the simultaneous test for 60-70S RNA and reverse transcriptase and the
exogenous template tests for reverse transcrlptase for the screening of
human milks for RNA tumor viruses, a series of reconstruction. experlments
where RLV, or AMV was -added to human milk were carried out. It was found
that using existing protocols, it was difficult to detect reverse trans—
criptase of the seeded virus in the great majority of such milks although
occasional samples did exhibit some activity. The reverse tramscriptase
activity gel profiles from seeded milk tested with the simultaneous test
resembled those from virus samples which had RNAse deliberately added at the
lysis step to destroy the RNA template. o

3. Cultivation of cells from human milk: A recent report indicated that
human milks contain cells, primarily derived from mammary epithelium, that
could be maintained in culture. The contractor has confirmed and extended .
these findings.

Milk cell cultures have been tested for reverse transcriptase activity by
the simultaneous detection test of Schlom-and Spiegelman. Activity was
observed in both the cells and in the 1.16 to 1.18 region of the supernatant
fluids from such cultures fractiomated on 20-50% sucrose gradients.

RNA extracted from particles derived from the supernatants of such cultures
which band in the 1.16-1.19 gms/cc region of sucrose gradients, was analyzed

by velocity sedimentation. While no radiocactivity was observed in the 70S

region of the gradient, a peak was found with a dedimentation of 35S. The
relationship between this and the indication of viral act1v1ty in human milk
samples is currently under investigation.

4, Cultivation of a human mammary cell line of.malignanﬁ origin: Cell
culture studies —~ A stable cell line of human mammary carcinoma cells has
Tecently been established. These cells were recovered from a pleural
effusion of a female with diagnosed mallgnant mammary adenocarcinoma. The
line has been in existemnce for more than two years.
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Several different criteria have been employed to establlsh the human and
mammary origin of these cells

These cells were used~in,anvattemp; to demonstrate proliferation of a

candidate human tumor virus. Results of these studies can be summarized
as follows:

1. Particles with .the fbllowing biochemical and biophysical
characteristics are replicated de novo in MCF-7 cells.

a. Bub&éﬁt denSity = 1.17 (iQ.Ol) in sucrose-H70.
b. An internal 70S RNA.

‘c. Reverse transcriptase (RT) which used endogenous 70S RNA
~ as template measured in a simultaneous detection assay.

d. TInternal cores with a p = 1.25 — 1.27 which contains RT
activity. o '

Significance to Biomedical Research and the Program of the Institute: These
studies concern the isolation and characterization of a potential human
breast cancer virus,

Proposed Course:: - The dctivities desefibed,will be continued at the current
Tevel. = T T : A 4 , .

Date Contract Initiated: 20 June 1971

NETHERLANDS CANCER. INSTITUTE (N014CP—3—3368)

Title: Immunogenetlc Studles on Breast Cancer and Leukemia

Contractor's Project Dlrector: Dr. L.M. Boot

Project Officer (NCI): Dr. Walter E. Heston

Objectives: To study the immunogenetics of mammary tumors and MTV trans-
mission, as well as that of leukemia and MuLV, to determine the presence and
function of specific genes for transmission, MTV replication, histocompati-
bility, and immune response. In addition, a small effort has been directed -
towards the search for oncornavirus in man and other animals.

Major Findings: The development of early mammary tumors in the mouse is
under control of one dominant gene.  This was shown by correlating the
expression of MIV-gs and the ML antigen, a cell surface antigen induced
by MIV, in crosses of a variety of selected strains.
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Through the very sensitive radioimmunoassay, it was possible to classify
mouse strains into those which yielded strongly positive milk (GR, C3H,
BALB/c and (Balb/c x C3H)¢l), negative milk (MIV-free BALB/c and C57Bl),
and intermediate (C3Hc). This technique permitted the study of the C3Hg-
MIV genetics in normal rather than tumorous mice.

Mice of congenic strains of the C57B1/B0O strain with different haplotypes
were foster nursed on (C3Hc x 020)fl hybrid female mice. Thelr tumor
incidence showed remarkable differences. The haplotypes H-2P and H-22 were
highly resistant, those of H-Zf, H—Zd, H—Zl and H-22 were highly susceptible
with other haplotypes showing intermediate susceptibility. ‘Thus, through
recombinant experiments it appears that the D-end of the H-2 locus _determines
susceptibility, the subloci 2D° and 2D® resistance, and 2D% and 2Df, high
susceptibility.

Virological studies showed that the oncornavirus reported by Gelerblom
et al did not cross-react with MIV or MulV but cross-reacted with Mason
Pfizer MV by virtue of two common antigens (16,000 and 28,000 Daltons
respectively) found in both viruses. Additionally, virus-like particles
with type C characteristics were detected by EM in 14 out of 15 cell
cultures obtained from different cattle with hyperlymphocytosis.  Nine

detailed reports of these findings were submitted for publlcatlon durlng
this contract period.

Significance to Biomedical Research and the Program of the Institute: This
type of genetic study concerning the host's susceptibility and capacity for
internal control of oncogenic virus expression and infectivity is of '
crucial importance to the program of this institute. The results obtained
thus far, begin to delineate a variety of factors, in addition to the ,
presence of an oncogenic virus, which contribute to or modify the patho-
genesis of mammary cancer of leukemia. The continued search for oncogenic
viruses that may be of human origin or that could be potentially infectious
to humans is also essential to the program. The findings described
contribute to the investigations of possible etiological agents of human

cancer, as well as to greater understanding of the fundamental blology of
cancer,

Proposed Course: The contractor proposes to continue his studies concerning
the genetics of MIV and MulV expression, transmittability, susceptibility
and their relationship to histocompatibility and immune response. Studies

concerning possible oncornaviruses of man will contlnue at approx1mately
the same minimal level.

Date Contract Initiated: 28 June 1972
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PFIZER, INCORPORATED (NO1-CP-3-3239)

Title: Viral Studies of Animal and Human Breast Cancer

Contractor's Project Director: Dr. Sami A. Mayyasi - Dr. Mumtez Ahmed

Project Officer (NCI): Dr. Robert H. Bassin

Objectives: To develop quantitative infectivity and transformatlon assays
for Mason-Pfizer monkey virus (M-PMV). To develop cloned isolates of M-PMV
and to assess the role of any other virus present in M-PMV studles.

Major F1nd1ngs. The co—cultlvatlon of M-PMV infected cells with human KC
cells carrying the RSV genome resulted in production of large numbers of
syncytia within’ 48—96 hours. Evidently a speclflc interaction, syncytia do
not form when 118 MG cells’ (control KC cells free of RSV) or when XC cells
(rat with RSV) are co-cultivated with M~PMV cells. A dose response is
observed with respect to the M-PMV inoculum added to the test cells and the
number of syncytial phaques formed following co-cultivation w1th KC cells.
Syncytia will. .also form when KC cells are exposed to M—PMV cell lysates or
cell—free virus 1nocula. The 1nduct10n of syncytia can be neutrallzed by
1ncubat1ng the v1rus w1th spec1f1c antlsera.

Clones of M&PMV have been 1solated and appear to replicate 1ndependently of
a second v1rus (c type) which can also be demonstrated in M-PMV stocks. "
Transformatlon of ‘monkey cells,'as ev1aenced by colony formation in
sem1solld agar, has been demonstrated

M-PMV like particles‘haVe'been regularly ‘isolated from Rhesus monkey breast
biopsies, placentas, and fetuses.

Significance to Biomedical Research ahd‘the“Program‘of the Institute: A
determination of the role of M-PMV in breast carcinoma of monkeys is of
obvious 51gn1f1cance in asse551ng the role of virus in the human disease.

Proposed Course: Clonlng exper1ments ‘will be completed so that quantltatlve
studies on the blologlcal propertles of M-PMV and its " relationship to other
virus present in M-PMV stocks can ‘be initiated. Syncytium formatlons by
M-PMV will be reformed into a 31ngle quantltatlve assay for this virus.
Properties of M&PMV transformed cells 1solated from semlsolld agar colonles
will be 1nvest1gated

Date Contract"Ihitiated; 28 June 1967
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MELOY LABORATORIES, INC. (NO1-CP-4-3223)

Title: Molecular Studies of Human and Animal Cancer w1th Empha51s on
Mammary Adenocarcinoma

Contractor's Project Director:’ Dr. John Verna

Project Officer (NCI): Dr. Jeffrey Schlom

Objectives: This program is aimed at the use. of technlques 1n molecular -
biology to determine. a viral involvement in human mammary carc1noma. The
murine mammary tumor virus system as well as ‘other animal models are
employed to help in the development of new technology as well as for model
systems. The program is divided into four major areas of 1nterest.

(a) Ev1dence for an RNA Tumor Virus in Human Milk, (b) Mblecular Studles

of Mason-Pfizer Monkey Virus, (c) Cell Cultures Studles ‘of. Murine and

Human Mammary Carc1nomas, (d) B10chem1ca1 Ev1dence for an ‘RNA Tumor Virus in
Human Mallgnant Adenocarc1nomas.

Major. Flndlngs. Phospholipase C ‘can be used for preparatlon of cores from
the mouse mammary tumor virus and from human milk particles. The ‘human and
mouse cores both contain 60-70S RNA and reverse transcrlptase.( In addition
to offering further evidence of similarity between the human milk particles’
" and the RNA tumor viruses, core isolation obviates certain technical 7
d1ff1cult1e5.~ Because of thelr unlquely higher densities, cores, unlike
complete virions, band in a region comparatlvely free of cellular contami-
nants. This minimized the problems generated by enzyme 1nh1b1tors ‘and’ by
the presence of cellular debris found in human milk. Under these '
circumstances, the assays for particles become more sensitive and certain.

A homology in nucleic acid sequence between the RNA in v1rus‘ﬁarticles from
mouse milk and RNA from mouse mammary tumors has been found. Similarly, a
homology was reported in nucleic acid sequences between the v1rus particles
from a human milk and RNA from human mammary adenocarcinomas. The contractor
has undertaken studies to determine if the JH-DNA probe synthesized from
human milk "cores" is complementary to the RNA of human breast tumors as
well as other human tissues. The tritium labeled DNA probe complementary to
the RNA of the human milk particles is. synthe31zed via an endogenous ,
reaction using cores from the human milk partlcles. The, H-DNA probe
synthesized from the RNA of human milk cores hybrldlzed 31gn1f1cantly with
the polysomal RNA from human malignant breast tumors. No 31gn1f1cant
hybridization could be detected if the same probe was hybridized to the
polysomal RNA of human benign breast tumors, normal human, breast tissue,
human sarcomas, leukemic cells, or "mormal"™ human spleen:*"

Mason-Pfizer monkey virus (MPMV) was isolated from a spontaneous mammary
carcinoma of a rhesus monkey. To determine the origin of MPMV and its
relatedness to various human neoplastic tissues, hybridization of 3H-DNA
product of MPMV to nucleic acids of various tissues is being studied.
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Tritiated DNA is synthesized from MP-MV 705 RNA using purified reverse
transcriptase from;.avian myeloblastosis virus. This 3H-DNA probe v
hybridizes to the: polysomal RNA of approx1mately two—thirds of human
malignant breast. tumors examlned as analyzed by both cesium sulfate and
hydroxyapetlte.,

The contractor has shown that MPMV RNA has a molecular welght of approx1—
mately 8 x 106 When analyzed by polyacrylamlde gel electrophoresis. Short
term harvests of MPMV. yleld a 60-703 RNA which when denatured by formamide "
(40%) or by heat (80°, 2.5") ylelds heterogeneous RNA species with molecular

weights ranging from 1. 5—3 x 10 (25—258) Longer harvests yield smallexr
RNA subunits when.denatured ' '

The simultaneous detection assay has been utilized here to detect particles,
in extracts of human breast adenocarcinomas, with a demsity of 1.16-1.19
g/ml, that contain a. 60-70S RNA 1n-assoc1at10n with a reverse transcriptase.
Using the detergent sterox,ﬂ cores" from these particles are generated that
have a density of 1.26-1.27 g/ml and contain a 60-70S RNA in association
with a reverse transcrlptase. Further studies to characterlze these putative
viral particles from human malignant breast tumors are in progress. .No such
particles have been detected in experiments employing benign human breast
tumors.,

Slgnlflcance to.Biomedical Research and the Program of the Institute: These
studies are aimed at the isolation and characterization of a putative breast
cancer virus. from human. mllk and mallgnant breast tumors.

Proposed Course: “The_aetlvitles‘described will be eontinued at the current
level. ‘ ' ' o

Date Contract Imitiated: 20 July 1973

TEL AVIV UNIVERSITY (NO1-CP-2-3237)

Title: Isolation, Purification and Propagation of B type Particles from
Human Milk in Israel

Contractor's Project Director: Dr. Jafa Keydar

Project Officer (NCI): Dr. Wade Parks

Objectives: To isolate and grow possible oncorna virions from the milk of
breast cancer patients or from human adenocarcinomas in human embryonic
tissue culture cells; to develop methods for the assay and enhancement of
production of this "virus"; and to continue characterization studies of the
"virions" produced in the human cell cultures.
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-Major Findings: Nine human embryonic cell lines have beén'eétablished
which produce part1cles with 703 RNA and reverse transcriptase activity,
after infection was accomplished ‘with either milk from bréast cancer
patients or through co-cultivation with human mammary adenocarcinomas."
Although these human cell lines are stable,'"virus" production fluctuates
and proceeds at very low levels. The murine: model system was studied to -
establish methods of detectlon, assay procedures and finally culture
conditions Whlch would maximize mammary tumor virus (MuMTV) production.
Employing [ H]—urldlne incorporation into particles banding at densities
of 1.15 to 1.19 sucrose solutions, these investigators observed that MuMIV
synthesis was enhanced in sparsely seeded cultures, ‘at low serum
coficentrations, at;relatively high pH, and in the presence of hydrocortisone.

An establlshed ascites cell line, orlglnally derived from a spontaneous
mouse mammary carcinoma was observed to’ produce relatlvely large amounts

of viruses. Electronrmlcroscopy,'1sopycn1c banding in sucrose, RNA directed
'DNA polymerase act1v1ty,'nucle1c acid” hybrldlzatlon, and ‘serological methods
‘have shown that these are mostly type B’ viruses. -Some evidence suggest
that small amounts of type C virus partlcles are produced 51mu1taneously.

Significance to Biomedical Research and the Program of the Institute' The
evidence of p0531ble infectious virus-like materlal in human milk obtained
from breast cancer patients in - ‘this contract is very releévant to the NCI
program. This findings must be conflrmed and extended to determine whether
these "viruses" have any association with human cancer. Thé development of
a murine cell line producing mostly type B virus in large quantities

in vitro also serves to accelerate other studies concerning the blology of
‘this type of viruses.

Proposed Course: To continue the characterization of "viruses"™ and the

virus-producing human embryo cell lines using the procedures developed last
year in the murine model systems,

Date Contract Initiated: 23 March 1972
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SUMMARY REPORI

3. DEVELOPMENTAL RESEARCH SEGMENT =~
‘ July 1,v1973 = Junev30, 1974

The mission of the’ Developmental Research Segment is the elucidation of the
association and presumed etlologlcal relationship of RNA and DNA viruses to
human neoplasia leading to the development of measures for the prevention or
control of virally-indiuced neoplasms in man. To meet this objective col-
laborative contract' research projects include studies on: seroepidemiology,
screening of human neoplasms for the presence of virus or virus genetic '
expression; factors which influence virus genetic expression; molecular
processes involved ‘in virus repllcatlon and cell transformation and humoral
and cellular host 1mmune responses to- v1ral and v1rally—1nduced tumor cell
antigens. - S F -

Collaboratlve contract research progects are admlnlstered through the Office
of the Chief, Viral Biology Branch. The ‘Chief, VBB, as Chairman of this
Segment, arranges -for' the review of sollcited and unsollc1ted research
proposals pertinent to the mission of the Segment. Rev1ews are conducted
for relevance, priority, and need within the Virus Cancer’ Program by regular
meetings of the Program” Segment Chairmen and Vice Chalrmen and for scientific
merit by the Segment Working Group. The votlng members of the Wbrklng Group
include seven scientists from non-govermmental 1nst1tut10ns and two from
government laboratorles other than NCI.

Projects:within the -Segment are prlmarlly devoted to investigationms bearlng

"~ upon the role of viruses in the etlology of certain malignancies in humans
and the prevention or comtrol of such neoplasms.j Current research projects
may be assigned to“three major areas" of 1nvest1gat10n. (1) determination of
the association of viruses with, and their presumptive causal relationship.
to, human neoplasiaj” ‘(2) factors 1nf1uenc1ng virus genetic expression in
cells; and (3) approaches to the development and evaluation of measures for
the prevention or control of virus-induced neoplasia. The viruses under
study include members of the: herpesvirus group and v1ruses of the RNA tumor
virus group. s

Attention’ to the possible role of herpesv1ruses in oncogene31s was aroused
by the isolation of ‘a member of th1s group, the EB virus, from cells cultured
from African Burkitt's® lymphoma Subsequently, certain animal herpesv1ruses
were shown to induce'lymphoma or leukemia in a number of different animal

. species. Serological studies'on patients w1th cervical carcinoma 1mp11cated”
herpes simplex virus type 2 (HSV-2) as a possible cause of this neoplasm.
Further study of HSV-2 inactivated by exposure to ultraviolet light demon-
strated its capability to cause’ mallgnant ‘change in cultured hamster embryo
cells. Investigations initiated in-these several areas have continued in
the collaborative contract research program.

At the Karolinska Iistitute, the relationships between the EB virus and the
host lymphocyte-have been under study. The virus genome was found to be
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linearly integrated into some, but not all, chromosomes of the infected
lymphocyte. A nuclear antigen, EBNA, induced by the virus associates
exclusively with chromatin fibrils in 1nterphase nucle1 -and with chromcsomes
in metaphase. Lymphoblastoid cell lines containing the virus genome may be
sensitive or resistant to the superinfection by EB virus. Hybrids between
sensitive and resistant cells showed sensitivity to be dominant.  The-virus
transforms human cord blood cells in. vitro.. - Thls transformatlon is inhibited
by antlbody to EB virus-induced. cell membrane antlgens.; In .patients with -
Burkitt's lymphoma, the circulating antlgen—antlbody complexes are due to the
release of material containing the membrane.antigens and not to free wvirus.
The tumor in the patient contains few cells:in which . the v1rus-1nduced early
antigens and cap31d antlgens are demonstrated by 1mmunofluorescence tests
probably because these cells are ellmlnated by opsonization followed by
phagocytosis. However, similar tests show the presence. of. EBNA in most of
the tumor cells. The presence of frem 5 to 113 EB virus genome equivalents
per cell of 24 of 26 Burkitt's tumors from patients in Kenya was demonstrated
at the University of North Carolina. The high degree of association of EB .
virus with nasopharyngeal carcinoma tissue obtained from African patients is-
demonstrated by the detection of from 5 to 85 virus genome.equivalents per -
cell in 32 of 38 spec1mens.. The unlque assoc1at10n.of virus with tumor cells
is evidenced’ by the absence of detectable levels of EB virus DNA in the
perlpheral blood leukocytes of African. patlents w1th Burkitt's lymphoma. or
nasopharyngeal carcinoma. Surpr1s1ngly, not one: of. 4 Amerlcan .patients with-

a dlagn031s of Burkltt s lymphoma contalned detectable EB: wvirus DNA in tumor -
tissue.

Established cultured lines of lymphocytic.cells which were characterized as

hav1ng B-lymphocyte origin contained from 5 to 510 EB virus- genomes per cell
whereas those lymphocytlc lines with T-cell characterlstlcs did not contain

virus DNA. The T-cell lines do not appear to be susceptible. to . infection by
EB virus. Investigators at the Pennsylvanla State University. have isolated

an 1ntracellular 1nh1b1tor capable of 1nterfer1ng with the. replication of: EB
virus. The 1nh1b1tor is not 1nterferon.r

Among nonhuman primates,. the marmoset has been the most sen31t1ve to tumor
development following infection of a number of different tumor viruses.
Experiments at the Rush Presbyterian St. Lukes Medical Center in which
several EB virus containing cell llnes were, inoculated: into marmosets but
produced no disease contrasted with trials made with the EB virus—-infected
marmoset cell line, B95-8, of Shope and. Mlller which does: 1nduce lymphoma in
this primate species. This observatlon raises questlons concerning possible
-strain differences between the EB viruses involved or, alternatively, the
presence’ of or modification by, another agent. Indeed ystudies on African
Burkitt's tumor tissues conducted at Columbia Unlve*31ty had. showmn that these
tissues contained nucleotide sequences with some. homology with.DNA probes
prepared from the RNA extracted from theARauscher«murlne leukemia virus.

To gain further understanding of the relationship between herpesvirus and
human avmphoma, studies have been underway on similar virus-lymphoma systems
in anlmals. The avallablllty of a line of -specific pathogen“-ree (LSI-SPF)
........ s reared under high containment at Life Sciences, Inc., permitted
studles on the interaction between the Marek's disease herpesvirus (MDHV) and
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RNA viruses of the. avian leukosis. group (ALV). 1In contrast. to conventional
chickens, the LSI—SPF blrds exposed to a MDHV. monocontaminated environment
for 8 weeks did not develop tumors .or mortality characteristic of Marek's
disease. Enhancement of tumorigenesis and mortality occurred in both SPF
and conventional birds concurrently infected with ALV (RAV2) and MDHV. Two
strains of MDHV were investigated. One produces a pattern of chronic
disease with cytologic changes characteristic of Marek's disease in both
SPF and conventional. line chickens. The other produces typical Marek's
disease. in SPF birds characterized by a.high early mortality and a limited
gross tumor response.  The acute pattern of disease is modified upon co-
infection with ALV (RAV2) and by co-infection with the acute and chronic
MPHV strains apparently by interference with the lethal effect produced by
acute strain MDHV. Concurrent inoculation of the SPF line birds with ALV
(RAV1) and MDHV increased mortality to 69 percent over a 49 day period as .

compared with 16 percent and 6 percent in chickens inoculated with MDHV or
RAV1 respectively.

Investigations .on the role of herpesviruses in the cause of neoplasia in
humans are directed to: (1) demonstrate the degree to which serological
evidence of infection correlates with neoplasia; (2) demonstrate the presence
of the virus or virus genome within tumor cells; (3) determine oncogenic
properties of virus strains in cell culture systems; (4) determine oncogenic
properties in: nonhuman primates, This pattern of research has been continued
in current research. contracts studying -the relationship of herpes slmplex
virus type 1 and type 2 to carcinomas in humans.

The production at;the University of Naples of a complement-fixing (CF),
sedimentable non-virion antigen, induced early in the cycle of infection

of guinea pig cells by HSV-1l and HSV-2 permitted tests of human sera for

the presence - of specifically reacting antibodies. The results of initial
trials were highly suggestive of a relationship between the presence of
antibodies to the HSV-2 induced mon-virion antigen and cancer of the

genital tract. These observations were repeated and-verified by further
study at the Frederick Cancer Research Center. The results of the CF tests
completed on-202 serum samples from individuals without cancer and from
patients with cancer in.29 different areas of the body showed that only
those sera from patients with advanced carcinoma of the lip, mouth, orophar-
ynx, nasopharynx, kidney, urinary bladder, prostate, cervix uteri, and vulva,
comprising 56 cases in all, gave a positive CF: reaction. No antibodies
reactive with the non-virion antigens were-detected in serum donors without
cancer, with current or recurrent HSV-1 and HSV-2 infections or with other
cancers. None of 4 women with early neoplastic changes of the cervix uteri
gave positive reactions. Sera from-'7 patients with carcinoma of the 1lip or
oropharynx reacted only with HSV-1 non-virion antigen. Appropriate controls
were included to demonstrate the specificity of the reaction.

With the use of antibodies to herpesvirus non-virion antigens, complement-
fixing reactivity-was shown for soluble cell membrane antigens separated from
lip and cervical carcinomas but.not for similar extracts of cells from normal
vaginal tissue or intestinal carcinoma. -~ Human serum specimens coded and
supplied by Baylor University were tested against separated CF-reactive
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components of non-virion antigens of HSV-1l and HSV-2. Positive CF reactions
were found in 87, 90, and 62 percent respectively of sera from.patients with -
squamous cell carcinoma of cervix, larynx and other head and neck areas.

Only 8 percent of patients with other tumors and 6 percent of normal donors
had similarly reactive antibody whereas the titers of HSV neutrallzlng
antibodies were similar in patients and controls.

Similar relationships between an early HSV-2 induced antigen and CF
antibodies in the sera of-ceervical cancer patients were observed at Johns
Hopkins University. Sera from 91 percent of patients with invasive cervical
carcinoma and 9 percent of matched controls were positive.- - "Positive reac-
tions were also obtained with sera from 68 percent of cases of carcinoma in
situ-and 35 percent of cases of cervical atypia. The early antigen (AG-4)
is a soluble surface antigen made between 4 and 16 hours after infection of
HEp2 cells with HSV-2. - =

Biopsy specimens of cervical carcinoma from Taiwanese patients'were examined
at the University of North Carolina for the presence of HSV-2 DNA. Recon-
struction studies of DNA renaturation kinetics analysis indicated ‘that 0.1
genome of HSV-2 per cell could be detected when 2000 pg of cellular DNA are
tested. No evidence of HSV-2 DNA at a level of 0.1 to 0.2 genome‘virus
equivalents per cell was detected in any of 5 tumor specimens examined.

In tests made at the Pennsylvania State University, 18 percent of HSV-1 and
52 percent of HSV-2 strains examined after inactivation with UV light were
capable of morphologically transforming hamster embryo fibreblasts in cul-
ture. A number of established cell lines grew as tumors when inoculated
into hamsters. Photodynamic inactivation of HSV also yielded transforming
virus. Preliminary results suggest conversion of human cells held at
elevated temperature. Evidence of transforming capability has been extended
to include cytomegalovirus. The transformed cells were shown to contain
virus-specific antigens.

The cebus monkey was selectéd as an experimental nonhuman primate for tests
to determine whether HSV-2 would induce cervical neoplasia in vivo. Of the
164 animals examined prior to genital infections by virus; two  showed mild
dysplasia but were negative on re-examination. Similarly, one animal of 48
which received control preparations showed mild cervical dysplasia and was
also negative on re—examination. Five-animals which received HSV-2
genitally 1 to 2 1/2 years previously and demomnstrated laboratory evidence
of infection have shown persistent mild ‘to severe cervical dysplasia.

Another approach to detect the presence -of the HSV-2 genome in cancer cells:
was initiated at Baylor University. Temperature sensitive (ts) mutants of
the virus for marker rescue provided suggestive evidence of the presence of-

a complementing HSV-~2 genome in some cloned lines of hamster cells transformed
by HSV-2.

Alteration in the biochemical composition of cells rendered neoplastic by
viruses were determined. Increased synthesis of a galactoprotein cell
component followed transformation of rat cells by MSV. A block in the
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synthesis of complex fucosylglycosphingolipids with a concomitant build-up
of simpler ones was associated with cell transformation by RNA sarcoma virus
and with HSV induced malignancy imn hamster cells. The altered synthesis was
unrelated to virus productlon.‘

Demonstration of the relationship of RNA viruses to human neoplasms was
sought through attempts to isolate representatlve viruses from specimens of
selected mallgnanc1es, through studies on possible relationships of animal
viruses to human neoplasla, and through search for evidences of virus gemetic
information or virus gene expression in tumor specimens.

Eafticular emphasis has been placed ‘upon human sarcomas and leukemias as most
likely to be the result of virus activity. Measures which have beén success-
fully applied to induce production of endogenous virus in animal cells have
not stimulated releadse of blologlcally active virus from human sarcomas
examined ‘at the Rockefeller Unlver51ty. Similar studies at the University
.of Texas provided . suggestlve evidence of viral expression. Morphological
changes which occurred in co-cultivated cells of human osteosarcoma and
leukemia were accompanled by the appearance of antigen reactive in immuno-
fluorescence tests with osteosarcoma patients' sera previously absorbed to
remove heterophile reactivity. Electron microscopy, serological tests and
biochemical tests have repeatedly yielded suggestive evidence of the

presence of virus information in the tumor cells but wvirus recovery remains
elusive.

The DNA probes prodiced on the RNA. templates extracted from known tumor
viruses by the action of viral reverse transcriptase were applied to further
study of human neoplasms at Columbia University. At least a portion of the
RNA hybrldlzlng with the DNA probes detected in human mammary carcinoma,
leukemia, and Burkitt's lymphoma exists as 708 RNA associated with an RNA-~
instructed DNA polymerase. The partlculate elements from human leukemia
cells which contain this RNA and DNA polymerase were used to synthesize
single-stranded tritium labeled DNA probes. Such probes clearly demonstrated
the presence of DNA sequences in leukemic blood cells which were absent in
normal human blood cells. Similar technology demonstrated that probes
prepared from particles separated from human brain tumors did not cross -
hybridize with genetic material from other human neoplasms. Probes from
cancer of lung and colom were also unique. On the other hand, over half

of the sequences of the DNA product of the endogenous reaction using
particulates separated from human acute myeloid leukemia cells was shown

at Litton—-Bionetics laboratories to hybridize to simian sarcoma virus-1.
Differing patterns of hybridization to RNA of different animal leukemia
viruses substantially supported the relationship of the RNA in the leukemia
cell particulates to the simian tumor virus RNA. The long poly (A) stretches
characterizing RNA tumor viruses were shown at the Massachusetts General
Hospital to be located at the 3'-OH end of AMV 35S RNA. Poly (A) was not
covalently integrated in other regions of the 355 strands.

Elucidation of the molecular events in viral nucleic acid replicatiom is

being attempted at the Albert Einstein CGollege of Medicine. Observations
on Rous sarcoma virus infection of chick cells showed that a covalent hybrid

175,




L

1112 1 IRTTAO S ... LN S S N————

structure involving DNA and Rous virus. RNA is localized in the nuclei w1th1n)
2 hours after infection. The source of the DNA in the hybrid structures is
unknown. The nuclei of myeloblasts infected with AMV catalyze transcription

in vitro, yielding RNA products which hybridize with AMV DNA transcript

probes. Similar experiments were made with chromatln from myeloblasts and
purified thymic RNA polymerase. II.

Purified proteins and glycoproteins of the Rauscher leukemia virus prepared
at the Albert Einstein College of Medicine were each shown to carry type, -
group and interspecies antigenic determinants. ‘The glycopeptides contained

a previously undescribed interspecies determinant of mammalian oncogenic
type C RNA viruses. Similar lack of spec1f1c1ty for type or group deter-
minants was noted in avian virus polypeptldes purified at the Duke University

‘Medical Center. Studies with avian viruses demonstrated that the expression

of the virus genome in various host-virus relatlonshlps is not uniform; not
all the polypeptides are expressed in some cases. Human malignant cells
have been examined for the possible presence of antigen components related
to the purified polypeptides of known viruses without success. Antigenic
components specific for human chronic lymphocytic and acute myelocytic
leukemia (AML) have been isolated and their spec1f1c1ty for the leukemia
has been established. Along these lines, a ‘leukemia—-associated nuclear
antigen (LANA) was detected by anticomplement immunofluorescence tests
conducted at the Karolinska Institute. The antigen is predominantly as-
sociated with blast cells of AML. '

At the Massachusetts General Hospital, the graft versus host reaction
(GVHR) was shown to bé highly effective in activating murine leukemia virus
(MulV) with subsequent development of leukemias in mice. Further observa-
tions have shown that MuLV is activated from recipient lymphoid cells
responding to foreign skin graft antigens in sites where lymphoid
blastogene31s is maximum. Interferon treatment prevented this activation

of virus and current studies suggest that 'interferon may also prevent

GVH-virus-induced leukemogenesis.

The augmentation of tumor transplant antigens (TTA) by’infection with
vesicular. stomatitis virus (VSV) was shown to stimulate the immune system

of animals to more intensive response against the TTA. Experlments at Meloy
Laboratories showed that the immunity induced in animals by the augmented
antigens stimulated tumor rejection. The TTA augmentation phenomenon is
dependent upon infection of tumor cells by VSV. - However, effective

immunogenicity is retained w1th1n sub-cellular fractions and following VSV
inactivation.
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DEVELOPMENTAL RESEARCH PROGRAM SEGMENT

Dr. Robert A. Manaker,,VBB, Division of Cancer Cause and Prevention,
Chairman

Dr. Michael A. Chirigos, Associate Chief, VBB, Division of Cancer
Cause and Prevention, Vice,Chairman

N

BAYLOR COLLEGE OF MEDICINE (N01;CP3;3257)

Title: Studies on Viruses as Related to Cancer

Contractor's Project Director: . Dr. Joseph L. Melnick

Project Officers (NCI): Dr.. Robert A. Manaker
Dr. Michael A. Chirigos

Objectives: To determine the relatlonshlp of viruses to selected neoplasias
and their significance in the neoplastic process.

Major Flndlngs.. Antlbodles to separated CF-reactive components of non-
virion antigens of herpes simplex virus type 1 (HSV-1) and herpes simplex
virus type 2 (HSV-2) were found in 87, 90, and 62% respectively of sera
from patients with squamous cell carcinoma of cervix, larynx and other head
and neck areas.. Only 8% of patients with other tumors and 6% of normals

had similarly reactlve.antlbody,. Titers of neutralized antibodies to HSV
were -similar in patients and controls.

Marker rescue with temperature sen51t1ve (ts) mutants of HSV-2 suggest the
presence of a complementlng HSV-2 genome in some cloned lines of HSV-2

(UV inactivated) infected hamster cells. . Antiserum to the Cha antigen, an
early non-structural polypeptide induced by HSV, is the only reagent thus

far found to react strongly by immunofluorescence with antigen in HSV-
transformed hamster cells.

Alterations in the biochemical composition of cells rendered neoplastic by
viruses were determined. In normal cells, the synthesis of glucoprotein-
like materials from galactose is predominant. This synthesis in
HSV-infected cells is replaced by increased synthesis of a galactoprotein
component. Since there was no alteration of the nucleotide sugars,
UDP-galactose and UDP—glucose, as a result of HSV infection, the site of
alteration lies somewhere between the nucleotide sugar precursor and the
finished product, perhaps at the glucosyltransferase stage. Increased
synthesis of a galactoprotein component follows MSV transformation of rat
cells, but the biochemical basis appears different from that in HSV-infected
cells (may be due to an epimerase choke).

All oncogenic RNA virus transformed cells exhibit a block in the synthesis
of complex fucosylglycosphingolipids with a concomitant build-up of
simpler ones. The altered FSL synthesis is assbciated with transformation
- rather than with virus productlon (and has been extended to include
oncogenic HSV—hamster transformed cells).
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Studies on the metabolism of 2 deoxy-D-glucose (dglc) into the glycolipids
and glycoproteins of transformed cells were pursued to probe the surface
structure of transformed cells and to evaluate the possible use of dglc as
an inhibitor of transformation.

Dglc inhibits infectivity of HSV-1 and 2. The major glycopeptide (C5) of
each of four strains of HSV-1 is shifted from 123,000 daltomns to 85,000.

C5 only shifts slightly to 115,000-120,000 daltons for each of four strains
of HSV-2. In MSV transformed cells the dglc is incorporated at a greatly
reduced level into one of the two major glycolipids found in normal cells
whereas the pattern of incorporation into normal or untransformed MulV
infected cells is the same.

Twenty-two ts mutants of HSV-1 representing 15 complementatlon groups and
eight ts mutants of HSV-2 representing seven complementation groups are
being characterized. Twenty-five potential ts mutants of H. saimiri were
isolated and stocks of selected stable mutants are being prepared for in
vivo study to select attenuated ' vacc1ne strains.

No signs of malignancy were observed in monkeys under study for possible
co—carcinogenic effect of hepatitis B antigen and N—nltrosodlethylamlne

after 10-15 months observation.

Significance to Biomedical Research and the Program of the Institute:

Serological and sero-epidemiological evidence obtained by controlled studies
on patients with squamous cell carcinomas implicate genital and oral strains
of herpesvirus as factors in the genesis of these malignancies. Intensive
study of the biochemical, genetic, and immunological aspects of the
herpesviruses associated with these neoplasms provides fundamental informa-
tion which may be invaluable as the role of the herpesv1ruses in oncogenesis
is further developed.

Proposed Course: In order to solve the problem of the causal relationships
of herpesvirus 1 and 2 to human carcinomas, the following objectives are
being emphasized by the contractor: (a) detection of herpesv1rus gene
functions in human carcinomas by complementation and marker rescue studies;
(b) search for virus specific antibodies and antigeéns in human tissues with
purified specific virion and nomvirion antigens of herpesviruses; (c) in-
sights into cell transformation and genetics by temperature sensitive and
UV mutants of herpesviruses; and, (d) mechanism and deflnltlon of virus- i
1nduced alterations of cell membranes and functlon. :

Date Contract Initiated: June 27, 1963

COLUMBIA UNIVERSITY (NO1-CP3-3258)

Title: Replication of Oncogenic Viruses and Its Relation to Human Cancer i
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Contractor's Project Director: Dr. Sol Spiegelman

Project Officers “(NCI): Dr. Robert’AQ Menaker
e B Dr. Maurice L. Guss

Objectives: This project is directed toward the elucidation of the
molecular biology of RNA tumor viruses and the mechanisms by which they
induce oncogenic ‘transformation of infected cells. This knowledge is
applied ‘to the ‘détermination of the viral etiology of human neoplasms. and
- ultimately to development of effectlve control measures for human cancers.

Major Findlngs: 'The'lnltlal observations detecting viral specific RNA in
human tumors by molecular hybridization have now been extended to answer
the following questions: 1) How large is the RNA being detected? 2) Is.
it associated with a RNA-instructed DNA polymerase? 3) Are the two found
in a structure possessing a known phy51cal characteristic of an RNA tumor
virus? In order to answer these questions an experimental procedure has
been developed that permits the simultaneous detection of 70S RNA and
reverse transcriptase activity successfully applied to human leukemic cells,
human breast carcinomas'and Burkitt's lymphomas. In each of these
malignancies, the data obtained demonstrates that at least a portion of the.
RNA found exists in the form of 70S RNA associated with an RNA-instructed
DNA polymerase in-a particle having a demsity between 1.16 and 1.19 gm/ml.

The particulate elements containing 70S RNA and reverse transcriptase
identifleg in human- leukemic cells have been used to synthesize single-
stranded “H-DNA in endogenous reverse transcriptase reactions. This probe
was used in DNA:DNA hybridizations to detect complementary sequences in
human normal and leukemic white blood cell nuclear DNA. The data clearly
demonstrate the presence- of DNA sequences in the leukemic genome not present
in the normal genome, suggesting that there is mot an omnipresent DNA
segment codlng for- mallgnancy.

DNA:DNA hybrldlzatlon technologles were developed to 1dent1fy the ‘matural
host of RNA tumor viruses, based on the observations that they possess
homology to the DNA of their non-infected natural hosts. The methodology
has been applied to RD-114 virus and the data demonstrate that it is
feline, and not human, in origim.

Further significant work has included a study of the biological and
molecular basis of murine mammary neoplasia as a model for human breast

cancer and the demonstration of polyadenylic acid sequences in. v1rus—
like particles in human milk. i

Nucleotide sequeénces in Burkitt's lymphoma and Hodgkin's disease tissues
were demonstrated to possess some homology with RNA from Rauscher leukemia
virus but none with RNAs from mouse mammary tumor virus or avian : ,
myeloblastosis virus. This provides some evidence that EBV is probably mnot
the sole factor in Burkitt's lymphoma. Similar studies of the Marek's
disease model system revealed the presence of type C virus information,
indicating that at least a herpesvirus and an oncornavirus may be required
for development of typical Marek's disease in chickens.
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Probes prepared from brain tumor particles did not cross hybridize with
genetic material of other human neoplasias (breast cancer,; sarcomas;
leukemias). In similar fashion, lung cancer and colon cancer probes were
unique. These studies may lead to a useful serologlcal test for detectlon
of specific organ 31te tumors.

The DNA:DNA hybrldlzatlon studies . performed in. human leukemlas 1nd1cat1ng
the presence of partlcle—related sequences in leukemlc nuclear DNA not
present in normal leukocytes will be extended to determlne whether: 1) the
leukemia-specific DNA sequences are present in all types of leukemia;

2) the leukemia-specific sequences are present in all organs of -leukemic
patients; 3) the leukem1a—spec1f1c sequences are. 1dent1cal An all patients
with leukemia; and 4) leukemia-specific sequences are present in long-term
remission cases. Similar techniques w1ll be applied to: human lymphomas,
including Burkltt s disease.

Significance to'Biomedical Research’and the_Programﬁofathellnscitute:

A systematlc molecular blologlcal study- is belng pursued to determlne the .
role of viruses in the genesis of human cancer. Studies demonstrated the .
presence 'in human cancers of partlculate materials possessing. characteris—

tics unique to the Known animal RNA tumor viruses. New. approaches to the -

study of virus-cell relatlonshlps have been devised. The contractor has
developed data which are highly provocative and his.pioneering advances
provide a foundation for future 1nvest1gat10n leadlng to:an. understandlng
of the v1rus—cell relatlonshlp as 1t applles to human cancer. -

Proposed Course: Molecular problng of human neoplastlc tlssue for: evidence

of the presence of oncogenlc RNA V1ruses will continue.  Similar procedures
will be applied to "normal" human- tissues. The reverse transcriptases of
oncogenic RNA viruses and of neoplastic tissues will be purified and
characterized. The existence of RNA nucleotide sequences in particulate
fractions of human cells which are homologous to the RNA of animal viruses:

requires further 1nvest1gat10n to determlne the 31gn1f1cance of the
observations made.

Date Contract Imitiated: October 29, 1969 - o L

* CORNELL UNIVERSITY (NO1-CP3-3346)

Title: Application of Feline Virus Systems in.the Study of Viral
Relatlonshlps to Human Neopla51a

Contractor's Project Director: Dr. Charles Rickard

Project Officers’(NCI):  Dr. Michael A. Cﬁirigos
’ Dr. Robert A. Manaker
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Objectives: To investigate the possibility of natural infection of humans
by feline viruses and to recover putative human-oncogenic viruses from
established tumor cell lines and tumor b10p51es using feline reagents
developed by the contractor.

Major Findings: Attempts are being made to rescue transforming virus from
human sarcoma cells by exposure of these cells in a monolayer tissue culture
to either endogenous or exogenous FelLV, The resulting pseudotype virus
should have a‘distinctive human species specific antigen and a serologically
unique RDDP. Purified reagents have been prepared for this study.

Preliminary work has shown that natural infectioms in cats and experimental
infections in dogs by‘FeLV results in serum antlbody detectable in FA tests.
Since children may be more susceptible to FeLV than . adults, sera of children
who may have been infected by FeLV,. leukemic children, t helr siblings, and
close associates are being tested by IIF using unfixed feline or human cells.

Two populations of: cats have been selected and segregated for breeding, on
the basis of expression of endogenous type C virus, in ordexr to provide a
source of somewhat genetically defined experimental animals. Detailed
studies of the biological and- oncogenic propertles of the endogenous cat
virus are being conducted. S

Nine spontaneousAfe;iﬁe mammary tumors, have served as the source.of inocula
for 86 newborn or fetal kittens. No neoplasms have been induced in 23
kittens which have .reached.ages of 4-16 months.. No type B particles have
been observed by EM although typical type C particles were observed in 4 of
9 spontaneous mammary tumors and appear to be comventional FeLV.-

Significance,to(Biomedical,Research and«the Program of the -Institute:

‘The cat offers several advantages for the study of v1ral re;atlonsths to
.oncogenesis. It .is susceptlble to. horizontal infection by three sub-types
of RNA leukemia v1rus, it prov1des a. natural population for study, cat
viruses reproduce in cells of species- other than the.cat, including humans,
and the cat possesses an endogenous type C virus differing from the cat
viruses already .characterized. Since the cat is a common. household pet -
and its type C viruses are 1nfectlous for human tissue, intensive study to
determine whether 1ts tumor v1ruses . pose.a threat to humans, particularly
young children, is necessary.,

Proposed Course: The experimental systems developed in the cat will be
applied to search for and attempt recovery of human oncogenic viruses.
Studies will continue to.be conducted to determine whether any relationship.
exists between the endogenous and the exogenous type. C viruses of the cat
and neopla51a in chlldren.,_At present a mammary tumor virus is known only
in the: mouse. Investlgatlons will be made to determine whether a mammary
tumor virus can be recovered from the cat. To assist in immunological
approaches to cancer control, attempts will be made to obtain carcinogen-
induced tumors in.the cat and to determine whether viruses are a .co-factor
in genesis of such tumors. . S
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Date Contract Initiated: June 23, 1965

DUKE UNIVERSITY MEDICAL CENTER (NOl—CPB 3308)

Title: Expre351on of the RNA Tumor Virus Genome in Anlmal ‘and Human
Malignant Cells . :

Contractor's Proiject Director: Dr. Dani P. Bolognesi

Project Officers (NCI): Dr. Peter Fischinger )
' . Dr. Maurice L. Guss -

Objectives: To characterize the structural components of animal RNA tumor
virus particles and develop serological probes to detect Vlrus gene products
in animal and human mallgnanc1es.~ :

Major Findings: ~ The term group spec1f1c (gs) antlgen for some of the avian
and mammalian polypeptides is clearly a misnomer.  An example illustrating
this relates to an avian polypeptide thought to be group specific (pl9),
and one thought to be type specific (gp85). - Type determinants are also
present in pl9 while group determlnants are present as well in gp85. ‘
Clearly, the terms type, group and 1nterspec1es are coarse approximations
and gs the analyses become more: critical, a whole spectrum of react1v1t1es
associated with these polypeptides may be anticipated.

Analyses of patterns for the four major polypeptides of AMV have revealed no
common peptides among these proteins within the same virus. However, peptide
patterns of related viruses (AMV-B, PR-RSV-C) are quite similar. ‘It is of"
interest that for pl9, distinct peptides can be discerned which may relate to
the type and group serological specificities exhibited by'the pl9 fraction.
These- fragments are currently being isolated and analyzed 1n ‘more detall.

Tryptic peptide maps of MuLV p30 and FeLV p30 clearly indicate the marked
difference between the proteins, but some similar peptldes, possibly
related to the interspecies region, may be resolved. These are currently
being investigated in detail. Recent results with SSV-1 p30 are indicative
of a proteln quite distinct from p30 of MuLV and FeLV.

It is clear from ‘studies with avian viruses that the expression of the virus
genome in various host-virus relationships is not uniform.  Not all the
polypeptides are expressed in some cases. One polypeptide ‘appears to be
ubiquitous in the avian system (pl5) and may represent a host protein.
Furthermore, using complex antisera which react primarily with p27 and pl9,
some of the Chf chlcken lines have tested p051t1ve for gs.

Studles employlng humoral cytotoxicity have revealed that there is a strong
likelihood that MuLV p30 is expressed at the cell surface even in the case
where actual particles are not produced. The reaction is complement
dependent and can be abolished by absorption of the antiserum with the
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purified polypeptide. Antiserum against FeLV p30 likewise detects the
interspecies determinant of MuLV p30 on the surface of murine cells and is
also strongly cytotoxic. Furthermore, these antisera are also cytotoxic
to methylcholanthrene (MCA) induced rat tumor cells.

The salient features concerning infectivity of AMV cores are: 1) cores

are infectious for both genetically susceptible and resistant cells;

2) virus origimating from core infected cells is identical to that from

which the cores were derived; 3) in contrast to viruses, infectivity of
cores is not enhanced by polycation; and 4) inactivation by temperature
of cores and virus is clearly differeant.

MolIecules bearing antigenicities specific for human leukemia cells have
been isolated. Chronic lymphocytic leukemia (CLIL) -and-acute myelocytic
leukemia (AML.) antigens have been isolated and shown to be highly specific
for the leukemia cell type from which they have been derived. They are
not present in normal leukocytes and are distinct from the various HL-A
tissue antigens. Antisera are being prepared currently and will represent
immensely powerful tools for immunodiagnosis and immunotherapy of human
leukemia.

Significance to Biomedical Research and the Program of the Institute:

€ e LD

The virus genome is expressed by translation of message into protein
products. This project was initiated to characterize the major protein
antigens of selected RNA tumor viruses, prepare immune sera to identify
these autigens in infected cells, and to utilize these materials to
determine basic molecular events in the process of cellular transformation.
The knowledge gained may be used to develop sensitive methods for
detection of virus activity in human cells and to provide a basis for
therapy by blocking translational events at the sub-cellular level to
prevent cell transformatiom.
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Proposed Course: The characterization of the structural protein components
of the mammalian RNA tumor viruses will be expanded to include B-type
particles. A bank of highly specific immune sera against the intraspecies
specific determinants of the mammalian viruses will be developed for use

in the study of tramslational events related to the process of cell trans-
formation and in the search for protein products of viral activity in human
tumors.

Date Contract Initjiated: April 19, 1971

ALBERT EINSTEIN COLLEGE OF MEDICINE (NOl—CPB—BBll)

Title: Research Studies of the Molecular Biology of Oncogenic Viruses and
Malignant Transformation

Contractor's Project Director: Dr. J. Thomas August
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Project Officers (NCI): Dr. Robert A. Manaker
Dr. Maurice L. Guss

Objectives: To determine the molecular events involved-in the adsorption
and penetration of RNA tumor viruses into host cells, in viral nucleic
acid replication, and in malignant transformation of cells.

Major Findings: Two Rauscher leukemia virus (RLV) polypeptldes with
apparent molecular weights of 69,000 and 71,000 have been purified and
characterized (gp 69, 71). These polypeptldes contained a previously
undescribed interspecies antigenic determinant of mammalian oncogenic type C
RNA-viruses as was demonstrated by-the reaction of the murine antigen with
anti-feline leukemia virus (FelV) serum. Radioimmunoassay analysis showed
that both polypeptides were precipitated by the anti-FeLV serum, indicating
that they each contained:the interspecies determinant or that they were
closely associated and coprecipitated. The gp 69, 71 interspecies antigen
was® distinguished from the known p30 interspecies antigen and the virus
reverse transcriptase (RDDP) by proteln purification, physical properties,
and immunological analysis. The new antigen was not detected by competi-
tion radioimmunoassay in uninfected mouse cells or mouse cells productively
infected with vesicular stomatitis virus (VSV).

The antigenic determinants of two purified protein constituents of

mammalian C-type RNA viruses, p30 and gp70 were examined by competition
radioimmunoassay. - By the appropriate choice of antiserum and competing
proteins it was possible to distinguish type-specific , group-specific

and interspecies determinants. Both of the viral constitutents were found
to contain each of these,classes of antigens. The results suggested that -
the majority of the determinants of the major structural protein were group-
specific, 5% to 307% were interspecies, and a small fraction were type-
specific. In the case of the envelope glycopeptides, the chief determinants
were type- and group-specific, and a small fraction were interspecies.

Compared w1th several other enveloped viruses, purified virions of frog
virus 3 (FV3) contalned a relatively high activity of a protein kinase which
catalyzed the phosphorylatlonyof endogenous polypeptides or added substrate
proteins. Virions also contained a phosphoprotein phosphatase activity.
which released phosphate covalently linked to proteins. It was possible to
select reaction conditions where turnover of protein phosphoesters was
minimal, as the phosphatase required Mmn + jons for activity whereas the
protein kinase was active in the presence of Mg + ioms. Electrophoretic

‘studies in polyacrylamide gels containing SDS indicated that at least 10 of

the virion polypeptides were phosphorylated in the in . vitro protein kinase
reaction. Characterization of these phosphoproteins demonstrated that the
phosphate was incorporated predominantly in a phosphoester linkage with
serine residues. The protein kinase was solublilized by disrupting

purified virions with a nonionic detergent in a high~ionic-strength buffer
and was separated from many of the virion substrate proteins by zonal
centrifugation in glycerol gradients. The partially purified protein kinase
would phosphorylate polypeptides of many different animal viruses, and
maximal activity was not dependent on added cyclic nucleotides. These
properties distinguished the virion protein kinase from a well characterized
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cyclic AMP-dependent protein kinase whlch phosphorylated viral proteins omnly
to a small extent. :

The formation of covalent hybrid structures involving Rous sarcoma virus
(RSV) RNA has been detected in nuclei of infected chick cells. This hybrid.
is detected within two hours postlnfectlon and is localized ‘to the nuclei.
The source of the DNA in covalent hybrid structures is under investigatiom.

In vitro transcrlptlon catalyzed by nuclei isolated from’ myeloblasts of AMV
infected chicks yields RNA products which hybridize with AMV.DNA transcript
probes. Similar experiments have been carried out with chromatin isolated
from myeloblasts and purified RNA polymerase II of thymus -(or E. coli RNA
polymerase). ~ Thus in vitro RNA products can be obtained which should be
identical to AMV-RNA . sequences.

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

The knowledge gained of molecular mechanisms and products’in tumor virus-cell
relationships, the factors involved in the repression' and derepression of
virus gene expression, and the intracellular events associated with
malignant transformation may be used to develop sensitive methods for
detection of virus or virus activity in human cells and for devising a

basis for therapy by blocking translatiomal events at the subcellular

level during cell transformation.

Proposed Course: Purification of the structural proteins of FLV and the
Woolly monkey virus will continue. Characterization of the proteins will
emphasize analysis of their antigenic propertles and genetic origin. The
viral coded or induced proteins will be ‘used as’ probes for viral gene
expression. The techniques developed in studies on murine and primate RNA
viruses will be used for detection aod characterization of putative viral
structural proteins in human malignant tissue. Studies will-'be initiated
to purify and analyze viriom proteins of herpes simplex virus types 1 and 2
in order to provide specific viral proteins for virus detection and radio-
immunoassay of human serum. Studies will continue in order to achieve a
purified in vitro rev