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I. VIRAL ONCOLOGY AREA - SPECIAL VIRUS CANCER PROGRAM (svCp)

A. Introduction:

The Viral Oncology Area is responsible for plamning and conducting the
Institute's program of coordinated research on viruses as etiologieal
agents of cancer.  Scientists within this Area not only provide the broad

and’ their interaction with host cells and apply this information to search
for viruses which may be etiologically related to the initiation and
continuation of human cancer. i '

Contract supported research is conducted within the Viral Oncology Program
under the Special Virus Cancer Program (SVCP) whose primary objectives are:
(1) to determine whether viruses comparable to these known to induce
cancers of laboratory and domestic animals are causative agents of human
cancers, and (2) to develop therapeutic and preventive measures for
control of human cancers when such Causative agents are found. A detailed
history of events leading to the development of the SVCP may be found in
previous Annual Reports of the NCI. Briefly, in 1964, the Congress of

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

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

on the premise that one virus is an indispensable element for the induction
(directly or indirectly) of at least one kind of human cancer and that the
virus or viral genome persists in the diseased individual. In 1968, the
program was enlarged to encompass all types of cancer. The Program plan

‘has undergone considerable revisions since its inception and has been

reviewed regularly by the Director, NIH; Director, NCI; the National Cancer
Advisory Council; the Scientific Directorate, NCI; and the Etiology
Program Management Group, NCI. : :

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

B. Organization:

1) Viral Oncology Area. During this reporting period the area was
reorganized in a structure that will permit the most effegtive use .of |
scientists and facilities in the attainment of Program goals. A1l changes
were implemented with existing personnel, space, and funds. By increasing
the number of sections within the present three branches, additional
positions of authority and responsibility were created.
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‘ebruary 1, 1971 the Deputy Director for Science approve
lest to establish three offices and to redefine the functions o

%isting branches in the Office of the Associate Scientific Director for

Viral Oncology. The Office of the Associate Scientific Director for.
Viral Oncology is organized as~follows: -

lans and conducts the Institute's program of research and development
caling with viruses as etiological agents of cancer. Supports programmatic -
vestigations aimed at the detection, propagation, characterization,

prevention, and control of tumor viruses and/or their induced diseases.

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

2N

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

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

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

research laboratories throughout the world.

Office of Program Analysis and Commmications

Manages computerized Systems of program statistics, clinical and laboratory
data interchange, and scientific information for collaborative studies
with inhouse and contract scientists; applies computer techniques to data
Systems and retrieval problems of inhouse and contract laboratories; plans
and conducts surveys;. plans, implements, and maintains a controlled central
data system and inventory for a multi-institutional human serum bank.
Maintains a system-of triannual progress Teporting from research contracts;
compiles and distributes sumaries of current progress to program
Scientists. Maintains an automated system for publication searches and
reference printouts on requested subjects in viral oncology; prepares a
monthly publication featuring abstracts of current worldwide literature

0N viral oncology; compiles and publishes semiannually indexed summaries of




: for establishing this new segment is as follows: since th
of the Special Virus Cancer Program, exploratory studies based
T and leads from the mouse-mammary tumor virus (MIV) systém have b
conducted to determine whether evidence could be found for an associatso
i of viruses with breast cancer -of humans or of animals other than mice
only species, thus far, in which breast cancer is known to be caused by
a Virus. .

The similarity of the 'clustering" of breast cancer within human family™
groups to the "'clustering' that had been observed for breast cancers of
mice at the turn of the century, before the development of inbred mouse
strains, suggested that a virus comparable to the mouse MIV might be
involved in human disease. Since the MIV was not discovered until high
breast cancer strains of mice had been developed by selective inbreeding,
human population groups which would most closely approximate the experimental
mouse models were selected for study. These included: (1) women of the
relatively highly inbred Parsi sect of Bombay, India; (2) women of this
country having a history of '"family clustering" of breast cancer, e.g.

among the mothers, sisters, maternal grandmothers, and maternal aumts of
probands to be studied; and (3) women who actually have had breast cancer,
but who have survived after successful treatment by removal of one breast.
Other leads from the mouse model involved the use of milk and of tissue
culture-propagated breast cancer tissue, as the specimens most likely to
contain sufficient amounts of an etiologically related virus for detection

3 of electron microscopy (the only method available for the detection of a

£ human agent at this time).

The results of the human studies accumlated through this year provide

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

207 % 80 DOVITEL) "I e

. previously reported, candidate C-type viral agents have been isdlated

from a spontaneous breast cancer of a rhesus monkey and from a transplantable
reast cancer of a laboratory rat. Both viruses are being successfully
propagated in the laboratory, and are now being further investigated. Both
have been shown to contain 70S RNA as well as the RNA-dependent DNA polymerase,*
characteristics of the RNA tumor viruses. B
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“activity requires close and frequent communication between: projec
officer and the contract's principal investigator. The fine balancs e

-+ “coordination is maintained by frequent telephone conversations’ written

¢ - commumnications and by frequent visits between the project officer and.th

- contractor. The functions of a good project officer require a-lot of -..
" time which he might personally prefer to spend conducting his own research.

.. The need, however, for existing and additional scientific persomnel to

" continue and assume this managerial role camnot be overemphasized.

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

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

as they are needed and required.

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

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

- total effort in the face of the present critical personnel shortages under
hich the program must and will continue.

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

inits for the SVCP.  They are composed of both Federal and non-Federal '

ientists representing expertise in the varying areas of research inwolved

- the program. Each working group is chaired by a senior NCI scientist.

Although the primary function of the working groups is to provide advice

to. the Institute on the research and scientific aspects of the program, LE
participation of the members of the working groups is more extensive '
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am segment chairman to the Program Chairmen's ireVieW‘ngoup:?,‘ghé
o evaluated for relevance, priority and need to attainment of SVCP

= jectives and goals._v '

e SVCP is continuously changed, refined, reviewed, and evalua’;:ed‘. by the
ience Management Team and its key scientific advisors. L

‘summary , pi'ogram review is effected at three levels, all of which are .
ghly integrated. and interrelated: : : , o

1j ‘The Contract is the basic fimctional wnit and receives almost constant .;
nitoring by the project officer and technical review by the working group
i i jecti 0 the Segment

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

: ting jointly once a month, coinprise the
"basic integrative unit and determine segment priorities within overall
total program objectives and goals.

-(3) Program segment chairmen mee

. Contract Review. Contracts are reviewed according to their type.

~Type I. The majority of the contracts in SVCP are of this type. These
-are research and -development contracts which are. generally limited to one
OT two areas of research and may include a service aspect. The dollar
range is usually between $50,000 and $500,000 per year.

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

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

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

- Progress Reports. As a valuable aid, in the review process, to all key
members of the staff, the Program Analysis and Commmications Section
Coordinates and handles progress reports on all SVCP contracts. Policy
regarding progress reports was set forth in a memorandum dated November 6,
_}gﬁ, from the Associate Scientific Director to the Segment Chairmen as
Oilows: '




b. The Virus Cancer Program (VCP)

Background. At the present time the Virus Cancer Program is administered by
the Collaborative Research Branch with five Sections: the Breast Cancer Virus
Studies Section; the Clinical Studies Section; the Co-carcinogenesis Studies
Section; the DNA Virus Studies Section; and the RNA Virus Studies Section.
Virus-cancer research is now managed by the heads of each Section under the
general supervision of the Branch Chief, the Associate Chief, and the Office
of the Associate Director; Section heads no Tonger conduct intramural research.

Advice on overall Program direction is now .provided by the VCP Advisory
Committee, consisting of seven members including the Chairman. The members
are chosen entirely from the biomedical community on the basis of their
qualifications and expertise in the cancer field, in particular cancer
virology. The Committee has met on several occasions to advise on areas for
expanded research and development, and the application of research findings
to the control of cancer in man. The Committee's efforts are separate from
the review and approval of individual contracts.

Review of Contracts. Projecté within the total Program are reviewed at
many levels:

(1) Each contract is reyiewed for relevance, priority and need to the total
Program by the Virus Cancer Program Coordinating Committee (VCPCC). This
Committee, composed of members of the Office of the Associate Director,
the Collaborative Research Branch, and senior intramural investigators,
reviews solicited and unsolicited proposals developed within the Program.
Consensus is obtained by open vote and priority is established by
scoring on secret ballot.

(2) Each contract is reviewed for scientific excellence and technical
competence by Scientific Review Committee A or B. These committees, first
chartered in FY 1975, consist of up to 25 members each, including the
Acting Chairman. The members were appointed by the Director, NCI, to
serve overlapping terms of four years on the basis of their outstanding
qualifications in the fields of microbiology, molecular biology,
immunology, biochemistry, virology, and clinical medicine, as related to
cancer. The committees are composed entirely of non-NCI scientists. }
Although intramural scientists parficipate as needed in the review process,
they are not voting members. The committees operate entirely under the
regulations set forth by the OMB, DHEW, NIH, and NCI, with an Executive
Secretary who is responsbile for the review and complete documentation of
each project.

(3) Each contract is continually monitored for performance by (a) the
Associate Director's Science Management Team; (b) the Collaborative
Research Branch; (c) CRB Section Heads; (d) Project Officer(s). Project
Officers are intramural senior laboratory investigators who serve as
advisers to principal investigators on scientific matters.

10
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ORGANIZATIONAL CHART -- SPECIAL VIRUS CANCER PROGRAM

Office of the Scientific Director
ETIOLOGY

Associate Scientific Director
For VIRAL ONCOLOGY
(Chairman -- SVCP)

| Program Analysis Science

and Communication Management
3 Develocpmental Research Program Management

Immunology Group i Resources and Logistics

f Special Animal Solid Tumor Virus

‘ Leukemia Ecology Segment
Biohazards Control Breast Cancer Virus
.and Containment Segment




(2) Coordinating Committee reyiew. (Coordinating Committee determines
relevance, priority, need and uniqueness.)

(3) Project Plan drafted. (Project Plan document, Justification for Non-
Competitive Procurement, prepared by Program staff member and Contract
Specialist.)

(4) Technical review. (Technical review of proposa] performed by Scientific
Review Committee.)

(5) Project Plan and Review Summary Sheet approved. (Contract Specialist
routes Project Plan document and Review Summary Sheet for signatures.)

(6) Negotiation and award. (Contract Specialist negotiates contract with
help of Project Officer as required.)

Scientific Staff, Office of the Associate Director, Viral Oncology Program

Dr. J.B. Moloney, Associate Director

Dr. L.R. Sibal, Deputy Associate Director

Dr. D.M. Howell, Assistant to the Deputy Associate Director

Dr. H.J. Hearn, Scientific Coordinator for Viral Oncology, Frederick

Cancer Research Center (FCRC)

Science Management Team, Office of the Associate Director, VOP

Dr. J.T. Duff Dr. J.B. Moloney
Mr. Charles Fafard Dr. L.R. Sibal
Dr. D.M. Howell ' Mr. Robert Velthuis

Dr. R.A. Manaker

Administrative Staff, Office of the Associate Director, VOP

Mr. John Miller, Administrative Officer, DCCP
Mr. N. Olimpio, Program Analyst, DCCP

Mr. R. Velthuis, Administrative Officer, VOP
Mr. R. Hendricks, Administrative Assistant, YOP
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Solid Tumor Virus Segment.
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Ronald Herberman, NCI

Maurice Hilleman, Merck Institute ,
Barry Bloom, Einstein College of Medicine
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Dr. Paul Levine, NCI
Miss Marie Purdy, NCI




Type C Viruses. While some RNA tumor viruses exist primarily as infectious
particles, most are in a repressed form integrated into the cellular
chromosomes. These endogenous viruses are derepressed by x-irradiation,
chemicals, and infection by other viruses. However, some endogenous viruses
replicate very poorly in the cells  that harbor them (xenotropic) and require
special techniques of cell fusion of growth in a mixed culture. Often they
can productively infect only cells from animals foreign to the host species.
Another class of endogenous viruses (ecotropic) preferentially infect and
grow in cells from their own host species. There are also endogenous viruses
which are defective for replication and can only be recognized by the
presence of their proteins or nucleic acids.

Related RNA viruses readily undergo genetic recombination in cells. Such
exchanges occur between endogenous and infectious viruses of the same species
and between viruses of different species. Interference between xenotropic
and ecotropic viruses does not occur; interference does exist among members
of the same class of viruses. Thus, replication of xenc- and ecotropic
viruses in the same cell can result in phenotypic alterations invoelving the
antigenic coat and hest range of the progeny viruses. Recent studies show
that genetically stable recombinant viruses also occur. Such recombinants

- may be important as the real oncogenic variants, since highly oncogenic
strains of sarcoma and leukemic viruses have been observed as a result of
genetic recombination. The rapidly transforming virus, the Friend spleen
focus-forming virus (a defective virus), is an example of a recombinant
between an eco- and xenotropic mouse type C virus. Some of these type C
viruses readily transform cells in culture and most produce cancer in animals.
in days rather than months after infection. These highly oncogenic viruses
contain two types of genes: those involved with viral replication and virion
structural proteins,. and those specifically responsible for cell transformation.

Recently, it has become possible to separate the transformation gene
sequences from the replication gene sequences. Essentially this is done by
breaking DNA transcripts of viral RNA into pieces and absorbing out those
pieces that have replication sequences by a series of nucleic acid
hybridizations, leaving only the transformation sequences. Thus, preparing
specific cDNA probes from mixtures of sarcoma and helper viruses permitted
selecting of virus mixtures highly enriched for sarcoma virus-specific RNA.
K-MSV and H-MSV strains have been found to contain a unique set of rat sequences
which have become associated in covalent linkage to MulLV information. These
rat sequences, called 'sarc' genes, apparently code for the transforming
functions of sarcoma viruses.

The transforming sequences from different highly oncogenic viruses have been
purified and it has been reported that these transforming sequences are
widespread in the normal cells of the animals from which they are derived.
However, these sequences represent only a small part of the complete viral
RNA and apparently form no protein product that is contained in the viral
particie. Consequently, until the transforming sequences were purified, the
probes that were used to detect viral activity could not detect either
transforming sequences or their products. With the new transformation-
specific probes it is now possible to detect viral activity where none could

14



’ ’ S

LIST OF CONSULTANTS TO THE SPECIAL VIRUS CANCER PROGRAM

FISCAL YEAR 1971

Norman Anderson, Atomic Energy Commission

Arthur Axelrod, University of Toronto

David Baltimore, Massachusetts Institute of Technology

"Joseph Beard, Duke University
Tryg;z Berge, American Type Culture Collection

Maurice Black, Flower and Fifth Avenue Hospital, N.Y.C.

Paul Black, Harvard Medical School:

Barry Bloom, Albert Einstein College of Medicine

R. G. Bond, University of Minnesota

Michael Bremmnan, Michigan Cancer Foundation

Arthur Brown, University of Tenneséee

Joseph Burchenal, Sloan-Kettering Institute

Ben Burmester, U.S.D.A., East Lansing, Michigan
Bruce Calnek, Cornell University

Mark Chatigny, Naval‘Biological Laboratories

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

Dr. Sam-Dales, Public Health Research Institute, N.Y.C.
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type C virus isolates of murine, feline, and primate origin, were also
demonstrated. The interspecies antigenic determinants of p10 were shown to
be as broadly cross-reactive as those exhibited by the major type C virus
structural polypeptide, p30. ‘

Several Tow molecular weight proteins of endogenous viruses of the RD114/
baboon group were compared with the 9ag gene-coded translational products of
endogenous type C viruses of murine origin. The p10 proteins of each virus
group are immunologically and biochemically related, while the p12 proteins
of RD114/baboon viruses were demonstrated to share antigenic determinants
with murine viral p15. Moreover, highly type-specific phosphoproteins, p15 of
RD114/baboon viruses and p12 of murine viruses, possess analogous biochemical
properties. These findings, along with previous studies indicating
immunologic cross-reactivity between their major internal antigen, p30,
demonstrate that each of the gag gene-coded proteins of murine type C viruses
has an analogue in viruses of the RD114/baboon group. The immunologic and
biochemical relatedness of their gag gene translational products supports the
concept of a common progenitor in the evolution of these endogenous viruses.

-z Type C RNA viruses have been shown to exist as endogenous viruses within the

~cellular genomes of many mammalian species. A major research effort is aimed
at devising immunological approaches for detection of endogenous virus
expression in human tissues. Techniques have been successfully developed

for the detection and partial purification of several type C virus-coded proteins
from virus-negative cells of a variety of species. Efforts have focused on

the search for 'viral antigens in primate tissues. It has been possible to show
that species representing each of the major genera of 01d World primates express
antigens related to the major structural proteins of the baboon-RD114 virus
group. These antigens were shown to have diverged sufficiently so as to be
immunologically distinguishable. Differences in the levels of expression of
endogenous virus-coded proteins in tissues of a variety of primate species
suggest differences in cellular regulation of virus expression by these species.
With highly sensitive immunological techniques now available, analogous
approaches are being utilized in the search for evidence of endogenous virus
expression in higher apes and man. '

The biological functions of gp70 (env gene) were studied: gp70 itself was
found to interfere, hemagglutinate, and induce neutralizing antibody. Cell
attachment, interference, and the neutralizing antigen site were all on the
protein portion of the molecule; carbohydrate was necessary only for
hemagglutination. The analysis of surface glycoprotein molecules of RNA
tumor viruses with regard to specific antigenic and biological functions
stimulated the question of whether protection from Teukemia could be achieved
by active immunization. The finding of interspecies reactive determinants on
gp70 molecules allows the possibility that other species may be protected even
if the causative virus was not isolated. Recently, the presence of RNA tumor
virus envelope glycoproteins on the surface of normal cells has received
considerable attention. This interest relates to the larger question of
whether the expression of endogenous viral antigens have a functional role

in cellular differentiation. The most detailed studies of tumor virus
glycoproteins (gp70) have been done in inbred strains of mice. Virion-
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reflect a significant relationship between cell activity and viral growth.
Thus, the factors governing mammary tumorigenesis are highly complex but
are closely correlated with factors which regulate the expression of
mammary tumor virus expression.

The free glycoprotein of MMTV was detected in the circulating blood of
tumor-bearing mice in concentrations that correlate with tumor load. 1In
the strains used for this study, each gram of tumor Ted to the production
of 500 ng of glycoprotein; blood levels dropped dramatically within 8 days
after the tumor was surgically removed. Subsequent assays for the antigen
predicted relapse in the animals with complete accuracy. This model for
cancer diagnosis and prognosis was recently applied to studies on breast
cancer patients. Plasma levels of the reverse transcriptase from MPMV
were found to correlate with the state of this disease.

The Mason-Pfizer monkey virus (MPMV) was initially isolated from a breast
tumor of a rhesus monkey. Subsequent isolates have also been obtained from
normal rhesus monkeys. MPMV differs in both its structure and the antigenic
determinants of its major structural protein from those of any known RNA
tumor virus. However, MPMV, Tike mammalian type C viruses, contains a
glycoprotein whose molecular weight is approximately 70,000. An interspecies
immunoassay utilizing antiserum to MPMV to precipitate baboon viral gp70 has
been shown to detect antigenic determinants shared by glycoproteins of MPMV,
RD114; and baboon type C viruses. These findings indicate that MPMV may
have joriginated by recombination with endogenous primate type C viral
genetic sequences.

New Viruses. Two isolates of type C viruses were obtained from Mus
- cervicolor. One of these is immunologically related to the woolly/gibbon
group of infectious type C viruses. The other isolate shares antigenic
determinants with type C virus of M. musculus.. In addition, a new class of
endogenous virus was isolated from Mus cervicolor and Mus caroli. These
viruses are morphologically distinct from all other RNA tumor virus classes
and are unrelated by immunologic and nucleic acid homology to all murine
type B and C viruses.

Different viruses have been isolated from various primate species by co-
cultivation of tissues with heterologous cells. These isolates include
type C viruses from several species of baboons (Papio) and from the closely
related genus, Theropithecus. In addition, a virus has been isolated from
a langur monkey cell Tine. This isolate is related to MPMV, but can be
readily distinguished from MPMV by its host range, antigenic properties,
and by nucleic acid hybridization. Various isolates from squirrel monkey
cell Tines have also been obtained which are endogenous to these monkeys,
and are present in multiple copies in the cellular DNA of all squirrel
monkey cells and tissues. '
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C. Scientific Act_ivitiés - Progress Highlights:

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

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

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

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

Hamster cells transformed by UV-irradiated herpesvirus type 2 grew as
tumors when inoculated into newborn hamsters. This suggests that at least
one virus which ordinarily is Cytolytic may be oncogenic when an incuced
genetic defect blocking normal Cycle of viral maturation with Cytolysis

Tesults in the retention of the virogene in the replicating host cell.

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

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

made are: (1) Certain oncogenic viruses are unable to produce
malignancies unless a "helper" virus is present, thus
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gesting that an interplay exists between two viruses. (2) Certain. :
‘fimor-inducing chemicals, irradiation, (carcinogens) may act as co-factors
rgctivating latent, oncogenic viruses within cells. (3) Certain R
fimor viruses contain unique enzymes which are required in the replication
‘viruses in cells. These and other important developments will be

scussed further in this report.

en the Special Virus Cancer Program was initiated, highest priority was

iven to the search for human leukemia viruses resembling the Type C

viruses causing chicken and mouse leukemias. Since that time, many Type C

viruses, the total is now about 85, have been found in a variety of tumors

from many species of two vertebrate classes. All of these species continue

"“to.be studied intensively under the broader scope of the Special Virus

- Cancer Program. Several of the Type C viruses are established as the

.- causative agents in leukemias, lymphomas, and sarcomas of chickens, mice, cats

-and hamsters. Many of these can infect and produce malignancies in other
species (e.g. a sarcoma virus of the cat produces tumors in marmoset monkeys).
Furthermore, some of these viruses can cause malignant transformation to
occur in animal and human cells grown in the laboratory (e.g. cat leukemia
and sarcoma viruses alter embryonic human cells). Type C virus particles
have been found in association with malignancies of a spectrum of animal
species including non-human primates, rats, cattle, woolley monkeys,

k gibbons, and man. Although electron microscopy is an important method

g in the search for Type C virus particles, certain newer biochemical,

~ biophysical and immmological techniques, developed through intensive
collaborative studies of animal cancer viruses, are now being directed
toward finding viruses present overtly or covertly in the cells of human

cancer,

1. Reactions between Type C viruses causing leukemias and sarcomas
(solid tumors) e - ’ ) '

When inoculated into appropriate cell cultures, Type C sarcoma viruses

: of chickens, mice and cats produce foci of altered cells. This fundamental
: discovery provides a readily visible indicator reaction for the detection
of sarcoma viruses. On the other hand, leukemia viruses grown in tissue
culture do not cause foci or other detectable changes. The finding that
leukemia viruses can either inhibit or enhance focus fommation by sarcoma
viruses of the same species has led to the development of methods for the
detection and quantitation of leukemia viruses indirectly.

Y o B A S et - v

Certain of the chicken, cat and mouse sarcoma viruses are ''defective’

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

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

in the presence of a defective sarcoma virus the helper action of leukemia
viruses can be used as a specific indicator for their detection and
quantitation. It is now believed that defective sarcoma virus--leukemia
virus interactions may be more widespread in nature than originally thought
and that similar systems may be found in man. A mouse leukemia virus which

AU i
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b. Progress Highlights
RNA Viruses

The availability of larger amounts of MMTV from cell cultures than possible

from mouse milk and of antisera to purified virion polypeptides has provided
increased opportunity to study the disease process in mice and to probe for
related components expressed in mammary cancers in humans and in other animals.

A single dominant gene (Mtv-1) in the C3Hf mouse strain controls the release
into milk of MMTV-L, the Tow oncogenic variant of mouse mammary tumor virus.
Mtv-2, which is responsible for release of high levels MMTV-P and early
hormones -dependent mammary tumors, consists of about eight tandem copies of
MMTV-DNA. :

Vaccination of mice with gp52, a glycoprotein component of MMTV, resulted in
a slight delay of mammary tumor development. Resistance to tumor transplants
was obtained when low doses of vaccine were used with an adjuvant; higher
doses of MMTV protein zccelerated tumor growth and appeared to be associated
with poor cellular immune reactivity to the virus.

Antisera to the major glycoprotein component of MMTV, gp52, were used to
probe for related antigenic determinants in human milk specimens fractionated
by zonal centrifugation. Some positive findings were obtained with pooled
milks, but the negative results with individual specimens suggested very Tow
concentrations or infrequent occurrence of the reactive component.

The detection in tumor tissue of reverse transcriptase (RT) activity suggests
the presence of RNA tumor virus genetic information. Extracts of 20 human
placentas examined contained RT activity. Electron microscope studies
detected virus-1ike particles in the trophoblast layer of 7 of 19 human
_placentas. The enzyme activity was not neutralized by antisera against the
RT of the known primate, feline, or murine type C viruses. The virus has not
yet been propagated in cell cultures.

Human Teukemic cells were probed for the presence of antigens related to

simian sarcoma virus (SSV-1), previously isolated from a woolly monkey. No
evidence of antigens related to the p30 or gp45 virus polypeptides was found.
However, nucleic acid sequences related to the virus nucleic acid weré reported
to be present in specimens from some patients with acute myelogenous leukemia.
A glycorpotein with m.w. of 55,000 daltons detected in membranes of human
chronic granulocytic leukemia cells appears to be related to a minor antigenic
determinant on the gp71 of the Friend murine leukemia virus.

Considerable work has been done to characterize. the protein products of RNA
tumor virus genetic expression. Many gp70 MulLV envelope glycoproteins were
isolated from viruses purified from sera and excretions of several classes of
related virus envelope proteins. More than one type of gp70 could be isolated
from a single mouse strain, depending on the anatomical site or origin. Thus,
virus-specific cell surface antigens have been identified which may be
important in identifying preleukemic cells and in immunoprophylaxis.
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specific subunits of the internal structure of the Type C RNA . tumor
Tuses. One type of group-specific antigen is common only to the viruses
f°a particular animal species (species specific) and has now been
onstrated in the embryonic tissues of most mammalisn and avian species.
1i's suggests the possible role of these viruses in normal cell growth

d differentiation as well as in the induction of malignancy.

y recently, a second group antigen associated with Type C viruses has

cen demonstrated. Preliminary evidence would indicate that it may be
.interspecies-specific group antigen in that it is present and common

ng the Type C viruses of 3 mammalian species, the mouse, cat, and

anster, but not the chicken. Furthermore, this antigen has been detected in
ighly congentrated extracts of cells from two different human tumors, one

of which has at times produced small amounts of a virus resembling animal
Type C particles. If confirmed, the implication of this finding is cbvious--
a formidable probe for the presence of Vvirus or viral genetic material in
human cells has been developed. '

. Projecting that Type C viruses will be found to be as ubiquitous in man
.~ and other vertebrates as in mice, chickens, and the cat, the hypothesis

- is proposed as a unifying theory consistent with the phenomena of radiation
and chemically induced cancer as well as the predictable occurrence of
spontaneous cancers_ that develop in various populations of animals, including
man. An exciting consequence of this theory, even if it is found to
hold only for a limited mumber of cancer types in man, is the prediction
that a new approach may become available for the control of these cancers,
namely the delineation of factors responsible for both derepression and
‘repression of virus expression. :

. A somewhat different approach has been based on the premise that tumor

- cells containing a common antigen may indicate a. similar viral causation.
In examining the tissues from various human sarcomas, particles resembling
known animal Type C viruses were found in at least one liposarcoma. With
continued culture of the tumor, particle production ceased, but immmologic

- tests using the serums of sarcoma patients revealed that the cells still
contained a substance (an antigen) which appears to be present only in
sarcoma cells (sarcoma-specific). A high incidence of serum antibody to
Sarcoma antigen was found in patients with various types of sarcomas
and their close associates; a significantly lower incidence was found in

- normal serums. The data suggest that a viral ‘agent may be the causative
factor in this disease. Hopefully, continuing studies will establish a

- more definite relationship of the antigen to this disease.

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

i

2 : , :
§ : :_.:IHCI‘easing evidence has accumulated to substantiate that the genetic

% Material of Type C RNA viruses can become integrated into the host-cell
DNA (mammalian genetic material). A dramatic breakthrough in the
Mvestigation of the biochemical pathways of tumor virus infection and
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| - replication has been the demonstration that RNA viruses contain enz’y:hes
' called polymerases which can divect the synthesis of DNA by the hosticell,
In rapid succession many investigators found that one of these enzymes
(RNA-dependent DNA polymerase) is associated with all of the inown RNA
Type C Tumor viruses. Viruses that cause leukemias or sarcomas inj |
chickens, mice, cats and hamsters, as well as breast cancers in mice; rats,
and monkeys, have been shown to contain polymerase activity. By contrast,
well-characterized, non-tumor producing viruses do not centain thiz activity,
. This research has resulted in the development of new, extremely sensitive
x methods for the detection of RNA rumor viruses in human cancer. Adsays
for the polymerase enzymes exceed by 100-fold the sensitivity of electron
microscopy and are capable of detecting viruses which are present either
In latent form or as whole virus particles. ' L

i

_ : i

Intensive investigations have now revealed polymerase activity in cells

of patients with acute lymphoblastic leukemiz; more preliminary evidénce

has shown the enzyme 1s in cells of sarcomes, Burkitt's lymphoma and‘

breast cancer. Since the RNA-dependent DNA polymerase 1s apparently,

always present in the RNA tumor viruses of animals, its discovery injthe

human tumor ¢slls offers good suppertive evidence that viruses aTe associated

with cancers in mafi. The RNA-dependent DNA polymerase of human 1eyﬂ<,émia

cells is inhibired by a drug, n-demethyl rifampicin, which zlso inhibits

the enzyme activity found in the Type C RNA tumor viruses of animajsl

Studies are underway to explore the ac¢tion of this drug and the various

modifications of it. These investigations could provide new approgches to

the treatment of malignancies in man. 1 i
|
!

"Type B'' viruses causing breast cancer in mice possess certain properties
in common with Type C viruses, such as having genetic material of the

TNA type and being transmitted from perent to offspring along with:the
normal penetic inheritance. But they also differ in: (1) the mammer in
which the micleoid is formed during virus reproduction; (2) the fizge] details
of their ultrastructural sppearsnce; and (3) transmission in infacltif:us
form, under naturzl conditions. b

Type B Particles

i
y

The potéutial existence in humens of an Infectious breast cancer virus
similar to that of mice, together with epidemiological evidence of |
lclustering” of breast cancer in some uman families similar to thp,t}
observed in the ezrliest studies of camcer in mics, led To systemafic
viral studies on this hman disease. Particles resembling the Type
virus of mouse breast cancer have been observed in 40% or more of milk
specimens from women witl breast cancer, as well as from heslihy women of
high-risk populations (high-breast-cancer-families, inbred Parsi sect of
Bombay, India), as compared with a frequency of cnly sbout 6% for specimens
from %ealthy women. of the general p ation. Similar particles‘h'awl‘e also
been ohssrved in two tissue culture lines of human breast cancer that have
been successfillly grown in the laborstory. More recent studies of one of

|
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these cell lines have revealed additional evidence consistent with presence
in the cells of an RNA tumor virus: the presence of the RNA-dependent DNA
polymerase, the interspecies antigen.. : :

Breast cancer occurs in about 4 to 5% of American women. It is the most
prevalent and responsible for more deaths than any other type of cancer,
not only in American women but also among women of several other countries.
Because breast cancer ‘occurs 2 or 3 times more frequently in some families
than in others it is strikingly similar to observations made on breast
cancer of different populations of mice. These animal studies led to

-unequivocal evidence of the association of a virus and the demonstration

that an infectious form of it is transmitted through milk. One of the
major objégtives of the SVCP is now the detemmination whether an agent
similar to that of mice is responsible for the unusually high incidence

of breast cancer in certain human populations.

Herpes-type Viruses

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

definitive characterization of the HTV.

Considerable interest has developed in the herpes group of viruses as
cancer-causing agents in animals and man. Herpes-type viruses have been

‘shown to induce kidney carcinomas of the frog and to be causally related to

lymphoproliferative diseases in chickens, monkeys, marmosets and rabbits.
Projects within the Program have focused on the significance of the
Epstein-Barr virus (EBV) from Burkitt's lymphoma and postnasal carcinoma
and Herpesvirus hominus type 2 (HSV-2) from cervical carcinoma.

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

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

EBV infection has been associated with the development of infectious

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

Several facts make EBV suspect as a prime if not a sole factor in the
induction of hematological disease in man. (1) The virus is ubiquitous;
no human population has been found to be free of antibody to EBV. :
(2) The virus is consistently found in association with Burkitt's lymphoma.
(3) Only lymphoid cells appear to be susceptible to infection. (4) Lympho-
Cytes from negative donors have not been capable of continuous cultivation
unless they are infected by the virus. (5) Infected continuous cell

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

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

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




;- Projections:

Based largely on the recent findings from work conducted within the
Scial Virus Cancer Program, the following broad areas of research
will be developed and/or expanded: (1) Virus (or viral antigens) -
or relationships, (2) Molecular studies, (3) Immmologic studies,
§)Test systems,and (5) Resources. :

1. Virus (or viral antigen) - tumor relationships

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

b. Human Studies. Efforts to identify viruses or detect virus
expression in human tumors are underway. The Program is now
prepared to broaden its activities to search for candidate
viruses or subviral products which induce human malignancies
as follows: ' '

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

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

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

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

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

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

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

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

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

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

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

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

a. Basic studies

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

b. Applied studies

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

as follows:

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

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

(3) To develop a rational basis for therapy or prevention
by exploring various approaches to blocking of viral
Teplication and/or tumorigenesis at the cellular
and subcellular levels. The therapy could be
directed at any or all of the stages of cell
transformation beginning with cell infection by a
tumor virus.
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for detection and characterization of tumor viruses, viral antigens

‘Ultimately these studies will Tequire an exhaustive effort

to develop drugs, anti-enzymes, gene repressors or inhibitors
effective at the molecular level. . o

Immmological Studies

Inmuﬁologic research has provided extremely sensitive techniques
and changes in surface membranes of tumor cells. Indeed, such ’
efforts have contributed to an understanding of the role of
immmological mechanisms in host-tumor and host-virus interactions
which ° rovide an approach to the prevention and treatment of
cancer. S S

‘a. Basic _' studies. Investigations of selected model systems,

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

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

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

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

of cancer.

b. Applied studies. Basic research will provide the framework
for identification and characterization of viruses, viral
antigens, and cell membrane alterations in human cancers.
Immumological methods and reagents will be developed and

applied:- :
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(1) To relate candidate human viruses to known oncogenic
agents. ' . ,

' ; (2) To identify and characterize interspecies viral antigens
e N which are present in known mammalian tumors, and therefore,

could provide the basis for a formidable probe to detect
human tumor viruses or viral antigens. '

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

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

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

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

(2) Determination of the 'role of host immme responses
in tumor recognition and rejection. '

(3 Appliceition_ of (i) and (2) in the prevention and control
‘ of human cancer. .

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

(1) Immmodiagnosis and seroepidemiology

(2) Clinical studies on the role of immme mechanisms' in
human cancer : :

3 Immmotherapy

(4) Vaccines (conventional or other)

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

4. Test Systems

In vitro and in vivo (animal) test systems will be carefully
selected to evaluate the work outlined in the previous research
areas; specifically: (a) to determine the oncogenic potential
of candidate human viruses; (b) to develop bioassay systems
_ for testing viral, and viral/chemical carcinogens; (c) to begin
{ . vaccine {conventional or other) testing and immmization programs;
i (d) to begin therapy testing programs; and (e) to explore
special animal tumor systems with particular relevance to human cancer.
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., Resources -

Well-characterized cell culture lines and virus-defined animal stocks
(small mammalian and primate species) will be developed and maintained.

ks

Research efforts will undergo continual change in emphasis and scope

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

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

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

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

Office of Biochazards and Environmental Control

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

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

the role of Immmocompetence in oncogenesis; (2) to define biochemical
factors which might lead to the induction of malignancy and how best to
-detect and modify these inductive changes; and (3) to develop in vivo -
and in vitro systems to assess the host response to physiological imbalance.

A sensitive and reliable system to culture mouse lymphocytes, responsive
to specific and non-specific antigenic stimulation has been developed.
Hormones associated with normal physiological functions have been shown

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

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

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

and personnel contamination control. Similarly, they collect and evaluate:
information pertinent to biological safety and evaluate methods for handling
potentially hazardous agents. This approach has resulted in improved
performance of biological barriers and has served as a basis for
developing more efficient and safer operating procedures. Thus, more
flexible and safer laminar flow cabinetry is currently under fabrication
and will undergo in-use testing. Physical tracer systems are being
developed to aid in the evaluation of dynamic containment equipment to
assure proper use of facilities and to maintain a high level of laboratory
safety practice. ,
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SUMMARY REPORT

Office of Program Analysis and Commtmications
Acqu151t1on, management analys:Ls and dissemination of Program data
within the SVCP are the major activities in PAC. These efforts fall
under the two general areas of: (1) data management and statlstlcs,

and (2) scientific information storage and retrieval.

'-' Data management and statistics

R

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

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

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

4. Promotes compatible automated systems and codes in a multi-institutional
- plan for a comprehensive clinical and laboratory information storage system
~ for specimens and donors. The goal is a central specimen 1nventory at

NIH to enhance the resource potential of the many large ‘specimen reposi-
'torles throughout the country.

5. Maintains a system of regular progress reporting from all SVCP research
contracts; compiles and distributes summaries of reported progress to
program sc1ent15ts.

Scientific information management

The Information Unit of PAC continued to focus on scientific information
 retrieval and its dissemination to program scientists. Sources of data
 are current publications in the field of viral oncolocy; and- other

notifications and summaries of current research projects in ‘the field.

Major contributions of the Information Unlt in FY 1971 were as follows

1. BlbllOUTaph]_C Semce The automated systems for rapid search,
dentification, and reference printouts, covering any desired subj ect
in the publlshed literature on viral onc:ology was malnta:med

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

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

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

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

one volume the instructions-to-authors. from a majority of pertinent
scientific journals. It is a reference aid for research investigators in

writing papers and also for the secretaries who type them. Compilation

will be updated and ex-pandedvperiodically'.

_ Other résponsibilities of the Information Unit are: administration of
library facility; collection and distribution of translations of foreign

publications in viral oncology; maintenance and lending of recorded tapes
on NIH seminars related to viral -oncology; and continuous compilation

of the SVCP bibliography containing citations to all papers published

by viral oncology staff members and contractors. _
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SUMMARY REPORT

Office of the Coordinator for Ultrastructural Studies

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

It is important to determine the frequency of the naturadl occurrence

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

Dr. Dalton in collaboration with Dr. J. Szakacs, St. Joseph's Hospital,
Tampa, Florida, Dr. U. Heine, Dr. D. Ablashi, and Mrs. J. Kondratick

and T. Ben (all NCI) has studied 18 tissue culture isolates from biopsies
of human solid tumors for the presence of virus particles. Seventeen
cell lines were obtained from these isolates; most lines are fibroblastic
in appearance, a few are epithelial-like, and two are suspension cultures
resembling the Burkitt lymphoma and human leukemia cultures. One lymphoid
cell line, upon co-cultivation with WI-38 cells yielded a cytomegalo

4 virus isolate. The virus was characterized by ultramorphological,

:’E biophysical and immmological studies. The other cell lines were negative
£

4

for virus particles.

. Dr. A. Bader, in collaboration with Dr. H. C. Orr, DBS, has examined tissue
cultures from a naturally occurring fibrosarcoma in a rattlesnake with the
electron microscope for the presence of virus particles. Neither the
cells nor tissue culture fluids contained any virus particies.

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

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

Dr. Suskind déveloped quantitative autoradiographic techniques, using ,
tritiated RNA, DNA and Actinomycin D, at the level_of light and electron

particulate’ material, i.e., particulate nuclear and cytoplasmic structures,
with cellular function. Morphologic cbservations combined with biochemical
findings provided evidence that a) 45 S RNA is contained in the fibrillar
nucleolar material, b) perichromatin gramiles may represent the -
morphologic entities containing messenger RNA and c) the arrest of RNA
transfer from the nucleus. into the cytoplasm results in the breakdown

of polysomes and their Teplacement by monosomes.,

Dr. Dalton has been responsible for the organization of two monographs
in the series "Ultrastructure in Biological Systems' and an Atlas on
the ultrastructure of viruses. One hundred twenty-two applications for

duty free entry transmission electron microscopes, Scanning electron

As a resource for ultramorphologic studies the tissue culture unit
established new cell lines of human origin, chick embryo cells for
membrane studies and for autoradiographic and ultramorphologic examinations.
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" In addition to the support of the electron microscope activities,
special photographic work was done for the office of the Director
(Dr. Baker), the office of the Associate Scientific Director (Dr. Moloney),
the office of the Scientific Coordinator for Viral Oncology (Dr. Bryan),
and for other sections and branches within NIH (Dr., Manaker, Dr. S. Stewart,

Dr. Nomura, Dr. Nirenberg).

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

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

The Viral Leukemia and Lymphoma Branch conducts research designed to
elucidate the role of viruses in the etiology of human ‘neoplasms, particular:
leukemias, lymphomas and sarcomas. A variety of scientifie approaches are
used which provide a broad base of knowledge applicable to the identificatio
and isolation of human oncogenic agents and the prevention or control of the
disease as it occurs in man. More specifically, the Branch encompasses &
range of scientific disciplines including molecular biology, genetics,
immunplogy, biochemistry,vpathology and cell culture techniques.

The Section of Molecular Biology secks to obtain comprehensive knowledge of
the biology and biochemistry of sarcoma and leukemia viruses and conducts
quantitative studies on the interaction of oncogenic viruses and cells to
determine the mechanisms of viral replication and cellular transformation .
at the molecular level. The Section of Viral Pathology studies the biology
of the RNA-containing oncogenic viruses using a combination of in vitro and
in vivo techniques; thus, animal species and tissue culture systems are ,
infected with leukemogenic and sarcomagenic . viruses to elucidate the role

of the host in viral propagation and tumor development. The Section of
Immunology examines the antigenic nature of oncogenic viruses and the
induced tumors as well as the immune response of the host to viral infection
and tumor development. The Section of Tumor Viruses is concerned with
defining in detail the biological and biochemical properties of tumor viruses

- in order to understand how they may be applied to the search for human tumor

viruses. A "helper" assay to "rescue” oncogenic virus information is
currently being applied to human cell systems. The Section of Genetics is
concerned with genetic factors of both the tumor virus and the host it
infects that are involved in the oncogenic process. ‘Particular emphasis

is placed on viral genes involved in oncogenesis and cellular "susceptibility
genes, particularly those genes of man that predispose individuals to the
development of cancer., The Office of the Chief coordinates the research of -
the various sections by recognizing the scientific freedom of the individual
investigators. - The office is responsible for establishing collaborative
efforts with investigators in other areas of NIH and elsewhere such that
information derived from studies within the Branch is constantly being
applied in investigations leading to 2 better understanding of the etiology
of human neoplasia.. : '

One of the most important findings in the tumor virus field in the past
year has been the discovery that certain RNA tumor viruses carry, in the
virus particle itself, enzymes that are capable of transcribing the viral
RNA back into DNA:; These observations lead %o the possibility of using
extremely_sensitive4bieehemieaiiprdhss~mjﬁ§§ﬂﬁﬁrﬁﬁﬁrévidence of viral
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etiology of cancers, and especially, cancers in man., Some of the potential
applications to the etiology and control of human cancer are:

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

o, The use of highly effective synthetic tempiates and optimal enzymatic
condi’cions to seareh for tumor virus specific enzymes in human tumor cells.

3. The use of the tumor virus polymerase and human tumor cell polymerase
to screen for specific inhibitors that may be used as possible chemotherapeutic -
agents (e.g., rifampicin derivatives prevent the synthesis of DNA from RNA
by the vigal polymerase).

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

" A1l of the above approaches are being actively followed by members of the
 Viral Leukemia and Lymphoma Branch. One of the major concerns was to answer
whether the enzyme is specific for tumor viruses and whether it is specific
for tumor cells. All "C" type and "B" type oncogenic viruses tested have
“been found to have DNA polymerase as detected both by an endogenous reaction
_~and by a synthetic polymer-stimulated reaction, using such templates as
poly rA-rU, poly rI.rC and poly rA.dT. The species that have polymerase-

- containing virions include the mouse, rat, hamster, cat, chicken and monkey.
A variety of non-oncogenic viruses that, like the oncogenic viruses, develop
by budding from the plasma membrane, have shown no evidence of this enzyme
_activity; these include influenza, Newcastle Disease Viruses, reovirus,
Vesicular Stomatitis Virus, poliovirus, respiratory syncytial virus, Sendai
virus and such common infectious viruses of man as measles, mumps, and
rubella. This survey indicated a very strong assoclation between presence
of the engzyme and oncogenic potential of the virus. However, two excertions
were found. The first is visna virus, a virus of sheep which produces &
chronic, progressive, neurologic disease but has,; heretofore, not been
associated with malignancies in sheep. The second major elcceptﬂ on are the
‘group of "foamy" viruses. These can be commonly isolated from monkeys,
cattle, and cats and have also been isolated from hamsters. These viruses,
though latent, have not yet been associated with any disease. Studies in
this Branch by Drs. Edward Scolnick and Stuart Aaronson in conjunction with
Dr. Wade Parks of the Viral Carcinogenesis Branch have established that the
foamy viruses are RNA containing viruses that, like the tumor viruses,

appear to replicate via a DNA intermediate. RNA dependent DNA polymerase
has been found in the simian "foamy" viruses and also the bovine, hamster

and feline "foamy" viruses. The finding of this enzyme in this long
neglected class of viruses raises the possibility that they may be invclved
- in the oncogenic process. Since they are extremely common in primates, a
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study of their biology, biochemistry and epidemiology appears to be indicated.
Visna and "foamy" viruses at the moment, then, appear to be exceptions to

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

Work in the Viral Leukemia and Lymphoma Branch established that the enzyme
is located in the nucleoid of the virion and the antiserum directed against
the polymerase could inactivate the enzymatic activity. The use of purified
gamma globulin to inhibit the rate of the enzymatic reaction appears to
-offer an extremely sensitive test for detecting antibody and the combined
disciplines.of immunology and biochemistry are being utilized to see if
this apprbach can be extended to detection of antibodies to tumor wvirus
enzymes in human serum. C ' :

Other ReSearch Developments in the Branch

The development of continuous, contact-inhibited mouse cell Iines from
Balb/c and NIH/Swiss embryo cells has provided excellent model systems for
study of the effects of tumorigenic viruses both in.vitro and in vivo,
These cell lines are supplied to numerous investigators throughout the
world, and are becoming the standard cell lines for biochemical and
biological investigations of cellular growth control mechanisnms,

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

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

A potent murine sarcoma virus (MSV) isolated from a spontaneously arising
mouse tumor was found to have properties similar to those other well
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so induced produce a wvirus that is antigenically related toutﬁ@ mouse “vi
but is apparently non-infectious. .The sarcoma genome can be Tescued from
the hamster tumor cells. The hamster derived virus contains TOS RNA ang .
has a density of 1.16 but is deficient in RNA-dependent DNA DPolymerase, and
does not contain gs-3. Preliminary data suggests that the virus is a sarcomg -
virus produced in the absence of detectable leukemia virus of either marine

or hamster origin. ' :

~Poly I - Poly C, a potent interferon inducer, has two actions in MSV tumor
induction. Pretreatment with small doses greatly enhances MSV induced

" tumors, while repeated injections of large toxic doses suppress tumor
formation.- Poly I.C and MLV enhance the appearance of antibodies to RNA

in New Zeeland mice. Pre-immunization with Poly I-C retards the appearance
of natural and MLV induced antibodies. The data indicates that the mechanism
of production of antibodies to RNA following inoculation of MLV is similar
to that operative in the natural state: ~DEAE~dextran enhances MSV both in -
- vivo and in vitro. In both cases the enhancement is approximately tenfold.
- The in vivo effect is seen both after local and systematic administration

.- of ﬁﬁZE-dextran. : '

The relationship between age, autoimmune status and susceptibility to MSV

has been studied in New Zealand mice of various ages. While old and young -
NZ mice are equally susceptible, old mice have considerable difficulty in
regressing their tumors. This effect is seen prior to the appearance of
autoimmune disease, indicating that immune depression precedes the appearance
of autoimmunity. Weanling New Zealand mice can regreéss MSV induced tumors

‘at a considerably earlier age than other strains, indicating early appearance
of immunologic competence. _ . o ‘ e

Improved biochemical methods for fractionation and separation of murine
“leukemia virus -antigens have been developed.  Both major and minor antigens -
have been found. Methods have also been improved to purify and separate.

" the antiviral antibodies from other serum antibodies and proteins. The

goal of these studies are to produce monospecific antibodies to each of

the viral structural proteins and each of the viral enzymes.

. Efforts continue toward the ‘isolation of viruses or antigens specific %o
.~ human and feline breast cancer using the murine MTV model system. Two
‘human and two feline cell lines are under study. Serologic tests (HA, HAT,
ID and neutralization) were adapted this year to the identification and
- quantitation of feline leukemia virus and antibodies. Tests to monitor
- ‘cytotoxic antibody and cellular immunity were also developed.  Experiments
~are in progress to develop cellular hyperimmunization protocols against
: Oncogenic viruses and tumor antigens. Tests of 375 patient sera for HAT
entibodies against FelV, MIV and RLV showed that about 20% of the patients
react with these viruses. There was no pattern of association of antibodies
O any virus and a given diagnosis. Yet, certain human sera appeared to
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mrelrtteauce. or.these tindings is being actively studied,

thhddsfiéﬁe?ﬂéeﬁ’devéloped which greatly increase the sensitivity of
deteétiOnrof.the;viral-RNA dependent DNA polymerase using synthetic'templates

With manganese as the divalent cation. T+ has been possible to disrupt the

tumor virus and to partially solubilize it, Polymeraseractivity is associate
with the internal core of the Virus. Certain antisers to RNA tumor viruses

an'antibody,which 1nhibits the viral polymerase of several mammalian C-type
RNA viruses but do not inhibit the Polymerase of avian C-type RNA viruses
or the polymerase of the mammary tumor virus. _

Syncygium forming ("foamy") viruses of several species including'the_primate,

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

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

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

Inhibitors of the tumor virus Polymerase are being tested for their ability
to inhibit virus replication ang transformation. Certain rifampicin
derivatives have been found to be 50-1.00 times more active than N-demethyl
rifampicin in in vitro assays using the purified mouse leukemis virus
polymerase, ) :

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

and controls. Cells from the patient and his identical twin were used as
sources of antigens directly and materials were also placed in tissue
culture. Skin fibroblasts from family memberg were tested to determine
whether any genetic factors could be associated with acute leukemia,
Electron microscopy and immunofluorescence, using antisera against Rauscher
and feline leukemia virus, would be wtilized to determine whether any of
the antigens detected by cellular immuinity tests were related to any known
animal leukemia viruses. .An antigen which appears to be g leukemia
associated antigen was detected in five of seven sets of identical twins.
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-The study of identical twins will continue in an attempt to more carefully
define the specificity of the leukemia associated antigens and the immumne
response of humans to these antigens. New tests will be applied to the
study of twins as they are developed. Since these families are ideal for
the study of genetic and immunological susceptibility, more identical
twins will be sought for study. -

A study of the effect of UV irradiation of the DNA tumor virus, SvLo 5. On
the survival of its viral functions in mouse and human cells has revealed
that the viral functions for T antigen and transformation show comparsble

. UV sensitivities but that the virion or V antigen is much more UV sensitive.

The UV survival of SVLO functions in normal cells and cells from patients
- with xeroderma pigmentosum (XP) -have been compared. In this disease, cells
*" lack the ability to repalr UV damage to cellular DNA. The results show

" that normal cells have thf ability to repair UV damaged virus while XP cells
do not. : e — : ’

A large scale écreening program is underway to test human fi'broblé,st cells
from patients with a variety of diseases associated with a high incidence
of tumors for their susceptibility to trans