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i.. SPECIAL VIRUS CANCER PROGRAM (SVCP)

Introduction:

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

Contract supported research is conducted within the Viral Oncology Program
under the Special Virus Cancer Program (SVCP) whose primary objectives are:
(L) to determine whether viruses comparable to those 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
oI 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
4nnual Reports of the NCI. In the eight-year history of the Special Virus
Cancer Program, the National Cancer Institute has sponsored extensive
research on the role of viruses as etiologic agents of cancers of man. The
Program has succeeded in marshaling many of the nation's finest virologists,
biochemists, immunologists, molecular biologists, epidemiologists, and
physicians for this strongly goal-oriented 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. Having provided the broad operational management and funds—-the
budget has risen from $10 million in 1964 to a projected $46 million for
1973--for an integrated contract program of international scope, Program
leaders are confident that the objectives will be achieved.

The SVCP is changed, refined, and evaluated by the Science Management Team
and its key advisors. The Program plan has undergone considerable revisions
since its inception. This year the Research Logic Flow Chart was extensively
revised and updated. It is based on the premise that a virus or viral
genetic information persists in the diseased individual and is an indispens-
able element for the induction of certain kinds of human cancer. The Program
plan is reviewed regularly by the Director, NCI; Scientific Director for
Etiology, NCI; the National Cancer Advisory Board; The Scientific
Directorate, NCI; and the Etiology Program Management Group, NCI.

2. Organization:

a. Viral Oncology Area. During the previous reporting period the Viral
Oncology Area was reorganized into a structure that has permitted more
effective use of scientists and facilities. This year one new Office was
established within the Office of the Associate Scientific Director for

Viral Oncology: the Office of Program Resources and Logistics. This change
was effected with existing personnel, space, and funds.




This Office and its standing Advisory Committee have been given the task

of implementing and coordinating contracts awarded to provide resources for
both intramural and collaborative research and has assumed the responsi-
bilities of the former Program Resources and Logistics Working Group, a
Segment within the Special Virus Cancer Program. In the coming year, it

is anticipated that a prime contract will be established to assist this
Office in maintaining and substantially expanding the resources and inte-
grated logistics support for the Area.

The specific functions of this Office are as follows: Plans and maintains
a program to anticipate and meet the needs of the Viral Oncology Program
(in house and collaborative) for resources and logistics support. Insures
optimum use of government funds through careful selection of contractors,
periodic review of contractors' performance, and management of collabora-
tive research contracts. Documents all aspects of the resources and
logistics program. Prepares an annual catalog which lists and describes
the research resources available to the Program. Develops in collaboration
with the Office of Program Analysis and Communication, a computerized
central inventory for the sera, cell cultures, and human cell and tissue
specimens acquired by the Program. Insures that research resources are
always available for use by laboratory investigators.

Members of the Program Resources and Logistics Advisory Group are:

Dr. Jack Gruber, Chairman
Dr. Robert Bassin, NCI
Dr. James Duff, NCIL
Dr. Robert Goldberg, NCIL
Dr. Robert Holdenried, NCI
Dr. David Howell, NCI
Dr. Garrett V. Keefer, NCI
Dr. Timothy O'Connor, NCI
Dr. Wade Parks, NCI
Dr. Gary Pearson, NCI
Dr. Deward Waggoner, NCIL

The Viral Oncology Area is organized as follows: The Office of the
Associate Scientific Director for Viral Oncology includes four Offices:
The Office of the Coordinator for Ultrastructural Studies with a Viral
Studies Section; The Office of Biohazards and Environmental Control with
two section, the Biohazards Research Section and Environmental Control
Section; The Office of Program Analysis and Communications with one Infor-
mation Unit; and The Office of Program Resources and Logistics.

The Viral Biology Branch includes six sections; Cell Biology Section,
Electron Microscopy Section, Microbiology Section, Experimental Pathology
Section, Human Tumor Studies Section, and Virus and Disease Modification
Section.

The Viral Leukemia and Lymphoma Branch includes the Tumor Virus Section,
Immunology Section, Viral Pathology Section, Genetics Section, and Molecular
Biology Section.



The " Zral Carcinogenesis Branch includes the Ecology and Epizoology Section,
w.t- the Field Studies Unit; the Solid Tumor-Virus Section; and the Viral
~zretics Section, with the Serology Unit, and the Trailer Unit.

—. 5Special Virus Cancer Program

The Special Virus Cancer Program is currently composed of 5 working segments:

Jevelopmental Research Segment, Immuno-epidemiology Segment, Biohazards

~ztrol and Containment Segment, Solid Tumor Virus Segment, and Breast Cancer

“irus Segment. Since the last reporting period, three working group segments

were terminated: The Immunology Group, the Special Animal Leukemia Ecology

Studies Segment, and the Program Resources and Logistics Segment; and a new
=gment: The Immunology-epidemiology Segment, was established.

September 28, 1971, the Immunology Group which had served on an ad hoc
basis to review and manage contract proposals of an immunological nature
Zor the entire Etiology Area was terminated. It was expected that other
review bodies in this Area would then assume these responsibilities. On
September 29, 1971, at the request of the Associate Scientific Director for
Viral Oncology, the Scientific Director for Etiology approved the formation
of a new segment known as the Immuno-epidemiology Segment. Contracts relat-
ing to the goals of the Special Virus Cancer Program were transferred to
this Segment, whose mission is as follows: To develop and improve immuno-
logical techniques relevant to the determination of the etiology of neoplasia
and its detection, prevention, and treatment; to apply the information
gained from these studies to human cancer, with specific reference to the
detection, prevention, and treatment of human tumors, especially those of
possible viral etiology.

Because the mission of the Special Animal Leukemia Ecology Studies Segment

was successfully accomplished, this working group was terminated on October 1,
1971. In existence since the inception of the Program, this working group

was responsible for conducting research on the etiology of animal tumors

and their possible interrelationships to man. Over 100 viruses known

to cause tumors in vertebrate species were discovered and characterized;
evidence for a causal relationship between animal tumor viruses and human
cancer was entirely negative. Contracts within this segment were distributed,
therefore, to other working groups to provide for better coordination and
integration of studies on model systems with research on the viral etiology
of human cancer.

On March 1, 1972, the responsibilities of the Program Resources and Logistics
Segment were transferred to the Office of Program Resources and Logistics

in the Associate Scientific Director's office. The reasons for this change
are given in Part B, item 1 of this report.

With the advent of many new immunological and biochemical methods for the
detection of viral antigens and/or viral activity within cells, it is
anticipated that in the next year a new segment, the Tumor Virus Detection
Segment, will be established.




Program Management

Segment Chairmen. The program segment chairman is responsible for planning
the projects in each working group. As a senior scientist, he must review,
analyze and integrate studies which fulfill the objectives of his working
group and the total Program. The chairman is aided in this task by a
vice-chairman, executive secretary, and working group members composed of
intramural and extramural scientists.

Project Officers. The project officer is the direct extension of the
program segment chairman. To assure progress in accomplishing the goals
set forth in the workscope of a project, he is called upon to advise the
principal investigator on scientific matters and inform him of segment
and program decisions.

Executive Secretaries. The executive secretary assists the segment chair-

man and project officers in managerial duties of contract operation. He is
responsible for optimal review and documentation of each project within the
working group.

Contract Specialists. The contract specialist is now responsible for
negotiating research contracts. He provides valuable advice on fiscal
and legal matters to the project officers, executive secretaries, segment
chairmen and Associate Scientific Director. Some specialists are well
conversant with the scientific aspects of the Program.

Working Groups. The program segment working group is the basic review

unit for the Program. Composed of both intramural and extramural scientists
and chaired by a senior NCI scientist, the group reviews individual con-
tracts or proposals for scientific excellence and technical competence
within a given funding level. Its recommendations provide the Segment
Chairman, Associate Scientific Director, and the Scientific Director with

a basis for program decisions.

Contract Review.

The projects within the total Program are reviewed, both formally and
informally, at three levels:

(1) Each contract is reviewed for relevance, priority, and need to total
Program at the Program Segment Chairmen's meeting.

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

(3) Each contract is reviewed for performance by the Project Officer.

As an aid to the review processes, key staff members receive progress
reports on all contracts on a triannual basis. Collection and distribution
of these reports is the responsibility of the Office of Program Analysis
and Communications. A single comprehensive report is prepared annually

by the Associate Scientific Director.
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3. Scientific Activities

The summary reports of the Office of the Associate Scientific Director
for Viral Oncology and of the Offices and Branches within this Office
are presented in the following sections. Highlights of these reports
demonstrate that the Viral Oncology Area through its intramural and
collaborative research programs has already provided a broad base of
information on the characteristics of tumor viruses and is applying
this knowledge to the isolation and identification of human tumor
agents.

SUMMARY REPORT

Introduction. A considerable number of viruses are known which either
directly or indirectly cause tumors in different vertebrate species.
Many of these replicate in cultured human cells, and some cause cellular
transformation. Since the RNA viruses are responsible for many natur-
ally occurring tumors in animals, this group is most likely to be the
cause of some human neoplasms. Although no virus has yet heen proven

to induce human cancer, it would be unreasonable to consider man to be
the exception. Certain DNA viruses may also be involved in oncogenesis.
Herpesviruses, in particular, are known to induce lymphoproliferative
diseases in several animal species. The close association of these
viruses to human malignancies suggests that they may play a causal role
Or act as necessary co-factors in tumor formation.

RNA VIRUSES

Characteristics. RNA tumor viruses have a number of similar biological
and biochemical characteristics. They are widely distributed in ver-
tebrate animals: the chicken, snake, mouse, rat, hamster, cat, cow,

and non-human primates. Vertical rather than horizontal transmission

is probably the natural means by which they are perpetuated and may
account for their common occurrence in certain animals. Infections are
not necessarily associated with virion release or the development of
neoplasms. Apparently the information for making a Type C virus can be
incorporated into the chromosomes of the host and is passed on as a
heritable factor. 1In such covert infections, there is only partial
expression of the full antigenic complement of the viral gene and the
infected animal often remains tolerant to these antigens. While activation
of tumor virus expression or infectious virus may occur spontaneously as
a result of aging or following exposure to carcinogens in the environment,
some viruses are defective and require co-infection with another virus
for maturation. The host genes also have been shown to have a profound
effect on the virogenic and tumorigenic expression of RNA virus in

normal tissue. Immunogenetic studies on recombinant inbred lines of

mice have identified the genes responsible for host response to both
exogenous and endogenous virus expression, replication, and tumorigenesis
and for the host range of tumor viruses. The gene responsible for
gs-antigen expression (gs+) of a murine leukemia virus is transmitted

as a simple Mendelian dominant; another has been identified as a
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determinant of virus replication and segregates independently from
the gs-determinant gene.

Each Type C virus, regardless of origin, possesses a major internal
protein of approximately 30,000 molecular weight. This protein (gs-1)
has a species-specific iscelectric point and carries determinant groups
which permit delineation of the species of origin. The specific
reactivity appears to be an invariable characteristic of the virus
regardless of what cell type is used to propagate the virus. The
mammalian viruses also share a determinant, perhaps on this same pro-
tein, which is inter-species specific (gs-3). A third antigen (gs-2)

has been isolated recently but it is not yet well-characterized. Two
group specific antigens of the Type B particles producing murine

mammary tumors (s] and sp) have recently been isolated and characterized.
These are antigenically dissimilar to corresponding antigens of the

Type C viruses. All of these viruses contain 60-70S RNA and an enzyme,
RNA-dependent polymerase which has the property of assembling DNA copies
of viral RNA. The enzymes from the different mammalian Type C viruses
are antigenically related but not identical; those of the mouse mammary
tumor virus and avian leukosis viruses are antigenically distinct. With
the possible exception of certain foamy viruses and viruses producing
"slow diseases', the presence of this enzyme may be unique to the RNA
tumor virus group.

Information on the RNA tumor viruses together with data acquired by
extensive studies on laboratory and feral mice has led to a theory of
RNA viruses as determinants of cancer. It proposes that these viruses
exert their oncogenic action directly on information already present
in all cells, the oncogene. The information carried within the virus
particle (virogene) is transmitted to succeeding generations of cells
in covert form in a normal pattern of inheritance; expression is.-con-=
trolled by host regulator genes and repressors within the normal adult
cell. Derepression, which may occur with advancing age, upon exposure
to environmental carcinogens, or following infection with certain DNA
viruses, results in tumor development and possibly virus release. The
idea is simple: dif all cells vertically inherit oncogenes, transforma-
tion to malignancy depends on whether its oncogenes are switched on;
similarly, the release of an RNA tumor virus depends on whether its
virogenes are also expressed.

The one major criticism of this theory--its difficulty to test--has

not prevented collecting evidence in favor of it. For example, it was
recently shown that apparently normal, gs+ chick cells spontaneously
release a Type C virus which can be classified as an avian leukosis
virus; even gs- cells, following treatment with mutagens (BrdU), and
ionizing radiation, start to release a similar virus. Virus-free clones
of AKR mouse embryo cells on exposure to mutagens, or following trans-
formation with DNA viruses produce a virus identical to one that

causes leukemia of AKR mice. Understanding of the mechanisms whereby
the oncogene is repressed or derepressed offers excellent possibilities
for preventing or modifying virus-induced cancers.
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Relationship to human cancer. The nature of the virus-host relationship
recognized in the RNA tumor viruses demonstrates the difficulty in
establishing definitive associations of viruses to the oncogenic process
in man. Several lines of investigation have been followed: human
populations were studied to determine whether exposure to known viruses
might be a factor in the incidence of cancer; efforts were increased to
detect and recover viruses from tissues of cancer patients; and more
Tecently, investigations were initiated to determine the molecular
pathways for virus replication, integration into the host genome, and
neoplastic transformation.

Studies were conducted to determine whether possession of household
pets influenced the familial incidence of cancer. The ease with which
the feline leukemia and sarcoma viruses infect human cells in culture
suggested a potential hazard for man. Virus has been detected in the
saliva and tissues of leukemic cats, and is present in some apparently
normal animals. Accordingly, surveys were initiated to determine whether
a significant difference existed in the incidence of cancer among
families owning cats and dogs, and those without pets, but none could
be demonstrated. Although no antigens reactive with an antiserum to
feline leukemia virus were found in lymphomatous and non-lymphomatous
tumors of other species including man, further confirmation negating
natural infection of man may be required.

The recent demonstrations of three RNA viruses.in different primate

species may eventually be the best models for the study of the viral
etiology of human cancers. Two Type C viruses isolated from a sarcoma

of a Wooley monkey and from a lymphoma of a Gibbon ape can be propagated

in cell culture in amounts sufficient to provide important immunodiagnostic
reagents. They have a common group antigen and a polymerase with properties
characteristic of tumor viruses, but distinguishable from Type C viruses

of lower animals. Similarly, a spontaneous mammary carcinoma which arose
in a Rhesus monkey was found to contain appreciable amounts of a virus
resembling the Type B particle causing murine mammary tumors. The virus
not only replicates in monkey embryo cells but is infectious for cultured
chimpanzee and human cells. The particles contain a polymerase similar

to that found in RNA tumor viruses. Tests for oncogenicity in the Rhesus
monkey are not yet well enough along to expect results. The finding of
Type C and Type B viruses in tumors from old and new world primates

greatly increases the likelihood that related viruses will also be found

in human tumors.

Considerable effort was expended in the search for RNA viruses which

might be oncogenic for man. Type C viruses resembling those of murine
leukemia were discovered in the lymph nodes and blood plasma of leukemic
patients. Since identification of free particulates as viruses is somewhat
subjective, budding mature forms in tumor cells were sought with limited
success. Although free virus or virus-like particles appeared occasion-
ally in cell cultures, regular release of sufficient numbers of particles
for study was not achieved. A culture originating from a liposarcoma
apparently did release Type C particles, but virus production was not
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sustained. For the past several years, sufficient numbers of observations
reporting the finding of particles similar to the Type C and Type B

in human malignancies have been made to conclude that viruses of these
types may also infect man. The occasional presence of mature virus
particles in human tumors, however, may be the exception rather than the
rule.

With the development of new immunological and biochemical methods to
detect Type C and Type B viruses or virus expression (polymerase activity
assay, radioimmunoprecipitation inhibition assay, etc.), the finding that
thymidine analogs (BrdU) are efficient virus inducers, and recent advances
in molecular biology, the possibility of finding virus or virus expression
in human tumors has increased by several orders of magnitude. Within

the last year alone, four candidate RNA tumor viruses have been isolated
and are being propagated in cell culture: ESP-1, RD-114, "Stewart virus",
and a virus from the milk specimen of a woman with breast cancer. At

the present time only two of these viruses are 'well enough characterized
to describe further. ESP-1 was first isolated from cultures of cells in
the pleural effusion from an American-type Burkitt's lymphoma patient.
Investigations on the true origin of this virus are still under way and
should be resolved soon. RD-114 virus was isolated from culture of a
brain tumor of a fetal cat inoculated with human rhabdomyosarcoma cells.
Intensive studies have already shown that the virus lacks the gs-1 antigen
and shares the gs—-3 antigen of known mammalian Type C viruses; the
polymerase is related to the enzymes of the recently isolated primate

Type C viruses. More data are obviously needed to confirm its human
origin.

The finding that RNA tumor viruses of chickens or mice contain an enzyme
with the property of assembling deoxyribonucleotides into specific DNA

in the presence of an instructing RNA opened a new approach to the study
of virus-induced cancer. Biochemists had known only enzymes capable of
copying the genetic information contained in the nucleotide sequences

of DNA into DNA or RNA copies. Soon it was demonstrated that reverse
transcriptase was present in all the RNA-containing tumor viruses derived
from many different animal species. The availability of substantial
quantities of AMV permitted development of procedures for purification

of this enzyme. It has been purified several hundredfold and shown to
consist of a complex of two proteins having molecular weights of 110,000
and 69,000. The enzyme associated with other cancer viruses has been
purified and shown to have generally similar properties. Many features
of how the enzyme operates at the molecular level have now been elucidated.

Three findings from these studies appear to merit special mention in view
of their practical consequences. First, a simple procedure for simultan-
eously detecting both the unique high molecular weight RNA and the enzyme
reverse transcriptase of cancer viruses has been developed. This simple
and rapid biochemical test provides a method for detecting cancer viruses
and powerfully augments the much less sensitive and slower electron
microscope examinations previously employed. The test has already shown
utility in investigations of the role of viruses in human cancers.
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characteristics which are useful for typing the virus as to function

(e.g. breast cancer, leukemia virus) and species of origin. This finding,
combined with earlier data on other type-specific and interspecies
group-specific antigens of cancer viruses, provides a range of serologi-
cal characteristics for classification of Suspected human cancer-virus
candidates. Third, it has been shown that the reverse transcriptase
enzyme from AMV can be used to prepare DNA copies of the RNA of other
cancer viruses: DNA complementary to the RNA of mouse leukemia virus

and mouse mammary tumor virus has been prepared. The last finding

procedures.

Within the past year applications of these three new procedures arising
from studies on animal viruses have developed significant new data relat-
ing to human cancer problem. About a year ago evidence from electron

mammary tumor virus. It was then shown that the presence of such particles
coincided with the presence of detectable reverse transcriptase activity
in human milk. The procedure was also used to demonstrate the presence

from these studies seem promising,

In a study of mouse mammary tumors induced by MIV, DNA complementary to
MIV RNA, made from MTV-RNA with the aid of AMV reverse transcriptase,
specifically hybridized to the RNA obtained from mouse breast tumors. The
RNA used in these experiments was isolated from the microsomal fraction

of the tumor cells and thus Presumably contained messenger RNA in the
process of being translated into protein. The DNA failed to hybridize

to the RNA isolated from the microsomal fraction of normal mouse breast
tissue. The DNA also failed to hybridize to the RNA isolated from mouse
leukemia virus but did, as expected, hybridize to the RNA obtained from
MTV.

complementary to MTV.
This approach was then extended to the study of human leukemias and

Sarcomas. It was observed that the white blood cells of 24 out of 27
leukemic patients examined yielded polysomal RNA which hybridized to DNA
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complementary to the mouse leukemia virus, but not to the DNA prepared
from unrelated viruses causing mammary tumor in mice or myeloblastosis

in chickens. No control human white blood cells or other adult or fetal
tissues showed significant levels of the leukemia-specific RNA. Eighteen
of 25 specimens of microsomal RNA from human sarcomas hybridized to the
DNA complementary to mouse leukemia virus RNA, but not to the DNA comple-
mentary to mouse MTV.

The above findings suggest that human breast tumors contain functional
genes which are related to the genes contained in the virus known to induce
mammary tumors in mice. Human leukemias and sarcomas also appear to
contain different functional genes related to the viruses known to induce
leukemias and sarcomas in mice and other animals. In each case, the viral-
related genes in the human tumors are functional in that some proteins

are presumably being synthesized. At this time, it is not known if all

the proteins required for production of complete viruses are being syn-
thesized or whether synthesis is restricted to include certain proteins
which are involved in the cancer transformation of the cell. It can,
however, be anticipated that efforts will be expanded in the coming year

to determine the possible implication of both the virus particles obtained
from human milk and the RD-114 virus in human cancers.

DNA VIRUSES

Characteristics. There is also evidence linking the etiology of several
human tumors to DNA viruses, especially those of the herpesvirus group.
As with RNA tumor viruses, diseases of animals have provided useful model
systems. Herpesviruses recovered from wild rabbits, chickens, and higher
primates induce lymphoproliferative neoplasias in their respective hosts
and the association of a virus from frogs with kidney carcinoma is well
known .

In general, herpesviruses can show either productive or non-productive
growth cycles. Cell death invariably accompanies the production of virus
particles and the course of this production is similar for all members

of this group. In common with other oncogenic DNA viruses of animals,
certain herpesviruses stimulate cellular DNA synthesis and transform

cells with finite growth capability into cultures with infinite growth
potential. But, herpesviruses like the RNA tumor viruses also establish
persistent covert infections. There is no definite evidence that they

are vertically transmitted in vivo in a manner analagous to RNA tumor
viruses, but transmission of the genome present in non-productive, cultured
cells to progeny can occur. Activation of virus production also occurs in
"yirus—free" cells after exposure to mutagens (BrdU) and irradiation,
supporting the idea that this group of viruses, although normally cyto-
cidal, has oncogenic potential.

The question has been raised as to whether such herpesviruses produce
their effects by expression of genes different from those involving
cancers induced by RNA containing viruses, or whether such herpesviruses
may indeed not be intrinsically cancerous but produce tumors through an
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aberrant response of the infected host. Such tumors are now being
examined for the expression of viral-related genes.

Relationship to human cancer. Over the past several years,; viruses

of the herpes type have been associated with certain human cancers:
Burkitt's lymphoma, nasopharyngeal carcinoma, Hodgkin's disease, infec-
tious mononucleosis, and cervical carcinoma.

A herpesvirus, the Epstein-Barr virus (EBV), may be a contributing

factor in the genesis of Burkitt's lymphoma. The mode of infection

and site of production of EBV in this disease is unknown. Immunoglobulin
production shows that Burkitt's lymphoma cells are monoclonal in origin,
indicating that the tumor may not be of multifocal origin. A virus cause
of this tumor is suspected because it occurs in high incidence in regions
of Africa favorable for insect-vectored disease. Moreover, cases in
certain areas cluster in time and space. EBV has been regularly isolated
from tumor tissue, suggesting this virus may be the cause of the disease.
Most patients with tumor have high titers of antibody to the viral anti-
gens. However, a large proportion of normal people of all ages have
antibodies to the virus, though usually in low titer. Further studies
have shown that primary EBV infection of young adults caused some forms
of infectious mononucleosis. Therefore, EBV may simply be a passenger
within lymphoma tissue, isolated with regularity because it has a pre-
dilection of the lymphocyte and is widely distributed in humans. Existing
information does not permit resolution of the question, but several
aspects of the association of EBV infection with this tumor support a
more than passive role. The high titer of antibodies in patients with
Burkitt's tumor is not characteristic of other lymphoproliferative
conditions. Even though 95 percent of normal African children may have
antibodies, one would expect that a few tumor cases would be sero-negative
were virus infection not an integral feature of the disease.

The lymphoma patient possesses a greater spectrum of antibodies to the
several antigenic components in virus-infected cells than does the

normal individual. The presence of certain antibodies appears to be
related to the condition of the patient with respect to tumor. Anti-
bodies to the membrane antigens in EBV infected cells as well as pre-
cipitating antibodies fell to negligible titer when a treated patient

was followed during tumor regression and rose when tumor recurred months
later. The recently isolated EBV-induced early antigens (EA) were found
to be more disease associated than the viral capsid antigen. Two antigenic
components were differentiated in the EA complex by indirect immunofluor-
escence tests: the D or diffuse staining complex and the R or restricted
complex. For prognostic purposes, the presence or absence of antibodies
to the early antigens appears to have important implications. The serums
of a majority of patients with Burkitt's lymphoma contain antibody to the
R antigen; the absence of antibodies is a favorable sign.

The response of lymphocytes to infection also suggests that EBV may have
some attributes of the oncogenic RNA viruses. Lymphocytes from EBV nega-
tive donors fail to grow in continuous culture unless they are exposed to
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infectious EBV. This apparent cellular transformation is attended by
chromosomal aberrations, a feature associated with herpetic infections.

Not all long-term lymphoblastoid cell cultures release EBV and may not
contain antigens demonstrable by immunofluorescence tests. Neverthe-

less, the presence of EBV antigens has been detected by serologic tests

and by homology of cellular DNA and mRNA with viral DNA. Such evidence

of covert infection has been extended to biopsies of tumor tissues.

Primary tumor rarely shows any cells positive for EBV by immunofluorescence,
but all tumors examined have contained DNA homologous to viral DNA.. Clones
of EBV positive cells release virus as did the parent culture. Evidently,
the virus genome persists in cells, frequently with minimal antigenic
expression, and is transmitted to progeny during cell division. Thus,
biologically this virus resembles the RNA tumor viruses.

While there is good reason to believe that EBV is involved in the
oncogenic process, its role could be that of an accessory factor. High
antibody titers to virus antigens are consistently found in patients with
diseases other than Burkitt's tumor. These include nasopharyngeal car-—
cinoma, the sarcomatous form of Hodgkin's disease, and some cases of sar-
coidosis. Although examples of a causal relatiomnship between one viyus
and different manifestations of malignant disease are known in avian and
mammalian systems, the situation with regard to EBV is one of apparent
rather than demonstrable direct association.

High EBV antibody titers, at least in some disease states, may be second—
ary to the disease process. In fact, not every individual bearing Burkitt's
tumor has a high anti-EBV serum titer. Tumors of the Burkitt type do occur
in temperate regions. Therefore, some combination of environmental factors
unique to Africa does not appear to be an essential feature in the etiology
of this disease.

1f we assume that infection by EBV primes the cell for neoplastic change,
it is possible to conceive that one or more combinations of environmental
and host factors could interact to promote oncogenesis. Thus, the
association of EBV infection with more than one disease becomes more
plausible. Should EBV prove to be a necessary co-factor in any or all
diseases with which it appears to be associated, control of infection by
this virus would be of paramount importance. The prospective seroepidemi-
logical study on a sizeable population of children in an area where

tumor occurs with relative frequency should do much to clarify issues.
The availability of an animal host susceptible to infection by EBV would
also aid in the study of this virus.

Genital strains of Herpesvirus hominus Type 2 might be a contributing
factor in carcinoma of the uterine cervix. Seroepidemiological studies
conducted in several cities in the United States showed that significantly
more women with invasive carcinoma have antibodies to this virus than

do women without this tumor. The incidence of this neoplasm is related

to sexual experience. The cancer is rare in nuns and mOSt prevalent in
promiscuous women, where the exposure to infection by the virus is ex-
pected. When these studies were extended to selected groups of women
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in other countries, the results were not as conclusive. The question

arises whether the methods applied are not sufficiently discriminating

to permit detection of antibodies to certain genital strains in the presence
of antibodies to oral strains of the virus, or whether the tumor-virus
relationship is simply fortuitous. According to some investigators,

there remains a significant difference between the rate of herpesvirus

Type 2 antibodies in cervical patients compared to controls and further
epidemiological studies will continue in this area.

PROGRESS HIGHLIGHTS
(Not considered in Scientific Activities Narrative)

RNA Viruses

Previous studies showed that rat and hamster cells infected with RNA tumor
viruses provided extremely rapid, sensitive, and reproducible transformation
assay systems for carcinogenic chemicals. After testing large numbers of
non-carcinogenic analogs together with their related carcinogens in a
standardized rat Rauscher leukemia virus-infected cell system, the positive
and negative results agreed remarkably well with the known in vivo carcino-.
genic activity of these compounds.

A rapid, sensitive assay has been developed to detect RNA-DNA and DNA-DNA
hybrids by the use of nucleases (Aspergillus sp., mung bean) that will
degrade only single-stranded nucleic acids, leaving hybrid structures
intact. This assay could eventually replace the more costly and time-~
consuming hydroxyapatite chromatography or CsSO4 equilibrium centrifugation
methods.

A genetically stable change in host range and the development of new viral
surface antigens occurs in an animal RNA tumor virus after prolonged
passage in human cells. The most exciting interpretation of these findings
is that recombination has occurred with a Type C human virus, which itself
may exist in an integrated form within the host cell genome. The new
viral surface antigens would then reflect the genetic information of the
latent virus and could be useful markers to search for evidence of a viral
etiology of human cancer. These observations also emphasize that caution
must be exercised in evaluating new viruses isolated from human cancers
since they may in fact be animal viruses with human "outer coats."

Molecular hybridization experiments employing the DNA products of avian
and murine tumor viruses and DNA of normal and tumor cells show that DNA
copies of the virus produced by the reverse transcriptase sequences are
present in normal as well as tumor cells, regardless of whether they have
infectious virus. Normal cells, therefore, contain part or all of the
sequences necessary to make RNA viruses.

Structural studies on the 70S RNA of avian oncogenic viruses indicate that
the 70S molecule consists of 35S subunits. These subunits are linked by
hydrogen bonds to form the 70S complex. Two size classes of subunits can
be resolved by electrophoresis in polyacrylamide gels. The larger class
has been found exclusively in sarcoma viruses whereas the smaller class
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occurs in sarcoma and leukosis viruses. This evidence suggests that RNA
subunits contain genetic information which is required for transformation
of fibroblasts; the subunits of tumor virus RNA can therefore be con-
sidered as functionally specialized.

Studies on the RNA-dependent DNA polymerase suggest that this enzyme
functions as a repair enzyme to produce a complementary copy of a single
strand of RNA by building from the terminal end of a primer strand linked
to the template strand. This finding suggests that this enzyme, present
in virions, is not directly involved in the replication of the RNA of
tumor viruses.

Antigens of the Mason-Pfizer monkey virus (M-PMV), previously isolated
from a breast cancer of a Rhesus monkey and shown to contain both 70S RNA
and reverse transcriptase, have been found to be present in two of five
normal Rhesus monkey embryos. This finding suggests that M-PMV may be
indigenous and vertically transmitted in this species.

A method was developed permitting the detection of two markers of RNA
tumor viruses, the 60-70S RNA and reverse transcriptase activity, within
crude specimens containing relatively small numbers of particles. It is
now possible to characterize particles detected in specimens from human
cancer patients in terms of their content of high molecular weight RNA

and of RNA dependent-DNA polymerase.

Highly purified (electrofocused) species-specific gs antigens and antisera
have been prepared for the RNA tumor viruses of the following species:
mouse, rat, cat, hamster, human? (RD114), viper and chicken; each one is
species-specific in gel diffusion, radioimmune precipitation inhibition,
and complement-fixation.

A Type C virus, continuously released by the R-35 cell line established
from a spontaneous mammary carcinoma of the rat, infects and transforms
cells. When implanted into rats, these cells produced tumors of possible
mammary gland origin.

DNA Viruses

Herpesvirus saimiri (4vS), a virus inducing a lymphoproliferative disease
in squirrel monkeys, can now be studied to determine its natural mode of
transmission and pathogenesis in different primate species. The virus

is widely distributed in squirrel monkeys and can be isolated readily
from blood samples. These observations suggest that the agent is highly
infectious and transmitted horizontally within this susceptible monkey
population. Recently owl monkeys inoculated with HVS have consistently
developed malignant lymphoma and lymphocytic leukemia. Usually more than
one injection of virus was needed to induce disease. No 0ld World monkeys
have developed tumors over a period of two years. This virus presents a
primate model to study oncogenicity by herpesvirus infection in a species
closely related to man.

"Oncogenic' DNA virus transformed mouse cells were transplanted into
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newborn Swiss mice. The resulting tumors were strongly positive for gs
antigen but negative for infectious virus. Since the DNA virus does not
cause tumors in the natural host, these findings favor the hypothesis
that neoplastic changes produced in heterologous cells and animals by
these viruses are due to derepression (or activation) of the RNA virus
genome.

Under germ-free conditions, chickens which appear to be free of leukosis
viruses respond differently from conventional chickens which develop
typical symptoms of Marek's disease when infected with Marek's disease
virus. The fact that germ-free birds succumb to infection with lesions
of the central nervous system suggests that Marek's disease may represent
an interaction between the host, Marek's disease virus, and a leukosis
virus.

Recent preliminary findings stemming from the discovery of unusual clusters
in the Albany, N. Y. area lend credence to the possibility that Hodgkin's
disease may be infectious. There is no evidence, however, that this disease
as it occurs in man is of a contagious nature. Virologic studies have
concentrated on the possible role of EBV in Hodgkin's disease. Patients
with this disease showed high antibody titers to EBV, similar to those

found in patients with Burkitt's lymphoma. The results must be interpreted
with caution since elevated antibody titers may be the result of the disease
rather than a reflection of its etiology.

Treatment and Control

A new category of "unblocking or deblocking" antibodies that abrogates
blocking antibodies was found in the sera of patients whose cancers were
surgically removed or in remission.

An increase in the immunogenicity of weak tumor (SV40, MC transformed)
cell surface antigens was obtained by incorporating influenza virus
antigens into the cell surface membranes. Following formalin treatment

to inactivate the influenza virus, vaccination of animals with homogenates
of these cells gave significant protection to animals against challenge
with viable cells of that tumor.

Streptonigrin in nanogram doses is highly effective in inhibiting
replication of murine leukemia and sarcoma viruses in vitro. A marked
decrease in titer of MLV (Rauscher) recoverable from infected mice as
well as an increase in survival time of these mice was observed in those
groups treated with this antibiotic.

Sera and lymphocytes from several thousand cancer patients were assayed
in cytotoxicity tests for reactivity to more than 60 different cultured
tumor cells having 25 separate HL-A antigens. The studies suggest that
a genetically susceptible population of individuals exists with a higher
risk of developing Hodgkin's disease, cervical cancer, and lung cancer.

Although Rifampicin and the related antibiotics are inactive, certain
3-substituted Rifamycin SV derivates are potent inhibitors of cancer
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virus reverse transcriptase. Most of the active derivatives also inhibit
other DNA and RNA polymerases normally present in the mammalian cell and
thus are toxic, but a few do show a degree of selectivity against parti-
cular enzymes. A few compounds appear to show selective toxicity for
leukemic lymphocytes as compared to lymphocytes from normal human donors.
The possibility of molecular control of cancer through tailoring of com-
pounds aimed at either killing cancer cells or reverting them to normal
behavior through blockade of specific gene functions associated with
cancer appears promising.

AKR mice have been considered immunologically tolerant to GMulLV, since
they are G antigen positive during their entire life span. Recently,
kidney-eluates of untreated AKR mice were found to contain at least two
different antibodies to intraviral G antigen(s) and GCSA, although no
free antibodies are detected in the body fluids. These findings indicate
that there is no absolute immunological tolerance in the Gross leukemia
system.

Immunization of AKR mice with neuraminidase treated thymocytes was
effective in the prevention and control of leukemia in this species. This
finding indicates that tolerance in AKR mice may not be complete and that
treatment regimens of chemotherapy and immunotherapy may be effective.

MEETING REPORTS

The Viral Oncology Area through the Special Virus Cancer Program has
endeavored to encourage cooperative research in this field by supporting
meetings of major interest to viral oncologists throughout the world. The
Program not only provides substantial funds to support the travel and
expenses of scientists within the collaborative program but other U.S.
scientists as well. In the last fiscal year alone the SVCP co-sponsored
the following meetings: The Second International Congress for Virology,
Budapest, July, 1971; Vth International Symposium on Comparative Leukemia
Research, Padova/Venice, September, 1971; Symposium on Viral Neoplasia,
University of Tennesse, Knoxville, May, 1972; 7th International Symposium
on Breast Cancer in Animals and Man, Grenoble, June, 1972. Monographs of the
papers presented at three of these meetings will be published.

Scientists representing laboratories throughout the world participated in
the Sixth Annual Joint Working Conference of the Special Virus Cancer Pro-
gram held at the Hershey Medical Center, Hershey, Pennsylvania, on

October 24-27, 1971. The Joint Working Conference is held annually to
provide for both formal scientific presentations as well as informal dis-
cussion by senior scientists representing the contract program and invited
guests engaged in research on the viral etiology of cancer. The highlight
of the first evening was the presentation of the first annual Special Virus
Cancer Program (SVCP) Award to Dr. Joseph W. Beard, Duke University, "In
Recognition of (his) outstanding contribution to Cancer Virus Research'".
This year five scientific sessions were held to present the most recent
findings on: I. Detection of Virus or Virus Expression; II. Epidemiologic
Studies; III. Host and Virus Genetic Factors; IV. Human Tumor Immunology;
and V. Molecular Virology Studies. A summary of these sessions was
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published in the J.N.C.I. May 1972).

In addition to its Annual Working Conference, the SVCP also organizes and
supports several conferences which emphasize new findings in tumor virology.
The Solid Tumor Virus and Developmental Research Segments conduct several
one-day scientific symposia known respectively as the PACTVIGR (Pacific
Coast Tumor Virus Group) and the ACTVIGR (Atlantic Coast Tumor Virus Group).
Reports of these meetings are summarized below. Two additional workshops--
one on Cell-Mediated Immunity (Immunology—Epidemiology Segment) and another
on Biohazards in Tumor Virus Research (Biohazards Control & Containment
Segment) are also described.

Pacific Coast Tumor Virus Group (PACTVIGR)

This group was established in September, 1969 by Dr. Robert J. Huebner, Chief
of the Viral Carcinogenesis Branch (VCB), NCI; and Chairman of the Solid
Tumor Virus Segment, to promote maximum communication and collaboration among
the Segment's contract scientists on the West Coast where many of its major
contractors are located. PACTVIGR was designed to provide a working forum

to compensate for the relative isolation of individual contractors from each
other.

Dr. Leonard Hayflick, Stanford University, was appointed Chairman of PACTVIGR
and has served in this capacity since its inception. Together with the VCB
staff, he has organized the format and agenda, which emphasize new findings
in the Segment programs on the West Coast and elsewhere. SVCP program lead-
ers on the East Coast and some Eastern contract scientists are usually
invited to participate as indicated by the theme of a specified PACTVIGR
program. In general the meetings are attended by approximately 150 persons,
Since the meetings are not considered "closed", the host laboratory and other
contract laboratories in the vicinity of the meeting encourage their technical
staffs to attend. 1In addition, interested outside scientists in the vicinity
are invited.

During the first year (November, 1969 to September, 1970), six meetings were
held at various research laboratories in the Northern and Southern California
areas. These meetings were very successful in establishing active cooperative
efforts between laboratories, thereby expediting research objectives within
each contract operation and the program at large. During the past two years
the meetings have been held on an average of once every three months.

Meetings 1, 2, and 4 followed the original plan: that is, individual
laboratory progress reports from the participating laboratories, followed

by an "in depth" report of the host laboratory, a tour of the host laboratory
facility (for those interested), and invited presentations.

Meetings 3, 5-9 were devoted to selected subjects -- immunology, serology,
molecular biology and genetics associated with the Type C viruses and viral
genome expression in cancer and normal tissues of a number of species,
including most recently simian and human.

The 10th meeting focused on naturally occurring primate and murine Type C
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viruses, with emphasis on the putative human tumor virus, RD114, two
recently isolated simian Type C viruses, and a variety of sensitive newly
developed serological and immunological procedures for their study.

The most recent meeting (llth) was of particular interest. New (unpublished)
epidemiological results were presented on the possible carcinogenic effects
in offspring of women given diethylstilbesterol during pregnancy, possible
environmental and infectious influences in the spread of Hodgkin's disease
and a discussion of an epizootic of Rous-type sarcomas, hemangiomas, and
nephromas among Marek's vaccinated chickens.

New findings of great potential significance were reports by Dr. Huebner
and an East Coast contract group on prevention of chemically-induced tumors
with a vaccine prepared from the murine Type C radiation-induced virus, and
with interferon. These studies are now being followed up and expanded in

a number of contract laboratories in the SVCP. Parallel experiments in
chickens are also underway to determine the effect of an avian Type C viral
vaccine on Marek's disease.

The meetings have been increasingly useful as the contract and other collab-
orating groups have taken advantage of opportunities to meet, discuss and
exploit new findings. The multidisciplinary approach to complex research
problems as a result become obvious to the Segment scientists.

In terms of the original objectives, the meetings have been highly successful
in promoting collaboration and have stimulated interest and productive
effort on the part of the participants. As a result, the Solid Tumor Virus
Segment has been able to achieve on a voluntary basis a highly integrated
program in which the contract scientists are able to move quickly to
evaluate, confirm and exploit promising developments as they occur, thus
avoiding long delays and needless duplication of effort prior to publication
of new findings. The free interchange of information and better exchanges
of the program resources have in no small measure contributed to some of the
significant developments in the Segment program in the past three years.
These include the isolation of three new primate Type C RNA viruses, includ-
ing RD114, new insights and approaches to the Marek's disease problem, and

a number of viro-immunoprophylactic developments (vaccines and interferon)
for the prevention of murine and avian cancers which hopefully could be
applied to the Marek's disease problem and to human cancer.

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
research activities of mutual interest. Its objectives are to promote
exchange of information on current concepts and progress and to maintain
integration of the research effort within the Program. The informal
atmosphere of smaller discussion groups is conducive to active exchange
among participants with special research interests.

Meetings are held under the chairmanship of Dr. Fred Rapp, who contributes
his time to make these gatherings possible at facilities offered by
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different contractors. Attendance has been limited to one day, and each
participant arranges his own travel. The constraints imposed by time

ard 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
m their own and supporting data, thereby providing the basis for ampli-
fication through the ensuing discussion. Participation has not been
restricted to scientists within the SVCP. Contributions from others have
been invited to provide more comprehensive coverage of current research.

‘rrangements 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

oI 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 herpesvirus type 2 infections
end carcinoma of the uterine cervix.

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

the form of a workshop at which current investigations and anticipated
future studies were discussed. Attention was directed to the nature of
the DNA product of reverse transcriptase activity; a reevaluation of the
quantitative relationship between the virion RNA and the DNA synthesized;
characterization of the polymerase, and of the RNA template; and problems
in identification of the enzyme in human neoplastic tissues.

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 might effect neoplastic
transformation: direct transformation by a herpesvirus, activation of
covert RNA tumor virus infection, and stimulation of host immune processes
resulting in the activation of preexisting RNA tumor virus infection.
Presentations provided current information on EBV, Herpesvirus saimiri,
Marek's disease virus and related topics as a basis for further discussion.

Conference and Workshop on Cellular Immune Reactions to Human Tumor
Associated Antigens

On June & and 9, 1972, the Immunology-Epidemiology Segment, SVCP, held

a conference on cellular immunity to human tumor antigens. Scientists
from the Special Virus Cancer Program and other invited investigators

from the United States and Europe presented their recent results using

a variety of in vitro and in vivo assays. After the formal presentatioms,
the speakers and other participants discussed in depth the importance of
each assay and associated technological problems. Many methodological

and interpretative problems were identified. The participants agreed that

31




an exchange of tissue culture cell lines and other materials among the
laboratories was very important and would accelerate progress in this
field. There was insufficient information presented to determine which
assay or assays would be most useful in monitoring patients' response
to conventional therapy or to immunotherapy. The proceedings of this
conference will be published by the Journal of the National Cancer
Institute.

Conferences on Biohazards in Virus Research

The Office of Biohazards and Environmental Control sponsored two conferences
on Biohazards in Virus Research-—one at the National Cancer Institute

in April and the other at Philadelphia in May in conjunction with the

72nd Annual Meeting of the American Society for Microbiology. These
meetings were undertaken to acquaint investigators with current informa-
tion on environmental control and thereby share important knowledge and
technology gained through government supported research. The Minimum
Standards of Biological Safety and Environmental Control were discussed

in detail at the NCI conference. Representatives from fifty-three contract
laboratories evaluated the potential impact of the proposed standards on
their laboratory operations. As a result of this meeting, suggestions

for improvement of these standards were made and, after critical review,
were formalized.
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NATIONAL CANCER INSTITUTE - FREDERICK CANCER RESEARCH CENTER

“n October 18, 1971, President Nixon announced that the scientific
lzboratories at Fort Detrick would be converted to research on the
cause, prevention, and treatment of cancer. In preparation for this
expansion of NCI facilities, the Viral Oncology Area planned a compre-
hensive research program to augment existing cancer projects and to
Pioneer new areas of research. The overall program to be carried out
at the new Frederick Cancer Research Center will be the responsibility
of Litton Bionetics, Inc., recently named as the prime contractor for
this project.

ne of the primary tasks to be initiated will be the large scale
production of oncogenic and suspected oncogenic viruses to meet research
needs on a continuing basis. This effort will include the preparation

of highly concentrated avian, murine, feline and/or other viruses for
which established protocols exist and large-scale production has
Previously been demonstrated. In addition, the workscope includes
developmental research to enhance virus production of those oncogenic

or suspected oncogenic viruses for which there are no effective protocols
and diagnostic reagents for the detection of viral and subviral components
of selected oncogenic agents.

When the President visited Fort Detrick, he stated that it was his desire
for this facility to become an internationally known laboratory. For

this reason, the Frederick Cancer Research Center will have an Advanced
Systems Laboratory, specifically designed for tissue culture, virological,
biochemical, and immunological studies by NCI investigators and dis—
tinguished foreign scientists invited to participate in collaborative
research programs.

The contractor will be responsible for developing and implementing a
biohazard and environmental control program to insure the safety of

of all research activities. This responsibility includes the operation
and surveillance of all containment systems, as well as maintaining
approximately 20,000 square feet of laboratory, animal holding, and office
space,

Pending the acquisition of equipment and renovation of laboratories, it
is expected that the Frederick Cancer Research Center will be partially
operational by October. By the end of the first year all major viral
oncology tasks will have been initiated.
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4, Projections:

Last year, the Viral Oncology Area set forth a long range research plan for
the identification and control of virus-induced cancers of man. Studies
within the following broad categories have already been implemented and
will be expanded in the coming year:

a. Virus (or virus-expression) - tumor relationships

(1) 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 pro-
vided important information 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. This work will
remain an integral part of the Program.

(2) Human Studies. Efforts to identify viruses or detect virus
expression in human tumors have been underway for some time.
Because of this year's successes in isolating candidate human
viruses, the Program will continue to increase its activities
in the search for viruses which induce malignancies of man.

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

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

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

(d) To extend present and develop new methods for the success-—
ful propagation of significant amounts of human candidate
viruses.

(e) To extend existing and develop new methods to induce tumor
virus or virus expression in 'nmormal" cells.

(f) To develop suitable reagents and to modify existing immuno-
logical and biochemical methods for mass diagnostic
screening for candidate viruses.

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

(h) To increase emphasis on understanding the relationship of

environmental agents (e.g. chemical carcinogens) as
co-factors in viral carcinogenesis. This represents a
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major expansion of programs requiring combined skills of
the Viral Oncology and Chemical Carcinogenesis Areas.

b. Molecular Studies

Major advances in the understanding of the molecular pathways of
tumor virus replication have been made within the past year. They
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 RNA-dependent DNA polymerase. Specific hybridization
procedures already provide a method for further investigation of
host-cell-virus relationships which have been extended into the
study of human cancers. Preliminary results offer strong support-
ive evidence that certain human tumor cells contain genetic
information related to that found in known oncogenic viruses.

(1) Basic Studies

The Program will continue to broaden its activities for detect-
ing, identifying, and characterizing the spettrum of enzymes
and their products required by tumor viruses for replication
and/or transformation.

(2) Applied Studies

As knowledge of the fundamental molecular events in virus-cell
interactions mounts, the Program will continue to apply this
information to the study of human cancer as follows:

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

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

(&) 15 develop a rational basis for therapy or prevention by
exploring various approaches to blocking of viral
replication and/or tumorigenesis at the cellular and
subcellular levels. The therapy could be directed at any
or all of the stages of cell transformation beginning with
cell infection by a tumor virus.

Ultimately these approaches will require an intensified program to
develop drugs, anti-enzymes, gene repressors, or inhibitors
effective at the molecular level. This represents a major expansion
of effort requiring the combined skills of the Viral Oncology and
the Chemotherapy Areas,
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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 immuno-
logical mechanisms in host-tumor and host-virus interactions which
provide a rational approach to the prevention and treatment of
cancer.

(1) Basic Studies. Investigations of selected model systems,
representing tumors induced by Type C, Type B, and Herpestype
viruses, 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. Increased emphasis will be placed
on research on spontaneous OT naturally occurring tumors in
model systems relevant to human cancer, as a basis for a
rational approach to prevention and treatment.

(a) To study cellular and humoral immune mechanisms and to

determine their relative significance in host recognition
of and response to tumors and/or tumor viruses.

(b) To develop methods to enhance host response to tumors oOr
tumor virus antigens.

(2) Applied Studies. As basic research provides the framework for
identification and characterization of viruses, viral antigens,
and cell membrane alterations in human cancers,vimmunological
methods will be applied:

(a) To relate candidate human viruses to known oncogenic
agents.

(b) 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

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

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

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

for:

(a) Development of vaccines from identified and

36



d.

fully characterized human tumor viruses.

(b) Determination of the role of host immune responses in
tumor recognition and rejection.

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

Application of the results of these studies to human cancers
will require the coordinated skills of the Viral Oncology and

General Laboratories and Clinics Areas.

Test Systems

In vitro and in vivo (animal) test systems will be carefully
selected to evaluate the work outlined in the previous research
areas:

(1) To determine the oncogenic potential of candidate human viruses;

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

(3) To begin vaccine (conventional or other) testing and immuniza-
tion programs;

(4) To begin 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-characterized cell culture lines
and animal stocks (small mammalian and primate species).

Many of these systems will be developed at the National Cancer
Institute's Fort Detrick facility.

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, coordination of specimen
collection, storage, and distribution;

(2) Animal Models - maintenance of various mammalian animal colonies
for basic research and special studies;
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(3)

(4)

(5)

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;

Candidate Human Virus Production - intensive developmental
research effort to isolate and produce human viruses;

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 the continually increasing need, resources have been
placed under the control of a new Office of Program Resources and
Logistics. Within the coming year, a prime contractor may be
required to assist in the expansion of this important task.
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B, SUMMARY REPORTS

1. OFFICES OF THE ASSOCIATE SCIENTIFIC DIRECTOR FOR VIRAL ONCOLOGY

SUMMARY REPORT
a&. OFFICE OF BIOHAZARD AND ENVIRONMENTAL CONTROL

The Office of Biohazard and Environmental Control conducts research
pertaining to the physiological and environmental factors that alter the
hosts 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 Biohazard Section conducts research to elucidate the mechanisms
involved in host immunocompetence and the consequence of this on
oncogenesis. Furthermore, understanding is being sought of the
biochemical factors that lead to the induction of malignancy and how
best to detect and modify these inductive factors. Physiological
imbalances, induced by controlled stress are being examined in

in vivo and In vitro systems in order to assess the host response,.

We have for the first time demonstrated that the virogenic markers,
group specific antigens (g.s.) and RNA directed DNA polymerase, can be
activated by alteration of the physiological endocrine balance. This
major finding lends strong in vivo support to the concept that genetic
information for tumor virus synthesis and possibly tumor formation is
transmitted vertically and can be activated by definable physiological
mechanism. The potential for such activation has also been noted by us
to be present in certain pesticides and in relatively low levels of
ionizing radiation. We have also, for the first time, demonstrated that
the host can be senitized to specific viral stimuli and subsequently
demonstrates such cellular immunity by blastogenic transformation of
lymphocytes,

The Environmental Control Section utilizes environmental monitoring to
identify sources of contamination. To assure the integrity of primary
and secondary biological barrier systems, to evaluate engineering and
operational parameters and their effect on experimental and personnel
contamination control. Similarly, they collect and have evaluated
information pertinent to biological safety,

Minimum Standards for Biological Safety and Environmental Control have

been issued to all contractors within the SVCP, these are currently being
implemented. We have similarly initiated a centralized sera epidemiological
surveillance service for all contract operations as well as having initiated
a safety training program for senior laboratory technicians and project
directors. OQur consultation service to contractors, in-house research
facilities and grant associated programs continues. We are planning to
initiate a Chemical Carcinogenesis Biohazards Control program. This latter
effort should reach full operation during the next reporting period.
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SUMMARY REPORT

b. OFFICE OF PROGRAM ANALYSIS AND COMMUNICATIONS

The Office of Program Analysis and Communications (PAC) continued its major
roles in the menagement of syCP data and information, analytical statis-
tical assistance in research projects, and scientific informetion storage,
retrieval, and distribution. Some highlights are as follows:

statistical and Data Services

Offered to all researchers in the SVCP is a comprehensive statistical
service (consultation on problens of research design, data procurement,
data management, and statistical analysis of survey OT experimental
findings). A completely automated data processing routine directed by
experienced technicians mainteins direct access to the main NIH computer.
Consultation and planning service is also given to SVCP contractors in
developing local automation systems for managing and processing experi-
mental data.

Automated Inventories of SVCI Resources

1. SVCP Serum Bank: Maintaining a computerized inventory of serum
specimens held Tn the Bethesda area, PAC manages the continuous data input,
updating, and distribution of specimens for testing to program.scientists,
from repositories containing around 40,000 serum specimen units.

5. Tocal Inventories: Plans and installs complete institutional
automated specimen inventories in laboratories collaborating in SVCP
research.

3. Central PAC Inventory: PAC is promoting compatible automated
systems end codes for specimen inventories in all institutions participat-
ing in the SVCP. This includes the capture and automation of complete
clinical, demographic, and laboratory information on specimen donors.
coal is a central specimen inventory at NIH making available for all of
ayCP the many large specimen repositories throughout the United States.

Progress Reports

A system of managing regular (triannual and annual) progress reports from
all SVCP research contracts is maintained. 1In addition to the logistics
of monitoring and procurement, PAC compiles and distributes to program
scientists condensed summaries of the actual progress reports.
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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 rotifications and summaries of current research in the field. Major
contributions of the Information Unit in Fy 1972 were as follows:

Ao 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. Viral Tumorigenesis Report: This semi-annual publication containg
indexed summaries of current pertinent research projects, thereby present-
ing a panoramic view of viral oncology research.

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

L. vViral Oncology Contractor Directory: This quarterly publication
contains the names, addresses, and telephone numbers of contractors,
Principal investigators, project officers, and contract specialists within
the Viral Oncology Program. Tts burpose is to facilitate and expedite
communications between staff members and contractors.

5. Compilation of Journal Instructions to Authors: This displays in
one volume the instructions-to-authors from a majority of Pertient scien-
tific journals. Tt 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
library facility; collection and distribution of translations of foreign
publications in viral oncology; maintainence ang lending of recorded tapes
on NIH seminars related to viral oncology; and continuous compilation of
the svcp bibliography containing citations to all bapers published by
Viral Oncology staff members and research contractors.
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Summary Report
¢c. Office of the Coordinator for Ultrastructural Studies

The Virus Studies Section continues to study different aspects of the
relationship between oncogenic viruses and their host cells:

a) the search for viruses in different tumors by electron
microscopic examination,

b) the examination of the life cycle of oncogenic viruses of
the herpes type in their host cells,

¢) the study of early events in viral infection which may
result in 'meoplastic transformation,' and

d) the study of cellular organelles in relation to the reproduction
of RNA-containing viruses.

Dr. Dalton in collaboration with Dr. Szakacs, St. Joseph's Hospital,
Tampa, Florida, established 15 tissue cultures from human biopsies
obtained from solid tumors. Ten cell lines are fibroblastic or epithelial
in appearance, and five are growing as suspension cultures containing
1ymphoid blast cells resembling those blasts obtained by cultivating
Burkitt's lymphomas. In the majority of these lines a series of cell
types from relatively undifferentiated lymphoblasts to practically mature
plasma cells have been observed. Except in one instance these cells are
not the original tumor cells but are thought to be "normal' cells which
have developed into continuous lines as a result of the stimulus from

the presence of E B virus. These cultures were screened for the presence
of virus particles. In four out of five cell lines Epstein-Barr virus

was found as shown by morphological examination and complement fixation
tests. About 3-5% of the cells contain in their cytoplasm an aberration
of the endoplasmic reticulum, known as tubulo-reticular array. It was
suggested previously that these formations may represent RNA precursors

of certain myxo- and paramyxoviruses. Dr. Heine in collaboration with

Dr. Schaff discovered, by using ultracytochemical methods, the sensitivity
of these structures to proteases. These results make it clear that the
structures are not direct RNA precursors to RNA-containing viruses.

Dr. Heine in collaboration with Dr. Hinze, University of Wisconsin, Madison,
Wisconsin, studied the life cycle of H. sylvilagus in rabbit kidney cells.
This DNA-containing oncogenic virus of the herpes type develops in infected
cells and provokes changes in these cells similar to those described pre-
viously for H. saimiri. Both viruses produce a series of changes in their
host cells known to be characteristic for cytomegaloviruses, ise5; the
formation of nuclear and cytoplasmic inclusion bodies. However, in
contrast to the classical cytomegaloviruses the intracellular maturation

of the virions under study appears to be quite unique resulting in two
morphologically different types of mature virions. These results initiated
a detailed comparative study between tumor producing and non-oncogenic
viruses of the herpes type and their relation to the host cell. We hope
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to elucidate further similarities and differences between both kinds of
viruses.

Several studies which are concerned with early events in viral infection
are under way in this laboratory.

Dr. Bader in cooperation with Dr. Boone, Cell Biology Section, VBB, NCI,
investigated the mode of entry of RNA-containing tumor viruses into cells
by using isolated membrane vesicles as a model system. The methods of
membrane isolation have not proven adequate thus far to answer the
questions, and new procedures for isolating intact surface membranes are
under investigation.

Dr. Suskind continued to study the intracellular mechanism of infection
with Rous sarcoma virus during the eclipse phase, especially events which
occur within the nucleus, by quantitative light and electron microscopic
autoradiographic techniques. He succeeded in showing differences in both
morphology and function between nucleoli of RSV-transformed, newly infected
and uninfected cells with respect to the rate of their recovery from the
effects of low doses of Actinomycin D. The results suggest the formation
of new binding sites of Actinomycin D to specific DNA sites in nucleoli

of transformed and newly infected cells. These experiments will be expanded
using non-transforming, Rous-associated virus and thermo-sensitive mutants
as well as protein and polysaccharide precursors.

Dr. Heine in collaboration with Dr. Beaudreau, Oregon State University,
Corvallis, Oregon (Contract #NIH-NCI-71-2175) initiated a study to examine
the fate of virion RNA after infection. In order to study the fate of
viral RNA in infected cells purified MC-29-virus was prepared containing
H3-uridine at high specific activity (1-2 X 105 cpm/ug RNA). Cells
infected with virus thus labeled have been examined 1-8 hrs. after
infection and the label was recovered from a polysome fraction. Fractions
that contain label will be examined in the electron microscope to confirm
the presence of polysomes.

Dr. Bader studied the inhibition of mitochondrial RNA polymerase in
mammalian and avian cells by ethidium bromide and observed morphological
alterations by electron microscopy in mitochondria of chick embryo, rat
embryo and mouse spleen and thymus cells (JLS-V5) after exposure to the
drug. The effects of ethidium bromide were reversible; after its removal
the cells returned to normal within a few days with respect to their
morphology and growth characteristics. Chick embryo cells which had been
previously treated with ethidium bromide were infected with Rous sarcoma
virus and were then examined for transformation and virus production. Drug-
treated cells became transformed and produced virus as seen by electron
microscopy. The results of these experiments show clearly that the mito-
chondrial DNA template is not involved in the synthesis of Rous Sarcoma
virus.

Dr. Dalton has studied the details of the replication of Type B (mouse

mammary tumor virus) and type C (avian, murine and feline leukemia-sarcoma
viruses) particles. The results of these high resolution electron
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microscopical studies demonstrate that newly formed particles have a much
more precise morphology than older particles. They also indicate that
the type C particles so far studied have a morphology characteristic

for the species in which they are indigenous. When chrome osmium 1is

used as a fixative, murine type C particles at the budding stage possess
a relatively thick (100 R) and distinct outer component of the developing
nucleoid whether the virus is replicating in mouse or human cells. In
budding feline type C particles this layer is thinner (50 &) but still
distinct. Type C virions growing from ESP-I (human) cells do not exhibit
a clearly separate layer while type C virions growing from RD-114 cells
have a distinct thin layer similar to the feline type C virions.
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SUMMARY REPORT

d. Office of Program Resources and Logistics

logistical support to the Special Virus Cancer Program and
the Virzl Oncology Area. This Office was established during
this fiscal year to centralize the scientific administration
and management of research resources and logistical functions
and to unify these activities within the Office of the
Associate Scientific Director. In this way individuals
responsible for coordinating these support activities could
provide to the entire Program with an awareness of the
overall scope of activities. This would avoid any special
consideration to a particular area, any unnecessary duplication
of effort, and the appearance of any undesirable competition
within the Program.

Many of the research investigations carried out in Phe- irgl
Oncology Area depend on the availability of clinical and
laboratory materials of optimal purity, viability, and potency.
Comparable studies in an ihtegrated program of international
scope, as encompassed in the SVCP, make more meaningful and
rapid progress when adequate quantities of standardized
reagents, cell cultures, and test animals are available. The
Office of Program Resources and Logistics provides these
supportive activities through various contract operations as
detailed below.

To support this office and its activities, a new contract

review body was established during this year, the Viral Oncology
Program Resources § Logistics Advisory Group. This Group was
established by the Associate Scientific Director and constitutes

concerning resources and logistics matters, and to conduct
appropriate reviews for those contracts within the R § L area
of Program. The group is chaired by the Chief, Office of
Program Resources g Logistics and is responsible to the Office.
The membership includes representatives from the three Branches
and the major areas of Viral Oncology.

Because of organizational changes in administrative management
of collaborative research contracts, a variety of contracts

Resources § Logistics. These contracts represent three general
areas of activities and include the following:
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1. Activities directed toward production of virus and
viral reagents, virus monitoring, and character-
izat1on.

2. Contracts concerned with acquisition, collection,

storage, inventory, and distribution of human
resource specimen material.

3. Contracts concerned with animal resources, including
production of pathogen-free and germ-free species of
animals, breeding of primates, maintenance of animal
colonies, and containment-type holding facilities.

Another activity of the OPRL is 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
origin, processing procedure, degree of purity, and infectivity
titer or other measures of biological activity. Additionally,
in collaboration with the Office of Program Analysis and
Communication, the OPRL is concerned with the development of

a computerized central inventory for the sera, tumor tissue,
cell outgrowths, and other human specimen materials contin-
uously being acquired by the Program. The central inventory
will greatly facilitate matching investigators requests for
human materials with specimens available, regardless of the
geographic location of the repository or laboratory at which
it is stored,

During this past year in anticipation of an expected increase
of the overall Program in the future and the limitation of
personnel available, consideration was given to the establish-
ment of a prime contract as a mechanism for dealing with
resources and logistical support for Program. With this in
mind, an advertisement was published in the Commerce Business
Daily on November 8, 1971 requesting resumes of experience and
capabilities. An Ad Hoc review committee under the chairman-
ship of the Chief, OPRL was established to review and evaluate
the responses obtained. This Ad Hoc group questioned whether,
in view of the diversified and specialized elements under the
project contract, any of the respondents had demonstrated
requisite qualifications. Additionally, the Ad Hoc group
recommended a re-evaluation of project needs and suggested that
issuance of a request for proposal be deferred.

As a result of these decisions the OPRL will continue to be
involved in not only the general management of the resources
program, but also in those daily activities required to make
available to collaborating investigators necessary research
resources.
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Within the Office of the Chief,
staff scientists and a secretary
for the management of the extramu

support is provided by two
who assist in responsibilities
ral contract operation.
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2. Branch Reports

a. Viral Leukemia and Lymphoms Branch

The Viral Leukemia and Lymphoma Branch conducts research designed to
elucidate the role of viruses in the etiology of human neoplasms,
particularly leukemias, lymphomas and sarcomas. A variety of scientific
approaches are used which provide a broad base of knowledge applicakle

to the identification and isolation of human oncogenic agents and the
prevention or control of the disease as it occurs in man. More
specifically, the Branch encompasses a range of scientific disciplines
including molecular biology, genetics, immunology, biochemistry,

pathology and cell culture techniques. In the past year, the emphasis has
been away from model systems to the more direct study of human materials.

The Section of Molecular Biology seeks to obtain comprehensive knowledge
of the biology and biochemistry of sarcoma and leukemia viruses and
conducts quantitative studies on the interaction of oncogenic viruses
and cells to determine the mechanisms of viral replication and cellular
transformation at the molecular level. The Section of Viral Pathology
exerts a multidisciplinary approach towards the in vivo and in vitro
study of viral oncogenesis. The areas of study include virology,
immunology, pathogenesis and the interferon system, and are pursued
emphasizing several viral induced and spontaneous leukemias and sarcomas.
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 the viral genes
involved in oncogenesis and cellular "susceptibility" genes, particularly
those genes of man that predispose individuals to the development of
cancer. The Office of the Chief coordinates the research of the

various sections by recognizing the scientific freedom of the individual
investigators. The office is responsible for establishing collaborative
efforts with investigators in other areas of NIH and elsewhere such that
information derived from studies within the Branch is constantly being
applied in investigations leading to a better understanding of the
etiology of human neoplasia.

Potential RNA containing tumor viruses have been recognized by a number

of methods based on biological, biochemical, and immunological properties.
More recently the reverse transcriptase has provided another potentially
extremely sensitive method for virus detection.
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The discovery that certain RNA tumor viruses have an enzyme capable of
transcribing the viral RNA back into DNA has lead to the possibility

of using extremely sensitive biochemical probes to search for evidence
of viral etiology of cancers, and especially, cancers in man. Some of
the potential applications to the etiology and control of human cancers
are:

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

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

3. The use of specific antiserum prepared against the purified viral
enzymes to identify individuals that have been exposed to the viral
enzyme. It 1s reasonable to expect that the antibodies to viral specific
proteins may persist for much longer periods than the virus itself would
persist.

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

Following the initial reports of RNA-dependent DNA polymerase in the
virions of certain RNA tumor viruses, it was important to see if the

enzyme was specifically restricted to tumor viruses and whether it was
specifically restricted to tumor cells. All of the oncogenic RNA

viruses tested so far have been found to have DNA polymerase, as indicated
both by endogenous reaction using the viral RNA and by synthetic polymer-
stimulated reactions, using such templates as poly rA.rU, poly rI.rC

and poly rA.dT. The non-oncogenic RNA viruses have shown no evidence

of this enzyme activity. Two apparent exceptions were found. The first,
visna virus, produces a chronic, progressive, neurological disease of

sheep but has, heretofore, not been associated with tumors in sheep.

The second major exceptions are the group of "foamy" viruses. These
RNA~containing viruses are frequently found in healthy as well as

diseased monkeys, cattle and cats, and they have not yet been associated
with any disease. Visna and "foamy" viruses, then, are apparent exceptions
to the rule that only tumor viruses contain reverse transcriptase. Whether
visna and the related viruses of sheep and the various "foamy" viruses are
potentially oncogenic in their natural hosts remains to be resolved.

The polymerase, as an antigen, like the gs antigen has both species
specific and interspecies characteristics. Tumor-bearing animals can

make antibody to the viral polymerase and some sera appear to be more
broadly reactive than others. The murine polymerase has been partially
purified and used to produce an antibody in rabbits. The antibody, an IgG
immunoglobulin, is directed against the enzyme and not against the
template. The antibody to the mouse leukemia virus polymerase will also
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inhibit the enzymatic activity of hamster, rat and cat leukemia virus
polymerase. Thus, the polymerases from different mammalian tumor viruses
are antigenetically related. However, the crosses with other mammalian
C-type viruses are only partial crosses allowing precise identification
of the species of origin of an unknown C-type virus. The mouse mammary
tumor virus, visna, and the avian leukemia virus polymerases are not
inhibited at all by this serum. The antibody to the avian virus
polymerase inhibits all the major avian C-type viruses, but not any

mammalian C-type virus polymerase.

Two new C-type viruses of primates have recently been described by
Kawakami and co-workers. One is from a woolly monkey fibrosarcoma; the
other is from a gibbon ape lymphosarcoma. Both have a polymerase with
the characteristic properties of tumor viruses and can be classified as
C-type based on morphology. They also have the biological properties of
C-type viruses and also have a cross-reacting gs antigen. The polymerase
antibody studies, however, show a very weak or absent cross reaction with
antibody to rodent or cat virus polymerase. Both the murine and feline
C-type viruses can grow in primate cells without losing the immunologic
specificity of their polymerase. These findings provide additional
evidence that the polymerase coded for, at least in part, by the viral
genome. From the experiments on polymerase inhibition, the woolly monkey
and gibbon ape viruses appear not to be contaminating rodent or feline
C-type viruses and appear to have a polymerase that is distinguishable
from that of the C-type viruses of lower mammals. An antiserum prepared
to the gibbon C-type polymerase inhibits gibbon and woolly virus enzyme
well, but only poorly crosses with the rodent and feline previously
described C-type virus polymerase.

The isolation of C-type viruses from both old world and new world monkeys
from naturally occurring Cumors greatly strengthens the possibility that
related viruses will be directly isolated from human tumors. Several
reports of C-type viruses in human cells have been presented in the past
year. While some of these are more reasonable candidates than others, no
proven 'human' C-type is yet available. Until such viruses are found,
the C-type viruses of primate origin should provide the best probes for
the detection of C-type information in human cells.

In 1969, it was proposed that the cells of most or all vertebrate species
contain C-type 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 formation, oY 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 two years that have followed, a great deal more evidence has
accumulated that provides strong support for the general theory. One



particular prediction that was made was that the genetic information for
making an RNA tumor virus, being present in a repressed form in all cells,
would be potentially inducible by carcinogenic and/or mutagenic 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 C-type 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.

The oncogene hypothesis makes several testable predictions. The first

is that all somatic cells should contain the genetic information to
produce a C-type virus that can be detected by using the DNA product
made from C-type viral RNA of that particular species. For example,
normal cat cells should have in their DNA a complete copy of cat leukemia
C-type virus RNA, and the hamster should have in its DNA the genetic
information for making a hamster C-type virus. A second and, perhaps,
stronger prediction is that transformed cells, whether transformed by
exogenously added tumor viruses or by radiation, chemical carcinogens or
even 'spontaneously", should contain new messenger RNA sequences that are
not found in normal cells and that are common to all transformed and
tumor cells of a particular species. This information should also be
contained in the C-type tumor virus of that species. The new messenger
RNA would be the product of the oncogene and in turn code for the
production of the transforming protein(s). A third prediction is that

it should be possible to isolate cell mutants that, at the nonpermissive
temperature, because of a temperature sensitive repressor, would be
superinducible or would possibly spontaneously produce C-type virus
without exogenous inducer. A final prediction, if the general hypothesis
is correct, and C-type viral information has been a stable part of the
evolution of vertebrates, would be that the C-type viruses derived from
closely related species would be closely related to one another in the
antigenic properties of their characteristic proteins. Two such proteins
are now available--the major group specific antigen and the reverse
transcriptase. The isolation of C-type viruses 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 specific 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
C-type 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 concentrating on the
primate C-type viruses, because they should have enough genetic
relatedness so that an antiserum produced to the purified polymerase

or the purified group specific antigen should show some ability to
recognize C-type viruses isolated from human tissues.
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Other Research Developments in the Branch

Characterization of continuous, contact-inhibited mouse cell lines from
Balb/c and NIH/Swiss embryo cells has provided excellent model systems

for study of the effects of tumorigenic viruses both in vitro and in vivo.
These cell lines, and a wide variety of well-characterized subclones from
them, are supplied to numerous investigators throughout the world, and have
become standard cell lines for biochemical and biological investigations

of cellular growth control mechanisms.

New types of MSV-transformed cells, the nonproducer cells, have been
discovered. These cells are morphologically transformed and are highly
tumorigenic, yet they lack all the known antigens of the murine sarcoma-=
leukemia complex. The sarcoma genome can be readily rescued by the
addition of "helper'" leukemia virus. These nonproducer cells provide a
very good model for the study of naturally occurring cancers. Viral
specific information can be detected by nucleic acid hybridization at
less than 1% of the level in the transformed virus producing cells.
Optimal techniques for detection of viral information in these cells are
being applied to studies on the detection of viral information in human
tumors and human tissues.

Studies on the S+L- cells developed by Bassin, et al have revealed that
the particles they produce have only the main group specific (gs) and

the interspecies antigen. while the other gs antigens seem to be missing
or radically different. Type specificity of the S+L- virus is also not
related to previously described MulLV groups. The S+L- particle itself
contains a neatly reduced amount of reverse transcriptase; the S+L- cells
are also deficient in this enzyme. A significant lack of homology between
MuLV and the standard coated MSV was seen when mixtures of MSV-MulLV (4:1)
were examined by reciprocal cross-hybridization with the respective DNA
reverse transcriptase products. Additionally, atypical large molecular
weight nucleic acids may be a natural component of MSV as well as
previously observed ribosomal and transfer RNA species.

A major advance has been the development of virus stocks which have a
significant (4- to 50-fold) excess of the transforming MSV over its
associated murine leukemia "helper' virus (MuLV). With a favorable

MSV excess the isolation of cells transformed only with MSV and the
study of MSV genome itself are greatly facilitated. The result has been
the development of numerous cell lines that are "transformed" by MSV but
have only a minimal expression of the tumor virus information. The
virus from these cultures with an excess of sarcoma virus should provide
a valuable probe for the search for sarcoma virus specific information
in apparently "yirus-free'" tumors.

Radiation leukemia virus, a "oatural" virus induced from C57B1 mice has
been found to be able to replicate, albeit with great difficulty, in
3T3 cells. Because the radiation leukemia virus is able to grow much
better in S+L- transformed 3T3 cells, it may be that the great majority
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of naturally induced C-type viruses existed as MSV complementation
requiring variants. The isolation of new natural viruses may require
the above model techniques. An obvious extension that is actually being
investigated is the isolation of human cells infected only with MSV and
the attempted induction from them of the postulated endogenous human
helper C-type virus. "Revertants" of MSV transformed that have lost
partial or complete virus extension have been obtained from a number of
systems. These cells also have lost tumorigenicity. 1In some cases the
input oncogenic information appears to be lost; in others it 1is suppressed.
The latter situation provides an excellent opportunity for the study of
the mechanism by which tumor virus information is repressed.

A new strain of murine sarcoma virus isolated from a B/W mouse is
accompanied by a non-cytopathogenic "helper" virus required for release
of infectious virus. Unlike other strains of sarcoma virus, the new

MSV retains the ability to express the murine gs-1 antigen in hamster

and cat cells. The presence of a convenient antigenic marker is useful
in studies involving trans-species rescue of the MSV genome using putative
"human" C-type viruses. Marked mouse strain differences are noted in the
response to this MSV strain. In Balb/c and C3H mice tumor regression,
virus titers, viral neutralizing and cytotoxic antibody titers are
correlated. But in B/W mice, the tumors persist despite very high titers
of neutralizing and cytotoxic antibodies, and absence of detectable
infectious virus.

The combined use of immunology and electron microscopy has greatly
increased the sensitivity and specificity with which virus specific and
virus directed antigens may be localized. 1In addition to ferritin and
southern bean mosaic virus coupled to hybrid antibody, tobacco mosaic
virus (TMV) has been utilized and established as a third marker for
immuno-electron microscopy. Fragmented TMV (50 mu) can be used with the
other two markers for conventional electron microscopy, since these three
markers are clearly distinguishable from each other by their shapes and
specificities. Thus, the use of these three different markers opened a
way to examine the relationship among different antigenic sites on the
surface of the virus and the virus-containing cells. During virus
budding, it is seen that the C-type virus incorporates cell surface
components into the viral envelope.

Micro techniques for the isolation of temperature sensitive leukemia virus
mutants have been developed. By these methods, it has been possible so
far to isolate 27 temperature-sensitive leukemia virus mutants from

clonal stocks of Kirsten and Rauscher leukemia viruses. Each mutant
transmits to new cells with efficiency comparable to that of wild-type
MulV at the permissive temperature, but is at least 4-5 logs less
efficient than wild-type at forming XC plaques at the nonpermissive
temperature. The mutants all have very low rates of reversion to wild-type.
Temperature sensitive sarcoma virus mutants hsve also been isolated. With
these it is hoped that the viral protein directly responsible for the
maintainence of the transformed state can be studied.
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A continuous cell line, HBT-3, was established in culture from a human
breast adenocarcinoma. The cells are epithelioid in appearance, grow
rapidly, and form multilayered colonies. HBT-3 cells have a cloning
efficiency of approximately 70% and an abnormal karyotype. Preliminary
experiments with this cell line suggest the possible presence of 60-70S

RNA and an enzyme that is similar to the known viral reverse transcriptases.

By nucleic acid hybridization, it has been possible to detect C-type

viral specific RNA from every mouse cell line tested to date, including
such lines as Balb/3T3 and NIH/Swiss mouse embryo fibroblasts (NIH/3T3).
Cell lines transformed by SV40 and Kirsten or Moloney sarcoma virus show
increased ievels of hybridization. The finding of partial expression of
murine C-type information in "normal" mouse cells mnot treated with inducing
agents suggests possible post—transcriptional control of the expression of
the endogenous Virus information.

Rauscher-MulV reverse transcriptase is denatured by, and renatures upon
removal of,guanidine hydrochloride (GuHCl) . The enzyme is composed of

one polypeptide chain of molecular weight approximately 70,000 - 80,000.
The renatured enzyme obtained from an agarose column run in 6M GuHCI and
reducing agent still possesses RNA and DNA directed DNA polymerase
activities associated with the native enzyme. The renatured enzyme reacts
with antibodies specific for the native enzyme. Studies are in progress

to irreversibly denature host cell polymerases but not the viral enzyme.
1f successful, this will provide a rapid, specific assay for reverse
transcriptase in host cells.

Immunoadsorbant columns using anti-viral polymerase antibody coupled to
Sepharose have been used to purify reverse transcriptase from cells and
tissues. Large scale screening of human cell extracts using affinity
chromatography will be undertaken when a high titered antibody directed
against the primate C-type viral reverse transcriptase is available.

Continuous therapy with interferon inducers effectively suppresses several
virus-induced and transplantable tumors. However, pretreatment with single
doses of interferon inducers often results in marked enhancement of
oncogenesis by RNA tumor viruses. Pretreatment with inducers can result

in the more rapid growth of several transplantable tumors in certain
systems. Several synthetic deoxynucleotides induce low levels of
circulating interferon and prevent death in mice from arborvirus infections.
They also enhance tumor induction by murine sarcoma virus, an effect
produced by all the interferon inducers tested to date. These studies may
help elucidate the mechanism of interferon induction in the animal.

AKR mice have been considered immunologically tolerant to MuLV since they
are G antigen positive during their entire 1ife span. It has become
evident, however, rhat the kidney-eluate of untreated AKR mice contains
at least two different antibodies to intraviral G antigen(s) and the
Gross cell surface antigen, although no free antibodies are detected in
the body fluid. These findings indicate that there may not be absolute
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immunological tolerance. Immunologic studies on the behavior of malignant
cells might suggest methods of treating tumor patients. The apparent
absence of absolute immunological tolerance to C-type virus-associated
antigens raises the question of whether it may be possible to break
relative immunological tolerance to both viruses and malignant cells. 1In
combination with studies on ac zivation of viral genome producing antigens
this may open a way to the development of immunologic methods of
prophylaxis and treatment.

Controlled studies continued to demonstrate that patients with Hodgkin's
disease have higher EBV antibodies than matched controls. Studies with
cell-mediated immunity to a variety of antigens indicated that anergy was
associated with a poor prognosis, but there was no correlation between

EBV titers and general cell-mediated immunity. At least three Rhesus
monkeys have been successfully infected with EBV. This was demonstrated
by persistence of elevated antibody levels to the virus while monkeys
given non-infectious EBV did not maintain high titers. The ability to
infect Rhesus monkeys with EBV is of significance because it raises the
possibility of a good model system for human studies. Rhesus monkeys have
natural antibody to a virus indistinguishable from EBV at the present time,
and by manipulation of the animals with inbreeding and immunological
alteration, it may be possible to use monkeys as a model for the study of
EBV-induced diseases in humans.

Ten sets of identical twins, one member of each pair having leukemia, were
studied by at least two different immunological tests. Similar studies
were performed on six sets of normal identical twins. In six of the
leukemia families studied, lymphocytes from family members and unrelated
donors were cytotoxic for cells from leukemic twin and not for cells from
the normal twin. Delayed hypersensitivity reactions were elicited by
extracts of patients' leukemic cells but not by extracts of remission
cells and from the normal twin cells. Neither cytotoxicity nor delayed
hypersensitivity were found in any of the normal identical twins.

Other Activities of the Branch

During this reporting period, senior investigators of the Branch published
a total of 85 papers which covered various aspects of viral oncology.

Members of the Branch presented by invitation over 50 lectures to research
groups in this country and abroad, and over 30 abstracts were presented at
various scientific meetings. The Branch entertained approximately 150
visitors for discussions in various aspects of viral oncology; this included
Lepresentatives from every major research institution in this country and
from 14 foreign countries. The Branch also provided training for periods

up to six months in a variety of experimental procedures to outside visitors
This training consisted of orientation in immunological, biological and
biochemical procedures as well as virus handling techniques.
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Many of the investigations described in the Viral Oncology portion of this
report depend on the availability of clinical and laboratory materials of
optimal purity, viability, potency, etc. The interaction which results in
neoplasia needs geveral participants: the virus(es), the cell, or their
already reacted product, the transformed cell. An understanding of each
of the components requires highly specialized, well defined and custom
made reagents with recognizable markers to serve as specific probes.
Indeed, comparative studies in an integrated program of international
scope, as encompassed in the SVCP, can make more meaningful and rapid
progress when adequate quantities of standardized reagents, cell cultures
and test animals are available.

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

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

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

The activities of the SVYCP and the direction of the jnternal research
program of the Branch are aimed at the common goal of the determination

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

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

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

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 yeat
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 constructive administrative support, the
answers will come from no oné discipline alone.
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2., Branch Reports
SUMMARY

b. viral Biology Branch

The Viral Biology Branch conducts research on viral and host factors
related to the carcinogenic process and on the development and evaluation
of measures for control in experimental systems, Specifically, investi-
gations are conducted to identify virological activity in oncogenesis,

In defined Systems, the biological interaction between viruses co-infecting
the host is studied to determine the effect on tumor virus expression

antigens of neoplastic cells. Combined chemotherapeutic and immunological
measures are evaluated ag approaches to the control of viral expression
and the growth of tumor cells.

in other laboratories. The Chief serves as Chairman of the Developmental
Research Segment of the Special Virus Cancer Program. 1In this capacity
he has been Yesponsible for the administration and management of 29
extramural research contracts within the Segment program concerned with:
the detection, isolation, and characterization of viruses associated
with tumors in man and animals; molecular biological studies on virus-
host cell relationships; the activity of enzymes within virions as

these may be related to the processes of virus infection, integration,

replication and cell transformation; virus nucleic acid base sequences;

the study of viruses of possible etiological importance in human neoplasia;
and the production of viruses and cells in quantity in support of the
overall Special Virus Cancer Program. He is supported by the Vice Chairman
of the Segment, secretarial assistance, and investigators within and
outside the Branch who serve as Project Officers and/or members of the
working contract review group. He has been apprised of developments in
molecular virology by an advisor for molecular studies functioning within
his office,
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mediated host immune responses to tumor cell antigens. The Virus and
Disease Modification Section conducts a multi-disciplinary approach to

the detection, prevention, treatment and/or control of neoplastic disease
in experimental animal systems, and studies in vitro and in yvivo on the
interactions between oncogenic and non-oncogenic viruses which may affect
the disease process. The Human Tumor Studies Section is concerned with
the study of viruses associated with, or contributing to further knowledge
of possible etiological relationships in, human cancer. The Microbiology
Séction seeks to obtain information on biological interactions in selected
tumor virus-cell systems. The Experimental Pathology Section follows

the progress of viral infection, immune responses, and the influence of
the immune state on the development of neoplastic lesions in selected
animal systems. The Flectron Microscopy Section devotes its efforts to
the detection of particulate viruses in tissues oOr cell cultures, the
definition of ultrastructural characteristics of viruses and of intra-
cellular changes associated with virus infection, the ljocalization of
antigens within cells, and support to other investigators requiring

such services.

Research Developments within the Branch:

An increase in the immunogenicity of weak tumor cell surface antigens
was obtained by incorporating influenza virus antigens into the cell
surface membranes. Following formalin treatment to inactivate the
influenza virus, vaccination of animals with homogenates of these cells
gave significant protection to animals against challenge with viable
cells of that tumor. These original observations were confirmed and
extended to demonstrate induced immunity to SV40 transformed tumor cells

and methylcholanthrene—induced sarcomas.

Dual infection of cells by an oncogenic RNA virus and a non-oncogenic
virus may enhance the oncogenic response. Investigations conducted in
vivo and ig_zi&gg_have shown that infection by an.arbovirus stimulated
the production of increased amounts of mouse sarcoma virus. Somewhat
similar results were obtained when a non-virus—-producing line of SV40
transformed cells was infected with mouse sarcoma virus. Evidence
showed activation of SV40 production, while the MSV(M) released in
this line induced an altered pathology in mice. Arbovirus infection
alsc appears to affect neoplastic cells. A lymphoblastic cell 1line
established from a spontaneous 1ymphoma of the AKR strain mouse lost
Gross virus cell membrane antigen and its tumorigenicity after infection
with Germiston virus.

Previous exposure of mice to BCG followed by infection with MSV(M) in
admixture with BCG completely inhibits tumor development. Lymphocytes
from these animals, while not as effective as lymphocytes from tumorous
animals, were capable of killing labeled MSV(M)-induced tumor cells as
demonstrated by release of Cr 51, Studies on BCG and another non-
specific immune stimulator, Corynebacterium granulosum, were extended
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to animals which had been inoculated with the transplantable murine lymph-
oid leukemia, LSTRA, and subsequently placed in remission by treatment
with BCNU. - 1In groups of animals treated with the immune stimulators prior
to relapse, 70 to 80 percent remained disesse-free as compared to the

80 to 90 percent mortality observed in those groups that received only
drug treatment. Similar groups of mice in remission following treatment
with 25 ml/Kg of BCNU received single or multiple injections of spleen
cells from normal and immune mice. All groups contained a high number

of survivors. Why normal spleen cells were effective is not known.

An antibiotic,Streptonigrin, is highly effective in nonogram amounts

in inhibiting murine leukemia and sarcoma viruses in vitro. A marked
decrease in titer of Rauscher MLV recoverable from infected mice as well
as an increase of survival time of these mice has been observed in groups
treated with Streptonigrin. This antibiotic is interesting in that it
inhibits the avian myeloblastosis virus reverse transcriptase activity.

In experiments exploring humoral factors affecting tumor growth in animals
the effectiveness of immune sera in inhibiting the growth of virally-
induced mouse sarcoma cells in animals was shown Lo correlate with the
anti-cell membrane and virus neutralizing titer of a serum. Pretreatment
of mice with serum from animals with progressively-growing sarcomas
enhanced the growth of a challenge incculum of tumor cells. This serum
possessed no anti-cell membrane, virus neutralizing, or cytotoxic activity.
Tumor cell growth was inhibited by sera from animals in which tumor had
regressed and by sera from tumor-immune animals of another strain. These
Sera were not cytotoxic for tumor cells, but had anti-membrane and
neutralizing activity. Fifty percent of the serum-tredted mice that
initially rejected the challenge dose of MSV-induced sarcoma cells
rejected a second larger challenge inoculum given 45 days later.

A rat virus of C-type morphology, continuously released by the R-35 cell
line established from a Spontaneous mammary carcinoma of the Sprague-
Dawley rat has been reported to have specific infectivity feor cultured

rat mammary gland tissue. Infected cells underwent transiormation and
grew to produce tumor when implanted into rats. A number of rats infected
shortly after birth eventually developed tumors of possible mammary

gland origin.

Experiments were conducted to define the relationship between this virus
and other rat C-type viruses. Infectivity studies showed that animal
Species other than the rat were refractory to the R-35 virus. Immuno-
fluorescence studies were conducted to determine cross reactions between
cell membrane antigens of R-35 cells, cells of the WF-1 line originated
from a W/Fu rat, and cells of the RMTL-8 line from g chemically-induced
mammary tumor in a Sprague-Dawley rat. Al1l these lines shed C-type virus.
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gera from W/Fu rats bearing WF-1 tumor reacted with WF-1 cell membranes

in immunofluorescence tests. Some of these sera reacted with R-35 and
RMTL-8 cells. Absorption experiments verified the presence of cross-—
reacting cell membrane antigens, and preliminary results of neutralization
tests provided further evidence that these rat-C-type viruses are antigen-—
jcally closely related and perhaps identical.

The availability of an animal host susceptible to infection by Epstein-Barr
virus (EBV) would substantially aid in the study of this virus. 01d World
monkeys, such as the Rhesus, African greemn, Bonnet, and other species were
found to possess a high incidence of antibody reactive with EBV-associated
antigen in immunodtffusion tests. Apparently, these monkeys are infected
by a virus related to EBV. However, no such virus has been isolated

from these animals, nor do their lymphoid cells respond to infection by
EBV as do human lymphocytes. Antibodies reactive with EBV have not been
detected in New World monkeys. Bone marrow cells from the marmoset and
the Owl monkey were exposed to infective EBV and monitored for transfor—
mation and production of EBV antigens. There was no evidence of infection.
Whereas long term propagation of human lymphoid cells in vitro appears

to be directly related to preexisting infection by EBV, a cell line of
lymphoblasts, established from a carcinogen-induced leukemia of -a rhesus
monkey free of antibody to EBV, showed no evidence of the presence of
antigens reactive with antisera to EBV. Thus, the problem of a suitable
experimental animal for EBV studies and the question of the cell site

and significance of infection by an EBV-related virus in the species of
lower primates studied remains unresolved.

A search was undertaken for the presence of virus-like particulates in
purified, concentrated fractions of milk from women from families with
a history of cancer. No particulates which could be definitely described
as B- or C-type were detected. Particles resembling the M-PMV recovered
from a monkey mammary tumor were present in 23 of 308 specimens examined
by electron microscopy. The presence or absence of such particulates did

not correlate with reverse transcriptase activity in the milk samples.

Attempts have been made to activate virus release from cultured mammary
tumor cells from humans and dogs by treatment with reagents known to
induce virus production in mouse cells. These methods have been unsucces=
sful in a limited number of trials.

The Electron Microscopy Section has provided support to different
investigators within Viral Oncology. Approximately 1500 specimens

have been studied. ‘Collaborative studies with Dr. John Hooks and

Dr. D. C. Gajdusek, NINDS, on a new virus isolated from brain cell
cultures originated from tissues obtained from a patient with Creutzfeldt-
Jakob disease showed the agent to be morphologically similar to M-PMV.

Feline sarcoma virus and an associated helper virus infects cat, bovine,
and human cells. A non-virus—producing infected cell system would be
useful for detecting viruses in human leukemic tissues, providing helper
activity to the defective sarcoma virus genome in cells susceptible to
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infection by human virus. Serial passage of the sarcoma virus complex

in bovine cells ultimately selected a virus population with an enhanced
efficiency of infection for bovine cells as compared to feline cells.
Focal areas of transformed cells have been selected and cultured. These
lines shed substantial, moderate, or essentially no progeny virus. The
value of these poor shedder cells as a detector system for other leukemia
viruses is being explored.

During the reporting period, 26 papers, published or in press, have
originated in the Branch and members of the staff have been co-authors

on 10 papers resulting from collaboration with others. Members of the
staff have presented by invitation 8 lectures in this country and abroad.

Other Activities within the Branch:

In addition to their intramural research activities, a number of investi-
gators within the Branch have devoted substantial amounts of their time
as Project Officers, as site visitors to laboratories conducting research
under contract, and as members of Groups reviewing research contract
proposals within the Special Virus Cancer Program. Dr. Michael Chirigos,
Associate Chief of the Viral Biology Branch, has replaced Dr. Jack Gruber
as Vice Chairman of the Developmental Research Segment. Dr. Gruber has
been reassigned to a position of greater responsibility. Dr. Timothy
0'Connor has acted as advisor in Molecular Virology to the Associate
Scientific Director for Viral Oncology. He has coordinated studies on
the inhibition of viral polymerase by rifamycin derivatives in a
collaboration between NCI and the Dow Chemical Company, and has assisted
in contract reviews as a member of the Developmental Research Segment
Workimg Group. Dr. Charles Boone has served on the Immunology and
Epidemiology Segment Working Group. Dr. Gary Pearson has contributed his
services as Executive Secretary to the Immunology and Epidemiology
Segment. In addition, other members of the Staff serve as Project
Officers and participate in monitoring research contract activities.
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2. Branch Reports

SUMMARY REPORT

.. VIRAL CARCINOGENESIS BRANCH
July 1, 1971 June 30, 1972

Introduction

The cancerous state begins when a stable meoplastic (genetic) change occurs
in one or more normal cells, This first step is attributable, according to
modern theory of the genetic code, to a defect or breakdown in normal cell
regulation of inherited oncogenic genes (oncogenes) , the structural gene

that initiates and maintains the "spontaneous' necplastic state. The tumor
actually develops from the transformed neoplastic cell as a consequence of

a second step occasioned by defects or breakdowns of the host's immunological

surveillance, thus allowing neoplastic cells to replicate more OT less ad 1ib
in the whole organism.

Research Objectives of the Viral Carcinogenesis Branch.

The inhouse Viral Carcinogenesis Branch and the Solid Tumor Segment's
contracts program, working in close collaboration with other SVCP Branches
and Segments, are engaged in comprehensive studies of the etiological factors
jnvolved in the two events described above which, along with exogenous
carcinogenic factors, are critically important in the development of cancer.

prevention or repair of the breakdowns in regulation and control at both the
cell and organism level is of course our ultimate goal This requires
studies of the mormal cell and of the cancer cell, and of exogenous agents
that impinge on or alter normal cell behavior, and the host responses to
this alteration.

OQur contemporary strategy is to prevent cancer first in experimental and
natural animal systems and then, shortly afterwards, in man. In order to
accomplish this we have developed several staging areas for collaborative
research,

Specific Contemporary Targets of VCB-STS Programs:

1. To test the validity and heuristic value of the RNA viral oncogene
hypothesis in humans as well as in laboratory and feral vertebrates, Very
recent data (late FY 1972) provided powerful direct support for the viral
oncogene hypothesis at the cellular level (vide igfgg).

2, To apply the findings and concepts generated in Target 1 to the develop-
ment of better techniques capable of providing more accurate assessments of
the specific structural and regulatory genes and other endogenous mechanisms
involved in spontaneous neoplasia.

3. To apply new in vitro as well as ig_vivo carcinogenesis techniques
developed in VCB and STS in quantitative assays of unknown as well as known
environmental carcinogens. In the process we are studying carcinogenic (and
mutagenic) agents as (a) inducers of expressions of the endogenous RNA tumor
virus genes, and (b) co-carcinogenic agents acting in concert with additional
overt copies of infectious (but nontransforming) RNA tumor viruses, the latter
serving as critical determinants of in vitro neoplastic transformation.
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4. To utilize the remarkable increase in sensitivity provided by cells
infected with nontransforming RNA tumor viruses to screen for and
quantitatively assay for carcinogens suspected to be extensively present
in the random ecologies in which highly developed societies live.

5. To apply newer knowledge and techniques in attempts to prevent oncogenic
transformation and tumors and conceivably also to find ways to reverse the
oncogenic state at the cellular level.

6. To make use of recent findings by STS-SVCP scientists which show that
the immunological system exercises critical controls over tumor cell growth

in vivo. Cell mediated and humozral responses to tumor cells have been
demonstrated.

7. To continue the search for overt representatives of the postulated RNA
tumor virus of man; at least one very good candidate has been isolated by
McAllister and his associates. This virus grows well in culture and has
been characterized as a mammalian type C RNA virus. Thus concepts and
techniques developed from our extensive natural history studies of similar
viruses in animal systems are proving very useful in similar studies of
human cancer.

8. To develop comprehensive epidemiological and laboratory studies of

human cancer in a large urban population (Los AngelesCounty), including
surveillance not only c¢f human cancer incidences and cancer virus
expressions, but of the similar type C viruses found in several species of
feral animals present in large numbers in the same ecosystem. Identification
of carcinogenic factors within the Los Angeles ecosystem and their influence
on cancer incidence are major goals,

New Discoveries Relating Specifically to the Eight Specific Research Targets
of VCB and STS

I. In support of the viral oncogene theory,

The reports 1late in 1971 by Rowe and Klement and their associates that all
clones and subclones of mouse and rat cells can be induced by mutagenic and
carcinogenic chemicals (BrdU, Idu, 3MC, DMBA and others) to replicate
infectious type C RNA viruses can only be explained by universal genetic
transmission of the complete RNA type C genome. Similar observations by
Aaronson and Todaro (VLLB) in all clones of nonpermissive BALB/c and

Swiss 3T3 mouse cells provided simultaneous confirmation of these exceedingly
important findings. Entirely compatible data were also supplied for
hamster cells by Kelloff and Freeman, and for chicken cells by Weiss,
Hanafusa and vVogt. We interpret these new data, as well as recent reports
of type C viral molecular RNA sequences in virus-free normal and tumorous
tissues of mice and chickens (STS contractors Green, Duesberg, Bishop and
Levinson) as direct evidence for inheritance of the type C RNA genome by
all the cells of these vertebrates,
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II. A. Endogenous mechanisms. Mendelian studies of endogenous virus
expressions.

Mendelian genetic studies by Rowe and Hartley, Lilly and Meier and their

associates of RNA tumor virus genomes in inbred mouse strains clearly estab-
lished that natural (endogenous) gene expressions of RNA tumor viruses are
controlled by a number of identifiable dominant and recessive genes. Meier's
group has identified two allelic genes, one in which the dominant allele
specifies group-specific antigen expression (gs+); the other, the allelic
recessive gene specifying gs- or the switched off state. Similar V+ and V-
alleles specify the production or non-production of viruses. Host

genes controlling gs antigen proteins of avian RNA viruses were reported

earlier by the British workers Payne, Chubb and Weiss.

Taylor and Meier have now derived recombinant inbred lines of mice from the
mendelian crossing experiments using AKR (gs+,gs+) and C57L (gs-,gs-) having
the following gs and V characteristics: (1) gs+,V+; (2) gs-,V-; (3) gs+,V-;
(4) gs-,V+. Only line #1 has infectious virus, By crossing virus-negative
lines 3 and 4, infectious virus is produced and released. This is best
described as genetic rescue of the virus.

More recently Meier and Taylor have found that another strain of inbred
mouse has a dominant gene specifying gsl: the F; cross AKR results in no

gs expressions, and of course no virus expression. Thus by concentrating,
in any strain or breed, genes for switching off gs antigen as has been done
in the inbred mouse system, cancer could be virtually eliminated from such
animals. While not directly applicable to the solution of human cancer, it
provides enormously important concepts concerning the decisive nature of
identifiable natural regulating genes in determining the incidence of cancer.
This view was further supported by the results of F1 backcross in the AK x L
matings; the offspring at 20 months developed 102 tumors as follows: 91
tumors occurred in mice whose spleens were gs+ at birth. Nine of the 11
tumors from gs- mice (at birth) were gs+.

These data definitely suggest a linkage between the gs+ gene and the oncogene.
The noninfectious gs expressions transmitted and controlled through
succeeding generations can only be explained on the basis of genetic
inheritance; thus infectious virus genomes have no need to be transmitted
horizontally. These mendelian studies clearly establish the validity of the
RNA viral oncogene theory so far as the inbred mouse is concerned.

II. B. Endogenous mechanisms. Molecular hybridization.

Molecular hybridization experiments employing the DNA products of avian

and murine viruses and DNA of normal and tumor cells show that DNA copies
of the virus produced by the reverse transcriptase sequences are present

in normal as well as tumor cells, regardless of whether or not they have
infectious virus. [Dr. Green, in HT-1(MSV) hamster cells; Duesberg, Bishop,
Varmus and Levinson in avian cell systems; Scolnick, Aaronson and Parks in
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virus-free mouse sarcoma cells]. We conclude from these findings that normal
cells contain part or all of the sequences necessary to make RNA viruses,

ITI. A. Mechanisms of exogenous inducers of oncogenesis: RNA tumor viruses
as determinants of transformation,

In vivo studies: In 1971 our associates (Whitmire, Salerno, Meier, Myers,
Peters et al) and we have reported simultaneous activation of type C RNA
tumor virus expressions (most often gs antigen, occasionally infectious
virus) in chemically induced as well as spontaneous tumors in extensive
surveys of many different inbred and outbred strains of mice, With the
development in FY 1972 of the extremely sensitive radioimmune precipitation
inhibition (RIPI) test developed by Parks and Scolnick, and Gilden and
Oroszlan, many or most of the tumors which were gs negative by complement -
fixation (CF) are now shown to be positive for gs antigen. We concluded
from this that the coincident switch on of the major species-specific protein
peptldes of the RNA virus in tumor cells produced by a variety of chemical
carcinogens (3MC, DMBA, BP and nitrosamines) provided evidence that the
carcinogens act to derepress the RNA viral genome known to be present in
mouse cells,

III. B. Evidence that activated "non-transforming' viruses carry oncogenic
information. (Peters et al; Freeman, Price and Zimmerman et al)

Viruses activated and recovered from normal and tumorous mouse tissue, and
from mouse cells (normal and transformed) grown in tissue culture were
tested for oncogenicity in various ways, When injected into newborn mice

of the isologous strain, up to 70% of the inocula have produced leukemia by
15 months; these experiments are still underway, Many such viruses are also
being inoculated into genetically homologous and heterologous cell systems,
following which they will be observed for many additional subcultures for
evidence of spontaneous transformation (in comparlson of course, with
controls); although extensive tests are still in progress, previous obser-
vations in various RNA virus-infected and uninfected mouse, rat and hamster
cells revealed in most instances that spontaneous transformations occurred
much earlier in infected cells; the onset of transformation often being
determined by the genotype of the cells. We conclude from these observations
and from numerous similar observations by others that wild type RNA viruses
and their subinfectious virus expressions have oncogenic potential.

III. C. Activation of viral oncogenes in vitro,

Perhaps the most rapid and definitive test for oncogenic potential is one

in which a given dose of RNA virus is added to mouse, rat and hamster cells
together with small doses of carcinogenic chemicals (3MC, DMBA), As
reported by Rhim, Freeman and Price, cells are readily transformed (from

9 days to 5 weeks) after adding both virus and chemicals; when only one is
added, no transformation is observed, the cells behaving like untreated,
uninfected cells. Recently it has been found that the dosage of input virus
as well as titers of established virus present in the cells at the time of
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treatment with 3MC were decisive determinants of transformation (Price and
Zimmerman). If the virus level was less than 1.5 logs/ml of 10% cell pack
extract, the cells generally were not transformed; higher virus titer levels
apparently leads to increasing efficiency of transformation. Also, if the
MC is added to the cells 24 hours before virus, transformation does not
ensue. Recent experiments show that the presence of infectious virus does
not increase permeability of the cells to the chemicals (Zimmerman) .

We conclude from this that the added infectious RNA viruses provide large
numbers of oncogenes available for derepression by the action of the
carcinogenic chemicals.

IV. Rapid in vitro tests for environmental carcinogens based on prior
infection of rodent cells with RNA tumor viruses.

Following up FY 1971 studies which indicated that rat and hamster cells
infected with RNA tumor viruses provided extremely rapid sensitive and
reproducible transformation assay systems for carcinogenic chemicals,
Freeman and Price in FY 1972, working with Weisburger and others, tested
fairly large numbers of non-carcinogenic analogs together with their related
carcinogens in a standardized rat Rauscher leukemia virus-infected cell
system, The positive and negative results obtained agreed remarkably well
with the known in vivo carcinogenic activity of the chemicals tested. These
and additional specimens are now on test in Dr. Rhim's virus-infected mouse
and rat cell systems. In comparative tests, Rhim's Swiss mouse cell + AKR
virus system was found to be the most sensitive of the various test systems,
often yielding transformation endpoints within 2 to 3 weeks.

Effects of smog and tobacco smoke fractions: Freeman and Rhim separately
tested (in their respective rat and mouse virus infected cell systems)
several smog residues extracted in benzene and methanol and a number of
fractions of tobacco smoke, All of the smog - residues

were profoundly oncogenic, showing 100 to 1,000 times more activity than the
benzo(a)pyrene (BP) equivalents demonstrated in the smog preparations.
Similarly, within relatively short intervals, Rhim found that 4 fractions

of tobacco smoke were active as transforming agents in his mouse-AKR virus
system. These fractions were among the 5 or 6 fractions furnishing signifi-
cant numbers of epidermal tumors in mice as tested by Dr. Bock. The two
strongest fractions in vivo were also the strongest transforming agents in
Rhim's in vitro tests.

We conclude from these studies and previous studies not described here that
Freeman's and Rhim's virus-infected in vitro test systems will have a
definite and possibly a major role to play in identification and guantitative
assays of chemical carcinogens in the environment. '
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V. Efforts to prevent endogenous RNA virus genome specified tumors.

In FY 1972 we embarked on serious attempts to search for agents that would
have the best prospects for preventing or modifying cancer presumed from our
other studies to be due primarily to endogenous but identifiable RNA virus
gene products. We are studying natural cell repressors (Portugal and
Simonds), interferon (Whitmire, Salerno), rifamycin derivatives (Green,
Salerno, Rhim) as well as viral and cellular vaccines (Girardi and Whitmire),

All results are preliminary. However, Portugal and his associates have
produced and fractionated cellular components from normal mouse cells
carrying large amounts of Rauscher leukemia virus, which have shown moderate
antiviral and antisarcoma effects on XC plaques and in vivo MSV tumor
inductions. This promising lead will be followed up by tests against
transformation in virus-free cells,

Salerno, Spahn and Whitmire have shown that high titered murine interferon
given 3X a week completely prevented subcutaneous sarcomas normally

inducible (at 80-90% level) by 3MC; the mouse used for this experiment was
the outbred CF-1 strain which contains moderate amounts of overt RNA virus
infection, The experiment is now being repeated using strains of mice that
do not have viral expressions prior to tumor induction. We conclude from
these results that the endogenous RNA virus genome was involved in the tumors
induced by 3MC, sirce the action of interferon is strictly antiviral,
Obviously interferons must be explored more intensively as anti-tumor agents,

A number of rifamycin derivatives having more activity against the RNA virus
reverse transcriptase than against cell DNA polymerases have been identified
by Drs. Green, Hackett and Calvin. Although moderately active against

murine sarcoma viruses in vitro, the critical tests of these and future anti-
polymerase products (as with interferon) will be in carcincgen-induced
transformations and tumors in cells and animals in which overt virus is not
normally expressed., Our associates have such systems and they will look for
efficacy in them in cooperation with Green and Hackett,

We conclude that the evidence for efficacy of rifamycins or rifampicins in
oncogenic test systems free of infectious virus is as yet non-existent;
obviously until studies in such systems are proven positive, any claims
for efficacy are exceedingly dubious.

Girardi has confirmed the finding by Coggins and his associates that '"vaccine"
preparations of embryonic hamster tissues have suppressive effects on hamster
tumors; however both found effects only in male hamsters, suggesting effects
other than specific immunogens. In a preliminary experiment, Whitmire and
associates found that crude cell extract vaccines had a moderate suppressive
effect on tumors induced by 3MC; additional experiments are in progress.

Our present view is that anti-RNA tumor virus vaccines are unlikely to have
much effect on natural or chemically induced cancers in natural situations
(switched off for RNA virus expressions), at least where cancer develops




in the absence of overt RNA virus infections. However this assumption
should not prevent relatively easily performed additional experiments.

VI. Immunological studies.

The influences of immunological surveillance mechanisms on cancer incidence
in animal systems are well documented, This is particularly evident in the
inbred mouse study systems where the effects of thymus removal and treatment
with immunosuppressants (Imuran and anti-thymic or anti-lymphoid cell sera)
leads to increased spontaneous cancers as well as those induced by viruses

or chemicals (Meier and others). In chickens and in mice we and our
associates have observed that high natural antibodies to the type C RNA virus
greatly reduces natural virus expressions and cancer incidences.

Recent studies of the Hellstroms of cell mediated and humoral immunity
against human cancers have been extremely productive. First of all they
have shown that 80% of all cancer patients have detectable immunity against
their own cancers and many to the same type of "organ-specific" tumors in
other cancer patients. More recently they discovered that patients with
growing cancers developed antibodies that block protective tumor cell cyto-
toxicity. When tumors were removed or otherwise responsive to therapy,

they discovered another categoTy of antibodies,''unblocking" antibodies that
abrogated the blocking antibodies. Sjogren and his associates, working

with the Hellstroms, demonstrated both blocking and de-blocking antibodies
in sera of rats carrying tumors induced by polyoma virus. Studies of the
effect of blocking and particularly de-blocking antibodies on tumors induced
in vivo by carcinogenic chemicals represent an important next step. The
importance of such observations for possible immunotherapy and for predicting
outcomes of other types of therapy are obvious.

VII. The search for specific human RNA tumor viruses (types C and B).

After years of searching for type C RNA tumor viruses in leukemias and
other tumors of man and some otherwise unconfirmed "sightings" of un~
jdentified "particles", as of July 1971 no viable candidate human type C

viruses were available for study.

During FY 1972, the isolation of two bona fide candidates for human type €
viruses were reported by two different SVCP-supported contract groups.

The ESP virus: The type C virus in the ESP human cell line reported by
Priori and her associates was found by various jinvestigators in SVCP
including 3 in the VCB-STS programs to have mouse specific gs antigens. Two
other investigators found the antigenicity of RNA dependent DNA polymerase
(RDP) to have the properties of the mouse RDP. Since the properties of ESP
virus have not been shown to be much different from the host cell modified
viruses (RLV, KiMSV) grown in many different human cells, the true origin

of this virus remains in doubt,
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The type C RDI114 virus: This virus, which remains the best human specific
candidate, originated in McAllister's RD human rhabdomyosarcoma cells after
passage of this cell line by Drs. Gardner and Officer through a fetal cat,
The virus observed in the RD114 cells was at first assumed to be FelV of
the cat; however, subsequent intensive studies by 6 different VCB and STS
groups revealed that the virus had none of the species specific gs-1
properties of FelV or for those of the mouse, rat, hamster, chicken, or
viper type C viruses, Also, while the envelope antigens and polymerase
antigens were entirely unique and distinct from that of other available
viruses, the gs-3 antigen of RD114 was the same as that of the mammalian
interspecies specific antigens, The RNA —3 DNA polymerase of RD114 was
shown by Parks and Scolnick to be related to those of the woolly monkey and
gibbon ape, thus suggesting that there may be common antigens in addition
to gs-3 shared by a '"primate group" of viruses. Although the RD114 is the
best available candidate for a human type C RNA virus, conclusive evidence
is not yet available. It will be necessary to demonstrate gs and other
species specific antigens in additional type C isolates from human tissues
or alternatively in human tumor cells, Because overt expressions of the
human type C virus can be expected from many experiences to be rare, ~studies
of viral RNA —> DNA hybridization with known tumor cell RNA or DNA may be
required,

Hybridization studies with cat virus DNA by Baluda and Roy-Burman show no
significant homologies with RD114 virus. Studies by M. Green (St. Louis
University) in hybridizations between RD114 DNA and RNA's of Hodgkin's
cancer cells have suggested an exceptionally high degree of homology. Since
these studies are preliminary they will require much confirmation before the
human nature of the RD114 virus can be accepted.

Type B RNA tumor viruses and natural history studies in humans and in mice.

RDP, type B particles and group-specific antigens. The collaborative effort
is focused on the human mammary tumor problem which is dependent on the USC
cancer surveillance study program (Henderson and associates) for locating

and supplying milk specimens from lactating women who are daughters of cancer
patients, Task 2 is electron microscopic examination by Gardner, Rongey and
Zeve for type B (or C) particles. Task 3 is processing of the fresh milk
specimens for RDP tests by Roy-Burman and his associates. Task 4 involves
the actual testing for RDP by Spiegelman and Schlom, Parks and Scolnick,

and Roy-Burman,
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VIII. Comprehensive field and laboratory studies of the etiology and
epidemiology of human and animal cancers.

In FY 1971 the USC contract study program, NOwW in a new building furnished
by USC (20,000 sq. ft,), was expanded to include surveillance of

a1l human cancers in Los Angeles County. This cooperative program now in-
cludes extensive participation by USC Bepartments of Pathology, Ecology,
Statistics, Epidemiology, Immunology, Microbiology, and a large part of the
clinical staff. The Children's Hospital clinical staff and Research
Institute, the Los Angeles Medical Society, the Los Angeles Demography Human
and Animal Health Departments are all cooperating to 2 remarkable extent.
Currently the Cancer Surveillance Program (CSP) includes participation of

83 hospitals furnishing 70% of the 30,000 hospital beds in Los Angeles County
and City. Within a few months all of the hospitals with 100 or more beds
will be fully participating. The CSP is designed by the end of FY 1973 to
furnish within 3 weeks after histological diagnosis necessary information

on all of the 20,000 cancer cases estimated to occur in Los Angeles, thus
providing a "pnow" registry of still living cancer patients, many of whom
will be available for contempoTary epidemiological and etiological studies.

Specific epidemioldgical studies of human cancer.

Breast cancer: The purpose of this study is to find out if daughters of
mammary tumor cases (and controls) have type B virus particles in their

milk, and thus to determine if the human, 1ike mouse, transmits mammary tumor
virus in mother's milk. The cancer surveillance program has already provided
a list of 247 living mammary cancer patients under age 60, with permission

by physicians and patients to interview 129 having already been received;
refusal rates run only 10% thus far. To date 41 milk specimens from
daughters of cancer patients have been collected. Specimens_ from controls
(no history of mammary cancer) are also being collected. These will be
tested blindly for RDP and B particles as described above (VII). The
specimen collections are being supplemented by an epidemiological survey
based on historical family tree analyses for evidence of predisposition

to cancer in general.

Hodgkin's disease: The relation of this disease to the following factors

are under study: (1) tonsillectomy and appendectomy; (2) EB virus; (3) RNA
tumor viruses; (4) HLA antigen phenotype; and (5) case clustering (as in
Albany). The cancer surveillance program provides the case and control
patients for contemporary study.

preliminary observations have delineated apparent clusters in heroin addicts;
five cases attended one junior high school., Tests by the Henle's of 40 cases
showed 11 with antibody titers to EB virus of 1 to 160 or greater; the

significance of this observation can only be clarified by further studies,

Green's very recent evidence of high levels of homology between RD114 type C
RNA _s DNA with RNA from Hodgkin's cases provides an exciting new area for
molecular studies of tumor cells of Hodgkin's cases and tumors from other
types of malignant lymphoma..
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Young genital tract cancer: The USC surveillance group (headed up by Dr.
Henderson) in cooperation with George Linden of the California Tumor Registry
confirmed previous reports of increased vaginal cancers in the 10-19-year-old
group; however, they also found an increase in cancer of the testis.
Histories in the Los Angeles vaginal cancer patients indicate in utero
exposure to maternal treatment with stilbesterol. Very preliminary findings
suggest that bladder cancer may also be increased by this previously common
treatment for threatened abortion,

Composition of airborne particles (smog) in 4 Los Angeles locations: The
carcinogenic activity of Los Angeles smog extracts (in benzene and methanol)
reported by Freeman and Rhim (see IV above) provided the impetus to analyze
and fractionate the differing smogs available in 4 different areas of Los
Angeles County. Benzene fractionations from three areas, while quantitative-
ly different, were similar in composition, reflecting almost exclusively
automobile emissions. The local area included other emissions from chemical
plants and oil refineries, In one of the 4 areas, metals (iron, nickel,
cobalt) were elevated, presumably due to iron smelting. Recently derived
methanol extract fractions which were shown to be oncogenic by Rhim and
Freeman contained large amounts of ammonia nitrate and will be studied
further, Drs. Gordon and Bryan who are in charge of the Los Angeles smog
collection and analysis have established valuable cooperative arrangements
with the local and state programs concerned with environmental pollution,
including air quality,

Natural history of cancer and type C and B RNA viruses in wild mice:
Underway since 1969, this study has now provided valuable information on the
natural eancers and RNA cancer virus expressions in a natural species. As

in most other natural species, most populations of wild (feral) mice were
found to be relatively free of type C RNA tumor virus expression during
early and middle life (up to 20 months). The onset of almost all cancer was
delayed until after 24 months of age; peaks of tumor incidences occurred at
27-29 months and at 33-40 months, In 7,000 mice observed, only 61 spon-
taneous tumors were observed at death--23 lymphomas, 8 sarcomas, 26 adenomas
of the lung; 5 miscellaneous, Type C particles were observed by electron
microscopy in 5 of 7 lymphomas, 0 of 8 sarcomas, Despite hundreds of
attempts, only one mouse from these populations yielded infectious RNA tumor
virus; this virus had all the properties of the type C viruses of laboratory
mice except that the envelope was distinct from the Gross-like virus found
in laboratory mice. Recently a new isolateéd population of wild mice was
discovered (Lake Casitas area): 80% reveal infectious type C virus. Type B
virus has been seen in about one third of the mammary gland tissues examined;
however, these mice were not used for breeding after trapping, which probably
accounts for the lack of mammary cancers in the geriatric females,
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Natural history studies of type C RNA virus in cats with lymphoma, other
cancers and anemia:. In cats with cancer and/or anemia, gs antigen and
type C particles were found to be quite common.

gs antigen type C particles
Lymphomas 2382 72% 26/37 70%
Sarcomas 1/4 25% 2/16 13%
Carcinomas 0/25 0% 10/37 37%
Anemia 9/10 90% 12415 80%
Normal 2/20 10% g 1) 8%

In studies by Dr. Raymond Gilden of Flow Laboratories and Mr. Horace Turner

of VCB, sera from over 80 cats with spontaneous OT virus-induced lymphoma

or sarcoma were all negative for antibody to species-specific gs antigen in

CF and RIPI tests, thus confirming previous studies suggesting that g¢ats are
immunologically tolerant for this antigen.

An epizootic study of solid tumors among chickens: During October, 1971
Thereased numbers of solid tumors (fibrosarcomas, hemangiomas, nephro-
blastomas) were observed in 8-week-old chickens being processed as fryers

in a USDA inspected packing plant located in Los Angeles. Such tumors had
been Tare to absent prior to the outbreak which followed the institution of
the use of Marek's disease vaccines at birth, However, since some un-
vaccinated birds held as controls also revealed fairly high incidences of
solid tumors, the role of the vaccine was not clear. However, virtually -

all of the solid tumors tested were positive for gs antigen at high levels.
-Studies by Vogt and Weiss of USC (also supported by STS funds) resulted in

the isolation of both avian RNA tumor viruses and herpes viruses. AS expected
from previous VCB studies, no sarcoma-inducing viruses were recovered from

the sarcomas. Interestingly, tests of typical Marek's disease lesions showed
nearly 100% to be positive for type C RNA gs antigens. These findings suggest
that natural Marek's disease virus and the vaccine (attenuated live turkey
Marek's-like herpes virus) may in some fashion increase the virogene and
oncogene expressions of type C RNA virus, thus leading to the solid tumors
characteristically produced by the avian RNA tumor viruses. This study will
continue during the next fiscal year in cooperation with the Los Angeles
chicken industry and the USDA inspection department.

Additional Important New Findings and Developments

Preparation of molecularly purified species-specific gs antigens:

Drs. Oroszlan and Gilden have now prepared highly purified (electrofocused)
species-specific gs antigens and antisera in guinea pigs for the RNA tumor
viruses of the following species: mouse, cat, rat, hamster, human? (RD114),
viper and chicken. They are each species-specific in gel diffusion, radio-
immune precipitation inhibition, and complement-fixation. Gilden, Parks,
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Riggs, Turner, Huebner and Henderson are using these reagents for monospecific
antigens and antisera in extensive searches for additional expressions of
these subinfectious but specific expressions of RNA tumor viruses in the
natural species, Such surveys have led to discoveries of infectious RNA

tumor viruses in wild (feral) mice, cats and chickens with spontaneous tumors.
Similar surveys for specific virus expressions are now planned in numerous
human and other primate cancers, using antisera to specific gs and envelopes
of the RD114, woolly monkey and gibbon ape virus - the latter in cooperation
with Drs, Bustad, Kawakami and others working on the STS-SVCP contract at

the University of California, Davis.

Discovery of woolly monkey and gibbon ape viruses: Drs, Theilen and
Kawakami and associates at the University of California, Davis, reported

a gibbon ape (SLV). Since both of these viruses can be grown in significant
amounts in a number of primate cell lines, it should be possible soon to
produce virus-specific gs and other viral antigens and antisera which

should prove invaluable for doing natural history studies of virus and
cancer incidences in these two species, Similarly, the species-specific

and interspecies reagents should make it possible to determine possible
Cross reactions amongst the primate viruses, Of course the demonstration
of type C RNA viruses in two primates increases the likelihood that the
virus genome will also be found in humans.

Activation of EBV virus in virus-free Burkitt tumor (Raji) cells: Dr. Berge
Hampar (VCB) and his associates reported activation of EBV virus in the
EBV-free Raji strain of Burkitt's lymphoma with the use of BrdU, a finding
confirmed by Dr., Paul Gerber of DBS. Using the same technique, Hampar

also activated EBV virus in the Levene lymphoblastic cells recovered from
pleural fluid, This procedure should make it possible to screen large
numbers of lymphoblastic leukemia cell cultures for covert EBV virus. It
may also help determine whether all virus-free Burkitt cell clones contain
the genome,

Activation of type C RNA tumor virus expressions in cells transformed by
polyoma virus: One of the major unanswered questions in viral transformation
by the '"oncogenic'' DNA tumor viruses (polyoma, SV40, adenoviruses, and herpes
type viruses) is the source of the transforming oncogene. Are the oncogenic
genes responsible for cell transformation by the DNA viruses part of the
viral DNA or the cell DNA; and further, does the endogenous RNA tumor virus
genome participate in the transformation process? Recent findings by

Drs. Freeman, Kelloff, Rhim, Huebner, and Mr. Lane indicate that like
chemical carcinogens (see III above), polyoma and SV40 viruses do interact
with RNA tumor virus genomes. Tumors and transformed cells in NIH Swiss

mice and in hamsters induced by polyoma virus reveal large amounts of species-
specific gs antigen when the cells are transplanted subcutaneously in new-
borns of these respective species. The local hamster tumors have infectious
HalV as well as gs antigen; neighboring and other tissues (spleen, thymus,
etc.) are negative for antigen and virus. When polyoma-transformed NIH Swiss
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cells were transplanted into newborn Swiss mice the tumors were strongly
positive for gs antigen but negative for infectious virus. Since the normal
hamster and NIH Swiss mouse otherwise are negative for infectious viruses,
and the latter apparently cannot under any conditions make infectious virus
(Rowe, Hartley and Huebner), the evidence favors amplification in the tumoT

of RNA virus expressions induced by the polyoma virus. Since
polyoma, gv4G and adenoviruses have not been shown to cause tumors in their
natural hosts (extensive data are universally negative) we interpret these
findings as favoring the hypothesis that neoplastic changes produced in
heterologous cells and animals by these viruses are due to derepression OT
activation of the RNA virus genome.

Temperature sensitive mutants of avian sarcoma and polyoma viruses:
Conditional lethal (ts) mutants of tumor viruses represent one of the tools
for measuring the specific activities of viral genes in virus replication
and neoplastic transformation or tumor induction. Walter Eckhart of the
Salk Institute, in producing a number of genetically stable mutants of
polyoma virus, has been able to show the importance of polyoma viral gene
determinants in maintaining the transformed state and also for T antigen
expressions. Similarly, Peter Vogt and his associates at UsC have
established a number of mutants of Rous sarcoma virus. With Dr. Max Burger
he has shown that when a Rous virus mutant was shifted from permissive to
the nonpermissive temperature, the cells lost much of their agglutinability
with jack bean agglutinins. When returned to permissive temperatures, the
agglutinability returned to previous levels.

Recapitulation:

The first order of business we believe is to identify the nature and the
origins of the cancer-inducing oncogenes in cells. During the past two
years SVCP-supported and other scientists have gone a long way towards
achieving this first objective, having demonstrated the validity of the RNA
viral oncogene hypothesis (and perhaps to some€ extent. the Temin protovirus
hypothesis) in at least 4 distinct categories of vertebrate animals (mouse,
rat, hamster and chicken). Other associates working with inbred mice and
chickens have succeeded, with mendelian crossing and backcrossing experiments,
in identifying host genes which regulate and therefore serve as determinants
of expression of the inherited virogenes and oncogenes which make up the RNA
tumoTr virus genome. Additional new information relates to inborn genetic
defects of inbred animals which are known to predispose and predetermine
high risks of many types of cancer; cancers quite similar to those which in
man are also attributed to genetic defects.

It is a matter of record that the VCB-STS programs have assumed leadership
in developing the technological tools needed for identification and quanti-
tation and assays of natural and induced expressions of the genes of the
RNA tumor viruses in normal and neoplastic cells.

We have also developed new very sensitive and rapid in vitro test systems
for quantitative assay of carcinogenic chemicals found in increasing amounts
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in human environments. In these tests we are measuring simultaneously in
the several cell systems the carcinogenic transforming effects in cell
cultures of (a) endogenous viral genomes and (b) added virus genomes and
of the exogenous chemicals.

We are employing newly developed simplified but sensitive serological
procedures in large scale natural history studies of natural expressions of
RNA tumor viruses in human, feral mouse, cat, rat and chicken populations

in natural ecologies with the purpose of determining the role of these virus
expressions in the spontaneous cancers of these species,

Several projects in STS and VCB are engaged in (1) studies in cell cultures
and inbred animals of natural and synthetic oncogene (and virogene) suppress-
ing chemicals, and (2) studies of natural and induced immune responses that
offer hope for immunological control of cancer.

Obviously, therefore, there is no way to avoid emphasizing the fact that the
main focus of the VCB and STS research program is the study of the validity
of the RNA viral oncogene hypothesis proposed by VCB scientists in 1969,

The hypothesis agrees with most geneticists working in cancer that the
genetic determinants (seeds) of the cancerous changes in a cell are part of
natural gene inheritance; therefore these gene determinants (according to
modern understanding of the genetic code) must be represented on the cellular
DNA as polynucleotide sequences of all vertebrate cells, The hypothesis,
however, further proposes that the information in all vertebrate cells has
the capacity to make most or all of components (RNA —= DNA and proteins) of
the RNA tumor viruses, including the transcriptase and translation products
required for oncogenic transformation. Of course, like many other cell genes,
it is postulated that the RNA virus genome is properly controlled by host
regulating gene systems in order to insure species survival. It is presumed
that in an evolutionary context, infectious RNA (tumor) viruses must have
provided certain advantages at one time in pre-vertebrate periods, but that
now infectious expression and horizontal transmission (although occasionally
observed) is no longer necessary for survival of the genome, This implies

of course that horizontal transmissions of the RNA tumor virus genome in most
higher species as a direct cause of cancer is likely to be rare or non-
existent,

In higher vertebrates - in dogs, other domestic animals, primates and humans -
where overt virus expression is rarely observed occurring spontaneously,
expression of either the virogene or oncogene is viewed as the consequences

of (a) genetic defects detected early in life, or (b) breakdowns of gene
regulation and immune surveillance later in life due to environmental,
mutagenic and/or oncogenic factors, or in many cases, simply senescence,

Finally, it is clear that the oncogene hypothesis and the concept of universal
inheritance of the RNA tumor virus genome was not the result of brilliant
intuition, but an inescapable conclusion forced on us by the overwhelming
weight of extensive data, some of it old, but much of it contemporary, which
revealed that the phenotypic expressions (often noninfectious) of the virus
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in association with neoplastic state did not depend in nature On horizontal
spread of infectious virus despite an occasional overt manifestation, When
it was found that expressions of group-specific (gs) antigen expressions

of the virus were commonly expressed in spontaneous and induced tumors and
embryonic tissues of "inbred mice, chickens and hamsters, most often in the
total absence of infectious virus, it could only be concluded that the
genome must be inherited.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>