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I:ltroduction:

r---;ira1 Oncology Area is responsible for planning and conductlng the-::':itrlte's program of coordinated research on viruses as eti-o1ogical:ie:its of cancer. Scientists within this Area not only provide the broad::erational management for intramural and collaborative research but also::::Cuct investigations on oncogenic viruses and their interaction with host:e11s and apply this information to seareh for vlruses which may be
=:rologica1ly related to the initiation and continuaLion of human cancer.

:r:ltract supported research j-s conducted within the Viral Oncology program
'.:::der the Special Virus Cancer Program (SVCP) whose primary objectives are:
i-) to determine whether viruses comparable to those known to induce
3aacers of laboratory and domesti-c animals are causative agents of human
cancers ' and (2) to develop therapeutic and preventive measures for control:f human caneers when such causati-ve agents are found. A detailed history
--f events leading to the development of the SVCP may be found in previous
-:nrlual Reports of the NCI . In the eight-year hi-story of the Special Viruslancer Program, the National Cancer Insti.tute has sponsored extensive
research on the role of viruses as etiologie agents of cancers of man. The
?rogram has succeeded in marshaling many of the nati-on's finest virologists,
blochemists, immunologi-sts, molecular biologi-sts, epidemiologists, andphysicians for this strongly goal-oriented effort. From the beginning, it
r"as clear that an understanding of the suspected relationship between tumorviruses and human neoplasia would not only require an interaction among
these groups of scientists but sound and constructive adminlstrative support
as we11. Having provided the broad operational management and funds--the
budget has risen frorn $10 million ia L964 to a projected $46 rnillion forL973--fot an i-ntegrated contract program of intlrnational 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 advieors. The Program plan has undergone considerable revisionssince its inception. This year the Research Logic Flow Chart was extensivelyrevised and updated. It is based on the premise that a vi-rus or viraLgenetic information persists in the diseased individual and is an indi.spens-
able element for the inducti-on of certain kinds of human cancer. The program
plan is reviewed regularly by the Director, NCI; Scientific Director forEtiology, NCr; the National cancer Advisory Board; The Scientific
Directorate, NCr; and the Etiology program Management Group, NCr.

2. Organization:

a. viral oncology Area. During the prevlous reporting period the viralonco@anizedintoaStructurethathaspermittedmore
ef f ective use of scientists and facilities. This year one ner^r Of f i-ce wasestablished within the Office -of the Associate Scientific Director forViral Oncology: the Offiee of Program Resources and Loglstics. This changewas effected with existing personnel, space, and funds.



This Office and its standing Advisory Committee have been given the task
of implementing and coordinating contraets awarded to provide resources for
both intramural and collaborat.ive researeh and has assumed the responsi-
bilities of the former Program Resources and Logistics Working Group, a
Segment withi-n the Special Virus Cancer Prograu. In the coming year, it
is anticipated that a prime contract will be established to assist this
Offiee in maintaining and substantially expanding the resources and inte-
grated logistics support for the Area.

The speeif ic funetions of this Of f ice are as f ollor.rs: Plans and mai-ntains
a program Eo anticipate and meet the needs of the Viral Oncology Program
(in house and collaborative) for resources and logistics s.upport. Insures
optimum use of government funds through careful seleetion of contractors,
periodic review of conEractors' performance, and management of collabora-
tive research contracts. Documents all aspects of the resources and
logisti-cs 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 Comnunication, a computerLzed
central inventory for the sera, ce1l cultures, and human cell and tissue
specimens acqui-red by the Program. Insures that research resourees are
always avai-lab1e 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, NCI
Dr. Robert Goldberg, NCI
Dr. Robert Holdenried, NCI
Dr. David Howell, NCI
Dr. Garrett V. Keefer, NCI
Dr. Tirnothy 0tConnor, NCI
Dr. Wade Parks, NCI
Dr. Gary Pearson, NCI
Dr. Deward Waggoner, NCI

The Viral Oncology Area is organized as follows: The Office of the
Associate Scientific Director for ViraL Oncology ineludes four Offices:
The Office of the Coordinator for Ultrastruetural Studies with a Viral
Studies Sectionl 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 0ffice of Program Resources and Logistics.

The Viral Biology Branch includes six sbctions; Ce1l Biology Section,
Electron Microscopy Section, Microbiology Seetion, Experimental Pathology
Section, Humarl 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, Geneti-cs Section, and Molecular
Biology Section.
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carcinogenesis Branch includes the Ecology and Epizoology Section,
Field Studies unit; the Solid Tumor-virus Section; and the viral
Section, with the Serology Unit, and the Trailer Unit.

: " ::.::ia1 Virus Cancer Program

l--: S:ecial Virus Cancer Program is currently composed of 5 working segments:
le-.-eroomental Research Segment, Immuno-epidemiology Segment, Bi-ohazards
-::::ro1 and Contai-nment Segment, Solid Tumor Virus Segment, and Breast Cancer-'--:.rs Segment. Since the last reporting period, three working group segments-,::E terainated: The Iurnunology Group, the Special Anirnal Leukemia Ecology
-::':1es Segment, and the Program Resources and Logistics segment; and a ne\^I
i=;=ent : The Immunology-epidemiology Segment, was established.

-: september 28, 197L, the rmmunology Group which had served on an ad hoc
::.sj-s to review and manage contract proposals of an iurnunological nature
::r the entire Etiology Area was terminated. It was expected that other
:e-.;iew bodies in thi"s Area would then assume these responsibilities. On
Sertember 29, 1971, at the request of the Assocj-ate Scientific Dlrector for-,-:.ra1 Oncology, the Scientific Director for Etiology approved the formation
:i a new segment known as the Immuno-epidemiology Segment. Contracts relat-
:-:'Ig to Ehe goals of the Special Vj-rus Cancer Program were transferred to
this Segment, whose missi-on is as follows: To develop and improve iununo-
lcgical techniques relevant to the determination of the etiology of neoplasia
ald its detection, prevention, and treatment; to afply the information
gained from these studies to human cancer, with specific reference to the
Cetection, 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,
197L, In existence since the inception of the Program, this working group
was responsi-ble for conducting research on the etiology of animal tumors
and their possible interrelatlonships to man. Over 100 viruses known
to cause tumors in vertebrate species were discovered and eharacterized;
evidence for a causal relationship between animal tumor viruses and human
cancer was entj-re1y negative. Contracts within this segment were distri.buted,
therefore, to other working groups to provide for bet.ter coordinaLion and
integration of studies on model systems with research on the viral etiology
of human cancer.

0n March L,7972, the responsibilities of the Program Resources and Logistics
Segment were transferred to the Office of Program Resourees and Logistics
in the Associate Scientific Directorrs office. The reasons for this change
are given in Part B, item I of this report.

With the advent of many new immunological and biochemical methods for the
detection of viral antigens and/or viral activity within ce1ls, it is
anticipated that in the next year a new segment, the Tumor Virus Detection
Segment, wi-1l 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,
aaaLyze 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 sclentists.

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

Executive Secretaries.
man and project offlcers
responsible for opEimal
working group.

The executive secretary assists the segment chair-
in managerial duties of contract operation. He is

review and documentation of each project within the

Contract Specialists. The contract specialist is now responsible for
negotiat.ing research contracts. He provi-des valuable advice on fiscal
and legal matters to the project offi-cers, executive secretaries, segment
chalrmen and Associate Scientlfic Direstor. Some specialists are well
conversant with the scientific aspects of the Program.

Working Groups. The program segmenE working group is the basic revlew
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 leve1. 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 1eve1s:

(1) Each contract i"s revj-ewed for relevance, priority, and need to total
Program at the Program Segment Chalrmenrs meeting.

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

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

As an ald to the review processes, key staff members receive progress
reports on all contraets on a triannual basis. Collection and distribution
of these reports is the responsibility of the Office of Program Analysis
and Coinnunj-catj-ons. A single comprehensive report is prepared annually
by the Associate Scientific Director.
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3. Scientific Activi_ties

The sununary reports of the Office of the Associate Scientific Directorfor Viral oncology and of the Offices and Branches within this Offieeare presented in the forlowing sections. Highlights of these reporrs
demonstrate that the viral oncology Area through its i_ntramural andcollaborati-ve research programs has already provided a broad base ofinformation on the characteristics of tumoruirrr"es and is applyingthis knowledge to the isolation and identificati-on of human irrro.
agents.

SUMMARY REPORT

Introduction. A considerable number of viruses are known which eitheraire;tly or indirectly cause tumors in different vertebrate species.
Many of these replicate in cultured human cel1s, and "or. "",r"e cellulartransformation. Since the RNA viruses are responsible for many natur-a1ly occurri.ng tumors in animals, this group is most likely to be the
cause of some human neoplasms. Although no virus has yet L."r, pro.r.r,to induce human cancer, it would be unreasonable to consider nan to bethe exception. Certain DNA viruses may also be involved in oncogenesis.
Herpesviruses, in particular, are known t.o induce lymphoproliferative
diseases in several animal species. The close associ.ation of theseviruses to human malignancies suggests that they may play a causal roleor act as necessary co-factors in tumor formation.

RNA VIRUSES

Cher-agte-ristlcg. RNA tumor vlruses 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 hori zontal transmissionis probably the natural means by which they are perpetuated and mayaccount for their common occurrence in certai,n animals. trnfections arenot necessarily associated with virion release or the development ofneoplasms. Apparently the information for making a Type c virus can bei-ncorporated into the chibmosomes of the host and is pissed on as aheritable factor. rn such covert infections, there ii onl-y partial
expressi-on of the full antigenie complement of the viral genl and theinfected animal often remains tolerant to these antigens. ![hile activationof tumor virus expression or infectious vi-rus may occur spontaneously asa result of aging or following exposure to carcinogens i.n the environment,
some viruses are defective and require co-infection with another vi-rusfor maturation. The host genes also have been shown to have a profoundeffect on the virogeni.c and tumorigenic expression of RNA virus innormal tissue. Immunogenetic studi.es on rlcombinant inbred lines ofmice have identified the genes responslble for host response to bothexogenous and endogenous virus expression, replication, and tumorigenesisand for the host range of tumorui.,r".". The gene responsible forgs-antigen exPression (gs*) of a murine leukemia virus is transmittedas a simple }dendelian dominant; another has been identified as a
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determlnant 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 isoelectric point and carries determj-nant groups
which permit delineation of the specJ-es of origin. The specific
reactivity appears to be an invariable characteristic of the virus
regardless of what cel1 type is used to propagate the virus. The
manunalian vi-ruses also share a determinant, perhaps on this s€rme 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 speclfic antigens of the Type B particles producing murine
manunary tumors (s1 and s2) have recently been isolated and characterized.
These are antigenically dissimilar to corresponding antigens of the
Type C vlruses. A11 of these viruses contain 60-705 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 anEigenically related but not identical; those of the mouse malrr[ary
tumor virus and avian leukosis viruses are antigenically distinct. With
the possible exception of certain foamy viruses and viruses producing
"s1ow diseases", the presence of this enz)rme 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 1ed 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 ce1ls
in covert form in a normal pattern of inheritance; expression is-con:
trolled by host regulator genes and repressors within the normal adult
cel1. Derepression, which may occur with advanci-ng age, upon exposure
to environmental carcinogens, or following infection with certaln DNA

viruses, results in tumor development and possibly virus release. The
idea is simple: if all cel1s vertically inherit oncogenes, transforma-
tion to malignancy depends on whether its onc.ogenes 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--i-ts difficulty to test--has
not prevented collecting evidence in favor of it. For example, it was
recently shovm that apparently normal, BS* chick cells spontaneously
release a Type C virus which can be classified as an avian leukosis
virus; even gs- ce1ls, following treatment with mutagens (BrdU) , and
ionizing radiation, start to release a similar virus. Vi-rus-free clones
of AKR mouse embryo ce11s on exposure to mutagens, or following trans-
formation with DNA viruses produce a virus identical to one that
causes leukemia of AKR mi-ce. Understanding of the mechanisms whereby
the oncogene is repressed or derepressed offers excellenr possibilities
for preventing or modifying virus-induced cancers.
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RelatignshiP to human cancer. The nature of the virus-host relationshiprecog iruses demonstrates the difficulty inestablishing definitive associations of viruses to the or"og.rli" processia man. soveral lines of investigation have been followed: humanpopulations were studied to determine whether exposure to known virusesnight be a factor in the incidence of eancer; efforts were increased todetect and recover viruses from tissues of cancer patients I and morerecently, investi-gations were initiated to determi.ne the molecular
pathways for virus replication, integration into the host genome, and.leoplastic transformation.

Studies were condueted to determine whether possession of householdpets influenced the familial incidence of 
".rr""r. The ease with whiehthe feline leukemia and sarcoma viruses i-nfect human cells in culturesuggested a potentiaL hazard for man. Virus has been detected in thesaliva and tissues of leukemic cats, and is present in some apparentlynormal animals' Aecordingly' surveys were initiated to determine whethera significant difference existed in the incidence of eancer amongfami-11." owni-ng cats and dogs, and those without pets, but none couldbe demonstrated. Although no antigens reacti.ve with an antiserum tofeline leukemia virus were found in lymphomatous and non-lymphomatous

Eumors of other species including manr further confirmation negatingnatural infection of man may be required.

The recent demonstrations of three RNA viruses, in dj-fferent prinatespecies may eventually be the best models for the study of tie vi.raletiology of human cancers. Two Type C viruses isolated from a sarcomaof a wooley monkey and from a lymphona of a Gibbon ape can be propagatedin cel1 culture in amounts sufficient to provide important immunodiagnostic
reagents ' They have a common group antigen and a polymerase with propertiescharacteristi-c of tumor viruses, but dislinguishable iron rype c virusesof lower animals. similarly, a spontaneous mamrnary carcinoma which arosein a Rhesus monkey was found to contain appreciable anounts of a virusresembling the Type B particle causing *,rri.r. mamnary tumors. The vi-rusnot only replicates in monkey embryo ceIls but is infecti.ous for culturedchimpanzee and human cel1s. The particles contai-n a polymerase similarto that found in RNA tumor viruses. Tests for oncogenicity in the Rhesusmonkey are not yet well enough along to expect results. The finding ofType c and Type B viruses in tumors from o1d and new world primatesgreatly increases the likelihood that related vlruses will also be foundin human tumors.

Considerable effort was expended in the search for RNA viruses which
Tight be oncogenic for man. Type c viruses resembling those of murineleukemia were discovered in the lymph nodes and blood plasma of leukemicpatients' since identification of iree particulates as viruses is somewhatsubjective, budding mature forms in tumor eel1s were sought with llmitedsuccess' Although free virus or virus-like particles appeared occasion-ally in cel1 cultures 

' regular release of sulficient nuurbers of particlesfor study was not achieved. A culture originating from a liposarcomaapparently did release Type C particles, but virus production was not
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sustained. For the past several years, sufficient numbers of observatlons
reportJ-ng the finding of particles similar to the Type C and Type B

in human malignanci-es have been made to conclude that viruses of these
types may also infect man. The oecasional presence of mature virus
particles in human tumors, however r maI be the exeeption rather than the
ru1e.

With the development of new immunological and biochemieal 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. WiLhin
the last year a1one, four candidate RNA tumor viruses have been isolated
and are being propagated in ce1I culture: ESP-I, RD-114, "Stewart virus't,
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-I was first isolated from cultures of ce1ls in
the pleural effusion from an American-type Burkittrs 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 ce1ls.
Intensive studies have already shown that the vlrus lacks the gs-l 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 rumor viruses of chickens or mice contaj-n an enzyme
with Ehe property of assernbling 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 demonsLrat-gd that reverse
transcriptase was present in all the RNA-eontaining tumor vi-ruses derived
from many dlfferent animal species. The availability of substantial
quantities of AI,IV permitted development of procedures for purification
of this enzyme. IE has been purified several hundredfold and shown to
consist of a complex of two proteins having molecular weights of 110 1000
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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second, other studies indicate that the reverse transcriptase enzymesisolated from differenr ;";;;; viruses r,"r.-ii"tincr immunologicalcharacrerisrics which 
"r;;;;;"1 fol .ypi"g Iill ,irr" as ro funcrion(e.g. breasr cancer, leukemia virus) ,;; ;;";iJ" or origin. This finding,combined wirh earlier data o" oat., arre-"i.;;r" and interspeciesgroup-specific antigens of caneer virlsesr'proria"s a range of serorogi_cal characrerisrics for 

"r"""iii"ation ;f'";;;;;red human caneer_viruseandidates. Third, it has U"." shown that the renzvme from AMV 
"::.b",r""a-io'^prepare ollA copiei"ll"inl'iffiTir:ff:.cancer viruses: DNA complementrry ao the RNA of mouse leukemia virusand mouse mammary tumor .'ri.,r" has been pr.p.r.i. The last findingderives i'rs importance from the availabilirv-"i specific hybridizarionprocedures.

within the past year applications of these three new procedures arisingfrom studies on animal ,i.rr""".have a"".i.p"I significant new data relat-ing to human cancer problem. 
1o?,r..; v;;;';;o evidence from elecrronmicroscopic studies was p."""rrt"a that t,rr"rr"i.rk specimens, particularlythose obtained from wome;-;;;;" farnily r,i"iori." wourd indicaie increasedrlsk to breast cancer, contained particl."-"i*ir.r to the known mousemammary tumor virus. rt was then 

"tror.r-tirl-arr" presence oi-",r.r, particlescoincided with the ptt""t'""-of d.a""aaur" r"rr.rse transcri.ptase activityin human milk' The p.o""arrr" was also used to demonstrate the presenceof appropriare RuA ani r.";;;; rranscriptase 1n purified vi.ral particlesisolated from human milk specimens, and to monitor and establish con_ditions for the successful infection and p.of"g.tion of the suspectedhuman breast cancer virus in human ce11 curt.r.l". preliminary resultsfrom these studies 
"".r-p.ora"ir,r.

rn a study of mouse marmary tumors induced by Mrv, DNA complementary to111y RNA, made from lrrv-nlla'riIi an" aid of Afuv..r.rse transcriprase,specifically hybridized ao it,.-'ma obtarned r.o* moufe breast tumors. TheRNA used in these experiments was isolated rrom the microsomar fractionof the tumor ce1r1 eJ,a, ah"" 
-f 

r"",r*"try 
"o.rt.irr.d ,.""".rger RNA in theprocess of being translared into protli.r. -rrr.-r,ro 

failed to hybridizeto the RNA isolated from tr," *i"rosomal fraction of normal mouse breasttissue' The DNA also r"ii"J io r,yu.iair"-io-aie RNA isolared from mouse
i;;1""" 

virus bur did, 
"";d;cred, hvbridize to the RNA obtained from

These studies were extended to examine human breast tumors. Nineteen of29 speclmens of human ti"""a-l.rr".r" yielded microsomal fractions whichhybridized with.DNA compl;r;";;;y ro mouse MTV RNA. These mierosomal RNAfractions failed to tyt.iJ;;;-;; DNA comp1"r.rr.ry ro mouse leukemia virusRNA' Normal breast ti""rr" 
"p""i*"r" or breast tissue rro* .,rrrious benignffi;iH.fi::r-l:';il:" n,ra-i'"".ions whicr, aia-,,ot hybridize with. DNA

This apploach was then extended to the study of human leukemias andsarcomas. rr was observed that rhe white t1.;; ce11s of 24 0ut of 27leukemic parienrs examined yi,eiaea polysomri RyA whj.ch hybridized to DNA

t
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complementary to the mouse leukemia virus, but not to the DNA prepared

from unrelated viruses causing mEIIImary tumor in miee 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 ielat"J to the genes contained in the virus known to induce

i"r*"ry tumors in mice. Human leukemias and sarcomas also appear to

conEain different functional genes related to the viruses known to induce

Ieukemias and sareomas 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 synthesLzed' At this time' it is not known if all
the protei-ns requirla iot production of complete viruses are being syn-

thesized or wheiher syntheiis 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 ptssible implication of both the virus particles obtained

from human milk and the RD-114 virus in human cancers'

DNA VIRUSES

Characteristics. There js also evidence linking the etiology of several
human tumors to DNA viruses, especially those of the herpesvirus group '
As with RNA tumor vi-ruses, diseases of animals have provided useful model

systems. Herpesviruses recovered from wild rabbits, chickens, and higher
pr:-r*t." induce lymphoproliferative neoplasias in their respective hosts
and the association of a virus from frogs with kidney carclnoma is well
known,

In general, herpesviruses can show either productlve or non-productive
growttr cycles. Ce|l death invariably accompanies the produetion of virus
particles and the course of this production is similar for all members

of this group. In contrnon with other oncogenic DNA viruses of animals,
certain herpesviruses stimulate cellular DNA synthesis and transform'
cel1s wirh finite growth capability into cultures with infinite growLh

potential. But, h-rpesviruses like the RNA tumor viruses also establish
persistent covert infections. There is no definite evidence that they
are vertically Eransmitted in vivo in a manner analagous to RNA tumor

viruses, but transmi-ssion of thEgenome present in non-productive, cultured
cells Eo progeny can occur. Activation of vi-rus production also occurs in
"virus-frle" ce1ls after exposure to mutagens (BrdU) and irradiation,
supporting the ldea that this group of viruses, although normally cyto-
cidal, has oncogenic Potential.

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

Rela_t.ionship to human cancer. Over the past
of the herpes type have been associated with
Burkitt f s lymphoma, nasopharyngeal careinoma,
tious mononucleosis, and eervical carcinoma.

several years, viruses
certain human cancers:
Hodgkinrs disease, infec-

A herpesvirus, the Epstein-Barr virus (EBV) r may be a contributingfactor in the genesis of Burkittts lymphoma. The mod.e of infection
and site of production of EBV in this disease is unknown. Immunoglobulinproduction shows that Burkittts lymphoma cells are monoclonal in origin,indlcating that the tumor may not be of multifocal origin. A virus causeof this tumor is suspected because it occurs in high iicidence in regionsof Africa favorable for insect-vectored disease. Moreover, cases incertain areas cluster in time and space. EBV has been regularly isolated
from tumor tissue' suggesting chis virus may be the cause of the disease.
Most patients wiEh tumor have hlgh titers of antibody to the viral anti-gens. However, a large proportion of normal people of all ages haveantibodies to the virus, though usually in low titer. Further studies
have shown that primary EBV infection of yor.r.rg adults caused some formsof infecti-ous mononucleosis. Therefor., EBV may simply be a passengerwithin lymphoma tissue, isolated \^rith regularity because it has a pre-dilection of the lymphoeyte and is widely distributed in humans. Existinginformation does not permit resolution of the question, but several
aspects of the association of EBV infection with this tumor support amore than passive role. The high titer of antibodies in patients withBurkittrs tumor is not characteristic of other lymphoproliferative
conditions. Even though 95 percent of normal Afritan- children -may haveantibodies 

' one would expect that a few tumor cases would be sero-negative
were virus infection not an i.ntegral feature of the disease.

The lymphoma patient possesses a greater spectrum of antibodies to theseveral antigenic components i-n virus-infected ce1ls than does thenormal indivi-duaI. The presence of certain antibodies appears to berelated to the condi.tion of the paLient with respect to tumor. Anti-bodies to the membrane antigens in EBV infected celrs as well as pre-cipitating antibodies fe11 to negligible titer when a treated patient
was foll-owed during tumor regression and rose when tumor recurred months1ater. The recently isolated EBV-induced early anti"gens (eA) were found.to be more disease associated than the viral capsid antigen. Two antigenic
components were differentiated in the EA complex by indiiect immunofluor-
escence tests: the D or diffuse stai-ning complex and the R or restrictedcomplex. For prognosEic purposes, the pr.""rrtu. or absenee of antibodiesto the early anti"gens appears to have importanE implications. The serumsof a majority of patients with Burkittts lymphoma contain antibody to theR 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 unlls" tn"y are exposed to
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infectiousEBV.IhisapParentcellularEransformationisattendedby
chromosomal aberrations, a featut"-r""o"iated with herpetic infections '

Notalllong-termlymphoblastoidcellculturesreleaseEBVandmaynot
containant'igensdemon"tratlebyimmunofluorescencetests.Neverthe-
less,thepresenceofEBVantigenshasbeendetectedbyserologictests
andbyhomologyofcellularDNA",,a*nulwithviralDNA.Suchevidence
of covert infection has been extended ro biopsies of tumor tissues '

primary tumor rarely shows toy ".ii" 
positive for EBV by immunofluorescence'

bug all rumors examined hrru "orl;i;.6 
DNA homologous to viral DNA' - clones

of EBV positive ""rr" 
release virus as did the paient culture' Evidently'

the virus genome persisEs i" ""fi" ' 
frequently 'itf' 

minimal antigenic

expression, and is tr"nsorifted i.-p."g."y 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 pto"."" r its tol" "o"l-d 
Ut tt''t of an accessory factor ' High

antibody titers to virus antigens are consistently found in patients with

diseases other ttran Surkitt's tumor' These include nasopharyngeal car-

cinoma, the ",'"o*'.ous 
form ot-rroaekinls disease, and Some cases of sar_

coidosis. Although examples of ,- "i,r""r 
relationship between one virus

and differ.r,, ,rrrifestations of malignant disease ,tL ktto"t in avian and

mammalian systems, the situation- witil regard to EBV is one of apparent

rather than demonstrable direct association'

HighEBVantibodytiters'atleastinsomediseaseStatesloaYbesecond-
ary to the diseal" pro"""". In fact, not every individual bearing Burkittrs

tumorhasahighanti-EBVserumt,iter.TumorsoftheBurkitttypedooccur
intemperateregions.rherefore,_"o*"combinatlonofenvironmentalfactors
uniquetoAfricadoesnotappeartobeanessentialfeatureintheetiology
of this disease.

Tf we assume thaE infection by EBV primes the cell for neoplastic change'

itiSpossibletoconceivethaEoneormorecombinationsofenvironmental
and host facEors could interact to promote oncogenesis' Thus' the

assog,iation of EBv infection \,Iith mtre than one disease becomes more

plausible.ShouldEBVprovetobeanecessaryco-factorinanyorall
diseaseswithwhichitappearsEobeassociated,controlofinfectionby
thisvlruswouldbeofparamountimportance.-theprospectiveseroepidemi-
logical study on a size"uft pop"f"iio"-of-children in an area where

tumor occurs with relative fre[""i.y should. do much to clarify i-ssues '

The availabitity of an animal io"a ",r""eptible 
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' SeroLpidemiological studies

conducted in several eities in the United States st,owed thaL Significantly

more women with invasive "rr"irro*" 
have antibodies to this virus than

dowomenwiEhoutthistumor.Theincidenceofthisneoplasmisrelated
tosexualexperience.Thecaneerisrareinnunsandmostprevalentin
promiscuo,r" ,o,"", where tf't ""p""ure 

to-infection by the virus is ex-

pected. when these studies werl extended to selected groups of women
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in other countries, the results were not as conclusive. The question
ari-ses whether the methods applied are not sufficiently discriminatingto permit detection of antibodies to certain genital strains in the pi."err".of antibodies to oral strains of the virus, oi whether the tumor-virusrelationship is simply fortuitous. According to some investigators,there remai-ns a significant difference between the rate of heipesvirus
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 Narrati-ve)

RNA Viruses

Previous studies showed that rat and hamster ce11s infected with RNA tumorviruses provided extremely rapid, sensitive, and reproducible transformation
assay systems for carcinogenic chemicals. After testing large numbers ofnon-carcinogenic analogs together with their related caicino[ens in astandardized tat Rauscher leukemi.a virus-infected cel1 systei, the positive
and negative results agreed remarkably well with the known in vj-vo carcino-,genic acti'rity of these compounds

A rapid, sensitive assay has been developed to deteet RNA-DNA and DNA-DNAhybrids by the use of nucleases (Aspergillus sp., mung bean) that will
degrade only single-stranded nucleic aci.ds, leaving trytria structuresintact. This assay could eventually replace the more costly and time-
consuming hydroxyapatite chromatography or CsS04 equilibrium centrifugation
methods.

A genetically stable change in host range and the development of new viralsurface antigens occurs in an animal RNA tumor virus aftlr prolonged
passage in human celIs. The most exciting interpretation oi thes. firrdirrg"is that recopbination has occurred with a Type C human vj.rus, which itselfmay exist iri an integrated form within the hLst ce11 genome. The newviral surface antigens would then reflect the genetic information of thelatent virus and could be useful markers to search for evidence of a viraletiology of human cancer. These observations also emphasize that cautionmust be exercised in evaluating new viruses isolated from human cancerssince they may in iact be ani.mal viruses with hunan 'router coats. "
Molecular hybridization experiments employing the DNA products of avian
and murine tumor viruses and DN.A. of noiurai .rrd trr*o, ce1ls show that DNAcopies of the virus produeed by the reverse transcriptase sequences arepresent in normal as well as tumor cells, regardless of whether they haveinfectious virus. Normal ce1ls, therefore, -ontain part or all of thesequences necessary to make RNA viruses.

Structural studies on the 7Os RNA of avian oncogenic viruses indicate thatthe 70S molecule consists of 35S subunits. These subunits are linked byhydrogen bonds to form the 70s complex. I\uo size classes of subunits canbe resolved by electrophoresis in polyacrylamide gels. The larger classhas been found exclusively in sarcoma viruses whereas the smaller class

?5



occurs in sarcoma and leukosis viruses. This evidence suggests that RNA

subunitscontaingeneticinformationwhichisrequiredfortransformation
of fibroblasts; tte subunits of tumor virus RNA can therefore be con-

sidered as functionally specialized'

Studles on the RNA-dependent DNA polymerase suggest that this enzyme

functions as a repair enzyme to pioal"e a complementary copy of a single

strandofRNAbybuildingfromtheterminalendofaprimerstrandlinked
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 Rhesrrs ml.rkuy and shown Lo contain both 70S RNA

and reverse transcriptase, have been ftund to be present i" !y_9 of five

normalRhesusmonkey.embryos.ThisfindingSuggeststhatM-PMVmaybe
indigenous and vertically transmitted in this species '

AmethodwasdevelopedpermiEtingthedetectionoftwomarkersofRNA
tumor viruses, the 6O-ZbS RNA and reverse transcriptase activity' within

crudespecimenscontainingrelativelysmallnurnbersofparEicles.Itis
now possible to characLerize partLclls detected in specimens from human

cancer patients in terms of their content of high molecular weight RNA

and of RNA dependent-DNA polymerase'

Highlypurified(electrofocused)species-specificgsantigensandantisera
have been prepared for the RNA tumor viruses of the following species:

mouse , Tat, cat, hamster, human? (RD114) ' viper and chicken I each one is

species-specificingeldiffusion,radioimmuneprecipitationinhibition'
and complement-f i-xation.

ATypeCvirus,continuouslyreleasedbytheR-35celllineestablished
from a sponEaneous manlmary carcinoma of the rat, infects and transforms

cells. When irnplanted into rats, these cells produced tumors of possible

mammary gland origin.

DNA Viruses

Herpesvirussaimiri(HVS),avirusinducingalymphoproliferativedisease
in squirrel monkeys, can now be studied Eo determine its natural mode of

transmissj_on and irirrog.rr"sis in different primaEe species. The virus
is widely distriblted in squirrel monkeys and can be isolated readily
from blood samples. These observations suggest Lhat the agent is highly
infectious and Eransmitted horizontally within this susceptible monkey

population.RecentlyowlmonkeysinoculatedwithHVShaveconsistently
developed malignant lymphoma "rri ly*phocytic leukemia. Usually more than

orae injection of virus was needed io'indlce dlsease' No O1d World monkeys

have dlveloped tumors over a period of two years. Ihis virus presents a

primate model to study oncogenicity by herpesvirus infection in a species

closely related to man.

,toncogenict' DNA virus transformed mouse cells were transplanted into
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newborn Swiss mice. The resulting tumors were strongly positive for gs
anti-gen but negative for infectious virus. Since the DNA virus does not
cause tumors in the natural host, these findings favor the hypothesis
that neoplastie changes produced in heterologous cel1s 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 Marekrs disease when infected with Marekts disease
virus. The fact that germ-free birds succumb to infection with lesions
of the central nervous system suggests that Marekts disease may represent
an interaction between the host, Marekts disease virus, and a leukosis
virus.

Recent preliminary findings steurning 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 1t occurs in man is of a contagious nature. Virologic studies have
concentrated on the possible role of EBV in Hodgkinfs disease. Patients
with this disease showed high antibody titers to EBV, similar to those
found in patients with Burkittts 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 deblockingrr antibodies that abrogates
blocking antibodies was found in the sera of patients whose cancers were
surgically removed or in remission.

An increase in the irmnunogenicity of weak tumor (SV4O, MC transformed)
ce11 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 ce1ls gave significant protecti-on to animals against challenge
with viable ce11s 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-iiGIed mice aswell as an increase in survival ti-me of these mice was observed in thosegroups treated with this antlbiotic.

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 studi.es suggest thata geneti-cally susceptible population of individuals exists wiih a higherrisk of developing Hodgkints disease, cervical cancer, and lung cancer.

Although Rifanpicin and the related antibiotics are inactive, certain3-substituted Rifamycin SV derivates are potent inhibitors of cancer
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virus reverse transcriPEase. Most of the active derivatives also inhibit
other DNA and RNA polymerases normal-Iy Present in the mammal-ian cell and

thus are toxic, bui a- few do show a degree of selectivity against parti-
cular enzymes. A few compounds apPear to show selective toxicity for
leukemic lymphocytes as ctmpared to fympnocytes from normal human donors'

The possibility tf 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 j-mmunologically tolerant to GMuLV, since

they are G antigen positive during their entire life span. Recently,

kidney-eluates of untreaEed AKR *i"" *"r. found to contain at least two

different antibodies to inEraviral G antigen(s) and GCSA, although no

free antibodies are detecred 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 speeial Virus Cancer Program has

endeavored to encourage cooperati.r" rl""rrch 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 we1l. In the last fiscal year alone the svcP co-sponsored

the following meetings: The Second International Congress for Virology '
Budapest, JuIy, L97L; Vth International Symposium on comparative Leukemia

Research, Padova/Verri"., Septernber, L97L; Symposium on Viral Neoplasia'
University of Tennesse, Knoxville, May, Lg72t 7t'in International Symposj-um

on Breast cancer in Animals and u"n, bi"rrobler. June, L972. l"lonographs of the

paperspresentedatthreeofthesemeetingswillbepublished.

Scientists representing laboratories throughout the world participated in
the Sixth Annual JoinL working conference of the special virus cancer Pro-

gram held at the Hershey Medical Center, Hershey, Pennsylvania, on

october 24-21, LglL. The Joint working conference is held annually to
provide for both formal scientifi" pt.".ntations as well as informal dis-
cussion by senior scientist" t"p.""Lnting the contracE program and invited
guests engaged in research on tile viral .tiotogy of cancer' Tlt 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: r. Detection of virus or Virus Expression; rr. Epidemiologic

Studies; III. Ilost and virus Genetic Factors; IV. Human Tumor Immunologyl

and v. Molecular Virology Studies. A summary of these sessions was
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published in rhe J.N.C.r. (Iaay L9l2).

rn addition to its Annual !trorking conference, the svcp also organizes andsupports several conferences which emphasize new fi.ndings in tumor virology.The solid Tumor Virus and Developnental Research segments conduct severarone-day scientific symposi.a known respectively as the PACTVTGR (pacificcoast Tumor virus Group) and the ACTViGR (etlantic coast Tumor virus Group).Reports of these meetings are sunmarized. below. Two additional workshops--one on cell-Mediated rmmunity (rumunology-Epidemiology Segment) and anotheron Bi'ohazards in Tumor virus Research (siotazards control & contaiomentSegment) are also described.

This group was establ-ished in september,1969 by Dr. Robert J. Huebner, chiefof the viral carcinogenesis nraneh (vcnj, NCr; and chairman of the solidTrrmor virus segment, to promote maximum communication and collaboration amongthe seguentfs contract scientists on the l^Iest coast where many of its majorcontractors are located. PACTVTGR was designed to provi"de a working forumto compensate for the relative isol-ation of individual contractors from eachother.

Dr' Leonard Hayfli-ck, Stanford university, was appoi.nted chairman of pACrvrGR
and has served in this capacity since its inception. Together with the vcBstaff, he has organized the format and agenda, which empilasize new findingsi'n the Segment programs on the west coasi and elsewhere. svcp program lead-ers on the East coast and some Eastern contract scientists are usuallyinvited to participate as indicated by the theme of a specified PACTVIGRProgram' rn general the meetings are attended by 

"ppro*i*"te1y r50 persons.Sj-nce the meetings are not considered ttclosedt', the host labor"tory and othercontract laboratorj-es i-n the vicinity of the neeting encourage their technicalstaffs to attend. rn addition, inteiested outside scientistf in tt" vieinityare i.nvited.

During the first year (November, 1969 to september, Lglo), six meetings wereheld at various research laboratories in the Northern and southern californiaareas' These meetings were very successful in establishing 
""ai"" cooperativeefforts between laboratories, thereby expediting research objectives wi.thineach contract operati-on and the program at large. During the past tr^/o yearsthe meeti-ngs have been held on an average of once every three months.

Meetings L, 2, and 4 followed the original plan: that is, indivi.duallabora.tory progress rePorts from the participati-ng laboratories, followedby an'rin deptht'report of the host-laboratoiy, a tour of the host raboratoryfacility (for those interested), and invi.t.a pr.s.rrtations.
Meetings 3, 5-9 were devoted to selected subjects -- iumunology, serology,molecular biology and genetics associated wiitr the Type c lrirl"e" and viralgenome 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 putaEive human tumor virus, RD114' two
recently isolated simian Type C viruses, and a variety of sensi-tive newly
developed serological and immunological proeedures for their study.

The most recent meeting (11th) was of particular interest. New (unpublished)
epidemiological results were presented on the possible carci-nogenic effects
in offspring of women given diethylstilbesterol during pregnancy, possible
environmental and infectious influences in the spread of Hodgkinrs disease
and a discussion of an epizootic of Rous-type sarcomas, hemangiomas, and

nephromas among Marekrs 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 Marekrs disease.

The meetings have been increasingly useful as the contract and other collab-
orating gtorrp" have taken advantage of opportuniEies to meet, discuss and

exploii new findings. The mul-tidisciplinary approach to complex research
problems as a result become obvious to the Segment scientj-sts.

In t,erms of the original objectives, the meetings have been highly successful
in promoting collaboration and have stimulated interest and productive
effort on the part of'Ehe participants. As a result, Lhe Solid Tumor Virus
Segment has beln able to achieve on a voluntary basis a highly integrated
program in which the contract scientists are able to move quickly to
Lvaiuate, confirm and expl-oit 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 smal1 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 Marekrs disease problem, and

a number of viro-i**rrrroprophylactic developments (vaecines and interferon)
for the prevention of murine and avian cancers which hopefully could be

applied to the Marekrs disease problem and to human cancer.

Arlanric 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 concept,s and Progress and to maintain
integration of the research effort within the Program. The informal
atmosphere of smaller discussion groups is conducive to active exehange
among participants with special- research interests.

Meetings are held under the ehairmanship 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 lirnited to one.day, and each
participant arranges his own travel. The constraints imposed by time
and space require some limi.tation 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
rami fications of an area are presented by different investigators drawing
on their own and supporting data, thereby provi-ding the basis for ampli-
fication tl"rrough the ensuing discussion. Partieipation has not been
restricted to scientists within the SVCP. Contributions from others have
been invited to provide more comprehensive coverage of current research.

Arrangements were made by Dr. Fred Rapp to hold the first ACTVIGR meeting
at Pennsylvania State University, Hershey, Pa., on March 22, 197L. The
topics dj-scussed were of general nature refLecting the broader aspects
of Program. Dr. David Yohn arranged facilities for a meeting on June 7,
L97L, at Ohio state university, where those attending considered the
current knowledge on relationships between herpesvi-rus type 2 infections
and carcinoma of the uterine cervix.

The first ACTVIGR meeting in L972 was held on January 11, at the Institute
for Cancer Research, College of Physieians and Surgeons, Columbia Univer-
sity, New York city. Dr. sol spiegelman was host for thi,s meeting to
discuss molecular approaches to vi-ral- 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
quantitati.ve relationship between the virion RNA and the DNA synthesized;
characterLzati-on 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, L972. Participants involved in
the study of herpesviruses were invited to discuss several possible
mechanisms whereby infection by these agents might effecE neoplastic
transformation: direct transformation by a herpesvirus, activation of
covert RNA tumor virus infection, and stimulation of host immune processes
resulting in the activati.on of preexisting RNA tumor virus infection.
Presentations provided current information on EBV, Herpesvirus sai.miri,
Marekrs disease vi-rus and related topics as a basis for further discussion.

Conference and Workshop on Cell-ular knmune Reactions to Human Tumor
Associated Antigens

0n June 8 and 9, L972, the Immunology-Epidemiology Segment, SVCP, held
a conference on cellular immunity to human trfiror 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 i-n vi.vo assays. After the formal presentations,
the speakers and other participants discussed in depth the imporLance of
each assay and associated technological problems. Many methodological
and interpretative problems were identified. The participants agreed that
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an exch€rnge of tissue cul-ture celL lines and other material-s among the

laboratories was very important and would accelerate Progress in this
fiel-d. There was insufficient information presented to determine wtlich

assay. or assays would be most useful in monitoring patieltst response

to conventional therapy or t,o iurnunotheraPy. The proceedings sf this
conference will U. poiii"hed by the Journal of the National Cancer

Institute.

Conferenees on si.ohazards in Vlrus Re

The Office of Bi-oh azaxds and Environmental Control sponsored two conferences

on Biohazards in Vi-rus Research--one at the National Cancer Institute
inApril-andtheotheratPhi].adelphiainMayinconjunctionwiththe
72nd Annual- Meeting of the American Society for Microbiol-ogy. These

meetings were undeitaken to aequaint investigators with current informa-

tion on environmental control and thereby share important krrowledge and

technology gained through government supported research' The Minimum

Staridards of Biological Safety and Unviionrnental Control were discussed

in detail at the NCr conference. Representatives from fifty-three contract

l_aboratories evaluated the potential impact of Lhe proposed standards on

their laboratory operations. As a result of this meeting, suggestions

for improvement of these standards were made and, after crltlcal reviewt

were formalized.
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NATIONAL CANCER INSTITUIE - FREDERICK CANCER RESEARCH CENTER

oo october 18, Lg7L, president Nixon announced. that the scientifieraboratories at Fort Detrick would be convertea to research on thecause, prevention, and treatment of cancer. rn preparation for thiserpansion of NCr facilities, the vira1 o"""r"gy Area planned a compre_heasive research program to'augment existi.ng cancer projects and topioneer new areas of research. The_;;;;;ii"piog."* ro be carri_ed ourat the new Frederick cancer Research center ril u. the responsibilityof Litton Bionetics, rnc;, recently named 
"" ah. prime contractor forthis project.

one of the primary tasks to be initiated will be the large scaleproduetion of oncogenic and suspected oncogenic viruses to meet researchneeds on a continuing basis. This effort iiii include the preparationof highly concentrated avian, murine, feline ana/or other viruses fornhich established protocols exist and large-scare production haspreviously been demonstrated. rn additir;, ;h; workscope includesdevelopmental research to enhance virus production of those oncogenicor suspected oneogenic viruses for which th;;;-are no effecti-ve protoeolsand diagnostic reagents for the detection of vj-ral and subviral componentsof selected oncogeni"c agents.

when the President vi-sited Fort Detrick, he stated that it was his desirefor this facility to become an intern"ai"""rif known laboratory. Forthis reason' the Frederick cancer Research center will have an Advancedsystems Laborarory, specifically designed for ii""rr. culture, virologj.cal,biochemi-cal, and immunologicai-studies by NCr i.nvesti.gators and dis_tinguished forei'gn scientists invited to participate in col-laborativeresearch programs - '-- v-v'

The contractor will be responsible_ for developing and implemen_ting abiohazard and environmentai eontrol program to ir,"rr. the safety oflaboratory personnel and the local elmnJnity rtite preserving the integrityof all research acriviries. This respr""iiirilv includes rhe operarlonand surveillance of all containment systems, as well as maintaining
3i::::t'"te1v 

20,000 square feet of laborai;t; animal holding, and offj.ce

Pending the acquisition of equi-pment and renovation of laboratories, itis expected that the Frederict bancer Research center will be partiallyoperational by o919ber. By the end of the firsi year all major viraloncology tasks will have blen 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:

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
applicabie to the isolation and identification of human agents '
Special emphasis will be given to determine the characteristics
oi 

".r"t"l 
newly-isolated prirnate viruses ' This work will

a.

(1)

remain an integral part of the Program'

(2) Human Studies. Efforts to id.entify viruses or detect virus
e"pre"srr" r" human tuuors have been underway for some time.
Because of this yearts successes in isolating candidate human

viruses, the Program will conEinue to increase its activities
in the search foi 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 1ung, co1on, 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 ttnormaltt ce1ls'

(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 earcinogenesis. Thls represents a
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b.

major expansion of
the Viral Oncology

Molecular Studies

Ultimately these approaches will
develop drugs, anti-enz)rmes, gene
effective at the molecular 1eve1.
of effort requirlng the combi_ned
the Chemotherapy Areas.

programs requlri_ng combined ski11s of
and Chemical Carcinogenesis Areas.

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 det.ection of oncogenic viruses or virus expression. rt 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 provlde 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 Lumor ce1ls contain genetic
i-nformation related to that found in known oncogenic viruses.

(1) Basic Studies

The Program will continue to broaden
ing, identifying, and characterizing
and their products requi,red by tumor
and f or transformati.on.

its activities for detect-
the spe0trum of enzymes
viruses for replication

require an intensified program to
repressors, or inhibitors
This represents a major expansion

skill-s of the Viral Oncology and

(2) Applied Studies

As knowledge of Ehe fundamental molecular events i.n virus-cel1
interactions mounts, the program will continue to apply this
information to the study of human cancer as follows:

To identify and characterize similar enzymes or enzymatic
actj-vities within normal and malignant human ce11s.

To develop highly sensitive methods for the detection of
virus or virus activity in human cel1s.

To develop a rational basis for therapy or preventi.on by
exploring various approaches to blocking of viral
replication and/or tumorigenesis at the cel1ular and
subcellular levels. The therapy could be directed at any
or all of the stages of cell transformation beginning with
ce1l infection by a tumor virus.

(a)

(b)

(c)
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c. Immunological Studies

(1)

Immunologic research has provided extremely sensitive techniques

for detection anJ 
"t 

rr."a.r ization of tumor viruses, viral antigens '
and changes in surface membranes of tumor cells ' These studies

have also contri;;;ta to an understanding of the role of irmnuno-

logical mechanisms in host-tumor and hosi-virus lnteractions which

provide a rational approach to the prevention and treatment of

cancer.

Basic Studies. Investigations of selected model systems '
representi"g tt'*o;s indlced by Type c' Type B' and Herpestype

viruses, will be extended to f"ttt'"t identify' character|ze'

and determine the vit'""", viral antigens ' and membrane antigens

of tumor cells. The studies include Ievelopment and application

of improved techniques to detect cellular alterations induced

by tumoruitrr"""--'io"" o' as the result of inEeraction with

orher environmenral agents. r,,crta"ea "*Ph"-"-l:-Ytlil:^'l:""u
on research on spontaneous or naturally occurring tumors ln

model systems rei-evant to human cancer' as a basis fot a

rational approach to Prevention and treatmenE'

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

determine their relative 
-sig,,irica"ce 

in host recognition

of and response to tumors ar'dl or tumor viruses '

(b) To develop method's to enhance host response to tumors or

tumor virus antigens '

(2) Applied Studies basic research provides the framework for

identificationandcharacterizatLo,,otviruses,viralantigens'
andcellmernbranealterationsinhumancancers,immunological
methods will be aPPlled:

(a) To relate candidate human viruses to known oncogenic

age.nts '

(b) To identify and chara ctetize intra- and inter-species

viral antilens which are Present in known mammalian tumors '
asprobesiord"te.tinghlmarrtumolvirusesorviralantigens

(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 '

Clinicalstudieswillbedirectedtowardunderstandiegand
manipulati;;-"i immune mechanisms in human cancer as a basis

for:

(a) Development of vaccines from identified and
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d.

fully characterized hr:man tumor viruses.

(b) Determination of the role of host iumune responses in
trmor recognition and rejection.

(c) Application of (1) and (2) in rhe prevention.and controlof human cancer.

Application of the results of these studies to human cancerswill require the coordinated skills of the Viral oncology and
General Laboratories and Clinics Areas.

Test Systems

rn vitro and in vivo (animal) test systems will be carefully
serectea to eva1ffi the work outlinld ir.r the previous research
areas:

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

(2) To develop bi.oassay systems for testing viral, and virar/
chemical carcinogens;

(3) To begin vacci-ne (conventional or other) testing and irmnuniza-
tion programs;

(4) To begin therapy resring programs;

(5) To explore special ani.mal tumor systems, espeeially in priuate
species particularly relevant to human cancer;

(6) To develop and mai-ntain well-characterized cell culture lines
and animal stocks (small mamnalian and priur,ate species) .

Many of these sJstems will be developed at the National cancerInstituters Fort Detrick facility.

Resources

sinee 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) Hunan Resources - collection and storage of serum and tissue
specimens, integration of data on clinical records, storage
and distribution; computeri-zati.on, coordination of speeinlncollection, storage, and distribution;

(2) Animal Models - maintenance of various marnmalian aniual coloniesfor basic research and special studies;

6
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(3) Reagent Production - 1-arge scal-e production of animal tumor

viruses for basic rt"t"r"h; production of standardized lots
of purified viruses; and production of high quality diagnostic
reagents;

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

(4) Candidate
research

(5) Biohazards Control and Containment -
facilities are required for research
and candidate human tumor viruses as

animal colonies which are proteeted

To fulfill the continually increasing need, resources have been

placed under Ehe control of a new orrice of Prograu Resources and

Logistics. Within the coming year, a prime contractor may be

required to assist in the expansion of this imPortant task'

controlled environment
on known oncogeiric viruses
well as for maintaining

from extraneous infect'ions '
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B. ST'MMARY REPORTS

1. OFFICES OF THE ASSOCIATE SCIENTIFIC DIRECT.R FoR VIML oNCoLoGY

a. oFFrcE oF BrorrAztrffi $-'f,?ffi,-*NrA,. coNrROL

The office of Biohazatd and Environmental control conducts researchpertaining to the physiological and envlronmental factors that alter thehosts susceptibil-ity and response to oncogenic and non-oncogenic viralinfections' rt also evaluates and develots techniques and fquipment tominimize cross infection and provide adequate environmental controls.

The FioLa?ar-d section conducts research to elucidate the mechanismslnvolved in host immunocompetence and the consequence of this ononcogenesis. Furthermore, understanding is being sought of thebiochemical factors that lead to the inJuction of malignancy and howbest to detect and modi.fy these inducti.ve factors. physiological
imbalanees, induced by controrled stress are being exami_ned inin vivo and in vitro systems in order to assess the host response.

we have for the first t.lme demonstrated that the virogenic markers,group specific antigens (g.s.) and RNA directed DNA poly*..""e, can beactivated by alteration of the physiological endocrine balance. Thismajor finding lends strong in vi:so supplrt to the eoncept that genetici-nformation for !"rgl vi.rus-EynFesis'and po""iuty tumor f ormari"on istransmitted vertically and can be- activatei by definable physiologicalmechanism' The potential for such activation has also been noted. by usto be present in certai.n pesticides and in relatively Iow levels ofionizing radiation. we have also, for the first ti,me, demonstrated thatthe host can be senitized to specific virar- stimuli and subseguentlydemonstrates such cellurar immunity by blastogenic transformation oflymphocytes.

Thg-ElyirggJngnlal control_ section utilizes environmenral monitoring ror-oenrlty sources of eontami.nation. To assure the integrity of primaryand secondary biological barrier systems, to evaruate engineering andoperational- parameters and their eifect on experimental ind personnelcontamination control. similarly, they collect and have evaluatedinformation pertinent to biologital saiety.
Minimum standards- for Biological Safety and Environmental control havebeen issued to all contr""tJ." within ih. svcr, these are currently beingimplemented' we have similarly initiated a centralized sera epidemiologicalsurveillance service for all contract operations as well as having initiateda safety training program for senior laLoratory technicians and projectdirectors. our consultation service to "ortar"tors, in-house researchfacilities and grant associated programs continues. we are planning toinitiate a chemieal carcinogenesis Biohazards control program. This lattereffort should reach fu1l operation during the next reporting period.

I
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SUMMARY REPORT

OFFICE OF PROGMM ANALYSIS AND COMMUNICATIONS

Statistical anq-leta' Servics:

Automated. Inventorie s of SVCP Resources

b.

The office of program Ana,rysis and communications (pac) continued its maior

rores in the management of svcp d-ata and information, anaryticar statls-

ticar assistanc" fr, ,"r"ur"tr proj;;;"; and_ scientific information storage'

retrievar, and_ d.istribution. sde highrights are as follows:

Offered.toatlresearchersintheSVCPisacomprehensivestatistical
s ervice ( consultation on protte nl ;1. i: ::'l:' ":::.::,":,u:3":l;:H:I""';:il'ffi":;:ffii:";i;""l;'i';;;;i"';;'{:'" :1 :5""' or experimentar

find.ings).Acompletervagtgryted-d.ataprocessingroutined"irected.by
experiencea tecrrni":-rrr"-maintains d"irect access to ttre main NfH computer'

Consultationandplanningser.riceisalsogiventoSVCPcontractorsin
developing loeal'uotor*tio, ,y.turs ror managing and- processing experi-

mental d-ata.

1. SVCP Serum Bank: Maintai'i"P^1 ::T:::'i::u":ffi:::H ;:d"i,prrt,
"p""ii",.%#':i"-tffi 

th";*;li:::^itt#"?::;,::".:'lgl:*'.3?Xi.iHXl
ffi;;ffi , ""i-u-r. 

t, ir"i io" or'l:.: 1*;:' ^::" .::::t::":i#;"f,?tHlillli:r?ffirl:. containing .ro*a 4o,ooo serum specimen units'

of serum

2. Local lnventorieq: Plans and installs
uoto,Iiu@ies in raboratories
researeh.

comPlete institutional
collaborating in SVC?

3. Central P4C InvenloTy:, PAC is promoting compatible automated

systems end. codeE-15,.$eeIme, ir"""torils in afl :-nstitutions participat-

ingintheSVCP.Thisincludestt,u"upt,,eandautomationofcomplete
clinical, d.emographie, and, ratoralory information on specimen donors'

Goal is a central specimen irrrr"rrtorv .i r{-Iu rnaking available for aII of

svcp the many large specimen reposiiories throughout the united- states '

Progress RePorts

Asystemofmanagingregular.(triannualandannual)progressreportsfrom
atl svcp rese"rch contracts is nraintained.. rn aaaition to the logistics

of monitoring and procurement, eaC compiles and distributes to program

scientistscondens-ua...,**,iesoftheactualprogressreports.
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Scientifi-c fnformation Management

of Cancer Viro

The Jnformation unit continued. to focus attention on scientific informationretrievar in the area of virar oncology, ana iis dissemi_nation to programscientists. so,rces of information arl'*"iurriiiic journals, books, and.other r:otifications an. sumrna,ries of cu*ent research in the field. Ma jorcontributicns of the rnformation unit in Fy t9i2 were as foDows:

. l-. Bibliographic Servi-ee: A semi-automated system is mainta,ined forStorage,rapi@ication,anareierenceprint-outscovering
almost a,ny d-esired topic in the pubrished, riterature Ln virai-orr"orogy.

2' viral Tumorigenesis Report: This semi-annual publication containsind.exed.s"t,#.";;,J.i.p,o;u"ts,therebypresent-
ing a pa.norami-c vi-ew of traf'oncology researeh.

?

report presenEs-EnE
research grants in theto NCf adminstrators.
Analysis and Reports

cancer virology area, and
The basic information is

Section of NCT.

Gralts: This quarterty
scal d.ata on current NCI

has limited distribution
received from the program

orr" ,rl1*r : Thls displays in
5

fiTr;'jffi":ff.in;;1 , i"ii,Ii;'i:#"1j..,t:^"-ieference aid for r;.;;;;;-il"""riuiijll'ri
H'H;3-:3Tffi :H":]H :::, :::" : " ","t", i " " 

- ;; -;ff"'l;il:'*ff 3"X"il, rat i onerrpanded" periodically.

"ontuln. ffi"r"t.I ?lr""t*y: This quarterly publicationprincipa1i,";J:;;::ir"ff::ffi;Tffi.iiil::Ltl3|3,*,.n,n
the viral- oncology program. rts purpose is to facilitate and, expeditecommuni-cations between staff members and eontractors

other responsibilities of the rnformation unit a,re: administration oflibrary facility; eorlection and d.istribut:.o, oi translation" or foreignpublications i-n vi3] o""orogyl maintainu.r"" ,rra lend.ing of record.ed tapeson NfH seminars rer-ated to "I""r oncology; and. continuous compilation ofthe svcp bibliograpllv contai;i;; ci.tations to .ir papers published byViral oncology staff-*u*fur" arE ,".uurch contractors.
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SummarY RePort

c. Office of the Coordinator for Ultrastructural Studies

TheVirusStudiessectionconEinuestostudydifferentaspectsofthe
relationship between oncogenic viruses and their host cells:

a) the search for viruses in different tumors by electron

mieroscoPic examination'

b) the examination of the life cycle of oncogenic viruses of

the herPes tYPe in their host eells '

c) the study of early events in viral infection which may

resulE in "neoplaitic transformation"' and

d)thestudyofcellularorganellesinrelationtothereproduction
of RNA-containing viruses '

Dr. Dalton in collaboraLion with Dr. Szakacs, St" joseph's Hospital,

Tampa,Florida,established15tissueculturesfromhumanbiopsies
obtainedfromsolidtumors.Tencellline""l:fibroblasticorepithelial
in appearance ' and flve are growing as suspension cultures containing

lymphoid blast cells resembling thlse blasts obtained by cultivating

Burkitt'slymphomas.Inthemajorityofthese.linesaseriesofcell
types from relatively undiffereiai"ala lymphoblasts to practically mature

plasma cells rrave teln observed. Except- in one instance these ce11s are

nottheori-ginaltumorcellsbutarethoughttobe''normal''cellswhich
have developed into continuous ii"." as a result of the stimulus from

thepresenceofEBvirus.Thesecultureswerescreenedforthepresence
of virus parEicles. rn fo.rr out-oi rir" cell lines Epstein-Barr virus

was found as shown by morphorogi""r examination and complem'ent fixation

tests.About3_5%of.thecellscontainintheircytoplasmanaberration
oftheendoplasmicreticulum,knownaStubulo-reEicuLararray.Itwas
suggestedpr.riorr"fythattheseformationsmayrepresentRNAprecurscrs
ofcertainmyxo-andparamyxoviruses.Dr.Heineincollaborationwith
Dr. Schaff discovered, by ,r"i";-;i;racyrochemical methods, the sensitivity

of these sEructures to protur"i". rhese results make it clear that the

struc.ures are not dirett RNA precursols to RNA-containing viruses '

Dr. Heine in collaboration with Dr. HLnze, universlty of wisconsin' Madison'

wisconsin, srudied rhe life "y"r. 
of H. EyfJilggg in rabbit kidney ce1ls'

This DNA-conEaining oncogenic vlrus oT trre t,.rpEs-type develops in infected

cellsandprovokeschangesinthesecellssimilartothosedescribedpre-
viously for H. saimiri. Both viruses produce a series of changes in their

host ce1ls known Eo be characteristic for cytomegaloviruses, i-'e.' the

formationofnuclearandcytoplasmicinclusionbodies.However,in
contrast to Ehe classical cytomegaloviruses Lhe intracellular maturation

of the vlrions under study ,ppu.i" to be quite unique resulting in two

morphologically different types of mature virions ' These results initiated

a detailed co*p"r"tive study- b"tr..r, tumor producing and non-oncogenic

viruses of the herpes type and their relation to the hos:t ce11' We hope
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to elucidate further similarities and differences between both kinds ofviruses.

several studies which are concerned with early events in viral infectionare under way in this 1aboratory.

Dr' Bader in eooperati-on with Dr. Boone, ce1l Biology section, vBB, NCr,lnvestigated the 
-mode, 

of entry of RNA-containing tumor viruses into cellsby using isolated membrane ,""i"1." as a model system. The methods ofuembrane isolation have not proven adequate thus far to answer thequestions, and new procedures for isolating intact surface membranes areunder investigation.

Dr' suskind continued to study the intracellular mechanism of infectionwith Rous sarcoma virus during the eclipse phase, especially events whichoccur within the nucleus, by quantitative light and electron microscopicautoradiographic techniques. He succeeded in showing differences in bothmorphology and function between nucleoli of RSV-transformed, newly infectedand uninfected cells with respect to the rate of their,."or"ry from theeffects of low doses of Actintmycin D. The results suggest the formationof new binding sites of Actinomycin D to specific DNA sites in nucleoliof transformed and newly infected cel1s. ih.". experiments wilr be expandedusing non-transforming, Rous-associated virus and thermo-sensiti-ve mutantsas well as parotein and polysaecharide precursors.

Dr' Heine in collaboration with Dr. Beaudreau, oregon state universi-ty,corvallis, oregon (contract //uru-ucr-71-2L75) initiated a study to exami_nethe fate of virion RNA after i-nfection. rn order to study the fate ofviral RNA in infected ce1ls purified MC-29-virgs was prepared containingH3-uridine at high specific "".i"r.y ci-z-*"io5 "pr/rg RNA). ce,lsinfected with virus thus rabeled have been examined 1-g hrs. afterinfection and the label hTas recovered from a polysome fraction. Fractionsthat contain labe1 will be examined in the eiectron microscope to confirmthe presence of polysomes.

Dr. Bader studied the inhibition of mitochondrial RNA polymerase inmammalian and avian celLs by ethidium bromide and observed morphorogicalalterati-ons by erectron microscopy 1n mitochondria of chick .rLryo, ra'embryo and mouse spleen and thymus ce11s (JLS_V5) .ra"i .*p";;;; ro thedrug' The effects of ethidium bromide were reversiblel after its removalthe ce1ls returned to normal within a few days with respect to theirmorphology and growth characteristics. chici embryo cel1s which had beenpreviously treated with ethidium bromi.de were infected wlth Rous sarcomavirus and were then examined for transformation and vi.rus production. Drug-treated ce1ls became transformed and produced virus as seen by electronmicroscopy' The results of these experiments show clearly that the mito-chondrial DNA template is not i"nvolved in the synthesis of Rous sareomavirus.

Dr. Dalton has studi-ed the details of the replication ofmarmary tumor virus) and type C (avian, murine and felineviruses) particles. The reiults of these high resolution

Type B (mouse
leukemia-s arcoma
electron
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microscoPicalstudiesdemonstrateEhatnewlyformedparticleshaveanuch
moreprecisemorphologythanolderparticles.Theyalsoindicatethat
the type c parti'ci." IL far studied have a morphology eharacteristie

forthespeciesinwhichtheyareindigenous.Whenchromeosmiumis
used as a fixative, murilre type c particles at the budding stage possess

a relariv.ry tui"i'(;g;-At .ii-ai".inct outer component of the.developing

nucleoid whether the vlrus is replicating in mouse or human cel-1s' rn

budding feline rype C particles ili" LayIr is thinner (50 A) Uut sti11

disrlncr. Typ.'L-ririorr" grorii;-iror'ssp-r (human) cells do not exhibit

a clearly separate layer while !Vi. C virions.growing from RD-11-4 cel-1s

have a disrincr-iii" i^y", similai to the feline type C virions'
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d.

SUMMARY REPORT

Office of program Resources and Logistics

The office of program Resources and Logistics within theoffice of the Assdciate-scientlric-oiiector for viial oncologyis responsible for the review "ra-r.i"rrtific management ofcollaborative research contracts proviorng resources andlogistical support to the !p".iar'vir,]s cancer program andthe viral Oncoiogy area. rirrs offi;; was establisfied duringthis fiscal year to centralize th;-;iientific administrationand management of ,"r"riir, r"io*rieI-irra logistical functionsand to unifv these ,.ti"ities within ;h" office of theAssociate stientifi;-Di;Jctor. rn this way individualsresponsible for coordinating trr"i" ;;;;"rt activities couldprovide to the entire progrlm with ,r'l*ur"ness of theoverall scope of activities. This would avoid any specialconsideration.to- a parti.y11, ,;;; ,';;; unnecessary duplicationof effort, and the lpp"iiu"." of u,ly--ui,a";i;;;i;-;6rp"titionwithin the program.

Many of the research investigations carried out in the viral0ncology Area depend on the availability of clinical andlaboratory materials of optimai-p;ii;;;. viabiii;t,*i,ra potency.comparab 1e s tudi;;-ir,"i.r"'iirte grate a piogram of inte rnat ionalscope' as encompassed in t!" Svcp, ,it" more meaningful andrapid progress when adequate quantities of standardizedreagents, .u11 cultures, and i;;;-r"irrr, are available. The0ffice of program Resoui."t .and Logistics provides these
;:ilii:i";.i:*i"ities through rriiB"i -.o"tiact 

op"rrtions as

To support this office and its activities, a new cont ractreview bodv was established d;Ti;g-ihi; _year, the viral oncologyProgram Resources & Logirii., Advis;;;"Gfgrp. This Group wasestablished by the Ass6ciri"-s;i;;;ii/ic Director and constitutesa standing colmittee to -provid;-;;pp;;; and make recommendationsconcerning resources and logistiis'firii"rr, and to conductappropriate reviews for those contracts within the R E L areaof Program. The group is chair;a ;;-;;e Chief, office ofProgram Resources"g rbgiiti.r^r"i i( i"lporrrible to the office.The membershtp^i1.ruae3-representatives from the three Branchesand the maj or areas of Viril o";;i;;y:"
Because of organi zational changes in adninistrative managementof collaborative ,"r"ri.r, contTacts, a variety of contractsformally within the R 

' 
L segmeni 

-uia-oirr", 
segments withinsvcP became the ,"rpor,ri.uiri;t ;i .ir; ;;* offire of programResources & Logistiis. rtrese contracts represent three generalareas of activities and. include tfre ioilowing:
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i

Activities directed toward produciion
viral reagents , virus monitorl-ng, and
ization.

Contracts concerned with acquisition,
storage, inventorY, and distribution
resource specimen ma.terial.

3, ContractS concer.ned with animal reSOurCes, including
production of pathogen-free and germ-free species of
ininals, breeding of primates, maintenance of animal
colonies, and containment-type holding facilities.

ration of an annual
ch resources
ithin the Program.
item includes

urity, and infectivitY
lvity. Additionally,
am Analysis and
the development of

sera, tumor tissue,
inaterials contin-

e central inventorY
ators requests for
regardless of the

laboratory at which

cf virus and
character -

collection,
of human

2.

Another activity of the 0PRL is the prepa
catalog listing and describing the resear
avatta6te to collaboratJ-ng laboratori-es w

Usr-rai1y the information provided for each
origin-, processing procedure, degree of p
titer or other measures of biological act
in collaboration with the Office of Progr
Communication, the OPRL is concerned with
a computer :-zed central inventory for !h"
ce11 butgrowths, and other human specimen
uously bei-ng acquired by the Program. Th
will greatly facilitate matching investig
human materials with specimens available,
geographic location of the repository or
it is stored.

During this past year in anticipation of an expected.increase
of th; overail Prbgram in the future and the limitation of
personnel avai1ab16, consideration was given to the establish-
ment of a prime contract as a mechanism for dealirg with
Iesources ind logistical support for Prograrn-. With this in
mind, Btr advertilement was puUfished in the Cbmmerce Business
Daily on November 8 , lg71 r^equesting resumes of experience and
capaLilities. 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 trnder the
project contract, dfrY of the respondents had demonstrated
iequisi"te 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 activiti-es required to make
ivailable to collaborating investigators necessary research
resources.
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lfithin the Office ofstaff scientists andfor the management of
!h: Chief, support is provided. by twoa secretary who assist in responsibilitiesthe extramural ;;;a;;.; oieration.
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1.

a.

Branch Reports

Vlral" LeukenJ.a and Lynphona Branch

The Viral Leukemia and Lymphoma Branch conducts research designed to
elucidate the role of vi-ruses in the etiology of human neoplasms,
particularly leukemias, lymphomas and sarcomas. A variety of scientific
ipproaches are used which provide a broad base of knowledge applicable
to the identification and isolation of human oncogenic agents and the
prevention or control of the disease as it occurs in man. More
specifically, the Branch encompasses a range of scientific disciplines
including molecular biology, genetics, immunology, biochemistry,
pathology and cell culture techniques. In the past year, the emphasis has

6"..t ,riy from model systems to the more rlirect study of human materlals.

The Section of Molecular Biology seeks to obtain comprehensive knowledge
of t@stry of sarcoma and leukemia viruses and

conducts quantitative studies on the inEeraction of oncogenic viruses
and cells to determine the mechanisms of viral replication and cellular
transformation at the molecular leve1. 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'
ThL Section of Immunology examj-nes the antigenic nature of oncogenic viruses

"nd tte irrdrrced tr 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 blochemical
properties of Eumor viruses in order to understand how they may be

"ppfiua 
to the search for human tumor viruses. . A- "helpdr" assay to

"ilscue" oncogenic virus information is currently being applied to human

cell systems. The Section of Genetics is concerned with genetic factors
of both the tumor .\/lJ-iiusa"d th. host it infects that are involved in the
oncogenic process. Particular emphasis is placed on the viral genes

involved in oncogenesis and cel1u1ar "susceptibility" genes, particularly
those genes of man that predispose lndividuals to the development of

"rrr".r. 
The Office of the Chief coordinates the research of the

varioussection@thescientificfreedomoftheindividua1
investigators. The office is responsible for establishing collaborative
efforts with investigators in other areas of NIH and elsewhere such Lhat
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 eontaining tumor viruses have been reeognized 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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-IThe discr,very that certain RNA t.umor viruses have an enz)rme capable oftranscribing the viral RNA back into DNA has lead to the possibilityof using extremely sensitive biochemical probes to search f,or evidenceof viral etiology of cancers, and especiairy, cancers in man. Some ofEhe poi:ential applications to the etiology and control of human cancers
dr e.

1' The use of synthetic DNAs produced from the vlral RNA to search forcomplementary RNA in human tumors by DNA-RNA hybridization techniques.

2 ' The use of highly effective synthetic templates and optlmalenzymatic conditions to search for viral r.r"i"" transcriptase in humantumor cel1s.

3. The use of specific antiserum prepared against the purified viralenzymes to ldentify individuals that have been exposed to Ehe viralenz)rme' rt is reasonable to expect that the antibodies to viral specificprotei-ns may persist for much longer periods than the virus itself wouldpersist.

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

Following the initial reports of RNA-dependent DNA polymerase in thevirions of certain RNA tumor viruses, it was important to see if theenz)rme was specifically restri-cted to tumor viruses and whether it wasspecifically restricted to tumor ce11s. A11 of the oncogenic RNAviruses tested so far have been found to have DNA polymerase, as indicatedboth by endogenous reaction using the viral RNA and by synthetic polymer_sti-mulated reactlons, using such templates as poly ra.ru, poly rr.rcand poly rA'dT. The non-oncogenic RNA viruses have shown no evi.denceof this enzJrme activiry. Two apparent exeeprions were found. ,ilJ'ilr"a,vi-sna virus, produces a chronic, progressive, neurological disease ofsheep but has, heretofore, not been associated wi-th tumors in sheep.The second major exceptions are the group of "foamy,, viruses. TheseRNA-containing viruses are frequentt! found in healthy as well asdiseased monkeys, cattle and cats, and they have not yet been associatedwith any disease. visna and "foamy" virusls, then, are apparent exceptionsto the rule that only tumor viruses contain reverse transcriptase. whethervisna and the related viruses of sheep and the various ,,foamy,, viruses arepotentially oneogenic in their natural hosts remai"ns to be resorved.
The polymerase, as an antigen, like the gs antigen has both speciesspeclfic and i-nterspeci-es eharacteristies. rumor-bearing animals canmake antibody to the viral polymerase and some sera appear to be morebroadly reactive than others. The murine polymerase has been partiallypurified and used to produce an antibody in.rbbit". The antilody, an rgGimmunoglobulin, is directed against the enzyme and not against thetemplate' The antlbody to the mouse leukemia virus polymerase will also

t
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inhibj-rt-heenzymaticactivityofhamster,ratandcaflleukemiavirus
po1-ymerase.Thus,thepo]-ynerasesfromdifferentrrnammaliantumorviruses
are antigenetically related' However' the crosses with other mammalian

C-Eype viruses *tt'o"ty parEial- t'o"""" allowing precise identificaLion

of the species of origin of an rr.torro* c-type virus' The mouse mamlllary

tumor virus, visna, and the avian leukemia .,i,," polymerases are noE

inhibited at alr by this serum. The antibody to the avian virus

polymerase inhibill al1 the major avian C-type viruses' but not any

niarnmal,iarr C-type virus polymerase'

Two new C-type viruses of primates have recently been described by

Kawakami and co-workers. one :-"-iro* a woolly monkey fibrosarcoma; the

oLher is from a gibbon 'pt tyn'pt'ou""o*'' goth have a pol-yrnerase with

thecharacteristicpropertiesoftumorvirusesandcanbeclassifiedas
C-rype based orr-*orit-,oio*y. Th;y';i;; have the biological properties of

c*type viruses and also have a ""ro""-r."cting 
gs anti-gen' The polyitterase

antibodystudies,however,sh.,-a_veryweakorabsentcrossreactionwith
antibody to rodenl- or cat virus;"i;;T."et ,Both 

the murine and feli'ne

c_type viruses .rr-, g"o, in prima'te Lerrs without losing the innmunologic

specificiEyoftheirpolymeras"._-th.".findingsprovideadditional
evidence that the poly:nerase coded f or ' at least i" p"t ' by the viral

genome. From rhe Lxperiments ";";ti*;rase 
inhibititn' the woolly monkey

and gibbon ape viruses appear ,roa'ao"be contaminating rodent- or feline

C-type viruses "'a 'ppt'r- 
to have a polymerase- that is distinguishable

from thaE of the C.type viruses"or-ro,.' rirammals. An antiserum prepared

tothegibbonC-typepolymeras.i,,t.,iui.sgibbonandwoollyvirusenz]rrne
well,butonlypoorlycrosseso'itt'tf'etodtotandfelinepreviously
describecl C-type virus polymerase'

TheisolationofC-typevirusesfrombotholdworldandnewworldmonkeys
fromnaturallyoccurringt.,*orsg'u,trvstrengthensthepossibilitythat
relaEed viruses will be diru"ti.y'isotai.d from human Eumors' several

reporrs of c-rype viruses i, h*ir";"Ilii"-tr"e been presented in the past

vear.Whilesomeofthese,'"*.'.reasonablecandidaEesthanothers,no
iror.r, "human" c-type is yet ';;r't;it' 

until such viruses are found'

the C-type viruses of primatt "tttt" 
should provide the best probes for

the detection of C-type information in human cells'

Inlg6g,itwasproposedthatthecellsofmostorallverEebratespecies
containC-typeRNAvirusg",,o*."thatareverticallytransmittedfrom
parent to offsprJ-ng' oepending on the fost.gtootypl 

and various modifying

environmental iaetors, eithur'iit,r" productio: ot t"*ot formation' or both'

may develop at "o*" 'i*t 
ao'i"l-tt; iiit of.tfese animals or in their

cells when grornm in culture. 
'it. 

.riaunce for this concepL was derived

bothfromcellcultureexperimentsandf,romavarietyofseroepidemiologic
studies and was presenLed as a unifying concept that wourd be consistent

with the ta"ts 's they were knor'm at the tirne'

Inthetwoyearsthathavefollowed)agTeatdealmoreevidencehas
accumulated that provides "a.J*g"""pp.ra 

for Ehe general theory' One
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particular prediction that was made was that the genetic information for
making an RNA tumor virus, bei-ng present in a repressed form in all cells,
would be potentially inducible by carcinogenic and.for mutagenic agenrs.
Recent evidence from single ce1l clones of mouse embryo ".i1" of both thehigh susceptible strain, AKR, and the low susceptible strain, Balbfc,
indicate that every cel1 clone in culture does contain the information for
producing a C-type virus. Infectious virus can be induced from clonallines of mouse, rat, and chinese hamster cells, normal as welL as
transformed, whieh provides dramatic support for the original hypothesis.

The oneogene hypothesis makes several testable predictions. The firstis 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 speci.es. 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 ce1ls, whether transformed by
exogenously added tumor viruses or by radiation, chemical carcinogens or
even "spontaneouslytt, should contain new messenger RNA sequences that arenot found in normal ce11s and that are co ,non to all transformed and
tumor cel1s of a particular species. This information should also be
contained in the C-type tumor virus of that specj-es. 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 predi,etion is thatit should be possible to isolate ce1l mutants that, at the nonpermissive
temperature, because of a temperature sensitive repressor, would be
superinduc.ible or would possibly spontaneously produce c-type virus
without exogenous i-nducer. A final prediction, if the genlial hypothesis
i.s correct,-and c-type viral information has been a stable part of the
evolution of vertebrates, r^rou1d be that the C-type viruses derived from
closely related species would be closely relatei to one another in the
antigenic prope.rti-es of their characteristic proteins. Two such proteins
are now available--the major group specific antigen and the reversetranscriptase. The isolation of c-type viruses from reptiles, birds, aswell 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 virusesthat corne 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 polynerase
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

CharacterizatLonofcontinuous'contact-inhibitedmousecelllinesfrom
salblc and NIH/Sroi"" trnttyo "til" has provided excellent model systems

for study of the effects of tumorigenit viruses both in vitro,'ld 1" vivo'

These eell rines, and a wide ,rri.iy of well-characterized subclones from

them,aresupplieatonumerousi,,.,""tig"torsthroughouttheworld,andhave
become standard cell lines for iio"t.i"al and biological investigations

of cellular growth control mechanisms'

New types of l"lSV-transf ormed cells ' t'he nonproducer cells ' have been

discovered. These cells ,r. *orfrrologicatly-transformed and are highly

tumorigenic, yet they lack alt ti-re known antigens of the murine sarcoma-

leukemia complex. The sareoma gt"o*t can be readily rescued by the

addition of "helper,, leukemia virus. These nonproducer cells provide a

very good model ior the study of naturally occuiring cancers' Viral

specific information can be detecled by nlcleic acid hybridization at

less than L% of the level in ttre ir"rr"ior*ed virus producing cells '

optimal techniques for detectio; of viral inforrnation in these cel1s are

beingappliedtostudiesonthedetectionofviralinformationinhuman
tumors and human tissues'

Studies on the S*L- cells developed by Bassin, et al have revealed that

Ehe particles Ehey produee have tnly ihe main group specific (gs) and

theinterspeciesantigen.whiletheothergsantigensseemEobemissing
or radically differur,i. fyp. "p..iti"iay 

6t tt-t. StL- virus is also not

related Eo previously described'MulV goorp". The s*L- particle itself

contains a neatly reduced amount of reverse transcriptase; the s*L- cells

arealsodeficientinthis",,,y*..AsignificantlackofhomologybeEween
MuLV and the standard coated },ISV '," "..,, 

when mixtures of MSV-MuLV (4:r)

were examined by reciprocal cross-hybtidizat'ion with the respective DNA

reverse transcriptase products. I'dii-tionally, atypical large-molecular

weight nucleic utia" may be a natural component of MSV as well as

previously observed ribbsomal and transfer RNA species'

Amajoradvancehasbeenthedevelopmentofvirusstockswhichhavea
significant(4-to5O-fold)excessortn.transformingMsVoverits
associatea murin! r"ute*ia'"t.ip"r" virus (MuLv). with a favorable

MSV excess the isolation of ".ii" 
transformed only with MSV and the

studyofMsVgenomeitself"'..g,u"tlyfacilitated.Theresult'hasbeen
the development of numerous cell lines that are "transformed" by MSV but

haveonlyaminimalexpressio"-oftnttumorvirusinformation'The
virusfromthesecultureswithanexcessofsarcomavirusshouldprovide
avaluableprobeforthesearch-forsarcomavirusspecificinformation
in apparently "virus-freett tumors'

Radiation leukemia virus, a ,,natural'' virus induced from C57B1 mice has

been found to be able to replicate, albeit with great difficulty' in

3T3 cells. Because the raaiaiiun ieukemia virus is able to grow much

betterinS*L-transform.a:r:""rr",itmaybethatthegreatmajority
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of naturally induced C-type viruses existed as MSV complementationrequiring variants. The isolation of new natural viruses may requirethe above model techniques. An obvious extension that is aciualry beinginvestigated is the isolation of human ce11s infected only with MSV andthe attempted induction from them of the post;lated endogenous humanhelper c-type virus. "Revertants'r of MSV transformed that have lostpartial or complete virus extensi-on have been obtained from a number ofsystems. These cerrs also have lost tumori_genicity. rn some cases theinput oncogenic i-nformation appears to be lost; in others it is suppr.essed.The latter situation provides an excellent opportunity ror-irre study ofthe mechanism by which tumor virus informatio" i" repressed.

A new strain of murine sarcoma virus isolated from a B/w mouse isaceompanied by a non-cytopathogenic "helper" virus requi-red for releaseof infectious virus. unlike other strains of sarcoma virus, the newMSV retains the ability to express the murine gs-t antigen i-n hamsterand cat ce1ls. The presence of , 
"o.r.,renj-ent 

antigenic marker is usefuli-n studies involving trans-species reseue of the MSV genome using putative"human" c-type viruses. Maried mouse strain differences are noted in theresponse to this MSV strain. rn Balb/c and c3H mice tumor regression,virus titers, viral neutralizing and cytotoxic antibody titers arecorrelated. But in B/w miee, the tumois persist despite very high titersof-neutralizing and cytotoxic antibodies, and absence of detectableinfectious virus.

The combined use of immunology and electron microscopy has greattyj-ncreased the sensitivity anJ- speci.ficity with which virus specific andvirus directed antigens may be localized. fn addition to ferri.tin andsouthern bean mosaic virus coupled to hybrid 
"rrtibody, tobacco mosaicvirus (TMV) has been utilized and estabii"rr.d as a third marker forimmuno-electron microseopy. Fragmented TMV (50 mU) can be used with theother two markers for conventional electron microscopy, since these threemarkers are clearly distinguishable from each other by their shapes andspecificities' Thus, the use of these three differenl markers opened aIiTay to examine the relationship among different antigenic sites on thesurface of the virus and the ,l-rr"-"orrtaining cerls. During virusbudding, it is seen that the c-type virus in-orporates cell surfacecomponents into the viral envelope.

Micro techniques for the isolation of temperature sensitive leukemia virusmutants have been developed. By these *"lhod", it has been possible sofar to isolate 27 tempert.rr.-"Lr,sitive leukemia virus mutants fromclonal stocks of Klrsten and Rauscher leukemia viruses. Each mutanttransmits to new cells with efficiency comparable to that of wild_typeMuLV at the permissive temperature, but is at least 4-5 logs lessefficient Ehan wild-type aL forming XC plaqu.s at the nonpermissi.vetemperature' The mutants all have very low rates of reveision to wird-type.Temperature sensitive sarcoma virus mutants have also been isolated. I,{iththese it is hoped that the viral protein directly responsible for themaintainence of the transformed state can be studied.
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Acontinuouscellline,HBT-3'YasestablishedinculEurefromahuman
breast adenocarc;";;"' The cells are epithelioid in appearance' grow

rapidly, and rori *''ftifty"tta "lfo"it"' 
HBT-3 cells have a cloning

efficiency of approximately 7O%;;i an abnormal karyotype' Preliminary

experimenEs wiEh this cell line suggest the possibll pit=ul}"t of 60-70s

RNA and an erlzyme-arr"a is similar Io tne knoum viral reverse transcriptases'

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

viralspecificPNAfromeverynousecelllinetestedtodate,inc.luding
such liues as salb/3T3 and uffili'i"" *ot'"t "*Utyo 

f ibroblasts (NIII/3T3) '

Cell l-ines transformed by Sva' ani t<i."a"r, or Moioney sarcoma virus show

inereased ievels of hybrid i,^tio,. The finding of partial expression of

murine C-type irfr"*rlio., ir, ,,rrlr*rfi- mouse ".11" 
ntt treated with inducing

agenrs suggesrs possible post-r;;;scri-ption.t "orrt?ot 
of the expression of

tile endogenous virus information'

Rauscher-MulVreversetranscriptaseisdenaturedby,andrenaturesupon
removal of, guanidine hydro"irfotia.-(eunCf)' The eflz'Jme i:-"?Tlo"ed of

one polypeptide chain tt moleeular weight approximatery 70,000 - 80,000.

Therenaturedenzymeobtainecfromanagaros."ol.,*,,runin5MGuHCtand
reducing agenc still possesses nll' ""a iNa dit.oted DIrIA pollrmerase

actj.vltiesassociatedwiththenativeenz)rme.Therenaturedenz)mlereacts
r.rithantibodiesspecificforthenativeenz}rme.Studiesareinprogress
toirreversiblydenaturehostcellpolymerasesbutnoEEheviralenz)rme.
If successful,'tfris will provide a i'pia' specific assay for reverse

transcriPtase in host cells'

Immunoadsorbantcolumnsusingantj--viralpolyrrreraseantibodycoupledto
SepharosehavebeenusedtopurifyreversetranscripEasefromcellsand
tissues. Large scale ""t"t"i"|-oi 

t'"*'" cell extracts using affinity

chromatography will be underrai.e.r ,orr.r, a trigh titered antibody directed

againstrr,.pri*aLeC-typeviralreversetranscriptaseisavailable.

Continuous ther:apv with interfgron inducer;^-",:,1::tt:::I.:::#::";:;t:;[i
:?::::ffi:.::":i:'.H:,il:ffi;:"ffi"';:"';.;;:::r^:':iI:::m:,'::n 

sing1e

:::::-:t'H::,?::.:'iH:::::-;;;." resulrs in markei enhancemenL of
..,; r?' indrlcef s Can I

:l::;.::"il';;' lii".il::"fi:":::.", ;:::l::*:::.T:':#X:"i:" 
":::":;"""i:" ?f, :";:l : ?lrl)"Jffi ; ; ;' 

" ";;;,r- i,,1"iq 1i": ::1: ^'lY ? "it,:":;"'":;.:H"T";.;::li :#;:.;: ;;;Y:;:i::i,i:"-i::";:.1':,i:x":":'
liiliTl;'"3T:;:i':fl:'ill'r::;:l;-;;;;;-;;-*iou r'o* arborvirus inrections '

nmq rri rrls - an ef f ect
ffi:;":i::":#:::'!l'i"''"'"ui".r""'rr^::;*:.::'::'3";:l""inll."":::i"" *,,
llil,:H'oi"l?l"in:T;#:;1,;1#:::.i:"::1,,1:,3:.?; .ll"li,i:Il'""
l:;i":i:"?1"?:'.;:'-::il;;:*",r-l"i"rreron inducrion in the animar'

arR mice have been considered immunol:9i:i1lY":'::::"t I: T::"r:::;: 
tn"'

H: t'::.H: ;:::.;;'j";:;i;; il;;-."ii'. rili-il?I 
^II l?:"o:::t:

iliu!"?l'iffi:":::':i:; H:'i.?u""r: "rI:;:-::. :i:':;:*, *l,Ti"i";':;:'""il'i3ll; iix"lil;.:5; ;;.ffi;;l L-'".',"i'il-9.:::::":l:).:*"::;
31";i"llti":":i:::':l;;H:"Iiii;"*n no rree antibodies are detected in

ara mrv not be absolute
;;:=;":;'iril:l"'inil!'?i"i;;;";;;""i.- ir'*' rhere mav not be absorute
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i-'nmunologi'ca1 tolerance. rmmunologic studies on the behavior of malignantcel1s mighr suggesr merhods of treltid-r;;; parienrs. The apparenrabsenee of abcolu_te i.mmunorogical toleirrr"" to c-type vj-rus_associatedantigens raGE-trrE question of whether it may be possible to breakre1-ative immunological tolerance to both viruses and malignant cer1s. rncombination with studies on a( -:ivation of viral genome producing antigensthis may open a way to the developr"rf oi ir*,rrologic methods ofprophylaxis and treatment.

controlled studies continued to demonstrate that patients wj-th Hodgkinrs<iisease have higher EBV antibodies than matched controls. studies withce1l-mediated immunity to a variety of antigens indicated that anergy wasassociated with a poor prognosis, but there was no eorrelation betweenEBV titers and general celi-medfated immunity. At least three Rhesusoonkeys have been successfutly infected with EBV. This was demonstratedby persistence of elevated anlibody levels to the virus while monkeysgiven non-infectious EBV did not maintain high titers. The ability toinfect Rhesus monkeys with EBV is of significance because it raises thepossibility of.a good model system for human studies. Rhesus monkeys havenatural antibody to a virus indistinguishable from EBV at the present time,and by manipulation of the animats witrr inbreeding and immunologicalalteration, it may be possible to use monkeys as a model for the study ofEBV-induced diseases in humans.

Ten sets of identical twins, one member of each pair having leukemia, werestudied by at least two different immunologieal tests. simirar studieswere performed on six sets of normal identical twins. rn six of theleukemi"a families studied, lymphocytes from famiry members and unrerateddonors were cytotoxic tor ceits frtm leukemic twin and notr for cells fromthe normal twin. Delayed hypersensitivity reactions were elicited byextracts of patients I leukemic cel-ls but not by extracts of remissionce11s and from the normal twin cel1s. Neither cytotoxicity nor delayedhypersensitivity were fr:und in any of the normal identical twins.
Other Activities of the Branch

During this reporting period, senior i-nvestigators of the Branch publisheda total of B5 papers which covered various asiects of virar oncorogy.

Members of the Branch presented by invitation over 50 lectures to researchgroups in this country and abroad, and over 30 abstracts were presented atvari-ous scientifi.c meetings. The Branch entertained approximatery 150visitors for discussions in various aspects of viral oncology; this includedrepresentatives from every major research institution in this country andfrom l-4 foreign countries. rhe.Branch also provided training for perj-odsup to sj'x months in a variety of experimentai procedures to outsi-de visitorsThis training consisted of oiientation in immunological, biological andbiochemical procedures as welr as virus handring techniques.
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Many of the investigations f911iUea 
in the Viral Oncology portion of this

reporr depend ,r-;;; availabilitv or clinical ",d 
l"bot"it'y materials of

optimal puritv, viabilitv' potenlv"t;;:"";il: litt"ction 
which results in

neoplasia needs "t"tt'r 
p"ii"ip'i-'i" ' 

the virus (es) ' the cell' or their

already reacted product' th:.tt"'"it-'ed cell' n'" understanding of each

of the componenrl require" r,igtiv""p""i"rir!1:--_T"tt defined and custom

made reag.oa" ,i-at-rJ"ogoirable markers to serve as specific probes'

Indeed, "o*prrraive 
strrlie= i,' "o*:-rrtugtrt.d 

program tf it'tttttational

scope, as enco*;;;;; in the sv;;' can make *o'u""""ingful and rapid

nrosress when aiequate quantiti;;'oi-"tr.a atdized reagents' cell cultures

lra'i."t animals axe avajjable'

The Resources and Logistics Activity provided viruses and antisera' human

tissues, special laboratorv ,riiri"'(including-infectious leukosis virus-

rree eggs), alr produced, char.""t)"I, :::::1":"1"XT;'.t:::::#i':t
;lii:*":i5*f;iiillli";,u' ::?";?:il.::Ti-.n. virar reagen'Ls ror

these tests' were also Providr:d'

Inaddition,severalofthesaniorinvestigaEorswithintheBranchspent
a portion of their time in "t'pfott 

of the Special Virus Cancer Program'

The members serve as Chairm.o,'irl""itrit*.", l^Iork Group members and

Secretaries of the major ="g,..,,." of the r,og',*. They provide scientific

guidance "u 
proi."a ,ia-a""ira^"t pt":."a officers on research contracts

E"nr"ia"a Uy trrl Special Virus Caneer Program'

TheaetivitiesoftheSVCPandthedirectionoftheinternalresearch
programoftheSt"'tt'areaimedatthecommongoalofth-ede::rmination
of the viral etiology of human ..i".t. It i" Ipparent that the efforts

of the Braneh *u*beil have playta " "ie"rfi:1ii 
role in the progress of

the SVCP Lo date' The broad scientific perspective developed by these

invesrigarors in rheir svcp ,"li;i;l;; t't" ti"o-contributeb 'significantlv
ro rhe direction of rhe srrrr"h'ir;;;;; ior tt."".i,i"*t"t of research goals'

rhe effective functioning of senior,T:::?::t'::,,*:: :"::ii::;l'Olii;:"lr,:ii:" ::::.::il" ;:T::-;;" :.4:l: ::;: :::.:::";ffii.:,i:l:"?i:.':iffi" :
i.e.,

:?-:?; ::.:' " :?';l "?T.';::iil ;. ;,ri :;sl- ::*:":, T::i:31'lk,5n; : ::" t,:
; :,::::' : ;. "' 

:# ",' 
":: 

'.;:; r.i;':! +, i: ^: :.:?:. i :: " ::l ?:-"H:u,'.:.' ;.::
::*H:"?' : ; ;:t;',:u';:: 

- 1";;; -=; 
:x " : l:::il.u;'.1;:.r:"ffi :' J:i: 

" "f :l'::":,,3l'??lluffi " :;?' ;; 
"f 

;: 
: :1 : :::'i:::::l .' *:il""H:::, "i''Iffi ;that an understandlng ur LrrE Due!'vl"ru.aio,' 

between, among.others,
and human n,:oplasia requires an .1--i^1^^..drc ..ell biologists and

:ll,H:"1"1 ;:l*:';':iuil; 
=, 

"le i1 :1: *i ,':: 
" 

ffi *,:1: l:?;:' :";;:'., rhe

;ffi:l:i#:"il:i; ;lH":ffi1'11":?:;:i*:*: adminis'Era'Live suppo*
pnysr.,id*D' --"'": 

;;; "" 
one discipline alone

answers will com
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2. Branch Reports

SI]MI'fARY

b. Viral Biology Branch

The Viral Biol0gy Branch conducts research on viral and host factorsrelated to the carcinogenit--pro.ess and on the development and evaluationof measures for.controi in experimental 
"y"i"*". Specifically, investi_gations are conducted ro iaenti-ry_riroiog1"Ji 

""rirrity in oncogenesis.rn defined systems, the ti.i"gi."r irrtericiio., u"tr""., .ri.r""s co-inrectingthe host is studiei to d"t.;;i"" the effect on tunor virus expressionand on the devel'pment and corrse of disease in the host. ulirasEructuralstudies permit deteetion and morphologicai 
"t".".a..ization of virusesassociated with disease processes and the effect of viral activi_ty oninternal organization of the-ce1l. Bioche*i"rr events related to viralinfecti-on are followed. r.rr."tig"tions 

";;;ilr. on alterations in thesurfaee membrane of cel1s ttrat una".go ,r.ofi."ai" transformation andthe irnrnune responses_which may be irrj,r""J-ir*lr. host against new membraneantigens of neoplastic cel1s. combined chemotherapeutif 
"rJ-i*r,rrrologicalH;"ff:"*:ff.;":1":ff3,":.il::o""n'" to the "o,,t'or or viral exp,essio,,

The office of the- chief coordinates the research efforts conducted in thesect@"h;;;.co11aborativesiudieswj.thi"nvestigators
in other labbratories' The chief serves 

"" ctri.ran of the DevelopmentalResearch Segment of ,the Sp""i;i Virus Cancer 
-rrogrr*. 

In this capacj-tyhe has been responsible ror tr,. administr.tioi-"ra managemen t of 29extramural research contracts within th.-a;;;nt program concerned with:the detecrion, isolarion, ;;; .haract"rir;;i;;"rf viruses associaredwith tumors in T." -"1d ani"mals; molecular biological studies on virus_host ce11 relationships;--the-Iiairiay of enzymes within virions asthese may be related i"'arr.-prJ"."""" of virls infection, integration,replication and cell tran"roir.tion; virus ,rr"r"i" aci.d uase-":q,r.r".";inm,nological factors activ"airrg virus .*pr.""ion j.n covert i.nfections;evaluation of i-mmunological 
"pfroa.hes to the control of tumor virusj'nfecti-on or expression; ,"i-rrl"rrrrree and use of non-human primates forthe study of viruses of possible,etig]osi""i iipo.rance in h*man neoprasialand the production of viru"""-""a ce11s-in gr.;iray i.n support of theoverall Speeial Vj.rus Cancer prcof .l: s.fi;;; secrerari"l """i:lll;", TJ"i;:::il::":] ;l:,L'";chai rman

outside the Branch who serve "s-rroi."i ofti""rs ana/or members of theworking conrracr review g.orp. - He tas b.;;-;;;;ised of deveropmenrs in
ffi1r:;ii:.ltrorory bv an-advi"or ror norecutai'".rdi." fr:nctioning wirhin

The ce11 Biology secti-on specializ.: i' investigations on the rore of thecumor ce11 surface-nEtBiat," i, carcinogenesis ,ia i., the induction of ee11-
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:?'r:::i{r:t";ffi:;i":ixiiiil""n.r" i", lrumln "u""'"' rhe r"tierobiolosv

s6ction seeks to oiltri, informatiorr'rn biological interactions in selected

ffio7Tirus- c er I "v"i'*"'- rl" e"i .' i-'"1t1-i::1:1':X-Tf; :tffi t 
tt::l::" 

" 
t

il: lx*i:t :, :: "":;"1':"5il:1ffi.#H'":ili:: 
lil 

"' 
"i "" "" 

r"" "'r 
ec t ed

animal systems. The Uf""ttt* Milt""t"pf'' q!gfi:" devotes its efforts to

the detection of ,'"' es tr cell cultures ' the

definirion of urrl;";il;;;"r "rr"r""t..i"ti"" 
of viruses and of inEra-

cel-lular .r,rrrg*"-l""""iraua rirrr-riirrs infection, the LocaLi-zation of

antigenswithin-..ir",andSupporttootherinvestigatorsrequiring

mediatedhostimmuneresponsestotumorcellantigens.TheVirusand
D i s ea s e I4o d i f i carE .Lon--.s egE :!gn "o*i'"t " 

- l,i:lt i:l 17 :i'' :1":::"i:::i:"l tll
';;;;;;-i;i{::::".',1?l.,:':"?l'iiticdiseasein experimental animal svstems' ;+-:I:i::*.-m"::: #rffi";"ri?:".in experimental anlmar sysLeu;' ' -ffi,r".s which may affect

i,..""..ions between oncogenic and non-oncogenlc

the disease process' tt'" rf"*"" ri'*'^-Sf"+il:-g9cEion is concerned with

rhe study of viruses associat'd @ :' ff:tffi:':t?:l::i-"

suc.h services.

Researcb DeveloP :

Anincreaseintheimmunogenicityofweak.tumorcellsurfaceantigens
was obtained by incorporating iniltrerLza virus antigens into the cell

surface *.orbrr""ll--flfforirrg frr**lin treatment to inactivate the

influenza virus, vaccination of.,,i*,i" with homogenates of these cells

gave significant proEection to.animals against ctratlenge with viable

cells of rhat ,"*lr. These .rie;";i obslrvations were confirmed and

exrended to a.*or,".rra. irarr".a3-iffi;";;;-;o-iv+o transformed tumor cells

"ia 
*.ttylcholanthrene-induced sarcomas'

DualinfectionofcellsbyanoncogenieRNA_vfrusandanon-oncogeni-c
virus may enhan"* ,f," orrctgenie--t*Iporr".. Investigations conducted in

vivo and ig y*r, rr".r. =rroio ,t.a-iit"ction by an-irbovirus stimulated

ffi-production oF irr".u"sed amounts of mouse sarcoma virus' Somewha'

similarresultswereobtainedwhenanon-virus-producingline.ofSV40
transformedeellswasinre"tedwithmouseSarcomavirus.Evidence
shor^red acrivarilr, oi svao prnar.iio.l-*tir".the I"lsV(M) released in

this line irra,ro.j an alterla preiorogy i* mi9e. Arbovirus infeetion

also appert" ao-'ffect neopr'"ti"-"tii"' A lymphoblastic cell line

esrablished from a sponran*"*"'ii*n;;;; of thl iKX strain mouse lost

Gross virus cetl- memlrane antig"r, "rra 
its tumorigenicity after infection

with Germiston 'lirus '

PreviousexposureofmicetoBCGfollowedbyinfeetionwithMsV(M)in
aduixrure wirh BCG complerely irrfriuias tumoi development' Lymphocytes

from chese animals, while og!.*" effective as lymphocytes from turnorous

animars, were capable of kilrj.i; il;i; MSV(M)-i;duced tumor cells as

demonstrated by release of Cr 5i' Studies on BCG and another non-

specific i*nunl "ti*.rl.to., 
coiyrr.bacterium granulosum' were extended
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to animals which had been inoculated with the transplantable murine lymph-oid leukemia, LSTM, and subsequently placed in remission by treatmentrnith BCNU' rn groups of aninais treatla ,iar, arr" immune 
"ti*rrt"tors pri.orto relapse, 70 to B0 percent remained disease_free as coru-pared to the80 to 90 percent mortality observ:d i, trroJ.-g.oups rhat ieceived onlydrug treatment'^ ligltt ito,rp" of mice in remisslon following rreatmentwith 25 ml/Kg of BCNU r."Iir.i single o. r.ri.iple injecrions tf spleence1ls from normal and immune mice. _lu-g;;;is contained a high nunberof survi-vors. Iohy normal spleen cells ,I.. .rr.ctive is not known.Proionged host survival was not obtaj.ned when- inraune ,.ra ,ro*rr spleence11s were inoculated afrer rrearment wirh 20 mUKg-"f--;r;;-*.rrna of BCNU,suggesting a redueed tumor burden is esserrtial.

An antibiotic,streptonigrin, is highly effective in nonogram amountsin inhibiting murine leukemia and 
"ur"o*" vi.r'ls." in rzllro. A narkeddecrease in titer of Rauseher MLv recoverabi. r** irrffia niee as wellas an increase of survival time of these ni.ce has u."rr-or"..Jla i' groupstreated with streptonigrin. This antilioiiJ-i" ,.,a.resting in rhar iriahibits the avian 

'y"ioui"utJ"i" vi"rus r"ru"". transcriptase activity.
rn experiments explori'ng humoral factors affeetj-ng tumor growth in animalsthe effectiveness of innune sera in i.nhibitiie arr; g.orttr-of viratry_induced mouse sarcoma ce1ls in animals was "n3* to correlate with theanti-cell- membrane and virus neutralizing titer of a serum. pretreatmentof mice with se.rm from ani.mals with p.o[..r"ive1y-growing sarcomasenhanced the growth of a 

"f,"ii".rgu inoculum of tumor cel_ls. This serumpossessed no anti--cell membrane, virus neutral izLng, o, 
"yaoao*i" activity.Tumor ce11 growth was i"triiit"i by sera rr"r-rri*.ls in which tumor hadregressed and by sera. from t.r*or-irrrune animai" or another strain. Thesesera were not cytotoxic for tr.mor ce11s, but had anti._membrane andneutralizing activity. Fifty percent of the serum_tre:lted mice thatinitially rejecred-tt" 

"t"iilo[. ao"" of Mst_i;duced sarcoma cerlsrejected a second larger 
"trariErge inoculum given 45 <lays r_ater.

A rat virus of (

line esra;;r;;.;-llSi l,:il:l:fl;,:.;:#::;"i1,::*iix.Srolnln;rl;ii.:.r,
Dawley rat has been reported to have speci.fi"*irrr.ctivity for culturedrat mammary gland tissue' rnfected cells underwent transformation andgrel' to produce tYor when implanted into rats. A number of rats infected
;lf;t]ili;: 

ot"h eventuaiiiti"".ropua t,*oi" or possible ,"**.,y
Experiments were eonducted to define the relationship between this virusand other rar c-type viruses. rnfecrivity 

"irJi." showed that animalspecies other than the rat were refractory ar-arr" R_35 virus. rmmuno_fluoreseence studi"" 
"t.-"o"ii"a.a to deiermirr" 

"ro"" reactions betweencell membrane antigens of n-:s-".1rs, ce11s o,r irr" I[F-r line originatedfrom a vFu rat, 
"rrd cells of-the RMTL-B line from a chemically-inducedmanrmary tumor in a sprague-Dawley rat A11 these lines shed c_type virus.
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Sera from tr'l/Fu rats bearing ![F-l tumor reacted with I{F-I cell membranes

i, irr,rro t r"o t' 
" 
I I;" ;;;;; : - ::#l;x5 t:::t ;:T::: #:t'? 3?"::i

nilti-g cel1s. AbsorPtion exPerr

reacring ".tr 
,.*ir.rr. "r,rig.rr",*Iri 

prelimin"ty'-itltlts of neutralization

tests provided r"ttt"' evidence ;;; A;;'e tat-c-type viruses are antigen-

ically eloserv "i;;;e 
and perhaps identical'

Theavailabilityofananimal.hostsusceptib].e.toinfectionbyEpstein.Barr
virus (EBv) *o,,ia-l.,usta.ntiau,,,iu"i,-,t." ".,av-oi-.t'i" 

v.1rus: o]-d World

monkeys, such -"-r'rl-*i!",r", _ai.j""r-gree-n ' -Bonnet, 
and other -species 

were

found ro posses" . i,igi, inciden.l-oi L'tiU'ay ttltiive with EBV-associated

antigen in immunoiffti"ior, a."all 
-.tpparentfy'.if't=t monkeys'are infected i

?r"i H::: ::*:i: l:"F:: .nr"ru,n +:* +i:h,,li' ;ii" #iiix,:i"
::*:];;ffi:l i3":*::i:;" 

*;:n.ii:'!!-:!ii" i"''Ehe marm'se'L and

the owl monkey were exposed,-to iii."ai." rsv and-monitored for transfor-

mation and produetion tr rlv "';;;;;: ''l:I:'l;s1o 
evidence of lnfection'

Whereas long term propagation of ilt** lymphoid cells in vitrq appears

to be directly related to n"t*i";;; i"rt"tio" iv-ugv;_t-all line of

lymphobla".", _ullruii"t,.a 
ir"*';";;;zinogen-i"i"tla leukemia of 'a rhesus

monkey free or-;;;;ilt ro EBv,'";;;;d'r,3 "riatice 
ot the presence of

antigens ,.."rir" wirh antiseri io BSV. Thus,-iHt ptouler of a suitable

experimenarr "iii"r-ror 
gsv stiai."-rna the q"estion of the cell site

and signiri""o"iTi irr.".i", ;;-;; B-sv-rur"i';-;i;" in the species of

lower primates It"li"a remains unresolved'

A search was underraken for rhe pr:sel:: 3f-1irus-like 
partlculates in

:'iillsi;:?"i:*:?::i:*l?:*::':'llil-*uii##il+'::hii::'
?:,*= "h:ffi"ffi:;,': Hii"$;,.' illl:ii :i "ii*"i 

-los 
spec iuen s examin ed

by electro,, ,,ri1"""i,,. rt," p'u"!,,". o' "u""o."-of 
such particulates did

nor correlare wirh rLr.rs. .r;;;;tr". "tti'iiy 
i" the ioilk samples'

ArtemptshavebeenmadetoactivaEevirusre]-easefromculturedmamary
tumor cells 

""' 
i"*"'" ""a 

a"g"-i' treatmext with reagents known to

induce virus productio,, i' ,o,,!. "Lrr". 
These methods have been unsucces.

sful in a timited number of trials'

The Electron I'licroscopy Section has provided'support to different

investigato'"' iitt'i" vit'r o""tt'!''' -eppto*inallrv 
1500 specimens

have been srudied. collab.r;;;;;-'"i,rail" 'itt' 
lt'-John Hooks and

o,. o. c. e"ji,""r., T,Il':,ii"i;r;ii* l::i':'i?:l:ii;?il ::ll tzr-eLdt-
cultures originated from trst
Jakob diseasJ showed rt. "g*i*;"-;;-;'pt'ofogi"ailv 

sinilar to M-PMV'

FelinesarcomavirusandanassociatedhelPervirusinfectseat,bovine,
and human cells' A non-"it'::;;;;;;i;c iniectea ceIl svstem would be

useful for detecting viru".""il-t'*t" Ieukemic tissues' providing helper

activity to the defective Sarcoma virus g.,,oi. in cells susceprible to
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infection by hr:man virus. Serial Passage of the sarcoma virus complex
in bovine ce1ls ultimatel-y selected a virus population with an enhanced
efficiency of infection for bovine cells as compared to feline ce1ls.
Focal areas of transformed eell-s have been selected and cultured. These

lines shed substantial, moderate, or essentially no progeny virus. The

value of these poor shedder ce11s as a detector system for other leukemia
viruses is being explored.

During Ehe reporting period, 26 papers, published or in press, have
originated in the Bianch 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 B lectures in this country and abroad.

Other Activities within the Branch:

In addition to their intramural research activities, a nr:mber 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 Chai-rman of the Developmental Research Segment. Dr. Gruber has

been reassigned to a position of greater responsibility. Dr. Timothy
OtConnor has acted as advisor in Molecular Virology to the Associate
Scientific Director for Viral Oncology. I{e has coordinated studies on

the inhibition of viral pol-ymerase by rifamycin derivatives in a

coll-aboration between NCI and the Dow Chemical Company, and has assisted
in contract reviews as a member of the Developmental Researeh Segment
tr'Iorkirrg Group. Dr. Charles Boone has served on the Immr:noJ-ogy and

Epidemiol-ogy Segment Working Group. Dr. Gary Pearson has contributed his
services as Executive Secretary to the Immr:nology and Epideniol-ogy
Segment. |n addition, other uembers of the Staff serve as Project
Ofiicers dnd participate in monitoring research contraet activities.
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2. Braneh RePorts

SUMMARY REPORT

3. VIML CARCINOGENESIS BMNCH

JulY 1 , LgTi June 30 ' L972

Introduction

The cancerous state begins when ? tl?b1? i::!1?:tic 
(genetic) change occurs

in one or more 'L"r--t"rr'' 
This first step is attributable' according to

modern theory of the genetic ."9;; lo-, a"f"tt o' breakdown in normal ce11

regulationofinheritedoncogenic,g",",(oncogenes),thestructuralgene
that initiates ,"a-*riraains-the "!io"lu""oY';.neopiastic state' 'lhe tumor

actualtr-y develops from the transroril"i ,,"oplastic ce11 as a consequence of

a second step ociari"r"a ty a"fe"L'o' Ut"utao*t't of tft" hostrs immunological

surveillance, thus allowing ,r"oiiuraic cel1s to replicate more or less ad 1ib

in the whole organism'

Research Ob ectives of the viral ca@"

ffi1CarcinogenesisBranch'T1ll?^:":}:.,Hi:"':$ffi";,:
3:.il:::';#;:;,';::il:'q'l;".i":'"'::il:l;:::l::".:1.'.;:':1,:[:,Ul";i:;
;:t'#il: J::%il' "X!illi"l"'lii::l;:: i:: :iY:* "' . ? 1,:';, :l' :l:EH3l, "c 

t o rs
and Segmenf,s, ars t;rru.seu t" '"1;;i 

above which, along with exogenous
invorvla in the two events descr: -- . ---4^-+.i- ?ho riprrer.rr',rneni of c

::I:il::":1"'?:":::,:";'#";;i;;;i;; ;il;;';;t in ttre development or cancer'
^r L^+tr +1ra

Prevention or repair of the b-reakdowns * T:9:1i:t::,?"u ff?:t?:":lJ:tn 
tn"

This requires
::il'ffi";;;"iril-i;r;i ir-or.course our ultimate soal- rhrs requrres

.c +La ^on.ar eel l - and of exogenous agents
!ii,irll""?'tf;:';';r,,,ar cerr and of the cancer cell, and of exogenous aserr

^^'r1 halrflrio?- and the host responses toilH'iinlirl"Ir"lt 'it"' norrnal ce11 behavior' and the

this aLteration r ntal and
Our contemporary strategy is to prevent ca19e1 first in experlme

natural animal systems and thenr'stortry afterr,rrards, in man' Jl order to

acconplish this we have developed-r"r"rlr staging ""ut 
for collaborative

research.

llre-cifig Contempgrary Targets of VCB-STS Ptograms:

1. To test the validity and heuristic value of the RNA viral oncogene

hypothesisinhumansaswellasinlaborat.ory.?',dferalvertebrates,Very
recent data (Iat e Fy 1972t prorii"a-p"*"rr"1.direct support for the vira'l

oncogene typotf,esis at the tellu1ar ievel (gq9' i'"f'9'
2,ToapplythefindingsandconceptsgeneratedinTargetltothedevelop-
rnent of better technique, ouprui"-o? prlriding more accurate assessments of

the speciric ,tnr.iural and regulatory genes and other endogenou's mechanisms

involved in spontaneous neoplasia 
hniques

3, To apply new in vitro as wel1 ut + L'J?-:l"inogenesis tec

developed in vcl #affili"quantitatileTssays of t'nk,,o*" as well as known

environmentalcarcinogens.Intheprocesswearestudying.carcinogenic(and
mutagenic) agents as (a) i,a.r."ir-oi-"*pr"rsions of the endogenous RNA tumor

virus senes, and (b) co-carcinoglnic aglnts ?tti"g--in-::l:"::-:ith 
additj-onal

overt copies of-infectioas (Urrt-rrortraisforming) RN'{ tumor viruses' the latter

serving as criticul d"t""*inantr--oi i3 vitr-o. n6oprastic transformation'
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4' To utilize the remarkable increase in sensitivity provided by ce11sinfected with nontransforming RNA tumor viruses to screen for andquantitatively assay for carcin-og-els suspected to be extensively presentin the random ecologies in which highly a"ruiop"a ,o"i"ii"r-ii;".
5 ' To apply newer knowledge and techniques in attempts to prevent oncogenictransformation and tumors ind conceivabiy atso to find *ryr'to reverse theoncogenic state at the cellular 1eve1.

6' To make use of recent findings by sTS-SVCP scientists which show thatthe immunological system exercises critical controls over tumor celr growth
+ g. ceI1 mediated and humoral responses to tumor cerls have beenaemonstrated.

7 ' To continue the search for ove-rt representitives of the postulated RNAtlmor virus of man; at least onrEy good candidate has been isolated byMcAllister and his associates. This rlrus grows well in culture and hasbeen characterized as a nammalian type c RNA virus. Thus concepts andtechniques developed from our extensive natural history studies'of similarviruses in animal systems are proving very useful in similar studies ofhuman cancer.

l' To develop comprehensive epidemiological and laboratory studies ofhuman cancer in a large _urban population (Los Angelescounty) , includingsurveillance not only of human cancer incidences and cancer virusexpressions, but of the similar type c viruses found in several species offeral animals present in large nrmbers in the same ecosystem. Identificationof carcinogenic factors within the Los Angeles ecosysten and their influenceon cancer incidence are major goa1s.

I9w-!ls9-9reli9s Relating specificaltv to the right SDecifi" Rur"rr.h t"rr"ar.

I.

The reports late in 19-71 by Rowe and Klement and their associates that allclones and subclones of mouse and rat cells can be induced by mutagenic andcarcinogenic chemicals (Brdu, rdu, frc, DMBA ;;d others) to replicateinfectiou: typg c RNA viruses can only be explained by universal genetictransmission of the complete RNA type c genoru. similar observations byAaronson and Todaro oLlB) in alt tiones"of nonpermissive BALB/c andSwiss 3T3 mouse ce1ls provided simultaneotr, .orriirmation of these exceedinglyimportant findings. _Entirely compatible data were also supplied forhamster ce1ls by Kelloff and Freeman, and for chicken ce11!'by-weiss,Hanafusa_and Vogt._ We_interpret theie new data, as well as recert reportsof type c viral molecular RNA sequences in virui-free normal and tumoroustissues of mice and chickens (srs contractors Green, Duesberg, Bishop andLevinson) as direct evidence for inheritance of the type c RNA genome byall the cel1s of these vertebrates.
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II.A.EndogenousmeclranisB-s.M.endelianstudiesofendogenousvrrus
exoressions.

Mendelian genetic studies by Rowe and Hartley, Li1ly and Meier and their
associates of RNA tr.mor virus g"nrrn"t in inured mouse strains clearly estab-

lished that naturai (endogenoui) gene expressions of RNA tumor viruses are

controlled by a number of identiflable dtminant and recessive genes' Meierrs

group has identified two allelic genes, one in which the dominant a1le1e

specifies group-specific antigen E*p'"s'iott (gs*); the other' the al1e1ic

recessive gene specifying gs- or iiti sritct,ed-off state' Sinrilar V+ and V-

allelesspecifytheproductionornon.productionofviruses.Host
genes controlling gs antigen proteins tf avian RNA viruses were reported

Earlier by the giiiistt ,oit"'i Payne, Chubb and weiss'

Taylor and Meier have now derived recombinant inbred lines of mice from the

mendelian crossing experiments using AKR (gs+,8s+) and-c57L (gs-'gs-) having

the following gs and v characteristics, irl gi+,v+ t (2) 9t-,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 aominant g"r,",p"tifying gs1: the-Fr cross AKR results in no

gs expressions, and oi corrse ,ro'rii"! express_ioi. 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 directfy apffi.uUf" to the.solution of hunan cancer' it
provides enormously important cbncepts concerning the decisive nature of

identifiable natural regulatitg ierft in determining the incidence of cancer'

This view rffi rrrirr"r rippo't"I ily the results-of F1 backcross-in the AK x L

matings; the offspring at 20 montils 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 gr' 
"*piErsions 

tranimitted and contro11"d..11:rl^
the basis of genetic

succeeding generations tan only be explained on the basls ot genelac
- .:-f^^+.inrrc r.i-rr" oo^r.res have nO need to be tfanSmittgdinheritani"l tf,rt infectious virus genomes have

i:l;;;;;iir."'in"se mendelian studies clearly establish the validitv of the
)

RNA viral o.r.og"r,"-ih"ory so far as the inbred mouse is concerned

T T - B. Endosenous mechanisms . Yolecular hybridi zation.

Molecular hybridi zation experiments employing the DNA products of avian

and murine viruses and DNA of normal ,ttd trro, celIs 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, i" Hf]i114SV) hamster cells; Duesberg' Bishop'

Varmus and Levinson in avian ce11 syst"*t;-Scolnick, Aaronson and Parks in
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virus-free mouse sarcoma cel1s]. We conclude from these findings that normal
ce1ls contain part or all of the sequences necessary to make RNA viruses.

III. A. Mechanisms of exogenous inducers of qqs@-: RNA tumor viruses

In vivo studies: In 1971 our associates (Whitmire, Salerno, Meier, Myers,

@dwehavereportedsimu1taneousactivationoftypeCRNA
tumor vFul-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
developnent in FY 1972 of the extremely sensitive radioimmune precipitation
inhibiiion (RIPI) test developed by Parks and Scolnick, and Gilden and

6roszlan, many or most of the tumors which were gs negative by conplement-
fixation (CF) are now shown to be positive for gs antigen. We concluded
from this that the coincident switih on of the major species-specific protein
peptides of the RNA virus in tumor cells produced by a variety of chemical
iaicinogens (sMC, DMBA, BP and nitrosamines) provided evidence that the
carcinogens act to derepress the RNA viral genome known to be present in
mouse ce11s.

III. B.

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. hhen injected into newborn mice
of the isologous strain, up to TOeo 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 ce11 systems,
following which they will be observed for many additional subcultures for
evidence of spontaneous transformation (in cornparison, of course, with
controls); although extensive tests are sti1l in progress, previous obser-
vations in various RNA virus-infected and uninfected mouse, Tat and hanster
ce11s revealed in most instances that spontaneous transforrnations occurred
much earlier in infected cel1s; the onset of transformation often being
determined by the genotype of the ce1ls. 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. Acti-vation of viral oncogenes in vitIsr.

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 cel1s
together with smaI1 doses of carcinogenic chenicals (flC, DMBA). As
reported by Rhim, Freeman and Price, cel1s are readily transformed (froln
9 days to 5 weeks) after adding both virus and chenicals; when only one is
added, no transformation is observed, the cel1s behaving like untreated,
uninfected cells. Recently it has been found that the dosage of input viru,s
as well as titers of established virus present in the ce11s at the time of

Evidence that activated ttnon-transformingtt virus
immernan e.t g!)
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treatnent with SMC were decisive deterrninants of transforination (Price and

Zimmerman). If the virus level was less than 1.5 logs/ml of 10eo cell pack

extract, the ce11s generally were not transformed; higher virus titer Ievels
uppur"rily leads to increasing efficiency of transformation. A1so, if the
SI,{C is added to the cel1s 24 hours bef,ore virus, transformation does not

ensue. Recent experinents show that the presence of infectious virus does

not incre"r" p"rrlability of the ce1ls 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 bqssllon r10r
infection of rodent ce 11s with RNA tumor vlruses.

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
carcinogerri in a standardized rat Rauscher leukemia virus-infected ce1l"

system. The positive and negative results obtained agreed remarkably well
with the known in vivo carcinogenic activity of the ctLemicals tested' These

,r,a raaitional E!-eFnFns ,re no* on test in Dr. Rhimrs virus-infected mouse

and rat ce11 systems. In comparative tests, Rhimts Swiss mouse cel1 + 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 smos and tobacco smoke fractions: Freeman and Rtrim separately
-ana mollse virus infected cel1 systems)

several smog residuei extracted in benzene and methanol and a number of
fractions oi tobu..o smoke. A11 of the smog ' residues
were profoundly oncogenic, showing 100 to l-,000 times more activity than the
benzola)pyrene (BP) equivalents demonstraied in the smog prepar&tions.
Similariy, 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 _viv.o were also the strongest transforrning agents in
Rhimrs i! vi]-ro tests.

We conclude from these studies and previous studies not described here that
Freemants and Rhimrs virus-infected in vitro test systems will have a

definite and possibly a major rote t-o--p@Tn identification and cluantitative
assays of chemical carcinogens in the environment.
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V. Efforts to prevent endo ous RNA virus specified tumors.

rn FY 1972 we embarked on serious attempts to search for agents that wouldhave the best prospects for preventing ir modifying cancer"pr"rr*"d from ourother studies to -be due primirily to endogenous but identifiable RNA virusgene products. 
^we 

are siudying naturar ceIl repressors (portugal andsimonds), interferon- (whitmire, salerno), rifamycin derivatives (Green,salerno, Rhin) as well as viral and celiular vaccines (Girardi and whitmire).
A11 results are preliminary. However, Portugal and his associates haveproduced and fractionated ce1lu1ar componentf fro* normal mouse cerlscarrying large amounts of Rauscher leuiemia virus, which have shown moderateantiviral and antisarcoma effects on XC plaques and in vivo MSV tumorinductions. This promising lead will be foilovred "p-E-yErts againsttransformation in virus-free ce11s,

Salerno, Spahn and Whitmire have shown that high titered murine interferongiven 5X a week^cornpletely prevented subc.utaneJus sarcomas normarlyinducible (at 80-90% 1evel) by 3MC; the mouse used for this experiment wasthe outbred cF-1 strain which contains moderate amounts of overt RNA virusinfection. The experiment is now being repeated using strains of mice thatdo not have viral expressions prior to tum'or induction. We conclude fromthese results that the endogenbus RNA virus genome was involved in the tumorsinduced by SMC, sit',ce the aiti.on of interfer6n is strictly antiviraL.obviously interferons must be explored more intensively as anti-tumor agents.

A nunber of rifamycin derivatives having more activirty against the RNA virusreverse transcri_ptase than against ce11 DNA polymerases have been identifiedby Drs. Green, Hackett and citv'in. Although ,oh"rrt"ty active againstmurine sarcoma viruses in vitro, the critilal tests of these and future anti-polyme-rase products (as with interferon) wiIl be in carcinogen-inducedtransformations and tumors in cells and animals in which overt virus is notnormally expressed. our associates have such systems and they will look forefficacy in them in cooperation with Green and Hackett.

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

Girardi has confirmed the finding by coggins and his associates that ,vaccinefr
preparations of embryonic hamster tissuei have suppressive effects on hamstertumors; however both found effects only in nale iramsters, suggesting effectsother-than specific imnunogens. In a prelimirrrry 

"*purimentr"[hitmire andassociates found that crude ce11 extract vaccines hab a noderate suppressiveeffect on tumors indrrced by SMC; additior,rr experlr";t, ;;;';;";rogress.our present view is that anti-RNA tumor virus vaccines are unlitely to havenuch effect on natural or chemically induced cancers in natural situations(switched off for RNA virus expressions), at least where cancer develops
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in the absence of overt RNA virus infections '
should not prevent relatively easily performed

vT - Immunoloqical studies.

The influences of immunological surveillance mechanisms on cancer incidence

in animal systems are well documented. This is particularly evident in the
-inbred mouse ,tray- ryrtems wher" itt" effects of thymus removal and treatment

with immunosuppressants (Imuran ani anti-thymic or anti-lymphoid ce11 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-;r;;;'i antibodies to the type C RNA virus

greatly reduces natural virus exfressions and cancer incidences.

Recent studies of the Hellstroms of cel1 mediated and humoral immunity

against human cancers have been-extremely productive' First of all they

have shown that 80e, of all cance, puti""is have. detectable immunity against

their own cancers and many to t;; ;;*; type of "organ-specific, tumors in

other cancer patients. More t"."rafy !h"V discoveied that patients with

growing cancers-a"r"iop"d antibodies'that'block protective tumor ce11 cyto-

toxicity. When tumors were removed or otherwise responslve to therapy,

they discovered another categor| oi antibodies,"unblbcking" antibodies that

abrogated tfre Ufoltirg u.tiU6ailt.- iiogr"r,- and his associates' working

with the HelIstroms, demonsttutea botil 6tocking and de-blocking antibodies

inseraofratscarryingtumorsinducedbypolyomavirus.Studiesofthe
effect of blocking and particula"iy a"-Uft.li"e antibodies on tumors induced

i.n vivo by carcinogenic chemicals iepresent an important next .step ' The

itpffince of such observat:.onr-io, iossible immunotherapy and for predicting

ort.or", of other types of therapy are obvious '

After years of searching for type C RNA tumor 
-viruses 

in leukemias and

other tumors of man and some o-the"wise unconfirmed "sightings'r of un^

identified 'tparticles", as of j;i; iSTl "o 
viable candidate human type C

viruses were available for studY'

During FY Ig72, the isolation -of two bona fide candidates for human type c

viruses ,"r" ,"pori"a uy two different SVCP-supported contract groups.

The ESP virus: The type c'virus in the ESP human ce1l line reported by

n*associates was fo""a by various investigators in SVCP

including 3 in the vcB-sTs programs to have lollse specific gs--antigens ' Two

other investigators found tire i,t:.g"ti.ity-:I RNA dependent DNA polymerase

(RDp) to have the properties of thE mouse RDP. SincL the properties of ESP

virus have not been shown to be much different frorn the host cell modified

viruses IRLV, KiMSV) grown i";r;;-;ifierent human ce1ls, the true origin
of this virus renains in doubt.

However this assumPtion
additional exPeriments'
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*=l{E--c l?1tf i'.'lt: This virus, which remains the best human specificcandldate' originatedln McAllisteris RD human rhabdomyosarcoma cells afterpassage of this cel1 line by Drs. Gardner and officer through a fetal cat.The virus observed in the nbrr+ cel1s was at first assumed to be FeLV ofthe cat; however,- subsequent intensive studies by 6 different VcB and STSgroups revealed that the virus had none of the species specific gs_rproperties of FeLV or for those,of the ro*"r-rrt, hamster, chicken, orviper type c viruses. A1so, while,arr" ,"""iipu'urtigens and porymeraseantigens were entirely unique and distinct rri, tr,rt of other availableviruses, the gs-i antigen of RD114 was the rr*. r, that of the mammarianinterspec_ies_ specific intigens, The RNA --+ DNA polymerase of RD114 wasshown by Parks and scolnicf to be related to those of the woo11y monkey andgibbon ape, thus suggesting that there may be-"or*o, antigens in additionto gs-S shared b, 

".."primaie group'r of viruser.- Rttt,ough the RD114 is thebest available candidite for I human type c RNA virus, conclusive evidenceis not yet available. rt witr be necessary to demonstrate gs and otherspecies specific antigens in additiorrr ifr"-i irorrtes from human tissuesor alternativelv in human tumor ce1ls. glcause overt expressions of thehuman type c uti":--:r-., be expectud frg: many experiences to be rare,.stud1es
:5rli#:.**o -t DNA hvbriaization with known tlmor ce1l RNA or DNA may be

Hybtidization studi es with cat virus DNA by Baluda and Roy-Burman show nosignificant homologies with R0114 virus. strJi"s by M. Green (st. Louisuniversity) in hybridizations between RD114 DNA and RNAfs of uoagkinrscancer ce11s have suggested an exceptionally r,igr., Jegr""""i-rr"iorogy. sincethese studies are- pr-uiiminary tr,ey iriii ""qirrr" much confirmation before thehuman nature of the RDl14 virus can be ,..upt"a.

vcB and srs scientists parks, Gildenr- Gardner, Henderson, Roy-Burman,Rongey and Zeve are collaborating wiirr spiegeiman and schlom in studies ofmammary tumor viruses (MTV) in both human uid rorr" milk specimens. A11available new and old techniques are utilized including tests of milk forRDP' type B particles and group-specific antigens. The collaborative effortis focused on the human -rrfrrrri tumor problem-wt i.t, i, dependent on the uSCcancer surveillance study prograrn (Henierso, u"j associates) for locatingand supplying nilk specimens From ractating women who are daughters of cancerpatients. Task 2 is electron ,i.rorcopic 6xamination by Gardner, Rongey andZeve for type B _(or c) particles. Task 3 is processing of the fresh milkspecimens for RDP tests-by Roy-Burman and his associates. Task 4 involves
:ffi ff;5iJ:;:t"u ror RDi'] uv'spiegerman ana-scr,rom, parks and Scolnick,
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InFYlg7ltheUSCcontractstudyprogram,now"inanewbuildingfurnished
by usc (20,000 sq' ft'), *u' "*'l'"d;;";; 

i"9lyde surveillance of

all human .rr,.",]'t;"i;; ateur"'1;;d: This'cooperative prograrn now In-

cludes extensive partici-pation by iSC 'O"p.,trnents .i pathotogy' Ecotogy'

statisrics, Epidemiology, i**rnoioirl *i!r:l:-orogy, and a large part of the

clinical staff . 
"-.i;;-afiiar*r,' r'n"!i,i.al clinic ui' 

"aff 
and Research

rnstitute, rhe Los A*geLes Medicai"i".i-ay, th?"iot aog"les Demography Eluman

and Animal Health Departmena. ,rI'uii-.n"i'""ting to a remarkable extent'

currently the cancer Surveilrrrril pr"er;r'fcsP)'-inclucies participation of

83 hospitrr, r"i"i'i'r'g 7ae' of ;;"'il:ooo l'o'pitui-t'"at in t'os^Angeles county

and city. withi;-;-f; months-rii "i'i1," .i'"ipit'it-*i*' -100 
or more beds

will be fulry participa.r-.g. . 
nr"-ci, i, a"rig,t;';-;y the end of FY 1973 to

furnish within i-r""ti after friri"i"ilt*f ai'g"osis'necessary information

on all of the 201000 cancer.rr"r-"riimated ao o"t"' in Los Angeles' thus

oroviding a,,nowi,registry of stil1 living cancer patients' malY of whom

,irr u" available for conre*rorlir'";i;;;i"iogilur'l"i-"iior"gjcal 
studies'

ecific epidemiological studies of hunan cm '

Breastcancer:Thepurposeofthisstudyistofindoutifdaughtersof
mammary tumor .r;;; i;;; to"t'orul"h;;; tvl?.B 'i'"t 

particles in their

milk, and thus;;";";;;;ine if ;;; i.,;'"''iik" *o""' transmits mamnarv tumor

virus in motherls mi1k. The .rr,"L. ,r-rrv"i11t"";;;;;';' has.already provided

a list of 247 living Talrmal' 'd::i.31:i:l:'":l*i :f":3; illll *::i;:::",-iir. ctr 247 living narunarv t?"::lJ:,1'i'r'i'nrriie ,ir"rar.ue11 receivedl

i:,'":l;'::?:: il* ffil;"l;; :i::"!q, -[:"ti:i-ii 
;'il":ffi:*"H. "o*

daughters of cancer patients rr"rii""'''loir""t"a'' 
-ip"timen-s from controls

(no history of ,;;#;aneer) are also being.oir"*t"a'- These will be

tested blindly for RDi' and B pr;;;.;;;-ur-a"I"ribed above (vII) ' The

soecimen corrections are being ,;;;i;;";i"^u oI-.1" epidemiological survev

based on historical famj-ry tree'"lrrliyr", ro, "ria"nte 
of predisposition

to cancer in general '

ffi*ffi' r,fi"lllil::t# :l;' #:iq::{*ll r;iii!llii'l?"?ll 
**o

tumor viruses; (4i HLA antig-' ;il'""#;:;:111,-iit""" h"ttering (as in

Alban,v) . The .rri.", surveillar.L progri* proviaes'the case and control

;;;;;;;t for contenporary studY'

preliminary observations have delineated apparent clusters in heroin addicts;

five case= utt"ri";";;;-junior;i;i; r.noor^.'-r"tit bv the Henle's of 40 cases

showed 11 with antibody titers il"iu"irlrt'or r-to r'60 or greater; the

signifi-car,." of*iiir-oilr"rrutior"."J ""iy 
U" tf'urifiea by iurther studies'

Green's very recent evidence of high leve1s^of,homologl between RD114 type C

RNA > DNA wittr *iil ;; HodgLin'iso"ur", p'ovia"l'^ "n-Eiciting 
new area for

molecular stuores of tunor cerrs or-Hlagrti"'' ta'e' and tunors fron other

ilrp"t of malignant lYmPhona'
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Young genital tract cancer: The USC surveillance group (headed up by Dr.
ithGeorgeLindenoftheCa1iforniaTumor-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 prelimii-affindings
suggest that bladder cancer may also be increased by this previously common
treatnent for threatened abortion.

C.omposition 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 inpetus to analyze
and fractionate the differing smogs avaitable in 4 different areas of Los
Angeles County. Benzene fractionations fron three areas, while quantitative-
ly different, were similar in composition, reflecting almost exclusively
automobile emissions. The local area included other emissions frorn 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
eollection and analysis have established valuable cooperative arrangements
with the loca1 and state programs concerned with environmental pollution,
including air quality.

JIatural--hi?torI=gf= B, RNA viruses in wild pice:
Under:vuay since 1969, this stud/ tras on the
natural eancers and RNA cancer virus expressions in a natura't- species. Asin most other natural species, nost populations of wild (feral) mice were
found to be relatively free of type C RNA tumor virus expression during
early and niddle 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 ,ooo mice observed, only 61 spon-
taneous tumors were observed at death--23 lymphomas, 8 sarcomas, 26 idenornasof the lung; 5 miscellaneous. Type C particles were observed by electron
microscopy in 5 of 7 lymphomas, 0 of 8 sarcomas. Despite hundrlds of
attempts, only one mouse from these populations yielded infectious RNA tumorvirus; 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 foundin laboratory nice. Recently a new isolatdd population of wild mice was
discovered (Lake Casitas area) : 80% reveal iniettious type C virus. Type B
virus has been seen in about one third of the manmary gfana tissues examined;
however, these mice were not used for breeding after-tiapping, which probably
accounts for the lack of mammary cancers in the geriatrii- females.
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N".,,.,r tl.,r.:fl=:."at:.' "f.!"I?rfi tlt;li,Iiail;'?l=a;HllhalvtHt?tk ?lt"'
ffil-and anemia: In cats wll
%re found to be quite conmon'type C Partlcres

gs antigen type C Particles

Lymphomas

Sarconas

Carcinomas

Anemia

Nornal

23/32

1/4

o/2s

s /10

2/20

72%

259o

09o

909o

L0eo

26/ 37

2/16

10/37

t2/ts
t/72

7\eo

L3%

a -O,Jt'o

80%

89o

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

ofVCB,serafromover80catswithspontaneousorvirus.inducedlymphoma
or sarcoma were all negative for antiLody to species-specific gs antigen in

cF and RIpr tesrs, thus confir*i"[--frlrilr* studies suggesting that gats are

i**r.ofogica11y tolerant for this antigen'

An epizootic study of solid ttlnors,T=on s: During October' 1971

=:r:::::::l ::;il a{ hemangiomas ' nephro-

blastonas) were observed in s-week-'old chickens being processed as fryers

in a uSDA inspected packing pr-ant located in Los nnglrbs ' sugh tumors had

been rare to absent prior to the ouiur"ut which foliowed the institution of

the use of Marekrs diseas" ,r."irr"s-at birth. However, since some 'tm-

vaccinated birds hetd as controis ,rt. ,"""11"1 fairly high incidences of

solid tumors, the role of the vaccine was not clear. However, virtually.

all of the solid tumors tested ;;;;";";;t:.r" ro, gs antigen at high levels '

-Studies by vogt and Weiss of uSC (a1so supported ';f l]? i::1':J^'"tu1ted in

the isolation of both avian RNA tumor viruies and Lerpes viruses ' As expected

fron previous vcB studies, ,o ,"r"oma-inducing virusel were recovered from

the .sarcomas. rnterestingly, tlrir "r-typical 
Marekrs disease lesions showed

nearly 100% to be positive for.type c-RNl gs antigens' These,findings suggest

that natural Marekrs disease viris and the vaccinE (attenuated live turkey

Marekrs-like herpes virus) *ry irr-some fashion increase the virogene and

oncogene "*pr"rrions 
or type 

-c 
nNR ,irrr, thus leading to the solid tumors

characteristically produced by the avian RNA tulnor viiuses ' This study wilX"

continue during the next fiscal year in cooperation with the Los Angeles

chicken industry ""a 
tft" USDA inspection department '

Additional Important New Findings and Developnents

rofocused)

species-specific gs antige.,. rra ,;,tir"r" in guinel pigs for the RNA tumor

viruses of the following species: rnouse, cat , tat, iramsterr 
-human? 

(RD114) 
'

viper and chicken. They are each species-specific in ge1 diffusion' radio-

imrnune prec:-piiatio, i,i,iUitior,, and complement-fixation. Gilden, Parks'
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R.iggs, Turner, Huebner and Henderson are- using ah::: reagents for monospecificantigens and antisera in extensive searches i3r additional expressions ofthese subinfectious but rp".iir. 
"*p""rriorr^or RNA tumo*irL", in thenatural species. such rr-rv"y, have red to air.or"ries of infectious RNAtumor viruses in^wild (ferali mice, cats ana cnrctens with spontaneous tumors.Simitar surveys for specific'virus'"*p;;r;iorJ'rr" now planned in numeroushurnan and other primate cancers, using antisera to specific gs and envelopesof the RD114, *ooll.y monkey rra'gituo;af;-;t;us - the lattei in cooperationtr'ith Drs. Bustad, Kawakami',nJ otn"r, ,oitirg on the srs_svcp contract atthe University of California, Davis.

Discovery of wc

,jii; #;il:",3i3,."0isolations of viruses having the charactlristic properties of type c RNAviruses from a sarcoma of a woolly monkey iaavt and from a lymphosarcoma ofa gibbon ape (sLV). since uoir, oi these ,irrr", can be grown in significantanounts in a number of primate ce11 lines, it stiourd be possibre soon toproduce virus-specific gs ana other viral antigens and antisera whichshould prove invaluable for aoing natural hist6ry studies of virus andcancer incidences in these two species. similarly, the species_specific
:ls,:'::;:i:;i:' ::,s"lt:. should make-it p,,,iur" to determine possible
of type . oo,n,i il::g' 1".1,:"r;iTil::xtil:::;, 

"3r.;:"i;;" ii;Ji,iili ;:;:""virus genome will also be fouia in hurnans.

Activation of EI
H ,r.of;ur.r*u
EBV-free Raji strain of surkiiirs iympho*r ritr, the use of Brdu, a findingconfi:rmed by Dr, paur Gerber of DBS. using ir.," ,*r" technique, Hamparalso activated EBV vints in the revene ryrrfrrr"uirstic cel1s recovered fronpleural fIuid. This proceaure srro"i;-r;i.;'il"i"rriu1e to screen largenumbers of lymphobrasiic leukemia celr culturei ro, covert EBV virus. rtmay also help determine whether all virus-free Burkitt ce11 clones containthe genome.

Activation of t

ar",by the roffi[enic, DNA ;;";-ii;";;;"i;i;;,::"il;B:';:"lilii.f:,:f:Tl$:l
;#:,'i:$ff]t;i"'?:,'::1i".:L:l:-i::rl",ll-g"on.or",,". Are the oncogenicgenes responsible for cel1 tranrrorrriiol-or-.f,"";il";t;;r";';r;it":":;5""r"viral DNA or the cell DNA; anJ iurttr"r; ;o;l ir,u 

"naogenous RNA tumor virusgenone particioate in the transrormaiiin-pr"""rrr Relent rinJrngs ryDrs ' Freeman, kelloff , Rhim, Hr"tn"r, ,na'l,rr. 
-iane 

indicate that likechemical carcinogens (see rit auovel, potyoma 
"ra svao viruses do interactwith RNA tumor virus g""or"r. ]"roi"i ana'transformed cel1s in NIH swissmice and in hamsters induced by polyoma virus reveal large amounts of species-specific gs antigen when the clris ,"" t"rr,rpruit"a subcutaneously in new_borns of these respectiv" tp".i"r. The tocai irrrster tumors have infectiousHaLV as well as gs antigen; neighboring ar,d-other-tissues (spleen, thymus,etc') are negative for I"tig""-ura ,irrl. wh;;"po1yoma-transiormed NIH swiss
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cellsweretransplantedintoner+bornS_wissmicethetumorswerestrongly
positive for gs antigen ura-r"grrir" to'"i''r"ttio"t virus ' since the normal

hamster and NIH Swiss ;";;; ott"r*ir" "'"^""g"ive 
for infectious viruses 

'

and the latter uppur"tii|-.urnot under""''y "L'aitions 
nake infectious virus

(Rowe, Hartley u.a.n,r"ir:r;1;; "ria""In'fo'o" 
amplification in the tumor

of RNA virus expressio" i"a'Ila-uy-the pblyoma virus' Since

polyomarSV4Cand'a"'o'i"':"'h1':--notbeershowntocausetumorsin'their
natural hosts (extensive data ,t" t"i'l;;liy-;"gative) we interpret these

findings as favoring t;; f1yp".r]"irr. th;;-;;"i'r"iit changes produced'in

heterologous cel1s anO'iniin'als by ttresJ vir''u"t u'" due to derepression or

activation of the RNA virus genome '

:;'l::"
for measuring the 'p"tifit 

activities of viral genes r

and neoplastic transformation or tumor i";;;;i";' walter Eckhart of t-he

salk lnstitute, ir., proi;;i;g a number oi'-g"tt"tica1ly stable rnutants of

polyoma virus, has u""r-"uiE to show ai" i*f"'tance of polyoma viral'gene

determinantsinmaintainingthetransro,,,ed'stateandalsoforTantlgen
expressions. Similarlv, Peter vogt u''a-hi' u"oti*:: 'i,rYitrli'fir* urrg",
established a numb"' of'mutants of Rous sarcoma vlrus

he has shown that when a Rous virus *Jt'"i-*'s shifte-d from permissive to

the nonpermissive '"*p""1"":- 
th"--:";i;';";;"y:l'of their igglutinabilitv

withjackbeanagglutini.ns.l,h:il:.,rnedtopermissivetemperatures,the
aggtuiinability returned to previous 1evels '

Rec aoi tul at ion:

Thefirstorderofbusinesswebelieveistoidentifythenatureandthe
origins of the cancer-inducing on.og"i", in ce1ls ' During the past two

yeaTs SVCp-suppo--rted unl otfr"i scientists have gone a long way towards

achieving this firs. "ili".ir,1, 
r',y,.,;.;;-;;;;,-u'31.*i'" uir;-aity of the RNA

viral oncogene i,ypotr,lr'ir- (rna'p"rnrf! to some "-*t"''i 
the Temin protovirus

hypothesis) in at r*;;l + iist'nc, t[i"rl'i"t "f. 
vertebrate animals (mouse '

rat, hamster and ct,icken). other.rr;;;;;i"s working with inbred mice and

chickens have succ""i"il'with nend"li;;-;;;='i"g anf, backcrossing experiments'

in identifyi-ng host genes which t"gril;""'"1-titEt"fore serve as determinants

of expression of tr,"'int "rited 
virogenes and oncogenes which make up the RNA

tumor virus genome. naait:-ona1 new'i"i'-"ttl"-';i't"s to inborn genetic

defects of inbred aninats which *" k;;;; io predispose and predetermine

high risks of many typgs or cal;3,, ;;;;;',-qli." similar to those which in

,.,,.u""- ul,o ,.''iuutea to genetic defects .

ItiSamatterofrecordthattheVCB-STSprograms.haveassumedl-eadership
in developing the t".r',rorogical -tooi3 i""oii"?::,'::;;ttfication and quanti-

tation and assay, ";-;;i;rit 
una induced expressions of the genes of the

RNA tumor viruses '-'' 'lo'*ut 
and neoplastic ce1ls'

we have also developed new vel.y sen sitive and rap-id Ln villo test systems

for quantitative ,r:;; ;;".;;;"'"s;i;";hl*i"*r' iound-in-Tft-reasing amounts
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in human environments. rn these tests we are measuring simultaneously inthe several cel1 systems the carcinogenic transforming effects in ce11cultures of (a) endogenous viral 9"16*", and (b) addef, virus genomes andof the exogenous chemicals.

l{e are employing newly developed simplified but sensitive serologicalprocedures in large scale natural history studies of natural expressions ofR\A tumor viruses in human, feral nouse, cat, rat and chicken populationsin natural ecologies with ih" prrpose oi determining the role of these virusexpressions in the spontaneous cancers of these ,p"iies.
Several projects in srS and vcB are engaged in (1) studies in cell culturesand inbred animals of natural and syntileiic -r.og"r" 

(and virogene) suppress-ing chemicals, and (2) studies of natural and induced immune responses thatoffer hope for imrnunological control of cancer.

0bviously, therefore, there is no way to avoid emphasizing the fact that themain focus of the vcB and srs research program is the study of the validityof the RNA ,irr1 orcog"ru= hypgth"rfu prLpoS"J by vcB scientists in 1969.fte tryp iciits working in cancer that thegenetic determinants (seeds) or tne.rn.urorr-.r,rrrg", in a cell are part ofnatural gene inheritance; therefore these gene determinants (according tomodern understanding of the genetic code) i'rust be represented on the cel1uIarDNA as polynucleotide s"qrerl"= of al1 vertebrate ce1ls. The hypothesis,however, further proposes that the information in all vertebrate ce1ls hasthe capacity to make most or all of components (RNA --> DNA and proteins) ofthe RNA tumor viruses, includi"g !1" trirr-"r:.ptase and translation productsrequired for oncogenic transformation. 0f course, like many other cell genes,it is postulated that the RNA virus genonle is properly controlled by hostregulating gene systems in order to^insure rp"ii"i survival. rt is presumedthat in an evolutionary context, infectiow h.llR (tumor) viruses must haveprovided certain advantages at one time in pre-vertebrate periods, but thatnow infectious expression and horizontal transmission (although occasionallyobserved) is no longer necessary for survival of the genome. This impliesof course that horiiontal transmissions of the RNA tumor virus genome in mosthigher species as a direct cause of cancer is likery to be rare or non_existent.

In higher vertebrates - in dogs, other domestic animals, primates and humans -where overt virus expressiot it-rarely observed occurring spontaneously,expression of either the virogene or oncogene is viewed ,, it " consequencesof (a) genetic defects detect6d early in lire, or (b) breakdowns of generegulation and immune surveillance later in life due to environrnental,mutagenic and/or oncogenic factors, or in nany cases, simply senescence.

Finally, it is clear that the oncogene hypothesis and the concept of universalinheritance of the RNA tumor virus genome was not the result of'brilriantintuition, but an inescapable conclusion forced on us by the ove::vrhelmingweight of extensive data, some of it o1d, u"i-much of it contemporary, whichrevealed that the phenotypic expressions (often noninfectious) of the virus
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J,

in association with neoplastic state did not depend in nature on horizontal

soread of infectio"' 'iit': 
u:'I',il"l"*ttt"io"i"oi"'i '""ir"station' 

when

it was found that expressions :l';;;p:'i;;;1r^1^(;;j- 
altls:n expressions

of the virus *"r" "orrnonly 
expr"r-r"a in spontaneoit''"a induced.turnors and

embryonic tissues ol ilp."l ii=,"lrri-.i."r!-"r,a.nliltt"'i' 
nost often in the

total absence or infectious virul,'i;:;;ia o'ry-ul-"o"tt'aed that the

genone must be inherited
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c. c0fiTRACI PFOGRAI,I

.I . RESEARCH LOGIC

FOR

SPECIAL VIRUS CANCER PROGRAM

VIRAL ONCOLOGY - NCI

AUGUST I972

See Fold-In Chart inside back cover Eo be used in
conjunction with Table III, pages 108 through !22,
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c " cotwRAgr PRO;GRAM

2. I'taJor Prograo ModLflcatlons of Vlral Oncology Contracts:

Flexlbllltywithlnaprogramisnecessaryifeffectlvepfogrammanagement
is to provLde ru"poo'it'eness to changlng' program needs ' Thls requlres

consranr montrorin! aaa evaluatll;;;-;;til "it"otirrc 
proJeet ln terms of

need,priorityandrelevaocetospecl.flcqrogTamobjectiveswlthl.nth.e
framework of *r"fi.Lle funds. t;i;-tust i" it** "oi"uming 

and requires

consrantat,Lentlonbecaus-eo!the_nrxrberofcontractstobemonl"tored,
thecomplexltyofmanyofthe-""0''"'",anatt,"-"."essityforreappralsal.
of thelr screnrtfic obSectt'"" ;:-;;l;ii;i:' 1est"'s 

of relevance' aod

need, change i"-;;; ir[rrt or ,*"orplishments, riir"tls, and newer lnformatlon"

oneearlyaccompl.ishmentoftheplanningteamofthespecia].VirusCancer
prosram was rrrePi::ffi;;t;; ;-.ili;;il ro' *."rb1litv so that Ehe

program would ue res[onsive to "i'*igi"g 
requirements' rndeed' lt is

program maaagenent oi thls type whilh ln part separates the eontract

support mechanlsm from the grant stlPport mechanlsm'

ThlsreportlsasullfltrafydocumentatlonofmaJormodiflcationsofcontfacts
wirhLn the viral Oncology er".'IJ.-ttr" p."roa toart'e June 30 ' 

1972' The

acrtons include (r) rerminati.*l-izi-*.htttcatton oi workseope' (3) change

of emphasis w*hin exlsring,.oirJ"i"l-"ia t+l inLtlation of new contracts'
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CONTRACT PROGRAU

Contract Sumnarles

DEVELOPMENTAL .RFSEARCH PROGRAM SEGMENT-

Dr. Robert A. Manaker, Actlng Chlcf, YBt, DCCP, Chalraan
Dr. ltlchael A. Chlrlgoe, Aeaoclate Chlef, VBB, DCCP, Vice Chairnan

ArcHr CANCER CENTER (NrH-69-96)

Title: vi.rus Rescue studies in Human Leukemia/Lymphoma cell_ Lines

Contragtorrs Proiect Dl.rector: Dr. yohei Ito
Proiec!__.lQfE!Lcer__(NCl.) : Dr. Charles I{. Boone

Objectives: (1) To investiage the possible role of Herpes type virus and
C-type viruses as etiological agents of human neoplasia, involving the
establishment and investigation of numerous human suspension an<1 monolayer
ce1l lines by electron microscopy, immunofl-uorescence, and other techniques.(2) To make available to the Special Virus Cancer Program human embryonic
tissues and high-titer anti-fuerpes human antiserum.

Major Fi{rdings: Nineteen suspension culture lines and about 80 monolayer
culture li-nes were established from tissues of human patients with leulemia,
Hodgkinrs disease, lymphosarcoma and nasopharyngeal circinoma. EB virus wasidentified in the suspension culture lines but was absent in monolayer cell
cultures. No C-type viruses were found in any culture.

Over 700 sera from patlents with different neoplasms were examined for
antibody titers against EBV. Only those with Bu"kitt tumor, infectious
mononucleosis, and nasopharyngeal carcinoma r^rere-found to possess high
antibody titers'.

llgnif igance to Biomqdlcal Research and lhe p_pgralq of the rnslrtute:
Since this projeet is located in the Far East, c-mparative aata acq"ired inOrientals complements observations made on Caucasian populations. ThePrincipal Investigator has verified observations made in this country andin Europe on the distribution of antibody to Epstein-Barr virus in different
neoplastic diseases, and is also engaged in studies on tumors in Orientals
which are relatively rare in this country.

Proposed Course: The contractor will emphasize ongoing studies related to
the determinati.on of viral reverse transcriptate activity and virus-
related nueleic acids in human mammary carcinoma.

Date Contract Initiated: lnay 2, L969

Current Annual Level: $40,000
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BAYLOR COLLEGE OF MEpTCTNE (pH43-68-678)

Title: Studies on Viruses as Related to Cancer

Contractorrs Proie_ct Director: Dr. Joseph Melnick

Project Off.icers (NCI).: Dr. Robert A. Manaker
Dr. Michael A. Chirigos

Obiectiveg: To determine the relationship of viruses to selected neoplasias
and their significance in the neoplastic process.

Major Findings: The application of the Cr 51 release cytotoxicity test has
demonstrated that the sera of leukemic children contain low levels of
antibody reactive with their autologous peripheral blood.leukocytes taken
during relapse but not to their leukocytes taken during remission.
Preliminary studies suggest that cytotoxicity tests may permit specific
detection of herpesvirus type 2 antibodies in sera absorbed r^rith cells
infected with herpesvirus type 1. The method may be of value in studies on
the relationship of HSV-2 to eervical carcinoma. Present testing procedures
shov thre incidence of antibodies to HSV-2 in Caucasian and Negro women in
the Houston area to be more Lhan twice that in control women of similar ages
and social levels.

Cornparati-ve studies on HSV-I and HSV-2 showed a 7A7" homology between their
DNAs. Recombination experimenEs on temperature sensitive (ts) mutants of
IiSV-1 falling into 8 eomplementation groups revealed recombination
frequencies of up to 50 percent with complementing mutant pairs. Non-
complementing pairs ej"ther failed to recombine or recombined in 1ow
frequeneies. A defect in some ts mutants in ability to induce synthesis of
thyiaidine kinase was independent of the ts defect. At the non-permissive
temperature, one HSV-I ts mutant accumulates a polypeptide (C-3). This
offers the possibility of determining the role of this polypeptide in
herpesvirus replicat.ion. Thirteen ts mutants of HSV-2 are under study.

Seventeen papers were pufolished during the past contraet year on research
conducted under this contraet.

Signif icance to B:Lonedicql Research end tq_:Ehe Program gE__rLlLq Tnstitut_g:
Thls contractor provi-des a progressive program of research to determine
possible etiological relationships of viruses to h'uman cancer. Evidence of
possibJ-e relatj-onships has been sought by the study of the immune responses
of patj-ents and their associates to tumor antigens. Important contribuLions
to Program have been made by the eontractorrs investigations on genital
herpesvirus type 2 associations with rnalignant earcinoma of the cervix. The
importance of herpesviruses in neoplastic processes is evident from the
recognition of lymphoproliferative diseases induced by herpesvirus infections
as well as a strong association with the development of carcinoma. Thia
contract provides for fundamental studies on herpesviruses which may be
invaluable as the role of these agents in precipitating oncogenic processes
is further defined.
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Proposed Course: The studies relating to childhood leukemia and intensive
studies on herpesviruses as agents of apparent importance in oncogenesis
will continue.

Date Contract fniti,ated: June 27 , L963

Current Annual Level: $ 754 , ooo

COLUMBIA I]EIVETSITY (NIH-70-204

Title: Replication of Oncogenic RNA Viruses and its Relation to
Human Cancer

Contractorrs Pro'iect Dirgctor: Dr. So1 Spiegelman

Proiect Officers (NCI): Dr. Timothy OrConnor
Dr. Robert A. Manaker

Obiectives: To study RNA tumor viruses at molecular levels to elucidate
mechanisms whereby they induce neoplastic transformation of cells and to
apply this knowledge to the determination of viral relationships in human
neoplasms and ultimately to the selection of measures for control of the
neoplastic process.

Major.F.indines: The RNA-dependent DNA polymerase activity was found in the
virions of eleven different groups of RNA viruses that cause leukemias or
sarcomas, or have been associated with mammary tumors, in different animal
species. A DNA-instructed polymerase activity was also found i-n the
virions of all oncogenic viruses examined. By using synthetic polynucleo-
tide duplexes, it was established that oneogenic vi.ruses contain DNA

polyraerase activities directed by single- and double-stranded RNA, double-
stranded DNA, and DNA-RNA hybrids. These activities were shown to be
exhibited by a single enzyme. Avian myeloblastosis virus (AMV) reverse
transcriptase gave greater dT-primed synthesis with poly rA than with
poly dA strands. This appeared to be a means of distinguishing this
enz)rme from the normal cellular polymerases. By this criterion, enzymic
activity was detected in over 120 leukemic buffy coat specimens and in none
of 70 buffy coats from normal pati-ents nor in leukoproliferations in
diseases oEher than leukemia. Similar polymerase activity was found in
embryonic tissues of animals and man. The highest activities were detected
in tissues obtained early in embryogenesis. Further experience showed that
every proliferating ce1l- has an elevated response to a dC:dG tenplate, but
not all respond to dT:rA and. rA:rU.

The purified reverse transcriptase from AMV was shown to consist of two
subunits of 110r000 and 69,000 molecular weight respecti-vely, and to be
free of ribonuclease and DNA endonuclease activity.

The search for enzymatic evidence of oncogenic RNA viruses in human milk,
plasma or tissue is complicated by the low viral content in the presence
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of large amounts of enzymatically active debris. A procedure was developed
whereby the presence of reverse transcriptase and 7os RNA could be
demonstrated in such specimens. The method demonstrated that particles
detected in human milk possess these two features characteristic of RNA
tumor viruses.

Labeled DNA complementary to oncogenic virus RNA provided a probe to
search for RNA in tumor tissues homologous to nucleotide 

".q,r.rr"." in theviral RNA- RNA extracted from the polysome fraction of 19 of 29 specimensof human mammary carcinoma ti.ssue hybridized with the DNA probe prepared
from mouse marmary tumor virus (MTV) RNA but not wj.th DNA tomplementary to
AMV or Rauscher mouse leukemia virus (RtV). No significant frybridization
was detected between MfV DNA and polysome RNA extracted from normal adult
or beni-gn breast tumor tissue. Further study showed RNA nucleotide sequences
homologous ta RLV RNA but not to AMV RNA or MTV RNA to be present ln the
polysome fraction of human leukemic white blood cells ana tf human sarcomas.
No such RNA was recovered from control tissues.

Ten recent publications appeared or are in press describing the observations
made in this laboratory.

the program of the Institute:
This contractor has pursued a systematic L ana
apply molecular biological methods to demonstrate yiral relationships to
human tumors - The obserrrations made open new avenues for exploration and
development j.n the study of virally-induced oncogenic p.o"u""." and theirrelationship to the spontaneously recurring ,"opiasrs i, *"r.
Proposed course: The investigations underway will be continued to
acquire additional data on the polymerase activities detected in normal
embryonic and tumor tissue. The initial studies on the-exidtence of RNAnucleotide sequences in polysomal fractions of human tumor eell which are
homologous to the RNA of knorm animal tumor viruses require further
investigations to determine the significance of the observation and expansionof the primary work to other human tumors and virus systems.

Date Contract Initiated: October 29, Lg6g

Current Annual Level: $800,000

CORNELL UNIVERSITY (NIH-71-2508)

Title: Leukemia Studies in the Cat

Contractorrs Pro'i ect Director: Dr. Charles Rickard

Project Officers (NCI): Dr. Michael A. Chirigos
Dr. Robert A. Manaker

9bieetives: To determj.ne mechanisms for transmission of oncogenic viruses
in cats and to investigate the possibility of natural infection of humans
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by fellne viruses.

Major Findings: A suspension type culture of thymic cat tissue has
crnti""r"slyEoduced FeLV of high particle count'per unit volume. Virus
was supplied to other investigators and was used for studies on the group-
speciflc antigens of the virion. Antigens have been purj.fied by preparatory
electrophor."i" and Sephadex chromatography for use in preparing serological
reagents. These reagents are considered sufficiently specifj-c for use in
sensj-tive tests to attempt to demonstrate the presence of gs-3 or feline
gs-specific antigens in human eancer ce11s.

FeLV from clones of infected cel1s was used to produce antisera to fresh
undisrupted virus particles. Quantitative assay systems for virus
infeeti-vj-ty were compared. NeutraLization tests showed that many normal or
leukemic cats have serum antibodies neutrali-zing sub-group A virus. Tests
will be conducted to test human sera for antibody against each serotype of
the feline C-type viruses.

Some cats with leukemi-a or related neoplasms have precipitating serum

antibody reacting with an unidentified antigen of cat leukemia virus. Sera

from some clinically normal eats and some cats in the SPF'colony free of
conventional cat viruses possess similar precipitating antibody' The

antibody appears to be passively transmi-tted through colostrum. Precipitin-
positive slr" from normal or SPF cats reacting with this antigen do not give
i 1irr" of ideltj-ty with antisera against gs-interspecies or feline gs-species

-antigens when set up in agar gel tests against disrupted FeLV. The

significance of this immunoprecipitin reaction will be sought.

Sera of B normal cats which were pets of humans with leukemia were negative
in tests for infection by the known feline leukemia viruses. A feline virus
was isolated from a cat with lymphosarcoma which was the pet of a human

leukemic. In ge1 diffusion tests against the undisrupted virus isolate,
another FeLV serotype, a feline sarcoma virus, and feline gloup-specific
antigens, a five-fold concentrate of the human patient's plasma gave

.r.g.iir. results. Sera from 3 members of the patientrs household were also
negative.

Crandellrs continuous feline kidney ce1l line (CCC) was found useful for
assay of FeLV, FeSV, and MSV(FeLV). DEAE-dextran pretreatment enhaneed

focus formation. The CCC line has shown no evidence of "spontaneous"
C-type virus production or gs antigens.

For experimental induction of canlne lymphosarcoma by FeLV, age susceptibil--
ity is a critical factor. Puppies become refractory withln 2-3 days after
birth. Time to tumor is substantially,decreased by in utero inoculation,
and virus can be demonstrated in the neoplastic tissue. No virus was

deteeted in puppies born to a female inoculated with FeLV 9 days before
delivery suggesting that transplacental infection does not occur

In other studies it was found that fetal or neonatal dogs inoculated with
felj-ne liposarcoma virus developed no neoplasms. Myelocytic leukemia was

transmitt"d fro* a spontaneous case in a cat to 2 kittens which developed
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myelocytic leukemia with abundant C-type particles after 9 months. This
virus was inoculated into fetal dogs 16 days before birth. At 5 weeks afterbirth, there was no evidence of transmission. Fetal inoculation of eatswith cani-ne transmissible venereal tumor and canine mast ce1I tumor wasaccomplished. Animals are under observation to determi-ne possibility of
reseue on oncogenic dog virus genome by the cat.

Significance to Siomedical Research and the ram of the Institute:
The eat offers opportunity to det"r;i
perpetuation of oncogenic viruses in a natural population. Comparative
studies between viruses naturally afflicting aiiflrent animal siecies cancontribute to an understanding of mechanisms involved in vi-rus-induced ce1ltransformation. The cat viruses infect and reproduce in ce1ls of animal
speci-es other than the cat, as well as in human cells. Since the cat is a
common household pet, and viral relationships in spontaneous neoplasms havenot yet been completely defined, further studies are necessary to determj-ne
whether cat viruses may infect humans, particularly children, by eontacts inthe household.

-Proposed Cgurse: Highly specific antisera to the feline viral antigens will
be prepared. Serological tests will be applied to experimental and natural
cat populations to obtain evidence for possible horizontal transmission of
virus infection. Human sera will be tested against the different strains of
virus for evidence of human infection. In spontaneous neoplasms of the cat
where there is no evldence of the presence of recognized sub-group viruses,
efforts will be made to determine whether an unrecognized sub-group is
involved. Virus detected or induced in fetal tissues will be cornpared with
the recognized serotypes. Selected canine neoplasms will be studied by
different techniques to determine whether the presence of virus may be
recognized. Collaborative studies will be conducted with other investigators
for evidence of antigeni-c relationsi-ps between neoplasms of dogs and human
patients. The only vlrus known to produce mammary tumors experimentally
is the mouse mammary tumor virus as an important tool for further investiga-
tions.

Date Contract Initiated: June 23, 7965

Current Annual Level: $445 ,500

ALBERT EINSTEIN COLLEGE OF MEDICINE (NIH-71-2251)

Title: Studies on the Molecular Basi.s of Viral Carcinogenesis

Contractorrs Project Director: Dr. J. Thomas August

Project Officers (NCI): Dr. Timothy OrConnor
Dr. Robert A. Manaker

9biectives: To determine the molecular events involved in the adsorption
and penetration of oncogenic viruses into host ce11s, in malignant transfor-
mation of cel1s, and j.n viral replication.
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Major Findings: During the first year ti-ssue culture systems were developed
for the study of Friend leukemia virus replication in permissive and
non-permissive cells with Ehe aim of determining the mechanism of
restriction. Temperature sensitive virus mutants are being selected to
help define viral genes responsible for repi-ication and malignancy"

Enz)rme studies have shown the presence of a protein kinase within the
viruses. This enzlrne diff;ers from cellular enzyme and phosphorylates
most of the structural proteins of the virion as well as some host cell
proteins.

The reverse transcr.l"ptase extracted from AMV and R.LV, vrhen highly purified,
yielded an RNA-DNA hybrid as its sole pr.oduct. To act catalytically in
producing free DNA an AMV endonuclease !/as required. The transcri-ption of
DNA from At'{V RNA was increased 10-fo1d when extracts of AMV were added to
the purified enzyme. Fifty percent of the DNA product was single-stranded.
Evidenee indicaEes the reverse transcriptase to be a repair type enzyme,
and nero DNA complementary to the RNA template is covalently bound to the
terminal of the DNA primer. Thus, present evidence suggests the reverse
Eranscriptase is not directly involved in the replication of the RNA of tumor
viruses "

Sienificance to Biomedi-eal Research and the Prosram of the Instituta:
The studies initiated in the contractor's laboratol:y are desi-gned to
investigate host factors restricti.ng or permltting penetration and repli.ca-
ti-on of oncogenic virus and to probe biochemieal event-s key to viral
replicative proeesses and cellular transformation.

Proposed Courss: The virion protein kinase will be purified as a first
step to characterization of the enzyme and its biological rotre in virus
infection. The mechanism of cell transformation will be investigated in
the Schmidt Ruppin Rous sarcoma virus system. Sensitive quantitative assays
of events associated with the transformation process are required. Pathways
of carbohydrate metabolism and the time course of appearance of new cell
antigens will be explored. To answer questions on the nature of antigenic
determinants of the tumor vj-ruses, the first step will be isolation and
characterization of the interspecies specific antigen of Rauscher and feline
leukemia viruses. Agents r+hich lead to the stimulation of reverse
transcripti-on have been partially purified and r,ai1l be further characterized.
Attempts are underway to determine whether the RNA of RLV and AMV contain
different or identical 30S subunit components. This information will aid in
evaluating the amount of genetic information available for coding in the
RNA oncogenic viruses. Studies have commenced on the mechanisrn of repli-cation
of viral RNA. The reverse transcriptase does not apBear to be directly
involved. Studies are continuing on the synthesis of host cell membrane
glycoproteins in infecred and uninfected cells. Atternpts are being made to
purify N and B strains of Friend virus as a prelimi-nary to comparison of
their composition, Temperature sensitive Friend virus mutants will be
selected and utilized for genetic and biochemical sEudies directed to
elucidation of viral and ce11ular factors contributing to neoplastio change"
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Date Contraet Initiated: April 26, L97L

Current Annual Level: $536,000

HAZELTON LABOMTORIES, INC. (NIH-6

Title: Studies on the Etiology of Canine Cancer

Contractorrs Proiect Director: Dr. Erling M. Jensen

Project Officers (NCI): Dr. Michael A. Chlrigos
Dr. Robert A. Manaker

Obiectives: To determine whether any canine cancer is caused by viruses
and whether there is any possible etiological relationship between canine
and human cancers.

Maior Findings: A couunon antigen in several specific canj-ne sarcomas was
detected by immunofluorescence tests with sera from the tumor-bearing and
other sarcomaEous dogs. Successful transplantation of a canine mamary
carcinoma was achieved by inoculation of beagles in utero. If continuous
passage proves possible, the tumor will provide a-vaGb-1e system for
studies on viral etiology, therapy, and possibly hormonal influence on tumor
development. Ce1ls of a canine osteosarcoma inoculated into kittens in
utero were recovered after birth of the animals and placed in cult.rr.l
Attempts are underway to determine whether th-i.s procedure aetivated virus
production.

A convenient, quantitative infectivity focus assay for feline virus was
developed for studies using feline leukemia viruses in attempts to recover
defective viruses from canine tumors. Treatment with BUdR and IUdR was
introdueed in attempts to induce virus release from canine tumor ce11s.
Exposure of XC rat ce1ls, which have been routinely used to titer murine
leukemia viruses, to BUdR activated virus production. Two viruses appear to
be present.

Studies were initiated to evaluate the effect of combined chemotherapy and
nonspecific immune stimulators on spontaneous lymphosarcoma in dogs. In
some preliminary tests, streptonigrin was used to determine its inhibitory
effect on dog ce1ls infected with feline leukemia virus. Even at toxj-c
drug 1evels, the reproduction of the virus was not eliminated. Focal areas
of morphological change were observed in the canine ce11s exposed to
streptomycin.

Significance to Biomedical Researeh and the Program of the InstitutEr:
Study of canine neoplasms for evidence of viral assoeiations is important
j.n several respeets. Since humans are in close contact with canine pets,
the possibility that they may be exposed to a canine tumor virus must be
investigated. In contrast to the cat and mouse, viruses are not regularly
shed by canine tumor cells. An analogous situation exists in the human.
The dog provides an excellent experimental animal to determine the presence

130



of covert viral infections contributing to neoplastic transformations. Tf
such viral relationships to cancer in the dog can be firmly established,
the dog will provide opportunity to study the mechanisms for transmission
of infection, virus-host relationships, and evaluation of control measures.
In this respect, the dog would be one of the best models for human cancer.

Proposed Course: Redirection of the effort in this laboratory is being
considered to utilize the facilities for more intensive study on tumor
viruses, a rBore concentrated effort on viral relationships to canine manmary
earcinoma, and evatruation of immunotherapeutic approaehes to control of
naturally occurring neoplasms.

Date Contract Ini-tiated: May 26, 1969

Current Annual Level: $400r000

JOHNS HOPKINS IINIVERSITY (NIII-71-2.121)

Title: Herpesvirus Antigens and Virions in Neoplastic Cells from Squamous
Carcinoma of the Human Cervix

Co+tractorts Proieet Director: Dr. L. Aurelian

Project Officers (NCI): Dr. Charles I^I. Boone
Dr. Robert A. Manaker

Ob-iectives: The ultimate objective of this project is the development of
evj-dence for/ox against virus as a factor in the etiology of carcinoma of
the human uterine cervix. The irnmediate objective is the identifieation of
Herpes simplex virus type II (HSV-2) antigens and virions in neoplastic cel1s.

Major tr'indj-ngs: Over 90% of patients with epithelial atypia, carcinoma in
situ, or invasive carcinoma of the cervix possessed antj.bodies to HSV-2
in contrast to positive findings in only 557" of a matched control population.
HSV-2 antigens were detected in the eytoplasm of exfoliated dyskaryotic cells
of cancer patients by immunofluorescence. in tumor biopsies, no evidence of
virus particles or antigens were detected. Cultured cells from a cervical
carcinoma could be induced to release virus by raising the pH of the
culture medium.

Sienificance to Biomedical Research and t]le Proeram of the In :

An i.mportant question relevant to total program is whether Herpes viruses are
directly responsible for oncogenesis or whether i-nfections activate a pre-
existing premalignant state" The Special Virus Cancer Program is concentra-
ting on studies of neoplastic diseases in man and anj-mals in which Herpes
virus j-nvolvement has been demonstrated in order to define a speeific role,
if any, for'this group of viruses in the neoplastic process. If genital
Herpes virus infection can be definitely shown to be a factor in the
development of cervical neoplasia, appropriate control measures may be
developed to reduce the incidence of this cancer in man.
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P{oposed Course: The conLractor will compare antigens in cervical carcinoma
cells with those indueed in Hep-2 by Herpes sirnplex virus type r and fr.
Work will contj.nue on the characterizat.ion of HSV-2 anti-gens present in
exfoliated cancer cel1s from patients with cervical cancer.

Date- Contract Initiated: May 5, 1971

Current Annual Level: $92 ,000

KAROLTNSKA TNSTTTgTE (NrH-69-2005)

T:t_le: Studies on the Significance of Herpes-type Virus in the Etiology
of Some Human Cancers

Contractor's Project Director: Dr. George Klein

Project 0fficers (NCI_): Dr. Charles W. Boone
Dr. Gary R. Pearson

Obiectives-: (1) To obtain additional data on EB virus-host interacti-ons.
(2) To investigate h.ost immune responses to tumor antigens. (3) To study
the regulation ;,f C-type virus expression in defined systems. (4) To
investigate ce11 mediated tumor immr.lne reaction mechanisms in vitro and
in vivq.

Major Findings: EEV related research: membrane antige;',s, early antigens
and virus capsid antigens rnediated by EBV have been studj-ed in established
lymphoblastoid celI lj-nes. Inhibitors such as mitomycin C increase the
anount of antigens detected by immunofluorescence. Mouse lyrnphoblastoid cell-
hybrids have made it possible to determine whether the presence of EBV DNA
is dependent on one or several chromosomes. BUDR labeled ce11s were super-
infected with tritiaEed thymidine labeled virus and the heavy ce11 DNA was
recovered and examined for assocj-ated EBV. No evldence of integrated EBV
genome was found. The incubation of tumor cells wi-th serum from patients
with I1po-, fibro-, osteo-, and neuro-sarcoma inhibi-ted the stimulation in
one autologous lymphocyte-fibrosarcoma combination.

Sigqiticaneq_l!!r liorlgdiqa!_Beeearqh_en{l_-lqbe Program of thq Institulq:
A major effort of the Speeial Virus Cancer Program has been the study of the
viral involvement in the etiology and course of Burkittrs tumor in man.
Researctt on the relationship between EBV infection and the onset of Burkitt
tumor, the development of EBV-coded antigens in infected ce1Is, and the
anal-ysis of the immune response to Burkitt tumor is therefore highly
relevant to total program.

Proposed_lQcqrEq:
above.

The contract effort will conti-nue essentially as described

Date Contraet Initiated: April 9, 1968

Current Annual Level: $90 , ooo
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LrFE SCTENCES. rNC. (PH43_69_63)

Title: Studies on Marekts Disease as a Model for Herpesvlrus Associated
0ncogenesis

Contractorrs Pro.iect Directol: Dr. Jaek Frankel

Project Offlcer (NCI): Dr. Gary pearson

Obiectives: The objectives of this project are (1) to determine the exactnature of the role of the herpesvirus associated with Marekts disease in theeticlogy of this disease, i.e. wheLher it is direct, or indirect (e.g. byinteraeting with some other agent, or by activating a covert viral or"oglrr"-the Huebner hypothesis) ; (2) to establish Marekts disease as a model 
"y"t"*for herpesvirus associated oncogenesis, using reagent grade spF avianhosts (free of overt leukosis virus and othei pathogenJ); and (3) to operate

an avian vj.rus testing laboratory for monitoring both hosts and viral
materials used in experiments for freedom from extraneous viruses, includi.ng
i.nfectious leukosis virus.

Maior Findings: In vitro interference studies were conducted with new
standard pools of an avian leukosis virus (MV-2) and ce1l free Marekts
di-sease herpesvirus (MDHV). The results showed that a marked reduction
in MDHV foci occurred in primary and secondary cultures of LSI-SpF CEF cel1s
infected with RAV-2 and superinfected with I,IDHV. Preliminary interference
studies also were performed in conventional chickens. tr{hen embryonated
egg('' were inoculated with Mv-2 and the chlcks superinfected with MIHV by
inoculation or contact with infected chicks, a marked decrease in MDHV
neutrali-zing antibody titers occurred. In another interference test
performed in vivo, deaths of LSI-SPF chickens infected with both Rous sarco-
ma virus (Bryan) (RSV) and MDHV were delayed three to five days as compared
to chickens infected with MDHV a1one. The latent period to developmeni ofthe RSV-induced wing tumors vlas decreased by one day in groups inoculated
with both viruses. Followi.ng infection of conventional chicks with MDHV,infectious MDHV could be extracted from feather follicle epithelium 11
days after j-nfection. Viral antigen was demonstrated in flather follicleepithelium 13 days later and persisted for at least 56 days; antibodies
were not detected until 49 days had elapsed. These results were in agreementwith data from previous studies in which MD tumor cell suspension were usedas inocula. Inoculation of LSI-SPF chicks with the GA isolate of MDHVobtained from another source, and with a passage lii-story differing from thatof the GA isolate of MDIIV used in these laboratories, resulted in the same
Pattern of early mortality. The studies were performed in MDHV contaminated
and isolator environ;rents both with ce11-free and cell-associated virus. In
marked contrast to the results, no mortality occurred amongst LSI-SpF chicks
housed in an isolator after inoeulati.on with the ce1l associated HPRS-16
isolate of MDHV. However, MDHV was recovered from extracts of skin and
feather folliele epithelium from these chi,ckens fi-ve weeks after inocul-ation.

Passive immunization of LSI-SPF chicks with MDIIV antiserum resulted in a
marked decrease in the characteristic mortality rate induced by lnoculation
with MDHV. These chickens were housed 1n MDHV contaroinated environment. on
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the other hand, administration of the same antiserum and MDHV challenge
to LSI-SPF chicks housed in germfree isolators did not result in any
evj.dence of a protective effect.

Preliminary studies relating to the pathogenesis of Marekr.s disease in
LSI-SPF chicks housed in isolators and infected with cell-free MDHV was
studied by sequential changes in histopathology" The results showed a
marked progressive hyperplasia of the reticuloendothelial tissues which
hlas seen most prominently in the major lymphoid organs (thynous, bursa of
Fabricius and spleen). In the terminal stages of the disease, the lyrnphoid
tissues were completely replaced by reticular ce1ls to the exelusion of
recognizable lyurphocytes. There was also a complete replacement of adult
lymphocytes by reticular ce1ls in all organs where perivascular foci of
lymphocytes are usually seen.

Significanee to Biomedical Research and the Program of the Institute:
No sati.sfactory animal model is currently available for str-rdying the exact
role (i.e. whether direct or indirect) of herpes-type viruses ln the
induction of neoplasia. Since herpes-type viruses are associated in very
high frequency with two types of human cancer, namely Burkittrs lymphoma
and post-nasal carcinoma, an animal model system for developing approaches
to and guiding studies on the human problem is urgently needed.

Since Marekrs disease of chickens is also associated with a herpesvirus
(MDHV), and this virus can now be isolated and worked with systematically
in the laboratory, it seems Iikely that this chicken disease can be
developed i-nto the desired laboratory model.

Proposell Course: Investigations on interference and enhancement interactions
between various MDHV isolates and other viruses, such as avian leukosis and
other adventitious agents, both in vitro and in vive, will be contlnued.
The relative importance of ce11 mediated and humoral_"immunity will be
investi"gated in experiments designed to closely fo11ow the development and
regression of Mare€ts disease in LSI-SPF and conventional birds.

The nature of the different responses of LSI-SPF chickens to inoculation
with a variety of MDIIV isolates will be investigated in terms of virology,
immunology and pathology. A comprehensive study to determine the inter-
relationships between virus source, dose, host, age, route of inoculation
and type of chicken as related to virulence and immunocompetence will be
performed.

Date Contract Initiated: November 1, 1968

Current Annual Level: $458,600

MASSACHUSETTS GENERAL HOSPITAL (NIH-71-2174)

Title: Characterlzation of Nucleic Acids of the Avian Mye1oblastosis Virus
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Contractorfs Project Director: Dr. Paul C. Zamecnik

Project Officers (NCI): Dr.
Dr.

Objectives: To analyze the

Timothy E. OrConnor
Robert A. Manaker

end groups and acromolecular sequencing of
andthe large molecular weight RNA of avian myeloblastosis virus (AMV)

to anaLyze the minor base composiiion of the transfer RNA of AI,IV.

Major Findings: Iligh molecular weight RNA was prepared from AIvIV to
determine the nucleotide sequence of the molecule adjacent to the terminal
ends. At present, only the 3rOH terminal nucleoside has been determi-ned.
Adenosine was found to be the predominant terminal residue, followed by
cytidine. Uridine eomprises L5"l ot less of the terminal residues in these
experiments. The main impedircnt to sequencing this RNA has been the
highly heterogenous charaeter of the material as isolated. The purest
PreParations of 35 S materi-al to date eontain at the 3rOH end 672 adeno-
sine'and L5% cytidine. Since avian tumor viruses as well as other oncorna
viruses are known to be mixtures of closely related viruses, end group
studies may indicate the predominant type of virus present in a mixture,
although related viral- species may also have the same terminal sequence.
Ihese results are not in agreerent with others who have reported the
3'OH end to be uridine.

A eomparison was made of the base composition of tRNA from AI"IV with that
from Cofal-negative chick liver and from infected myeloblast tRNA.
Small but significant differences in content of major bases are present
between virus and host ce1l tRNA,. More striking differences exist in
certain minor bases. In virus LRNA, lower levels of all modified pyrimi-
dines (except pseudouridine) and levels of all methylated guanines are
higher than in the host celI IRNA. AI"IV tRNA has all Blnor bases so far
found in host tRNA and no evidence exists of addit(onalbases in AMV
tRNA. However, a number of minor bases have not yet been assayed by
this method. The content of 3aethylcytosine in the -virus is 1/5 the
leveI in the cell. This is a rare minor base present in but L2-25% of
individual host ceLl tRNA nolecules.

Recent findings suggest that the t'70 S-associated'r 4 S RNA contains in
addition to the 4 major bases, the minor bases: pseudouridine, dihydro-
uridina, and 5-methylcytosine. Other minor bases may be present. At
this time it is reasonabl-e to infer that this 4 s RNA can qualify as
tRNA. Preliminary work showed adenosine to be the predominant terminal
nucleoside.

Fifteen primary and secondary cultures of spleen cells from llodgkinrs
patients were pulsed with 3H-uridine and five cultures with 3H-thymidine.
Upon centrifugation of culture fluids, radioactivity occurred in the 1.16
region. Pelletized fractions fron the 1.16 regi-on were examined by
electron mieroscopy and particles suggestive of C-type were seen.
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ificance to Biomedical- Research and to the Pro ram of the Institute:

The elucidation of the nucleotide sequences of the 70 S RNA of AI"IV and
other oncogenic RNA viruses may reveal segment active in speeific
functions and as binding sj.tes of viral polymerases or inhibitors
thereby increasing our knowledge of transcrJ-ption processes. Elucidatj.on
of the differences in tRNA-encapsulated in virions and those present in
normal and virus-infected cel-l-s *ay show how virus infeetion doninates
translation as well as transcription proeesses. Hodgkinrs disease
has been suspected to be virally-indueed. Recent observations suggest
this may be true. An excellent opportunity exists in this laboratory
to investigate viral rel-ationships in this disease.

Proposed Course: The analysis of nucleotide sequences at terminal ends
of farge molecul-ar weight tumor virus RNA will continue. A more detailed
analysis of the minor bases of AMV tRNA wil-l be conducted. The mdnor
base constitution of the 70 S-associated 4 S RNA of AMV wil-l be scrutinized.
Pilot studies on viral associations with Hodgkinfs disease wil-l continue.

Date Contract Initiated: June 29, L977

Current Annual Level: $95r790

MASSACHUSETTS GENERAL HOSPITAL (NIH-72-2012)

Title: Activation of Oncogenic Viruses and Induction of Cancer by
IrrmunoJ-ogic and Non-immunologic Methods

Contractorrs Project Director:' Dr. Paul. Black

Projecr offieers (NCI): Dr. Adi Gazdar
r. Michael Chirigos

Objectives: To determine the relationships between chronic allogeneic
disease, inmr.nosuppression, and interferon inducers on the activation
of eovert infections by oncogenic RNA viruses.

Major Findings: The graft versus host reaction (GVIIR)- in vivo and iLs
in-Etro counterpart the mixed lymphocyte culture (UtC1 were used in
rnr" ffiay. Test systems were assayed for virus by the Klement xc and
Bassin S*L-techniques. The test systems included: (1) Spleen cells
from (C5rB16 x DBA) F1 mice (hereafter calIed SDF1), either assayed
directlli or cultured for 3 days in vitro. (2) Spleen ceI1s from
BDFI miie undergoing a GVHR (previorrEl[inoculated with DBA/2 cells),
directl-y or cul-tured for 3 days i4 vilrq. (3) Spleen cell-s from
(MLB/e x A/J) F1 mice (hereafte-r cffid CAFI), as above. (4) Spleen
cell-s from CAFI mice undergoing a GVHR (previously inoculated with
BALB/c sp1-een cel-Is, with or without mitomycin-C. (6) Spleen

136



cel1s from CAF1, BALBlc, A/J mice cultured separately lyith or without
phytohemagglutinin (PHS), concanavalin-A (con-A), or iododeoxyuridi-ne
(ruDR).

Cultures were tested for proliferation by the addition of 1 uCi-3ft-
thyrnidine 4 hours before termination of cultures and assessed by
standard liquld scintillation technl-ques. All cultures were coded
and assayed for leukemia viruses blindly.

Activation of leukemia vj-rus du@. GVHB. cultures of spleen cells
egative for leukemia viruses

by the XC or S*L- assays, or both in 15 of 16 experiments. However,
cultures of spleen cells from CAFI mice previously inoculated with
parental BALB/e ce11s were positi-ve for leukemia virus by the same assays
in 10/11 experiments; titers in these cultures ranged from 101.2 to
greater than 10r.2 TCID5O (502 tissue culture infectious doses)/ml.

fn contrast to the results observed with CAFI cells, leukemia vi-ruses
were infrequently recoverable from BDFI spleen cell preparations, and
in 4 of 16 allogeneic spleen cell preparations. Titers in the positive
BDFI cultures did not exceed 101:2 TCIO 50/m1.

Activation of l-eukemia viruses inlnixed lrrmphocvte cultures (MLC). Three
to seven day o1d cultures of mixtures of BALB/c and CAFI spleen celIs
were positive for leukemia viruses by the XC or S*L- assays, or both, in
7 of LL experiments. In three cultures which did not produce virus, lympho-
cyte stimulation was sub-optirnal, with isotope incorporation ratios of
onJ-y 2.5 x control levels, whereas the 7 positive cultures were stimulated
at a minimr.rm of 5x the control 1evel. cAFl and BALB/c spleen ce1ls
cultured separately for the same periods were negative for viruses.

Relationship of phvtohemagglutinin-induced blastogenesis to virus
activation. Lymphocytes of CAF1, BALB/c, or A/J mice cultured in the
prqsence of PHS underwent marked blastogenesis but did not release virus
foLlowing this treatment. Similarly, titers of leukemj-a virus from
cultured spLeen cel1s of CAFI animals undergoing a GVHR \,sere not
altered by PIIA treatment (ro-r.2 TCrDso per m1 with or without pHS).
The proliferative response of spleen cel1s from CAFI mice with the GVHR
to PHS was significantly less than that of normal CAFI sp1-een cells.
Spontaneous bLastogenesis in these cultures during the lst day was
2.8 x control values, but fell below controls by day 3.

Both l-eukeuia virus posit.i.ve MLCrs and leukemia virus negative PHA
cultures showed proLiferative responses as measured by isotope ineor-
poration. Mitonycin-C treatment of responding BALB/c ce11s prevented
both blastogenesis and virus release. Both BALB/c and CAFI 1-ymphocytes
when cuLtured with IUDR released leukemj.a viruses in preliminary trials;
in addition IUDR increased the yields from MLCs.
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These resul-ts r^roul-d appear to be the first instance of in vitro activation
of leukemia viruses by immunological techniques. Aetivation does not
appear to be solely the result of transformation of lyuphocytes because
PHA induced marked blast transformation in CAFI lymphocytes, yet
activatiori did not occur. Furthermore, PHS did not increase the titer
of recoverabl-e leukenia virus ln lymphocytes from mice r:ndergoing GVIIR.

Simil-arly, in vivo chal-lenge of CAFI mice with sheep erythrocytes, all-o-
geneic celfl ind preundrs adjuvant did not activate leukemia viruses;
it,-rdi." using in vitro anEigenic challenge of lymphocytes from immunized
animals are inlrogre"ss. A non-iumunological mechanism that could activate
leukemia viruses seems remote because of the failure to find virus release
upon co-cultivation of CAFI and mitomycin-treated BALB/e spleen ce1ls.

The biological significance of the l-eukemia virus activation is apparent
since treatments which prevented cellular proliferation and virus
activation, e.g., mitomycin-C treatment of donor ce1ls, were also Shown

to prevent the GVHR and lymphoma development. In addition, none of 81

BDFI mice developed a lymphoma folJ-owing the injection of DBAI2 spl-een
celis and ln this combination leukemia virus was infrequently detectabl-e
in vitro or i-n vivo.

Activation or induction of murine leukemia virus from normal embr o cells.

primary embryo cultures were established in routine fashion from mice
of the following strains: Charles River Swiss CDl, spf C57B1/6 MI.
Various procedures were attempted to induce MuLV from these cells. The
presence of virus was determined by the XC test. Vi-rus was recovered
after 2 weeks of leucine deprivation; a questionable positive XC test was

obtained with the 5-week leucine deprivation samples. AttemPts to induce
MuLV frdm embryo cells following treatment with mitomycin-C have not
been successful-.

Slgnificance.to Biouedical Research and the Program of the Institute:

This contract contributes important new information about the relation-
ship between iumunologic abnormalities and enhanced susceptibility to
oncogenesis of suspected viral origi-n. A better understanding between
the two may be of value in the formulation of approaches to the prevention
of malignancies developi-ng in the wide range of hr:man disease states
associated with immunologic abnormal-ities.

Proposed Course: The studies completed strongly suggest that lymphocyte-
TympEocyte intEraetions can activate leukem.r.a viruses in vivo and in
vitro. The rel-ationship to lymphomas occurring in patients with auto-
ffi6e disease or transplantation reactions is obvious. The contractor
will attempt to determine whether virus is activated in the donorts or
the recipient I s ce1ls by labeling techniques and electron mieroscope
localization. Studies will be continued to determine whether other
treatmenEs activate covert virus infections. Lymphocyte-fibroblast
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and fibroblast-fibroblast interactions will be fol-lowed for evidence of
viral activation, and further work will be carried out on the induction
of mouse leukemia virus from normal embryo cells.

Date Contract Ini"tiated: September 15, 1971

Current Annual Level: $74,370

MERCK ANp COMPANY, .rNC. (NrH-71-2059)

Title: Oncogenic Virus Research and Vaccine Development

Contractorrs Project Director: Dr. Maurice Hilleman

Project Officers (NCI): Dr. Robert A. Manaker
Mr. J. Thomas Lewin

Objectiyes: To conduct investigations designed to develop vaccines or
other agents effective for the prophylaxis and therapy for human neoplasia
of suspected viral etiology.

Major Findings: Multiple construction and renovation projects have been
involved in the expansion and reorientation for this program. Remodeling
of a laboratory, physically separated from the animal tumor virus area,
\^7as recently completed and is in use for Herpes simplex type 2 vaccine
work. Two rooms (440 sq. ft.) in BIdg. //43 were remodeled and equipped
and are in use for the germ-free derivation of kittens for the SPF cat
colony breeding nucleus. Plans r/ere eourpleted for the renovation of
half of Bldg. 1165 (51940 sq. ft.) for housing an SPF car colony and
for housi-ng experimental cats. Ihe eonstruction and equlpping of the
new biohazard contai.nment building 1126B (L2,096 sq. ft.) for laboratory
work j.s progressing on schedule. The projected completion date is
September, 7972.

Tr:mor-specific cellular vaccine development: The preparation and assay
of tumor cel1 vaccines for protective efficacy in the hamster model
system was continued at a lower priority leve1. Testing of adenovi.rus
31 tumor ce1I fraetions prepared by mechanical disruption of the eells
and fractionation by differential centrifugation was completed.
None of the vaccines (crude cell homogenate, nuclear fraetion-62a = 1g7
pellet, membrane fraction-,12t = 5 x 1[9 pellet, particulate fractj.on-r2t =
igll pellet, cell sap-u:2t = 1911 "rrp"r.r"L.) protected hamsters agai.nst
development of tumors when they were ehallenged by inoculation of viable
homologous tumor eeLls. Work on the preparation of two other types of
tumor cell anti-gens was continued. Cel1 membranes were prepared from a
adenovirus 12 tr:mor celIs by hypotonic extraction and were sol-ubilized
by sonication. The solubil-i-zed material was fractionated on Sephadex G200
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col111ms and the desired iractj.on concentrated by the Diaflo membrane
technique. The first batch of test and control antigens is on test
for protective efficacy in hamsters. Preparation of additional batches
of antigen for assay is in progress. Technology is still being developed
for the preparation of adenovirus 7 tumor ce1l membranes by flow sonicat-
ion and flow zonal centrifugation.

Investigation of the host imnunologic response to nonprotective tumor
cell vaccines is being eonducted in hamster-tumor model systems. The
first series of experiuents was designed to test the effect of inoculation
of knor^;r nonprotective vaccines before, simultaneously tuith, or after
iumunization with a knoun effective vaccine (5 x 10o y-irradiated tumor
ce11s). Most of the experiments in this series are on test. Final
results with one of the nonprotective vaccines, SV4g tr:mor cell ghosts
prepared by hypertonic extraction, showed that this vaccine did not
interfere with the ability of the host to_reject viable homologous
tumor ce11s after vaccination with 5 x 10b y-irradiated SV46 tunor
celIs.

Attempts to render nonprotective SV4g tumor ce1l vaceines effective by
the administration of poly I:C before, simultaneously with, or after
vaccine, singl-e or muJ-tiple doses, or by different routes were not
successful in the hamster model system.

Studies on the rol-e of fetal antigens in tumor irrmr:nology are being
conducted in the SV4g-hamster model system. In the first series of
experiment, y-irradiated, 9-L2 day gestation fetal cells of multiparous
origin did not protect adult male or female hamsters against trmor
development when ehallenged with 5000 homologous tumor cells. Experiments
are in progress wherein the vaceines were prepared from primaparous 10-
day gestation embryos and are being tested in the SV46 virus-newborn hamster
model system and in the adult hamster-tumor eell challenge system with
a 2500 ce1l challenge dose.

Virus vaccine developmen!_: This project is stil1 in the initial stages.
ncerned primarily with basic needs such as

virus propagation, virus concentration and purification, preparation of
specific antisera, and establi.shment of routine assay procedures.

The KT (Kawakami-Theilen) strain of feline leukemia virus (flV) was
routinely propagated in ro1ler bottle (1 liter/bottle) suspension cultures
of the virus-shedding FL74c cell 1ine. Ten liter lots of culture ftuid
rrere concentrated (1000x) and purified by fLow zonal centrifugation
and isopynic centrifugation on sucrose gradients. Modifications in
technology are still being made to increase the purity of the concentrated
virus. Virus yields of 1013 virus particles/ml were readily achieved.

In order to provide an adequate supply of healthy cats for future experi-
mental work, establishment of a specific pathogen-free cat colony was
proposed. The first step, the germ-free derivatj-on of the breeding
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has been in progress for two months. A11 eight isolators are occupied
by kittens (16 females, 7 males) ranging from 1 to 8 weeks in age.

significanee to Biomedical Research and the Program of the rnstitule:

If viruses are an essential element in the genesis of some human cancers,
prophyl-axis by vaccines to prevent or mi-nimize infeetion should provide
a rational approach to cancer prevention. This could be accomplished
by living or ki11ed vi-rus vaccines or possibly by vaccines of purifi-ed
virion sub-units. Although greatest benefit could be derived by pre-
vention of infections transnitted horizontally after birth, a potential
benefit from vaccines may be derived where viruses are transmitted
vertically but do not express their fu1l antigenic complement. Non-
oncogenic viruses may function as essential co-factors in expression
of neopl-asia, and irnmunity against such secondary agents might prevent
expression of the neoplastic state. rn addition, vaccination r+ith
homologous virus in a virus-dependent cancer may enhance speeific
htuooral antibody or cellular i.urmunity. This research project is of
fundamental importance to total program.

Proposed Course: Efforts to prepare tumor-specific ce1lular antigens
for imrnunoprophylaxis of cancer and to study the immtnologie response
to such antigens will continue. TesEs with poly I:C for adjuvant
effect on ineffective cellular vaccines will be completed. work
towards devel-opment of a feline leukemia-sarcoma virus vaccine and
a herpesvirus type 2 vaccine will be continued as rapidly as possible.
rf no problems arise, the germfree derivation of kittens for the spF
cat colony should be completed in several months.

Date Contract Initiated: March L, L97L

Current Annual Level: $1,016 ,000

rrNrvERSrTy oF NAPLES (NrH-71-2056)

Title: Studies of Non-Vi.rion Antigens

Contractorrs Project Directo::: Dr. Giulio Tarro

Project Officer (NCI): Dr. Charles W. Boone

Objectives: To determine whether Herpes simplex virus-specific non-virion
antigens occur in certain types of hu:nan tumors as evidence of the incor-
poration of viral genome in tumor cells. To search in human sera obtained
from selected cancer patients for the presence of antibodies which react
speei-fically with herpesvirus non-viri"on antigens.

Ma-ior Findings: To determine whether herpesvirus non-virion antigen
produced early post-infeetion with the Schooler strain HSV-I was strain
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specific, six st.rains recovered from oral lesions were tlsed to produce

non-virion antigen. No non-virion antigen reactive with antibodies
to the Schooler itrain antigen was detected with 4 of the strains
while 2 reacted positively. This antibody also did not react with
a cype 2 genital herpes strain. In collaboration with Dr. Ariel
itoliinsheia trr" antiserum to HSV-I non-virion antigens was found to

react with soluble cell membrane antigens extracted from 1ip carcinoma

and from cervicaL carcinoma.

The contractor has shown recently that the 4 strains of HSV-1 do produee

non-virion antigens because antibodies induced in guinea pigs hyper-
immunized with these strains react with Schooler strain HSV-I reference
antigens. HSV-I strains probably induce multiple antigens of the non-

virion variety in different concentrations accounting for Lhe variability
in reactivity in specific systems. Antibodies have been prepared against

HSV-2 non-virior, ,rrtig.rrs. These react both with HSV-2 antigens and

antigens from rnost stiains of HSV-I. Apparently the componenL of HSV-2

antiiens engendering antibody to I{SV-I antigen is pre.sent in lnsufficient
amount in infected cells to be detected by the antiserum to the Schooler

strain HSV-I anEigens. Therefore, to establish the role of herpes-

viruses in certain human tumors' many sera from patients with these

tunors must be tested against these non-virion antj-gens, or antisera
to these non-virion antigens must be tested against antigens of known

potency from selected tumors, because these antigens, whil-e capable

of stimulating antibodies, may be below the liroits for detection by

the procedures used.

ificance to Biomedical Research and the Program of the Institute:

Certain herpesviruses have been etiologically associated with lympho-

proliferative diseases in man and animals. Two other members of the

herpesvirus group have been suspected to be of etiological significance
in the development of the renal carcinoma of the frog and cervical
carcinoma in hgmans. This particular contract was instituted to develop

serological reagents for detecting non-virion- antigens expressed early
after infection of cel1s by herpelvirus. Such reagents would be useful
for evaluating the relationship of herpesviruses to oncogenic processes

in man.

ProposedCourse:Thecontractorwillexaminecertaintypesofhuman
ffinceofthepresenceofnon-virionherpesvirusantigens
and search human sera from cancer patients for antibodies that react

specificall-y with the herpesvirus non-virion antigens'

Date Contract Initiated: April 9, L971

Current Annual Level: $30r000
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oHro srATE rrNrvERsrry (NrH-69-2233)

Title: Application of the Radioiodine Labeled Antibody Technique to
Studies on Virus-induced Tumors

Contractorts Project Director: Dr. David S. Yohn

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

Objectiyes: To apply the paired radioiodine labeled antibody technique
(PRILAT) to the detection of virus-induced tumor antigens in human tumor
ce11s.

Major Findings: The paired radioiodine labeled antibody technique (PRILAT)
has been adapted for use in serologic studies of human sera for antibodies
to marnmalian oncornavirus antigens. The direct PRILAT inhibition test
has been used. Antibody (IgG) to ether-extracted FeLV or MSV has been
labeled with ]!ff, and r,or*"1 IgG of the same animal- species has been
labeled with 131I and mixed in equal protein concentrations. The test
consisted of attemptlng to block the reaction of anti-FelV or anti-MSV
with formalin-acetone fixed cells knornrn to contain oncornavirus antigens.
The same sera I^rere tested by direct complement-fixation (CF) and by CF

inhibition tests using soluble antigens obtained from oncornavirus
producing cel1 cultures. . The latter tests have been used to test for
antibodies to the gs-3 mammalian interspecies oncornavirus antigen.
Tests conducted on over four hundred sera obtained through the SVCP

have provided presumptive evidence of anEibodies to oncornavirus antigens
.in hr:man sera, particularly those from patients with breast carcinoma,
lymphosarcoma, f-iposarcoma, Hodgkinrs disease, rhabdomyosarcoma, retieulum
cel1 sarcoma and acute lymphocytic leukemia.

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

This project r{as designed to apply PRILAT as a very sensitive tool for
the detection of specifie reactions between humoral antibodies and tumor
cell surface antigens. Because the method permits discrimination between
specific and non-specifie binding of serum gl-obulins, it is a valuable
tool in the study of human tumor antigens.

Propo-sed Course: This contract terminates on Jr.:ne 26, 1972. Important
aspects of the work will be incorporated into another contract.

Date Contract Initi-ated: June 27, L969

Current Annual Level: $90r000
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oREGON STATE UNMRSTTY (NrH:71-a17:)

Title: Studies on the Replication and Fr.rnction of Nucleic Aeids
Isolated from Oneogenie Viruses

Contractorrs Project Director: Dr. George S. Beaudreau

Project Officer (NCI): Dr. Albert J. Dalton
Dr. Ursula Heine

Objectives: To study the enzymatic and biochemical changes occurring
during cellular transformation by oncogenic virus and to relate these
biochemical nodifications to observable'ultrastructural events and
alterations.

Major Findings: Chick embryo cells infected with MC29 tumor virus
release virions into the culture medium within 10 hours after infection.
In this short period the cells must establish the necessary biochemical
reactions for virus replication, and it seems that soue of the heretofore
inaccessible aspects of early virus infection night be examined. The
contractor has chosen initially to look at the fate of Lhe nucleic aeid
in the infecting virion and to look for and fo11ow the development of
the virus-specific DNA polynerase in the ce11 infected with tumor virus.

There j-s found in the virus-infedted ce11s a DNA polymerase activity
that is uany-fold stimul-ated over that for:nd in control ce1ls. This
enzJrme has a sedimentation coefficient that appears to be sljghtly
greater than 8 S. This may be larger than the sedimentation coefficient
of the DNA polymerase as isolated from the virus (7.6' 7.8). The enz5rme
appears to be associated with the outer membrane. There is Iittle
evi.dence for this enzyme increasing in the cel1 prior to release of
virus. Indeed, the large accumulati-ons are detectabl-e 48 hours after
infection.

The contractor has studied the fate of the MC29 virus RNA within the
infected ce1l during the eclipse period of replication, when no free
virus can be detected. MC29 virus, labeled with JH-uridine' was
adsorbed to the cel-ls and after short periods the cel-l homogenates
were examined for 3H-labe1ed virus RNA. Initial experiments have shown
virus RNA in association with the polysome fraction of the infected ce11s.

Sj-gnificance to Biomedical Research and to the Program of the InstiLute:

This project was undertaken as a collaborative study with investigators
at NCI to determine the intracellular sites at which specific events in
the very early stages of virus infection and replication occur. Such
information obtained on a defined virus-host celL system under controlled
conditions is important for the interpretation and significance of data
acquired on other malignancies.
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Proposed Course: The present approach is under evaluation. The contin-
uation of this project nill depend upon the assessment of the data
acquired and possible refinements in Eechnique.

Date Contract Initiated: June 28, L971

Current Annual Level: $33,640

PENNSYLVANTA ST4IE UNTVERSTTY (NrH-70-2024)

Title: Studies on the Oncogenic Potential of Defective Human Viruses

Contractorrs Project Director: Dr. Fred Rapp

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

ob-jectives: To conduct a systematic study of the oncogenic potential
of defective htman viruses.

I"[ajor Findings: Additional ce1l lines were developed following exposure
to HSV-2 previousl-y lnactivated with ultraviolet light. These ce11s
were sho'rm to be oncogenic when inoculated into newborn hamsters. A
ntrmber of these ceIl li.nes have been characterized and shornrn to contain
herpes-specific antigens in a proportion of the cells in culture. These
antigens cause the production of antibodies in tumor-bearing ani.mals
that react with cytoplasmic antigens and are capable of neutralizing
herpes simplex virus type 2. Thus far, no infectious viruses have
been recovered from any of the trmor ce1I 1ines. rn addition, no c-type
virus particl-es have been observed.nor have tests for anti-gens specific
for such virus been detected in preliminary experiments carried out in
this laboratory.

The trrmors have a tendency to metastasi-ze to the 1ung, Iiver, and kidney.
The histopathology of the tumors suggests interlacing bundles of
pleomorphic fidroblasts with tr:mors composed of poorlydifferentiated
anaplastic sareomatous tissue. The trlmors infiltrated to the surrounding
musculature but did not invade bone.

rn further studies, thirteen herpes simplex virus (HSV) type 1 and type
2 isolates were tested for transforming ability of hamster embryo
fibroblasts (HEF) following exposure of the viruses to ultraviolet light.
Two of the new HSV-2 isolates have i.nduced transformation of hamster
cells and isolati-on and characteri.zation of these ce11s is now in progress.
Preliminary results suggest that they have sinilar properties to the
previously described transformed cel1s. Attempts to detect c-type
particles have been negatj.ve in 8 cell lines examined thus far.
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Ilamster cel-ls transformed by chenically inactivated HSV-2 have now
produced tumors when inocul-ated into neonatal Syrian hamsters. Ce1ls
derived from those tumors maintain the properties of the parentaL
lines concerning resistance to infection by HSV-2 while suPPorting
the replication of HSV-1.

Attempts to activate HSV in human cel-l-s in which the virus is latent
using a variety of agents failed. Radioisotope experiments revealed
that the latently infected cell-s contained parenta1 virus DNA with
about 57" of the input radioactivity recoverable. In addition, similar
latent infection of cel-l-s from patients with xeroderma pigmentosum
yiel-ded extended l-atent periods in the presence of ara-C before virus
began to be resynthesized after the inhibitor vras removed. The overall
results suggest that repair of the virus genome may be neeessary as a

prelude to renewed synthesis of infectious virus.

Ilost dependent restrictions on HSV replieation appeared to be especially
pronounced at 39' C. Comparison of infectious virus yields at that
temperature revealed that all HSV-I strains tested replicated in hamster
ce11s at the higher as well as at lower temperatures. In contrast, HSV-2
strains did not replicate at 39o C in hamster ce11s although the virus
r.ras able to replicate in rabbit kidney ce1ls at that temperature. These
results suggest fundamental difference in the replication of HSV-I and
HSV-2.

Further experiments with EBV have yiel-ded results that suggest that this
virus is able to interact with HSV-2 in hamster ce11 lines non-permissive
for either virus. Doubly infected ce11s produced HSV-2 antigens and
synthesized infectious virus more effectivel-y than ce1ls infected only
with HSV-2 (where repl-ication was very poor). Neither EBV antigens
nor infectious EBV was detected in the system. The role of EBV in
enhancing the repl-ication of HSV-2 is being further.studied.

Simificance to Biomedical Research and the Progra* d :

-The neopl-astic response to oncogenic virus infection is a slow process
in contrast to common virally-induced diseases. This project was
established to determine whether cormron viruses, which are defective
in their capacity to induce a cytolytic eycle of reproduction, DaY

establish a chronic infection terminating in neoplasia. This is an
important aspect of Program. Current observations have shown that
one virus, having been rendered defective, does induce oncogenesis
ln animal cells. This virus, a genital strain of herpesvirus, is
partieul-arly inportant, since it has been suspected to be related to the
development of cervical carcinoma in humans.

Proposed Course: The present studies wil-l- be continued to further
investigate in animal-s and human cel1s the relationships of defective
herpesvirus type 2 to the oncogenic process observed. Enphasis will
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also be given to EB virus and cytomegalovirus and to interactions
between the herpes viruses.

Date Contract Initiated: Octobet 27, L969

Current Annual Level: $448 , oo0

UNIVERSITY OT PENNSYLVANTA (PH43-65-1013)

Title_: Research On Experimental and Natural Transmission of Bovine
Leukemia

Contractorrs ProjecF Director: Dr. Robert Marshak

Project Off-ic_e_rs (NCI) : Dr. Michael A. Chirigos
Dr. Robert A. Manaker

Objectives.: To investi-gate the possible viral etiology of bovine
leukemia, attempt ce11-free transmission of bovine leukemi.a by cell-
free preparations, and investigate natural transmission of the disease
through reciprocal foster nursing experiments.

Major Findings: A number of ceI1 lines prepared from leukemic cattle
have been examined for the presence of virus. Cell l-ine NBC-13 was
incubated with uridine-JH. The culture fluid and a cell homogenate
were subjected to low speed centrifugation followed by high speed
sedimentation of supernatants. The pellets were subjected to centri-
fugation in a density gradient. The gradient fractions in which a peak
of radioactivity was detected were found to contain particulates simi-lar
to vj-rus of the C-type. The presence of the uridine label- suggests that
these particulates contain RNA. Production of these particulates in
available cultures has been erratic, and sufficient material for more
intensive study has not been acquired.

Gauuna globulin separated from the serum of an animal in which regression
of bovi.ne leukemia occurred reacted in inrmun6fluorescence tests with
antigens in cells of the bovine leukemia celI line. Tests strongly
indicate that these antigens are not the result of muri,ne or feline
virus contamination. Irnmunodiffusion tests also failed to detect
the presence of the gs-3 interspecies antigen using antisera prepared
against j-nternal virion antigens of murine and feline leukemia viruses.

Significagce to Biomedical Research and the Program of the Institute;

Epideniological surveys suggested that bovine leukemia might be induced
by a viral factor. Investi-gation was important to establish whether
the observations of virally induced leukemia in avian and murine species
was indicative of similar relationships in higher species, whether
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horizontal spread of such tumor virus infections was a factor in the
occurrenee of disease in an ani"mal population, whether there were
close antigenic or genetic relationships between the viruses of
different species, and whether bovine viruses might pose a hazard
to humans. The observations made suggest that virus associations
with bovine leukemia do exist. Further study is required to determine
the significance of the association.

Proposed Course: Studies will continue to attempt to increase virus
produetion in bovine leukemia cell lines to permit further character-
Lzati-on of the virus particulates observed. A reduction in the annual
budget is under consideration.

Date Contract Initiated:

Current Contract Level:

June 18, L965

$300,000 for 6 months

THE PUBLIC HEALTH RESEARCH INSTITUTE OF THE CITY OF NEW YORK INC.
(NrH-71-2129)

Title: Evaluation of Methods for Isolation of Virus from Human Neoplasia

Contracto_rrs Project Di_rector: Dr. Hidesaburo Hanafusa

Project Officers (NCI): Dr. Charles W. Boone
Dr. Robert A. Manaker

Objectives: (1) To apply the method successfully used for isolating
oncogenic viruses from coverL infections in animals to the recovery
of viruses from human cancers. (2) To characterize viruses recovered
from human cancers.

Ygjgr__Eindf"gs-: Nineteen fresh human sarcoma specimens were studied.
Ti-ssue cultures of these tumor cells were examined for the produetion of
physically detectable particles by electron microscopy, radioactive
labeling, and the assay of virus-specific enz)rures. A part of the tissues
was homogenized and examined for the ability to transform human embryo
ceIls. Thus far no clear evidence for virus has been found by either
physical or biological means.

Significanee to Biomedjlcal Research and the Program of the Institute:

Since the viral etiology of cancer has been demonstrated in mice, chickens,
hamsters, rats, eats, and some nonhuman primates, it is r:nlikely that
man is an exception. In this project, methods effective in recovering
viruses from covert i-nfections in leukemia and sarcoma of animals are
systematically being applied to similar tumors of man.
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Proposed Course: Research investigations
been underway for a relaEively short ti-me.
described 

"

Date Contract Initiated: April 27, L97L

under this contract have
Effort wil-l cont,inue as

Current Annual Level: $159,000

RUSH-PRESBYTERTAN-qTj_tIrKE' S MEpTCAL CENTER (NIH-71 -2032)

Title: Studies of Tumor Viruses in Small Primates

Contractorrs Project Director: Dr. Friedrieh Deinhardt

Project Q_fficers (I!91): Dr. Robert A. Manaker
Dr. Jack Gruber

Objs!.lEives: To study setreeted viruses and virus-induced neoplasia
in smalf laboratory prinaates, especlally marmosets, and to develop
the marmoset as a laboratory animal for experimental use j"n viral
oncology.

Major Findings: A simian sarcoma virus (SSV-l) 'isolated from a woolley
*ontoey ,as st"aiea. Trrmor induction was observed in marmosets inoculated
with this virus. The development of focus assay was completed. SSV-I
induced transformaEion of uarmoset fetal J-trng eel-ls (MfL) grown without
agar overlay. Foci of piled up, spindle-shaped ce11s appeared as
early as 4 days afrer infection, with l-ittle or no tendency toward
satellite formation; final counts were made 2L daye after infection.
The titers of SSV-I in unconcentrated supernatants collected from tumor
cell cultures averaged 102 focus forming r:nits/ml in txltreated indicator
cells but pretreatroent of the indicator eells with 20 Ug/m1 of DEAE-

dextran for l- hour before infeetion increased the titers at least 10-
fold. Indicator cel1s inoculated with dilutions of SSV-I- be'.'ond the
endpoint of focus induction also produced C-type virus, and chal-lenge
experiments indicated the presence of a 10- to 100-fo1d excess of an
associated, interfering, nontransforming virus. Human embryonic lung
cells (WI-38), in parallel assays with MFL, were sinilarly susceptible
to transformation by SSV-I.

Group speeific (gs) antigen was prepared in quantity in several batehes,
and antisetra are being prepared in rabbits. Study of ;:el-ationships of
ssv-l gs antigen to other gs antigens of marrmalian and avian origins
is near completion" Antigens and antisera were exchanged with Drs. Old
and Schaefer for comparative studies.

Investigation of optimal conditions for assay of polymerase of SSV-I
is in progress. Marmoset sera for studies of inhibition of various
viral polymerases was sent to Drs. Todaro and Gallo.
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The RD-114 cell line from a human rhabdomyesarcona, received recently
from Dr. MeAllister, was established in the laboratory. Six marmosets
inoculated with viable cells or ce11-free supernatants were free of
tumor. Studies of the natural distribution of Herpesv.rrlfs saimiri (HVS)
werecontinuedwiththefo11owingfindings:viffiot
13 blood samples obtained from healthy squirrel monkeys (SM). Ihese
isolates were shown to be antigenically siuril-ar if not identical to
HVS. By co-cultivation with Vero cells vinrs was isolated from both
whole blood (WS) and lymphocytes separated from WB on Ficoll-Hypaque
(fU) gradients (fU-lymphocytes). Attempts failed to isolate virus
from Fll-ce11--pe11ets (erythrocytes and polymorphonuclear leukocytes)
or cell-free extracts of WB, FH-lymphocytes or FH-cel1-pe11ets. The
SM isolates were neutral-ized or reacted positively in immunofluorescence
tests with anti-HVS sera but not with antisera to herpes simplex virus
or Herpesvirus playrrhinae. Cotton-topped(Saguinus oedipus)and white-
lipped (-S._t"""i*fis- and S. nigrj4q,ll:Lg)marmosets, experimentally
infected with one isolate, developed a lymphoproliferative disease
and survi-ved 18-26 days post-i,noculation. Maeroscopi,c and microscopic
features of the neoplastic disease were indistinguishable from those
produced by the prototype strain of HVS.

The incidence of latent I{VS infection i-n 2 colonies of SM were studied
by isolation of IIVS from blood obtained from healthy SM and by evaluation
of I{VS serum antibody l-evel-s by indirect fluorescent antibody methods.
By co-eultivation of whole blood (Wf) or peripheral lymphocytes (fl;
with susceptibl-e ce11s, IIVS was isolated from 63 of 139 (451l> SM,
but attempts failed to isolate virus from cell-free extracts of WB

and PL. HVS was isolated from SM 2 months old but not from 5 younger
SM. Only 302 of animals 1 year of age had HVS antibodies, whereas 1002
of animals two or more years oId had antibodies with peak titers of 1:128.
Both of these findings suggest horizontal transmission of IIVS early in
1ife. Arrangements have been made to receive young, antibody-negative
SM to study the effect of primary IIVS infecti.on.

Lymphoid ce1l lines established from l{VS-infeeted marmosets r.{ere further
characterLzed. Six lymphoid cell lines r/ere established and have been
seriaLly propagated up to 8 months in cell culture. Four grew in
suspension as single ce11s and ch:mps of cell-s, one cel1 line
grew as a uonolayer with many free floating cells and one line grew
only as a monolayer. Infectious IIVS was continually recovered from
all the lymphoid cell lines by co-cultivation of the ce11s with susceptible
indicator cel1s, and several months after the cultures were initiated
very sma11 amounts of infectious IIVS also was reeovered intermittently
from supernatants of the cell 1ines. IlVS-associated antigens were
demonstrable in O.L-LT" of the cells by indireet fluorescent antibody
methods. No specific chromosomal aberrations were observed in the ce1l
lines after 7 months cultivation. Electron microseopi.c studies and
cloning experiments with the lymphoid ce11 lines are in progress.
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Significance to Bio :

Restrictions in the host range of viruses require that a primate animal
be available for study of hgman virus isol-ates. The marmoset is an
excellent small primate for experimental purposes because twins are
born frequently,this species has proven to be responsive to the onco-
genic activity of viruses of lower animals and of other primates, it
breeds well in captivity. The work acconplished under this contract
has provided considerable information, not only on oncogenic RNA

viruses, but has been contributing substantial-ly to an understanding
of the role of herpesviruses in oncogenic processes.

Proposed Course: The direction of effort described will continue.
Studies wi-11 concentrate on herpesvirus induced neoplasia and will
include RNA viruses isolated from lower primate and human tissues as
these become available for this purpose. At present, Ehe leukemia-
associated virus of the Gibbon is r:nder investigation preliminary to
animal trials.

Date Contract Initiated: March L5, L962

Current Annual Level: $522,880

RUTGERS UNIVERSITY (NIII-71-2077)

TitLe: Studies on Genetic Acquistion of Oncogenic Potential by RNA

Animal Viruses

Contractorts Project Director: Dr. Robert W. Simpson

Project Qfficers (NCI): Dr. Michael A. Chirigos
Dr. Robert A. Manaker

Objectives: To determine whether a non-oncogenic RNA animal virus
can gain tunor-producing or cell--transforming capability as a consequence
of host-induced genetic modification of the viral RNA, by intracellular
persistance of incomplete but functionally active viral geneti-c material,
or by induced mutation.

Major Findings: Inactivation of candidate viruses such as vesicular
stomatitis virus (VSV) by polyene antibiotics has been exploited as
a method for initiating chronic infections at the genetic 1eveI. The
most active antibiotic f<lund in this system was a water-soluble methyl
ester of amphoteracin B which does not degrade virions or produce
detectabl-e changes in the viral RNA. Collaborative work done with
Dr. D. H. L. Bishop indicates that certain polyenes can replace nonionic
detergents in in vitro RNA polymerase reaction mixtures with VSV

suggesting that these antibiotics aet to alter properties of the viral
lipoprotein membrane of intact virions.
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Newborn guinea pig heart ce11s originally infected with VSV inact-
ivated by the compound ethylene iminoquinone (Bayer A 139) have been
mai.ntained in vitro for 3 months wj.th no evidence for production of
infectious virT6. --

Persistent infections have been established in HEp-2 carcinoma celle
with host-range muLants of VSV that replicate nonpermissively i-n these
cells "

Electron microscopic examination of norrnal guinea pig celI lines
developed in this project has failed to reveal presence of C-type
particles or other virus-like particles.

Attempts to induce immunological toleranee to VSV in neonatal guinea
pigs were unsuccessful.

SigB.!t:4anceto- BioLedical BeEeelch and the Prog-rjlq of the Inqtjlqqqq:

The genetic acqulsitj-on of oncogenic potential- by RNA viruses is an
intriguing possibility and one of great importance, since it is possible
that a human carlcer virus could be a member of an RNA virus group
that nornaally causes non-oncogenic diseases in man. Although supporting
evidence for this phenomenon in RNA viruses is quite scarce, some obser-
vations have suggested that ordinarily non-oncogenic viruses may have
oncogenic potential. Thus, a thorough investigation of the eapacity
of non-oRcogenic viruses to acquire genetic oncogenic potential is
warrented.

ProposedlQ_ourse: Emphasis will be shifted to attempLs to activate latent
viral- genomes in cel-ls originally exposed to chemicatr-ly-modified or
genetically restricted virus (VSV). Conditional lethal routants of VSV

will be examined for their pathogenesis in guinea pigs and capaeity to
effect iuunune paralysis. In viEro studies will be continued to ascertain
the spectrum of viral genome expressions in cel-ls harboring non-infectious,
virus-specific, informational molecules.

Date Contract IniLiated: February L5, 1-97L

Current Annual Level: $13S,7S8

sI-. JilpE CHILDRENTS RESEARCH HOSPITAL (NrH-71-2134)

Title: Studies on the Etiology of Seleeted Amphibian Tumors

Coptractorrs Project Director: Dr" A11an Granoff

Prqleet Officers (NCI): Dr. Gary Pearson
Dr. Wilna Woods
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Obiectives: To determine the role of viruses, particularly herpes-type
virus, in the etiology of renal carcinorna of Rana. pj-piens (Lucker tumor)

Major Findings: The renal eareinorna of the frog appears free of herpes-
virus at ambienL summer temperatures. After 2 or more months at
hibernating winter temperatures, herpesvirus and intracell-ular inclusion
bodies develop in the renal tumor. The aseites fluid fron hibernating
tumor-bearing frogs has been found to be rich in Luckef herpesvirus (LHV).
Frog embryos inoculated with herpesvirus-contalning ascites fluid
develop renal carcinoma. This provides additional evidence for the
tumorigenic aetivity of cel1-free herpesvirus and another potential
souree of virus oEher than urine and tumor. The conlractorts success
in carrying out the "in vivo" virus tumor induction assay in his own
laboratory now enableE-him To more easily enlarge the scope of his
experiments. A number of, ee1l systems have been tested for suscepti-
bility to LHV using a variety of conditions, but evidence of virus
infecti"on has not been detected. Attempts to establ-ish a transplant-
able Lucker tumor have been initiated. Preliminary results indicate
that more basi-c information on host vs grafE reaction in this system is
needed. In preparation for a search for virus-specific products in
srxnmer virus-free tumor cells, isotopically labeled RNA from both
hibernating and summer tumors and from primary cultures of tumor cells
has been prepared. Additionally, isotopically labeled DNA from several
tumors has been obtained from frogs aetive at ambient temperatr:res 

"

Si nificance to Biomedieal Research and the Pro ram of the Inseitute:

Herpesviruses have been associ"ated with the induction of J-ymphoproliferative
diseases in animals and man. In this respect they resemble the RNA
leukemia viruses of ani-mals. one of the known RNA viruses, the mouse
manmary trrrftor virus, induces carcinomas of the manunary gland. A parallel
activity i.n regard to epithellal cell transformation is exhibited by the
T,ucket virus. It is unknown vrhether herpesviruses mimic the oncogenic
activity of RNA viruses by dlrect action in converting tissues of both
ancl mesenchyrnal origin, or whether such activity i_s indirect, i"e., the
herpesvirus infection activates expression of pre-'existing RNA tumor
virus infection. This project is important in providing for develop-
ment of an experimental system for more intensive analysis of herpetlc
infections in neoplastic transformations.

Proposed Course: Effort will be continued to establish a virus-producing
system in cell cultures. A rnajor requiremenL for more intensive study
is a reliable source of virus in reasonabJ-e quantities. The Lucket
virus will be more completely characteri-zed, and antisera to the virus
prepared in homol-ogous and heterologous hosts will be tested for neutral-
Lzing capability. such reagents will permit studies on the "r:escue" of
the vi.rus from tumor cells, infectivity for different celJ- systems, and
the detection of virus-specific antigens in vi-rus-free cel1s. viral
DNA and complementary R.NA will be prepared for further j.nvestigations
on the virus-cell relationship" Evidenee of c-type RNA viruses in
tumor tissue will be sought.
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Date Contract Initiated: May L3, L97L

Current Annual Level: $54r485

I]NIVERSITY OF TH(AS M. D. ANDERSON HOSPITAL AND TI]MOR INSTITUTE
(PH43-6s 604)

Title: Studies on the Relationship of Viruses to Neopl-asia

Contractorrs Project Direetor: Dr. Leon Ilmochowski

Project Officers (NCI) r Dr. Gary Pearson
Dr. Robert A. Manaker

Ob-jectives: To pursue a systematic study of selected hr:man Patients
with neoplastic dj.sease to establish the possible significance of
viruses in the etiology of their tumor.

Major Findings: Indirect immunofluorescence tests were applied to
determine the reactivity of sera from cancer patients and their fanily
members with their tumor ce1l antigens. Antibodies were detected in
50 percent of patients with osteosarcoma and 30 percent of their fami-lies
which reacted with antigens on their oron and other patientst tumor.
Sera from normal- donors were negative. Some of these sera reacted with
antigens on ceLls of other types of tumor.

Osteosarcoma tissues cultured together with fresh human leukemic bone
marrow appeared to undergo a morphological transformation. Supernatent
fluids from these cul-tures induced focal areas of transformation in
monolayers of cultured human embryo cells. RNA-dependent DNA polymerase
activity was detected in the transformed cells but not in untransformed
cel1s. Similar transformations were observed within co-cultures of
other types of sarcomas and leukemic marrow ce1ls. Particulates,
detected in these cultures, had a buoyant density of 1.16 and L.22 gmfcc,
contained 50-70 S RNA and had reverse transcriptase activity. Cell-free
supernatants from whol-e human embryo cells transformed in these studies
could transmit transforming activity serially to fresh hr:man embryonic
eells.

Molecular hybridization studies have shown that the reverse transcriptase
of SD-MSV-M (rat bone tumor virus) virions synthesizes DNA species from
endogenous viral RNA which represents approximately 85-1002 of the
viral genome.

The nucleolar antigen in the trmor celIs of some patients with melanoma
fl-uctuates with the progression of the disease. Detection of this antigen
may indicate changes in prognosis as an aid to early therapy. The antigen
can no\^r be localized by ferritin and by peroxidase labeli-ng.
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Sera of some patients wj-th breast eancer, of their relatives, and of some
normal individuals have antibodies which give cytoplasmi.c fluorescence
with cells of mouse mammary tumors producing type B and type c virus
particles. The nature of this reaction is being studied by suitable
absorption experimerrts " About 50 percent of breast eancer patients
examined had antibodi-es which reacted with intracellular antigens
in tissues of breast cancers and fibrocystic disease. The presence of
partieulates in some cultured breasf tumor tissue did not correlaEe
with the immunological findings.

A ce11 line derived from pleural effusion ce1ls from a 5-year-old child
with Burkittts lymphoma (American type) was established and found to
produce type C particles. The ce11 lines, ESP-J-, produces suffi_cient
virus for study. The cells react by immunofluorescence wj.th sera from
sorne patients with lymphoma, leukemia, and solid tumors, as well as
with sera from a very small number of normal donors. ESP-I cells also
give positive immr.rnofluorescence reaction with sera of the family
members of the child from whom the pleural effusion was derived. These
ce1ls have HLA patterns of the parents of the child from whom the ee1ls
were originally obtained. The type C virus particles frorn ESP-1 cells
contain RNA-dependent DNA polymerase and 60-70 S RNA. Several lines
of investigation j-ndicate that the ESP-I type C virus particles are
immunologically distinct from other mammalian type C virus particles,
although findings by some investigators suggest i-mmunological relationship
between ESP-I and mouse leukemia virus. Further studies to characterize
the ESP-I virus are in progress.

Signi{ilqllqe tq Biomed:L!:a1 Research an{L the Program of_ the_Instilgte:

Current program requires intensive, systematic investigations on selected
human neoplasi-as to determine possible viral associations with the disease
process. The work done on this project complements research in other
laboratorles and provided a major contribution to overall program.

Proposed Course: Investigations wi-l1 continue to determine the signifi-
cance of the transformatj-ons induced in human embryo ce1l cultures by
fluids fr:om combined sarcoma-leukemia ce1l cultures. The ESP-1 vi-rus
will be further characterized 1n collaboration with other l.aboraLories
within the Special Virus Cancer Program.

Date Contract Initiated: March 19, L965

Current Fundj.4g Level: $698,700

NCI-NINDS-EMORY UNIVER.S ITY (NrH-NrNpS- 72- 23q1)

of Herpesviruses in PrimatesTirle: Oncogenie Potential

Contractor's Projgt IirSgIg!: Dr. John Sever
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Project Officer (NCI): Dr. Robert A. Manaker

Ob'iectives: To determine the possible etiological relationship of
herpes simplex virus type 2 to cervical eareinoma using the Cebus
monkey as an experimental anirnal system.

Major Findings: This project has recently been initiated. The
feasibility of the Cebus monkey'for experimental use for studies on cervical
carcinoma has been established. Anirnal holding facilities are being
equipped, and the necessary animals are being acquired.

Significance to Diomedical Researc.h- and the Progrem,o:E .Ehe_InsiE:L'Eg!_e:

Seroepidemiological studies suggested that the herpesvirus type 2

strains (HSV-2) infecting human genitalia might be etiologically
associated with development of cervical carcinoma. Subsequent studies
on lIV-irradiated HSV-2 supported this possibility by demonstrating
neoplastic transformation of cultured hamster ce1ls exposed to infection,
The Cebus monkey has been shown to develop vaginal lesions repeatedly
upon exposure to infection by HSV-2. These lesions resemble closely
those observed in infected women. This animal provides excellent opportuni-
Ly to investigate the influence of HSV-2 infection in combination with the
sexual activity which appears to predispose to tumor development in
humans. As such, this project is most important to overall program.

Proposed Course: The project will be developed as planned. Animals will
be observed for 3 years after initial infection.

Date Contract Inj-tiated: March L, L972

Current Annual Level: $245,000

r56



u6pmm sr. Lours (NrH-72-3263)

Title: Molecular Virological Studies on Human Leukemia.

Contractorrs Project Director: Dr. M. Boiron

Project Officers (NCI): Dr. George Todaro
Dr. Robert A. Manaker

Objectives: To provide evidence of the presence of viral genome in
human leukemic ce11s by biochemical methods now available.

Major Findings: This is a new contract and major findings have not yet
been reported.

Signifj-cance to Biomedical Research and the Program of the Institute:

Recent data have indicated that the genome of the murine Rauscher leukemia
virus contains RNA nucleotide sequences which show homology with RNA

nucleotide sequences frou neoplastic cell polysomes from patients with
Hodgkints disease, leukemia or sarcoma. A number of questions arise
eoncerning the general validity of the observation, the disposition of
these nucleotide sequences in polysomes of different ce11s of the patient,
the presence or absence of a similar nucleotide sequence in the genomes
of murine tumor viruses other than RLV' and the possibllity that the RNA

viruses may acquire such genetic information during replication in trmor
tissue. Further, the significance of such genetic information relative
to the transformati.on process remains to be determined. The clarification
of issues such as these requires intensive study to which this contract
is expected to contribute.

Proposed Course: The contractor will look for specific viral sequences
integrated in the genome of human leukemic cells by Feasuring the re-
association kinetics of labeled double-stranded DNA s_ynthesized in reverse
transcriptase react-ions on RNA tenplates from various C-type marnmalian
viruses in the presence of unlabeled DNA from normal and leukemic ce1Is.

Detect expression of such an integrated genome at the RNA Ieve1 by fracti.on-
ing leukemic cell RNA into molecular classes and checking viral specificity
against the DNA synthesized in vitro on RNA templates from various C-type
vi.ruses. Structural studies of the different classes of RNA will also
be made by enzymatic digestion and bidimensional electrophoresis. The
template for synthetic DNA made by the action of reverse transcriptase
wj"1l be extracted from Moloney Sarcoma Vj.rus, MSV-M (Itr V) grown in human
cel1s, normaL or leukemic, as well as RNA from RLV (Rauscher) and MSV-M
groffir in murine cel1s.

Look for the presence in human leukemic cel1s of a doubl-e-stranded RNA
which, in the murine sysLem, seems to be related to infection of cells
by C-type viruses. For these biochemical studies, the cellular material
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will be obtained in several ways: freshly harvested leukemic ce11s,
leukemic ce1l 1ines, skin cel1s from leukenic patients, and cel1 lines
derived fron patients with t'preleukemie" conditions (oownrs slmdrome).

Date Contract Initiated: June 28, L972.

Current Annual Level: $94,700

UNIVERSITY OF NORTI1 CAROLINA SCHOOL OF MEDICINE (NIH-72-3228

Title: Molecular Biological Studies of Epstein-Barr Virus Infection

Contractorrs Project Director: Dr. Joseph Pagano

o t ConnorProjecr Officer (NCI): Dr. Timorhy

9bjecgives: To determine at the molecular Ievel the relationship between
Epstein-Barr vlrus and host cells derived fron different diseases with
which infection by this virus has been associated.

Major Findings: In the short period of time this contract has been ineffect, the contractor has prepared pools of purified EBV and a pool of
EBV-specific complementary RNA (cRNA); established a number of cell lines
and tested them for EBV genome equivalents; conducted DNA-qRNA membranehybridization tests on biopsy specimens of Burkittrs lymphoma; and,
prepared high specific activity EBV-DNA for DNA-DNA renaturation kineticsstudies.

ificance to Biomedical Research and the pr ram of the Institute:

In order to more definitively determine whether certain herpesviruses
are etiologically related to the development of sorne hr:man neoplasms,it is necessary-to determine whether the vi-ral DNA is present in all thetumor cel1s or i.n surrounding tissue. The form and type of linkage
between viral and cellular DNA is important to understanding differencesin cel1u1ar responses to the infecti-ng agent. Mol_ecular biJlogical
methods to determine herpesvirus-cell inieractions have not yei beenintensively pursued. These studies are expected to provide more defin-itive information on the relationship betwlen the iniective process andneopl-astic change than has been possiUf. uy the serological lechniques
already applied. DeveLopments in moLecular biology p"i*itting detectionof incorporated viral genetic material, perhaps even in i.ndividual ce1ls,provides a tool for attainment of informitiorr- in situations where
complete virogene expressi.on is lacking. This approach may help resolvethe question whether the strong association between these virusls andtutrors is a fortuitous circr:mstance, and the virus merely a passenger,or whether virus strain differences, or differences in the means bywhich the herpesvirus DNA integrates with the DNA of the host cell, areimportant aspects of virus-induced neoplastic change.
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Proposed Course: Four broad areas of investigation will be pursued.
These are: study of the integration of EBV-DNA within cultured I-ympho-
cyte lines; determination of the genetic relationships between
herpesviruses, preparation of large amounts of EBV-DNA in lymphocytes;
and investigation of the induction of cellular DNA synthesis by EBV.

Date Contract Initiated: April 25, L972.

Current Annual Level: $76r960
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MELOY LABOMToRTES (NrH-72-2306)

Title: Collaborative Project on the Oncogenic Potential of Herpesviruses
in Primates.

Contractorrs Project Director: Dr. John Sever

Project Officer (UCf): Dr. Robert A. Manaker

ob-'iectives: To maintain an animal facility to stud.y the cebus monkey
as an experimental animal system for determining the possible etiological
relationship of herpes simplex vj-rus type 2 to cervical carcinoma"

Iiqig-Jandirr€l: This project has recenrly been iniriated ro support the
NCI-NINDS-Enory University Contract NIH-NINDS-72-230L. The animal holdingfacilities are being equipped and the necessary animals are being acquirelfor the experimental studies of eervical carcinoma in the Cebus monkey.

ific4nce to Biomedical Research and the program of the rnstitute:

Seroepidemiological studies suggested that the herpesvirus type 2 strains
(HSV-2) infecting hr:man genitalia night be eriologically """o"i"t.d with
development of cervical carcinoma" Subsequent studies on UV-irradiated
HSV-2 supported this possibility by demonstrating neoplastic transform-
ation of cultured hamster cells exposed to infection. The Cebus monkey
has been shornrn to develop vaginal lesions repeatedly upon exposure toinfectlon by HSV-2. These lesions resemble closely those observed in
infected women. This animal provides excellent opportunity to i.nvestigate
the influence of HSV-2 infection in combination with the sexual activiiy
which appears to predi,spose to trmor development in htrmans. As sueh,this project is most important to overall program.

IrgPgsed Course: The project will be developed as planned. Aniurals will
be observed for three years after initial infection.

Date Contract Initiated: March 30, L972.

Current Annual Level: $150,700
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IMMUNOLOGY - EPI DEI"IIOLO GY S EGMENT

Dr. Paul H. Levine, VLLB, DCGpI NCI, Chelrnen
Dr. Ronald B. Herberman, CTIS, LCGBY, GL&C, NCI, Viee-Chairman
Dr" Gary R. Fearson, VBB, NCI, Executive Seeretary

THE JOHNS HOPKTNS UNTVER.STTY SCHOOJ. OF_MEDU:INE (NrH 11-2109)

Title: Anti-tumor Reaetivity in Patients with Leukemia and Lymphoma

Contractor I s Pro"j ect_ Director: Dr. George W. Santos

Proiect Officer (UCf): Dr. Ronald B. Herberman

Objectives: To perform assays for cellular and humoral immunity against
tumor-associated antigens in patients with acute leukemia and lymphoma,
with an aim toward using one or more of these assays to rnonitor i-mmuno-
therapeutic manipulations. To correlate the results of Ehese assays with
each other and with the cl-inical state of the patients. To search for
coilmon antigens in these tumors and to look for immunological reacEivity of
family mernbers and unrelated individuals to Ehe tumor antigens 

"

Idajor Findings: T\aenty-one patients with acute leukemia, mainly acute
myelogenous leukemia, and three patients with lymphoma have been studied"
Only initial testing of the patients against their tumor ce1Is has been
performed thus far, because of the prolonged period of chemotherapy. Skin
tests with rnitomycin-treated ce1ls have given negative results thus far.
Itixed lymphocyte cultures with HL-A identical siblings have given positive
results in 3 of 4 families" In the ce1lular cytotoxlcity assay, some
potitive results against leukemic cells have been obrained with 2 families.
The migration inhibition assay has given negative results thus far. A
eytotoxic antibody has been found in the serum of a father of a patient
with agute myelocytic leukemia and in the sister of two normal adulEs.
This antibody appears to react specifically with leukemic cel1s.

Signifieance jEq Biqmedical Reqearch an4 the Prqgralq of the Institute:
Cllnical, epidemiological and laboratory studies suggest that acute
leukemia in man is a virus induced disease" Study of immune reactions to
tumor-associated antigens in patients with leukemia and their family
mernbers should be useful in evaluating the role of possible oncogenic
viruses in human tumors and in providing assays for monitoring attempts
at immunotherapy.

Proposed Course: Reactivity to autologous and allogeneic tumor ce1ls will
be looked for. Tests will also be performed on family members against
remission cells of the paEients as well as against leukemic cells. Efforts
will be made to further develop the migration inhibition assay, with an
emphasis toward performing a direet migration assay. The specificity of
the observed antlbody reactions and of the cel-lular reactions will be
elosely examined"

Date Contract Initiated: May 1, L97L,

Current Funding Level: $1101000
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ROSWELL PARK I,TEMORTAI INSTTTUTE (NIH 72-2014)

litIe: Stimulatlon of Immunity Against Tumor by Enzymatically Treated
Autologous Cells

Contractorts Pro-iect Director: Dr. James F. Holland

Project Officer (NCI): Dr. Paul Levine

Objectives: To develop a vaccine that is effective in the prevention and
cure of murine leukemia and to apply these findings to the treatment of
human leukemia.

Major Findings: Studies using combination chemotherapy and inmunotherapy
were developed indicating that neuraminadase-modified leukemia L1210 cells
were effective in the treatment of murine leukemia. Groups of mice
receiving cyclophosphaBide, methotrexate, eixd BCNU were treated with a
single injection of 10/ vibrio cholera neuraminadase-modified leukemia
LL2L0 cells intraperi.toneally. Between 30 and 90 percent of mice were
cured by a single dose of neuraminadase treated ce1ls in each of these
chemotherapy groups.

The findings obtained with L1210 were applied to spontaneous leukemia
occurring in AKR mice. Remission was indueed with Virrcristine and steroids,
and immunotherapy was implemented with neuraminadase treated thymocytes.
Approximately 30 percent of the animals were stilI alive and free of
residual disease at 100 days in two experiments, whereas irnrnunization with
neuraminadase-treated L1210 leukemic cel-Is was ineffective. In addition,
irmnunotherapy with AKR neuraminadase-treated ce11s without preceding
ehemotherapy was :lneffective.

Significance to Biomedical Research aryL the Program of the Institute:
In spite of the increasing effectiveness of chemotherapy and the treatment
of acute leu\emia in humans, relatively few patients have l-ong survivals.
Aeute myelocytic leukemia, in particular, is a devastating disease with a
poor prognosis. The use of irmrunotherapy to increase the length of
survival provides great promise because it enables the individual to use
his own host mechanisms to control the disease without the toxic effects
from chemotherapy that are required to eliminate the last leukemic cell-.
The findings from thj-s contract, which uses drug protocols currently in
effect i-n humans, will be directly applicable to the control of human
leukemia. The abllity of this i.nvestigator to achieve better results with
spontaneous AKR leukemia, a disease of known viral etiology which is
associated with a poor i-rmnune response to the disease in the host, indicates
that this method for management human leukemia may be successful

Proposed Course: Attention will be given to determining the specificity of
the imurunotherapy. A correlation between the effectiveness of cell--mediated
and humoral factors in control of the disease wiLl be pursued. The treat-
ment protocols necessary to obtain the maximum response from irmnunotherapy
will be evaluated.
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Date Contraet fnitiated": September L5, 1-97L

Current Funding Level: $f35r7OO

M. p. ANpEFSON. H.Os.prIAr AN? IWOF .rNFr.rrlrx.E_(N.rH 7l-?178)

Title: Immunological Treatment of Human Neoplastic Disease

Conlractor.ts_Proje,ct Diqsct.ol: Dr. Joseph G. Sinkovics

Projeet Officer' (ivCf ): Dr. Pau]. H. Levine

Obiectivg;-: To develop an }n vitrg test system for ce1l-mediated immunity
using a standard cell l.ine as antigenl to use this test system in a
longitudinal- follor^r-up of eancer patients and refate the in. vilro findings
to the clinical eourse; to apply the principles obtained. in the in vitro
studies to the i-mmr:rrological-rnaniputation oi ttre patient with thE]ffi
of improving the prognosis in these diseases.

Maio.r I'iltdrngs: fn the first year of contract performance, the contractor
has establishecl a nurnber of cel.1 lines from trmors which have morphological
and. gror,irbh characteristics of tumor cel-I.s. He has improved. the testing
procedure and. is now in a position to careflrlly monitor cancer patients
over a period of time. Initlal studies suggest that the test is abJ.e to
d.etect tumor-associated antigens and that the evaluation of a variety
of immunological factors, includ,ing cybotoxic and blocking factors in
the patientrs sera, caJr be eorrelated" with the cl-inica] course of the
disease in most patients.

Signlfi-cance to Bi.omedicaf_Rps.earcF -in t.he- P-ro$ram. oI lhe Jnstitl-rtg:
The definition of tumor-specific antigens in human tirmors provid.es a basis
upon which to identify a hr.man tumor virus. Studies characterizing tumor-
speciflc antigens are important to the program of the fnstitute not only
as an initial phase in the id.entification of possibfe human tumor vi-ruses,
but in the establishment of test systems for monitoring the patientrs
imnunological response to tumor-associated and viral antigens. This
contract is developing an in vi.].ro_ test system to identify tumor-specific
antigens in tissue cultr.lre l-ines. The ce11 lines wiJ-l be pri-me cand.id.ates
to investigate the possible presence of a human tumor virus and. will also
provide a standard. reagent to use in innmmotherapy of human cancer.

Prop.osed..C-gurss: Concentrate on the specificity of the newly d.eveloped.
ig vitro. inmninity test vith particular attention to human sarcomas.
Continue to apply the test system in longitud.inal stud.ies of human cancer
patients r,rith a clearer d.efinition of the operation of lymphocartes,
blocking factors and unblocking factors in the patientts bl-ood,.

Date Contract fnitiated: June 29, L97L.

Cr:ment F_und,iEl Level3 $1111520
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rHE R.ESg4RCH I',0rrNp4rr"cl,l_qggE irTrrvTr.RQ,rqr-.0_F qEw y_oRK 
.(I_{J11. 7}-2137)

TlLle: Application of Immunotherapy Proven Curatj,ve for Epidermal Tumors
to other Tlrpes of Malignant Disease

Contrastg{s Eroiec_t !i{Sg_tor: Dr. Edmr-rnd" Klein

Proi ect Off icer (]r]CI ) : Dr. Charles Br:one

Obiectives: To e:cbend the application of skin sensitizer therapy proven
curative for skin tumors to other tlryes of cutaneous neoplasms as we1l as
to d.eep-seated tumors of other organs.

Ma.ior Fiqd"iagq: The following patients d.emonstrated. at least partial
and. frequently complete regression of their tumors following therapy
vith skin sensitizers: B of 1l+ patients with nodular hasal cell- carcinoma,
\ of 5 patients with mycosis fungoid.es, 3 of )+ patients with cutaneous
retj-cuJ-urn eell sarcoma, 1 of 2 patients vith mul.tiple eutaneous and sub-
cutaneous lesions of rnalignant melanoma, 1 of 2 patients vith eutaneous
metastases of mammary earcinoma, 1 of 2 patients with advaneed careinoma
of the v-ulva" Colfaborative studies vere initiated with Dr. Robert Huebner
to d.etermine if evidence of immunity to any virus-associated. antigens
eould be d"etected in patients whose turors appear to be d.etermined" at
least in part by genetic factors. In addition, collaborative stud.ies
with other SVCP investigators have been d.eveloped. to compare immunity
with specific tumor-assoclated. antigens with imnunity to the skin
sensi-tizers usecL in therapy.

Sie4lIlcaqca _to. Ei-glnegicaf Re.sgqrch, arlq t,he Proer U!g:
The Principal Tnvestigator is one of the fer,r perscns obtaining c1inica1.
cu-res of, cancer with a type of therapy which appears to have an immu:ro-
logical basis. Using a technique that has proven to be suceessful- in the
fieId., it is possible to evaluate the mechanisms involved. and. apply them
'to other human tumors. fn add.ition to provid"ing data usef\.ll- for the
early d.iagnosis and treatment of eancer, this contract also provid.es
materials from patients that are wel-l eharacterized. so that the um:sual
genetie and j-mmunological findings can be applied to studies being earried.
on by other areas ln the Special Virus Cancer Program.

PJorro-se4liourse: fn the coming year, emphasis vill be placed on the
i'mrmological mechanj-sms responsible for the successfuJ- therapy of
cutaneous neoplasms with sensitizers. fn add.ition, the role of genetics
wil-J. be pursued. in collaboration with other SVCP investigators. A
correlation of the non*specific i:n'nune response vith immunity to specific
tumor-associated antigens vil-l be expand.ed" applying in vitro tests of
cell-ular and. humoral immunity as welf as skin testing"

Dat,e Contract fnitiated: May 25, 197a"

cl rept. FunSEg ,tsvgl z $85,995
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TRW SYSTEMS GROTTP (NrH 70-2200)

Title: Viral Antigens and Anti-Vi-ral Antibodies

Contractorts Project Director: Dr. Norman Weliky

Project Officer: Dr. Vincent W. Ho1lis

Objectives: To purify, separate, and characterize the antigens in knovyn
and candiate oncogenj"c vi-ruses and the corresponding anti-viral antibodies.

Major Findings: A method using immunoadsorbents was developed for absorbi-ng
all detectable antibodies to mouse serum components from rabbit antiserum
prepared by injecting mouse serum. The conditions for removing antilipo-
protein antibodies were also determined. A study of the optimum eonditions
for absorbent preparation and for batch absorption indicated three things:
(1) Sephadex G-200 worked better than G-50, G-25, or agarose; (2) tor
activation, 500 mg of cyanogen bromides per 100 rng G-200 worked better than
redueed quantities of cyanogen brornide; (3) preparations made by coupling
acti.vated G-200 to mouse serum at pHlI were better than those coupled at
pH10. Addltional experiments established that goat and rabbit antihuman
serum could be cleared of antihuman serum antibodies by an analogous
procedure, using immunoadsorbents prepared with human serum and with human
serum lipoprotein. The monkey anti-Rauscher plasma virus antiserum
provided by the Project Officer was absorbed with irnmunoadsorbents and
Bionetics Research Laboratories confi-rmed the absence of antimouse serum
antibodies in the absorbed serum. HA titer to RL'r/ was retai-ned.

Significance to Biomedical Research and the Program of the Institute:
Antigens cross-reacting with murine and feline leukemia viruses have been
reported in hurnan leukemic ce1ls. This contract, by purifying and
separating all the antigens assocj-ated with a knor^m animal leukemia virus
(Rauscher Leukemia Virus), will provide direct evidence to confirm or
refute the existence of the cross-reaeting viral antigens in animal and
human tumors.

Proposed Course: Isolati-on and purificati-on of murine viral antigens wi1-1
be continued. Experiments will also be undertaken to isolate and purify
EBV-associated antigens.

Date Contract Initiatedi June 15, 1970

Current Funding Levelz $L2L,464

ROBERT B. BRTGHAM HOSPITAL (NrH 71-21,72)

Title: Tumor-specific Transplantation Antigens i-n

Contractorfs Project Director: Dr. John David and

Solid Tumors

Dr. W.H. Churchill
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Proieclgffisel (NSI): Dr. Gary Pearson

Objectives: To search for and characterize tumor-specific antigens i-n
human tumors using the macrophage migration inhibitlon assay.

Majo.r Find.ings: Experiments designed to search for evidence of production
of MfF by human lymphocybes stimulated. by autologous tumor have been
pursued.. Mod.ifications of the hrman MItr' assay have been mad.e to reduce
the number of false negative assays. Assays have been attempted. on
materiaLs from 21 patients vith a variety of tumors (coIon, breast, lung,
lymphosarcoma., bl-ad.der) and completed. in 1)+ instances. No evidence of
MfF release in response to human tumor antigen has been obtained, The
line l- guinea pig hepatoma system has been used. to develop a.target celf
cytotoxicity system. These celfs were labelled with 3H-thyrtidine for
2\ hours and then exposed, to immune cel-l-s. The percent kil1 was d.etermi-ned
by measr.:,ring the resid.ual- rad.ioactivity after l+B hours. Specific cel-I ki11
in excess of 50 pereent was measured. by this method.. Blocking antibody
activity could not be demonstrated using serum from animals nearly moribund.
from l-ine 1 trmor. Selective aceumulation of basophils has been d.emon-
strated" at sites of reaction of either l-ine l- or fine 10 tumors by
speeifical-ly immrrnized animals. Accr.mulation of basophils has also been
found. at sites of reaction to line I erbract in the skin of line 1 immune
animals but not at sites of reaction to J.ine 10 ortract. Hypertonlc KCf
extracts of J-ine I tumor inhibited. the migration of specifically sensitized
celIs.

9ieni{ic,ange to .Bi-omgdj.c3.1 R,es.earch_,and lh,e Pr,oela$ .of- the, Ipslitute :
fn vitro assays for the degree of ceIl-u1ar ir::nunity in hrrman cancer
patients are urgenttry need.ed so that (f) anti-tumor immune responses may
be foIlowed. d.uring the course of the disease ana (e) large m:mbers of
human tumors can be screened for tumor distinetive anti-gens. Successful
application of the MIF, blocking antibody, and. ceJ-1 cytotoxicity tests
in this laboratory has shorrm that in vitro assays of the gulnea pig
system ean be useful in correlating cytotoxic and morphologic parameters
in human stud.ies. Extracts me,d.e by method.s that lrere usefuJ- 1n human
skin testing also vork j-n KCI-macrophage migration test in guinea pigs.
It is expected that improvements of the MfF assay and. other tests vith
the same exbracts will improve conparative stud.ies in hr:man and animal-
tr:mors. Better d.efined. cross-reaeting tr:mor antigens r^riII trlrovid.e lead.s
for the morphoTogieal type of ttxnor that i-s most fikei-y to have a virus
causation.

Proposed. Course: (f) To continue to use the MIF assay to J-ook for evidence
of ce1luJ-ar i-mnnity in nan to tumor antigens. KCf erbracts of human
tumors wiJ-l be evaluated. as one possible source of tumor antigen; (e) tfre
mechanism of tumor ce11 kiI1 in vitro will be stud.ied. in the newly
d.eve 1 op e d. t ar get c e 11 carb ot oxf-c ilffiy st em .

Date Contract Initiated.: March 1.2. 1969.

Cur.rent Fun3ipg. Level: $7\rOOO
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UNIVERSTTY OF CALTFORNIA, LOS ANGELES (NIH 72-2008)

Title: Cel1ular and Humoral Immunity to Tumor Antigens

Contraetorrs Projeet Director: Dr. Paul Terasaki

Project Officer (NCI): Dr. Ernest J. Plata

dbjectives: To establish the number of distinct tumor-specific antigens
which exist in human tumors utilizing cellular and humoral iuununi-ty tests.
To study the epidemiology of ceIlular imnunity to tumor antigens. To
test for humoral antibodies on cancer patients by blocking'ce11ular
imnuni-ty and direct reaction with tumor cells. To monitor the degree
of ce1lu1ar immunity during chemotherapy. To study the linkage of HL-A
antigens to susceptibillty to trmors.

Major Findings: In the first year of operation, the Takasugi-KLein
technique was automated and an objectj-ve machine reading rnras developed.
Collaborative studies with other SVCP contracts were developed which have
already resulted in two manuscripts which were submitted for publication.
Particular areas of importance were: (1) HL-A antigens and cancer patients:
The degree of correspondence in the frequency of 25 separate HL-A
antigens was remarkably similar for 1100 caneer patients, with tumors
of the bladder, breast, prostate, Iung, colon, and cervix, in comparison
to the frequencies in normal control,populations. Some differences which
were significant, however, were the excess of HL-AI and Wl-8 (TesB) in
llodgkinrs disease and of HL-A1 in cervix cancer. A higher inci.dence of
Te66 in lung cancer was also of interest. More effort is now bei-ng made
to subdivide the patients wi.th tumors and increase the numbers of patients
with rarer tumors . (2) Serum antibody studies: Sera from 2BB cancer
patlents were first screened for HL-A antibodies by testing with lympho-
cytes from 80 random donors. They were then tested against a panel of
tissue cultured tumor cells by a ner,r plating inhibition test. Using thls
microtest, 21459 combinations of serum and tumor ce1ls hTere examined. Some
67" of the combinations tested yielded positive reactions. The specificlty
of the antibodies are being investigated. (3) CelluLar immunity: A total
of 63 cultured lines have been reacted with lymphocytes from over 1000
eancer patients in the micro cell-mediated test. Conditions of the test,
particularly the amount of media was thoroughly studied. From the results
obtained, lymphocyte mediated irmnunity appears to be only partially specific.

Significance to Biomedical Research a@he Institute:
This contract allows the application of findings in tumor imnunol-ogy and
genetics to large scale population studies. As evidence for tumor-specific
antigens develops, population studies allow the identification of diseases
which give an epidemiological pattern suggestive of an envlronmental agent.
By determining the immune status of unaffected individuals and famiLy
members of cancer patients to trmor-specific antigens, it is possible to
utLLize epidemiology to select tumors which have the greatest (and poorest)
chances of being caused by a virus. The studles on HL-A antigens are
particularly significant because of the ability to separate diseases which

167



have a genetic predisposition from those which do not. The identification
of people who are at high risk of developing cancer will allow specific
aetj-ons to be taken in regard to diagnosis, preventi-on and treatment
on a more rnanageable 1evel.

Proposed Course: During the next flscal year, the major effort will be
focused on demonstrating the specificicy of the iurnunological reactions
that are occurring in the eancer patienEs. Speeificity of the serological
reacti-vity will also be analyzed using cytotoxicity and blocking studies.
The rol-e of genetics in human tumors will be pursued ln conjunction vith
the immunological and epidemiological studies.

Date Contract Initiated: July 12, L97L.

Current Fundi-ng Level: $273,600

CHILDREN'S HOSPITAL OF PH]LADELPHIA (PH 43*66-477)

Title: Interference and fmmunoflurescence Studies with Ce11 Lines Derived
from Leukemias and Lymphomas

Contra_ctorrs Project Director: Dr. Gertrude Henle

Project Officer (NCI): Dr. P.au1 Levine

Ob-iectives: (1) To evaluate antibody patterns'to EBV related anti-gens,
1.e., the viral capsid antigens (VCA), early antigens (EA), and the D

and R components of the EA complex in various EBV-associated diseases
and controls. (2) To devise additional test procedures for humoral and
cel1 mediated immune responses in EBV-associated diseases. (3) To
i-nvestigate methods for improved propagation of the EB virus.

Major Findings: EBV-induced early antigens (EA) were found to be more
disease-associated than the viral capsid antigen (VCA), in that patients
with infectious mononucleosis (IM), Hodgkinrs disease (HD), chronic
lymphocytic leukemia (CLL), and Burkittts lymphoma (BL), r^7ere more
likety to have anEibodies to EA even with 1ow VCA titers. Normals
generally did not have antibodies to EA, even with high VCA ti-ters.

Exposure of Raji or RPMI-64-L0 cells (free of detectable EBV-related
antigens) to EBV derived from the HRI-K subline of P3J ce11s, led
essentlally only to aborLive infections in invaded ce11s1 that is,
early antigens (EA) were synthesized but not viral capsid anti-gens
(VCA). This permitted seperate determination of antibodies to EA and
VCA in indirect lmmunofluorescence tesEs, using acetone-fixed cel1
smears of abortively infective Raji cel1s for anti-EA, and of EB3
(or HR1-K) cells for anti-VCA. Anti-VCA titers usually exceed anti-EA
titers by several dilution steps.
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In the course of examination of hundreds of sera for antibodies to the
EA complex, two different patterns of immunofluorescence were observed:
(1) Diffuse staining (D) of the nucleus and cytoplasm of infected ce11s;
and (2) Restricted staining (R) of masses in the cytoplasm. The D
coloponent resisted methanol or ethanol fixation but was rapidly and
eompletely destroyed by proteolytic enzyme treatment of aeetone-fixed
ee1l smears. The R component was denatured by nethanol fixation, but
was more resistant to proteolytic enz)rmes than D. Abortively infected
Raji cells with R antigen always contained D. However, the D containing
celIs did not always conEai-n R. The D antigen was found early after
lnfection in the nucleus only. rn time it was found in the cytoplasm
and thus fi1led the whole cell. The R anrigen developed entirely in
the cytoplasm.

Data confirmed that there were three diseases which were regularly
associated with high antibody levels to EBV-related antigens: rM, BL,
and NPC. In these cases, anti-VCA titers usually persisted at nearly
eonstant levels, whereas considerable changes in anti-R, anti"-D, or
both were observed frequently in the course of the disease. Approximately
80% aM and NPC patients have high anti-D titers which usually dlcline
with cessation of the disease or when patients go into prolonged remissions.
Anti-EA, particularly anti-R, has some prognostic significar". ir, trt
patients who have been successfully brought into remission by Chemotherapy.
Those who maintain or develop high levels of anti-EA ,r" *or. prone
to have relapses than patients with no or declining titers of anti-EA.
The reason why the anti-EA response is dominantly or so1e1y of the
anti-D type in some disease and of the anti-R type in other d.iseases
is presently unexplained.

Several thousand sera are being titrated for antibodies to various
EBV-related antigens from patients with Burkittrs lymphorna (BL),
nasopharyngeal carcinoma (Npc), Hodgkinrs disease (IlD), lymphosarcoma
(LSA) , and several other malignant and non-malignant diseases. Results
of these studies are being tabulated and completd analysj_s is being
postponed until -sufficiently large numbers of patibnts in each category
have been examined.

9ignificalge to Biomedieal Research and the Program of the Institute:
A major effort of rhe SVCp has be
etiology of human malignancies as BL and NPC. This contraet characterj-zed
several EBV-related antigens and investigated their relationships with
many'malignant and non-malignant diseases. The identification of two
EA antigens has i-ndicated the posibility that different strains of EBV
may be present or that if one strain is i-nvolved, the immune response
malz be of diagnostic or prognostic importance.
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Prop,o.ss9.. Course: Continuation and completion of the above studies and
particular attention to d.evelopment of an assay for ceIl-med.iated
immunity to EBV.

Date Contract Initiated.: January 1, 1966.

Cr:ment F\rnd,ing Level: $ff-5rf5O

rNrE_RNArroNAr AGEN.cy F,oR, RFS.ESFCF .0\ crqli.C.EF .(I.rH. L0:.2076.)

!i!E: Seroepidemiology Studies of Nasopharyngeal Carcinoma and. Br:rkittIs
L3rmphoma

Conlractorrs-,Proiect- Dj-rector: Dr. G. Blaudin de The

ProJ,e,ct_9Lfi.gSr(NCI)i Dr. Robert Depue

ObJectilres: To d.etermine rrhether there is an etiological relationship
betlr-een a herpes-t1rye virus, the Epstein-Barr Virus (ggV), and- Burkittrs
lymphoma; to study groups with high and. lov risk of nasopharyngeal car-
cinoma (wpC) with the aim of evaluating the possible interrelationship of
genetics, environment, and viruses (especially EBV) in the etiology of NPC.

Maior Findines: (f) Uganda: A five-year prospeetive study was initiated
to investigate the status of African children relevant to EBV antibody
l-evels prior to the development of Burkittts lynphoma. (Z) Hong Kong -
Singapore: More than 71000 bloo6 samFles have been col-lected from normal
individuals to evaluate the distribution of EBV antibodies and HL-A
patterns in groups at high and. 1ow risk for nasophazlrngeal carcj-noma.
Analysis of a cross-secti-onal- collection of sera from 21096 individuals
in the Hong Kong area indicate that EBV titers remain at a constant l-evel
from ages 2-30, but that after the age of 30, th proportion with titers
greater thari l-:150 increases in both males a^nd fe4ales. Higher titers
vere found. in the young Singapore population where approximately 20 pereent
of the pupulati6n between ages 19-29 had EBV titers greater than l-:f50.
(S) ft Lyon, an attempt vas mad.e to standard.ize the EBV testing between
Hong Kong, Singapore and. Lyon. Studles perfo:med. at Lyon on a Freneh
population ind.icated a bio-mod.ality of EBV titers with a gap from ages
10-l+0. A significant d.ifference in antibody pattern was noticed. from
village to village in the Freneh survey. Some vilJ-ages had a substantial
proportion of titers of 1:10 or beIow, whereas other villages had virtually
no individuals vith l-ow titers. A soluble antigen from Popets QTI4R-WIL
fine d.erived. from a leukemie patient reacted in high titer wlth NPC sera
but not with BL sera.

Significance to Blomedical Research and. the Program of the Institute:
Hi-gh EBV-antibody titers have been associated with nasopharyrigeaJ- carcinoma
and Burkittts lymphoma, but an etlologtca] rel-ationship has not been
established. The prospect'ive stud.y initiated in Ugand.a should be able to
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deteet uhether Burkittrs lymphoma is the result of a new infection vith
EB virus in an older child. vho has somehow managed to eseape infeetion
with EBV at an early age, and it should. al-so be able to test an
alternative hypothesis that Burkittrs 13ruaphoma requlres persistant
reinfection with EBV in order to develop. The Far Eastern studles will
be abl-e to coneentrate on a multi-factorial analysis of possible etio-
logical co-factors in the etiology of a tumor with clear population
clustering. The correlation of data resulting from the HL-A typing,
EBV stud.ies, aniL case control stud.ies could identify factors involved
in the etiology of this dj.sease. The serological- find.ings of higher
titers in the old.er Hong Kong population ind.icated that active reinfection
with EBY oeeurs in an area where there is a high incidence of NPC, aniL
is therefore in support of the reinfection theory of EBV oncogenicity.
The find.ings of EBV antibody d.ifferences by city in Fra.i:ce are important
because of the time-space elustering and. drifting of Br:rkitt I s l;mnphoma.
Qeographical variation in EBV status in consistant vith the hl4rothesis
that EBV eauses Br:rkittrs llmphoma. The find.ings of a solubJ.e antigen
that d.ifferentiates betveen sera wtth Burkitt I s llmrphoma and nasopharyngeal
is one of two important tests that are able to d.istinguish between high
EBV-assoeiated. antibody Ieve1s, the other being the find.ing of the diffuse
type of early antigen ln NPC by the Henles vhile the restricted is more
of"ten found. in Br-rrkittts 13rmtrlhoma.

Proposed. Course: Continued collection of d.ata and materials in the Hong
Kong, Singapore and Uganda areas wil-J- be pursued as above. Stand.ardization
of the EBV test will be assisted. by cooperation between standardization
laboratories in Lyon and the United States.

Date Contraet Initiated: January A, L9Ta.

$:>zs,5:.5Current Funding Level:
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cEirTER F.pR. p,rsE+,sg. cgN.rR-or. (jrc-ri-\2 )

Titl--e: Etiologic Studies of Leukemia and Related. Diseases Occurring in
Unusual- Rpidemiologic or Genetic Situations.

Cont,ractoI.rs. Pf.ojest. PirectoT: Dr. Clark W. Heath, Jr.

Pr-oJeS-t._o.r,ri.eSf, (N.9{.): Dr. Adi F. Gazdar

'OlissliveS: (f) To perform epidemiologic and virologic studies of l-eukemia
and related illnesses (cancer, congenital defects) occurring in unusual
epid.emiologic or genetic ci-rcr:mstanees. (Z) fo maintain leukemia case
surveiflance programs in selected. population areas in the United States.

Majo.r, I'3p.dines.: Out of approximateJ-y 100 cases of leukemia and lymphoma
brought to the attention of the CDC, )+1 cases assocj.ated with unusual
circumstances \"rere selected. for epid,emiologic and laboratory study. The
stud,ied. cases consisted. of 2l+ community clu;ters, 10 multiple ease families,
5 human-animal case associations, and 2 instances of marital leukemia/
lymphoma.

A total of 35 cell lines from leukemia/lyrnphoma cases have been permanently
established,, screened by electron microseopy, tested. for the presence of
oncogenic and. non-oncogenic viruses, immunogl-obulin production and qyco-
plasma conta:nination by various techniques and preserved in liquid nitrogen.
fn the past year, 60 specimens have been col-lected for cefJ. culture worko
and. about l-50 serum specirnens have been obtained.o aliquoted and" stored..

Thirteen ce1l lines derived from patients have been cross-tested for FA
reactivity against the donorrs serum and 2 cell l-ines were afso tested.
against sera col-Iected. from rel-atives and contacts, vith negative resul-ts.

Cell cultures, mostly from multiple ease family situations have been
supplied to several investigators in the SVCP. Eighteen cell cultures
have been tested at the NCI for reverse transcriptase activity, with
negative results.

Sign.iIi-cpn,ce. to PJ.omFd.icpl-B.esg.a,r.cF..apd IhS .ProSf,gn .q{ tJiS..Inp!i}u!e:
This contract d.eals with epldemiologic and genetic studies on cases of
hr:man leukemia and" attempts to ascertain and elarify the etiolory of
human luekemia through intensive investigations of selected eases. Since
cfustering and genetic defects are associated with the easier d.etection
of virus in animal- systems, this contract provides specimens of particular
importanee to SVCP invest'igators because of the greater chance of
id.entifying a human tumor virus.

Proposed Course: The contractor will- continue to identify and study cases
of partieular interest to SVCP. fn add"ition, a program for a systerratic
evaluation of the rel-ationship betveen infectj-ous mononucleosi-s and.
J-yrnphoma will be developed..
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Date Contraet fnitiated: July 1 , l..967.

Curle.nt. F.\rnding. L-evel: $150,000

THE_ InVIyEBS rTY. .0I' i\4:r.N1,r:ESpTrA .(NJ.H. 6P:20 6] )

s!.p, Tr.imor specific Transplantation Antigens in So1id. Tumors:
Evaluation of the fmmune Response

Copt,rp,ctgrjs. P.rori.ept. Direcl.or: Dr. Charles R. McKhann

Pro,iect Officer: Dr. Ronald B. Herberman#

0bje.ct.iJeq: To study events in the immune response to tumor antigens by
assays for lymphocyte stimulation, cytotoxicity by inmune cells, blocking
antibody, and. cytotoxic antibody'. To study the effeet of cl-inical- state
on the j-:nnurie response. To perform stud.ies on immunoloEical manipulation
of experimental- trmors.

Ma.ior,F-inding.s: A heterologous antiserum to mouse plasna cefls has been
developed. This serum suppressed formation of antibody to sheep erythro-
cytes. ft was found to have some inhj"bitory effects upon the grov'bh of
transplantable mouse tumors.

Lymph nod.es of tr:mor bearing mice were found to prod.uee larger- a^rnounts of
immunoglobulin than those of control mice.

A serial study of cel-lul-ar insrune reactivity of patients to tumor-
associated antigens is now i.n progress.

Signi{i_cance Io. Biopedica} Re.se.argh. agd.. t}r.e. P.ro$r.am_ oL }h.e ,Inst_it.ute:
Study of irnnune reactions to tumor-associated antigens on human tumors is
an important part of the AVCP. Stud.ies of irsnunologieal manipulation in
animal model- systems may provide infor:nation leading to successful immuno-
therapy in man.

Prop-osed C.ourss: (f ) Continue stud.ies on inhibition of antibod.ies to
tr:mor antigens by the anti-plasma cel-1 serum. (2) Continue serial study of
insnune reactivity in patients.

Date Contract Initiated: April ).\, 1969.

Cr.rrelrt tr\rnd.ing Level: $t3OrOtl
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CHILDRENTS HOSPITAL OF rH.E DTSTRICT OF COLUImTA (NIH 72-2071)

Tirle: Iuununologie Reactivity of Pediatric Cancer Patients

Contractorfs Project Director: Dr. Sanford Leiken

Project Officer (NCI): Dr. Edward Leonard

Objectives: To determine if children with cancer react immunologically
to autologous neoplastic cells and to serve as a resource of tumor tissue
from children with neuroblastoma, rhadomyosarcoma, Wilms tumor and hepatoma.

Major Findings: This is a newly funded contract and there are no findings
to be reported.

Significance to Biomedical Research and the Program of thd Institute:
The Special Virus Cancer Program has been concerned w-ith the problem of
whether or not cancer patients possess specific tumor immunity. Evidence
has been obtained by others using in vitro tests that neuroblastomas from
different patients share tumor antigens. Clinical irmnunolbgi.cal and
epidemiological studies indicate that neuroblastoma may be a tumor of
viral ori-gin. This contract represents the first attempts to verify
i"n vivo antigenic reLationships among neuroblastomas from different
patients. Tests for cellul-ar immunity using skin testing and in vitro
techniques, when combi-ned with virological and biochemieal tests, will be
of great importance to studies on the viral etiology of neuroblastoma.
trn addi"tion, if reactivity is detected it may be possible in the near
future to increase the irnmune response by the patients to the point
where an adverse effect on the tumor and accompanying beneficial effect
for the patient would be obtained.

Proposed Course: The contractor will concentrate on preparation of tumor
celI antigens for studies which will include: (1) measurement of in vivo
delayed cutaneous hypersensitivity reactions to antigen preparations; and
(2) in vitro lymphocyte transformation and colony inhibition tests.

Date Contract Initiated: February L, L972.

Current Funding Level: $70r000

GEORGE WASHINGTON I]NIVERSITY (NIH 72-3251)

Title: Clinical Tests for Irunune Responses to Separate Sol-uble Membrane
EFgens Which Appear to be Tumor-Specific

Contractorts Project Director: Dr. T. Crandall Alford

Project Officer (NCI): Dr. Ronald Herberman
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Objectives: To study the immunological reactivity of tumor patients to
anUigens on their neoplastic cel1s by skin testing and other in vitro
methods and to correlate these results with the clinical course of the
disease.

I,laj or Findings: This is a neurly funded eontract and there are no f indings
to be reported.

Significance to Biomedical Research and the Program of the Institute:
@ of eournon antigenicity of tumors would provide
strong indirect evidence for viral etiol-ogy. This contract should: (1)
allow the study of several imnunological parameters in patients with
neoplastic diseases; (2) prov:ide information on the immunogenieity of
soluble antigens and thej-r potential usefulness in innnunotherapy; (3)
contribute j-nformation regarding common antigens in tumors of different
individuals with the same disease; (4) provide materials for a correlation
of tumor-associated antigens wj-th biochemical and virological searches for
a human tumor virus.

Proposed Course: The eontractor will test soluble extracts from tumors

@ientswi11beinocu1atedw.iEhtheseextractstodetermine
if the tumor specific antigens are irmunogenic. Materials from these
patients will be studied in collaboration with biochemists and virologists
within SVCP.

Date Contract Initiated: LprLL L972

Current Annual Level: $84,955

ATOMTC ENERGY COMMTSSToN, oAK RrDGE NATTONAT LABoMTORY (FS-7)

Tirle: Biophysical Instrr:mentation Development and Cancer Anatomy Program

Contraetorrs Project Director: Dr. Norman G. Anderson

Project Officer (NCI): Dr. Charles W. Boone

Assistant Project OflEicerq_ l(I{q!) : Dr. Robert A. Manaker
Dr. Timothy OtConnor

Objectives:

1. To j-nvestigate the iumune reaetion to cancer and to develop rapid
monitoring assays for this purpose.

2. To determine the re-expression of fetal, embryonic, or placental antigen
or isozymes in tumors, and to develop reagents and immunological tools for
early cancer detection and therapy based on these antigens.
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Major Findings:

1. Demonstration of circulating antibodies cytotoxic to SV40 hamster tumor
ce1ls after iumunization wi.th human embryonie ceIls.

2. Development of methods for isolati-ng tumor antigens from tumor cells in
tissue culture.

3. Establishment of a screening laboratory for sereening human sera for fetal
isozymes, anti-gens and 1ow molecular weight indicator substances.

4. Modification of a cytofluorograph for direct eomputer data processing.

5. Development of interim fluorescence standards for quantitation of
fluorescent binding to ce11s.

6. Discovery that a large fraction of the circulating anti--Burkitt ce1l
antibodj.es in'convaleseent Burkitt patients and in infectious mononucleosis
are absorbed out by fetal cells, and that they will also bind to SV40
transformed hamster cells, providing strong support for the concept that
many of the antigens appearing in tumors, incl-uding human ones, are re-
expressed embryonic components.

7. A symposium and workshop on Fetal and Embryonic Antigens in Cancer was
hel-d in Oak Ridge i-n May 1971 and will appear in December of this year. A
second one was held in February L972. Arrangements for rapid publication
have been completed.

8. Heavy emphasis is being placed on the characterization of so-called
"blocking" components in the serum of cancer patients and Eumor-bearing
ani-mals.

Significance to Biomedical Research and the Prograur of the Institute: The
devel-opment of better methods for characteri-zing immunological response to
cancer and for detecting tumor antigens are closely associated with the
elucidation of the viral causation of cancer in man. In the event a human
cancer virus i-s authenticated, irnmunoLogical methods and concepts now being
used to detect cancer viruses will be used diagnostically and to monitor
therapy.

Proposed Course: This contract will continue to operate in two research
areas: --i)-G-development of better instrr:mental methods for detecting
cancer anti-gens and 2) the elucidation of fetal antigens to eancer antigens.

Date Contract Initiated: Jul-y L, L962.

Current Contract Level: $650,000.
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NEW YORK MEpTCAL CoLLEGE (NrH 72-3289)

Ttqlg: Immunological Responses of Breast Cancer Patients Against
Autologous Breast Cancer Tissues

Contractorrs Project Director: Dr. Maurice M. Black

Projeet Officer ILNbI): Dr. Paul Levine

Objectives: To evaluate the Rebuck skin window teehnique as a means of
identifying specifi.c immune responses to breast tumor antigens.

Major Findings: This is a newly funded contraet and there are no findings
to be reported.

Significancg to Bionedical Research and the Program of the Institute:
Epidemiological, virological, and ani.mal studies indicate that breast
cancer is one of the most 1ike1y forms of human cancer to be caused by
virus. One of the maJor goals of the SVCP is to provide informati.on on
the etiology and control of virus induced neoplasms. This eontract will
study the i-mmune response to breast cancer antigens in humans and the
i.nforuration that is obtained will relate directly to the SVCPts efforts
in this area.

Proposed Co-urse: The investigator will compare pathological evidence of
immune reaetivity in breast cancer patients with in vivo and in vitro
tests performed on the same patients and supply clinical information and
laboratory speci.mens to other investigators in the field of breast cancer.

Date Contract Initiated: June 26, L972

Current Funding Level: $86,010

llNrvERSrTy 0r TE)GS (NrH 72-3262)

Title: Human Iunnunity and Immune Response to the Rauscher Leukemia Virus

Contractorrs Pro.iect Di.rec.tor: Dr. Evan M. Hersh

Project QEfigel: (NCI): Dr. Paul Levine

Objectives: To establish the kinetics of the human
Rauscher leukemia virus and to determine the ability
primary or secondary immune response to the vi-rus.

Major Findings: This is a newly funded contract and
to be reported.

iumune response to
of man to mount a

there are no findings
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Significance to Biomedlcal Research and the Program of the Institute:
The fundamental premise upon which this work is proposed is that known
murine leukemia viruses and a hypothetical human leukemia virus may share
at least one common antigen. Evidence from a number of laboratories
using irnurunofluorescence techniques has suggested a cross-reactivity
between Rauscher leukemia virus and antigens in human leukemia cells.
The materials and information provided from patients in these studies
may provide important reagents for establishing tests to detect the
etiological agent for human leukemia.

Proposed Course: The contractor will inoculate selected cancer patients
with a formalin-kil1ed high titer Rauscher virus preparation which has
been demonstrated to be non-cytotoxic, non infectious, and non-oncogenic.
Humoral antibody response and cellular immunity will be measured by
a variety of in vitro tests in collaboration with SVCP investigators.

Date Contract Initiated: May 24, L972.

Current Funding Level: $102,058

I,TAKERERE uNrVERSrry (pH43-67-47)

Title: Epidemiologic Study of Burkittrs Lymphoma

Contractorts Project Director: Dr. George Kafuko

Project Officer (NCI): Dr. Robert H. Depue, Jr.

Objectives: The overall objective was to conduct studies on the natural
history, occurrence, and transmission of Burkittts lymphoma (BL), with
special reference to the etiologic role of Epstein-Barr virus (EBV).
Since malaria has been considered as a contributing factor in the etiology
of BL, the following specific objective has been a target during the
current contract year:

To study the relationship between malaria and BL; to investigate
the immunological effects of malaria in the susceptible child-
hood population of the West Nile District, and to ascertain
whether pati.ents with BL have normal imrnune response to malaria
as compared with a well-selected control population.

Major Findings: Since the malaria investigations are supplementary to the
seroepidemiology survey, the pace of work was geared to that of the main
project. From 1 August L97L to 7 February L972, the administrative set up
at Arua was organized, laboratory facilities were established in the East
African Virus Research Institute Field Station at Arua, and supplies,
stores, equipment and apparatus were delivered there. Staff were
recruited and trained. Much ti.me was also spent in establishing good
public relations with the administrative authorities and the general
public in the District, so as to enlist fu11 participation and cooperation
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of all concerned. Parishes in the counties of lvtraracha, Aringa, Terego,
Madi, and Kobokor w€re also selected, on the basis of population density.
A parish is the smallest adm:inistrative division of a district.

For compari-son and assessment of malaria endemicity in children aged 0-5
years, malariometric sur\reys were carried out in 7 selected parishes i-n
the counties of Aringa, Maraeha, Terego, and Madl. Assessment of nralaria
endemicity was made by parasite and spleen surveys. From each child
examined, a thick and thin blood snear was taken on the same s1ide, and
these were stained and examined at the Field Station Laboratory in Aura.
The parasite density index has been calculated by nultiplying the fre-
quencies of parasite counts obtained for each class by the class number,
adding all the products, and dividing the"total by the number of positive
slides. The total number of slides taken were 3120 of which 2440 were
positive (78.2%). The number of children examined for spleen enlargement
was 1099. Ihe total number of enlarged spleens found was 480 (43.7%).
The average enlarged spleen was 1.5. The 1eve1 of malaria fluctuated
between holoendemic in Obi parish and hyperendemic in Aupi, Olivu,
Orinzi and Tara parishes. The parasite rates were highest'in the 3-5
year age group. This is a very important observation because the peak-age
incidence of BL corresponds with this same age group; therefore, this
finding strongly supports the correlation observed between malaria and
BL by Kafuko and Burkitt, L970 (Intern. J. Cancer, 6, L-9).

In Aupi pari.sh during February and March L972, the parasite density index
was hi.ghest in the age group 0-4 years, likewise corresponding to that
of BL. Malaria infection in all areas is predominantly due t,o P. falciparum,
with P. malariae playing a secondary role. rnfections due to p. ovale
were less than L7". No P. vivax. was detected. MalariometrieEffirps
will j.nvolve 1500 ctilarGffied for rebleeding at 6 monthly
intervals. Commencing August L972, 20 clusters of 75 children will be
investigated for rebleeding and Malarj.ometric fo11ow-up surveys.

Significance to Biomedical Research and the Prograrn of the Institute:
llany studies are being undertaken of EBV because of its implication in
the etiology of infectious mononucleosj.s and its suspected relationship
wit,h other human cancers. Determining the etiology of BL is one of the
most important goals of the Special Virus Cancer Program, because of the
probable viral causatj.on or association"and the probability of etiological
co-factors. rf the etiology of BL j-s solved, then it is highly probable
that it will have considerable application to other human neoplasms.

Proposed Course: This project wi-1l cooperate in the sero-epidemiological
study of EBV in the West Nile District during the next contract year and
continue studies on chronic malaria and it.s resultant immunological- aspectsj.n relati.on to BL. Malaria antibody and immunoglobulin tests will be
carried out on sera from BL patients and controls, including long-term BL
survivors.

Date Contract Initiated: September 26, L966.

Current Funding Level: $26.000.
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New contracts were initiated in the last five months of the year with
D.C. Childrents Hospital in Washington, D.C., George Washington
University Medical Center, New York Medical College, and the University
of Texas. These contracts will employ ;!1 vivo- and in vitro immunologic
tests to characterize the inmune response to a variety of viral and
tumor-associated antigens.
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PROGRAM MAI{AGEMENT SEGMENT

Dr. J. B. Moloney, ASDVO, DCCP, HCI, ChatrnEu
Ilr. Louls R. Slbal, OASDVO, DCCP, FCI, Erecutive Secretary

UNIVERSITY OF NORTH D1AKOTA (PH43-66-8) GMND FORKS, NORTH DAKOTA

Title: Quantitative Studies on the Transmi3sion of Feline Oncogenic RNA
Vi-ruses and Selected Herpesviruses by Certain Bloodsucking Arthropods

Contractorrs Pro-'i ect Director: Dr. Robert G. Fischer

Project Officer (NCI): Dr. George J. Burton

Objectives: To determine whether certain oncogenic viruses can be trans-
mitted from infected animals to healthy susceptible animals by bloodsucking
arthropods. Specific objectives are: (1) To determine virus levels in
arthropods which have fed on experimentally infected donor animals of known
titer. (2) To determine whether the disease caused by each oncogenic virus
can be transmitted biologically, i.e. by transfer of the virus via the
salivary glands of the infected arthropod. (3) To determine the quantitative
dlstribution of the virus among various organs and tissues in those arthropods
demonstrating suitabj-y high virus levels. (4) To determine whether the
disease caused by each virus can be transmitted mechanically through inter-
rupted feeding, or by transfer of the vlrue on the legs and body of the
arthropod.

Major Findings: (a) Friend leukemla virus (FLV).

rn collaboration with Drs. w. Turner and G. Burton, N.r.H., the X-c tesc was
used to determine whether the Friend leukemia virus (FLV) complex ingested
by the stable fIy is altered in such a way that subsequent introduction of
this insect-vi.rus mixture into an animal system results in splenomegaly
without splenic foci. The findings are consistent with the hypothesis that
a "helper" activity (LLV) rnay be degraded more rapidtry than SEFV. A row
percentage of flies are capable of supporting SFFV plus helper activity for
at least 14 days. An investigation to determine possible SFFV and/or hel-per
virus (LLV?) activity in the stable fly following a.single FLV meal was con-
ducted. A study wlth Dre. R. Steeves, Roswell Park Memorial Institute,
indicated a gradual loss of both SFFV and helper viruses. FLV infection rate
sttrdies have been conducted in other f1y and mosquito species. It was found
that 90-95% of the mosquitoes tested had each ingested enough FLV to infect
one weanling BALB/e mouse.

(b) Feline leukenia virus (FeLV) and Feline Sarcoma virus (ISI/): No virus
particles have been observed in various organs of cai fteas or mosquitoes
which fed on the FeLV- or FSV-infected donor cats. The fate of FSV in the
cat flea, fed successive i.nfective meals, is currently being evaluated.

(c) HerPes saimiri virus (HVS): Arthropod transmission of l{erpdbvirus
54{'mrla{ (HVS) whieh induces reticulum ceI1 sarcoma in marmosets has been
investigated with the collaboratj-on of Dr. F. Deinhardt, Presbyteri-an-St.
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Lukets Medical center, chicago, and Dr. G. Burton, N.r.H. They included
initial extrinsic incubation studies of HVS in relation to the ye1low fever
mosquito, Aedes aegypti; the malaria mosquito, Anopheles quadrimaculatus; the
cat f1ea, C-lenocgphalldes fe1i.s; and rhe srable f1r, q!g*g"y"- _gelg!q3!g.
HVS was only isolated from the midgut of Aedes and Anoptrefes mosquitoes, cat
f1eas, and stable flies up to 6 hrs. In an investigation of the possibility
of transmission from an HVS-infected marmoset to a susceptible recipient
during lnterrupted feeding activity of the stable f1y, four of the six
marmosets showed no apparent signs of disease after one year.

(d) MareErs disease virus (MDV): Marekts disease transmission studies are
being conducted with the collaboration of Drs. J. Frankel of Life Sciences
rnc., and Dr. G. Burton, N.r.H. During this first triannual period, an
interruPted feeding-natural associati.on experiment r^7as conducted. Stabl-e
f1ies, Aedes mosquitoes, and triatomid bugs were allowed to partially feed on
two MDV infected chickens. One hour'later, the inseets were allowed to com-
plete feeding on varying numbers of both one-day-old L.S.I. and conventional
wallace chicks. No positive transmissions havb. occurred to dare.

(e) J"Iurine cytouregalo virus (CMV) (Henson strain). This cytomegalovirus
has been supplied 6t lts of three experiments
with stable flies indicate that CMV is viable in this insect for at least
3-4 days.

tiglilic"nce to Biomedical Research and the Prosram of the Instirure:

Viruses, which are obligate parasites, may be transferred biologically or
mechanically by arthropod vectors. Mosquitoes, biting flies, fleas, ticks,
and mites may suek blood from both man and domestic animals (including
birds) closely associated with man. It is, therefore, important to investi-
gate whether oncogenic viruses present in infected animals can be transferred
to man. If such a vector is found, measures can be taken to control or
prevent contact between the vector and human or ailima1 hosts.

Proposed Course:

(l-) Since the Herpesvi-rus saimiri appears to have no viability in the yel1ow
fever mosqui.to, malaria urosquito, cat flea, and stable f1y beyond 6 L/2 hours,
only i"nterrupted feeding transmission experiments will be pursued next year.
(2) Insect transmission experiments will be continued using Marek's dislase
virus, muri-ne cytomegalovirus (Henson strain) , and feline oncogenic viruses,
with mosquitoes, flies, fleas, and other arthropods. (3) Additional species
of mosquitoes, flies and fleas will be used as test insects in these trans-
mission experi-ments.

Date Cont.ract. Initiated: OcEober 27, L965

Current Contract Level: $25r000 (tt is planned to terminate this_contracEafter Dec. 3L, L972, since all objectives will probably have been met by
then. )
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UNIVERSITY OF MIA},II SCHOOL OF MEDICINE (PI{43-67.1187) CORAL GABLES, I'LORIDA

Title: Immunization Studies on Avian Leukosis and Related Problems

Contractorrs Project Director: Dr. M. Michael Sigel

Project Officer (NCI): Dr. Gary Pearson

Objectives: (1) Measurement of the duration of imnunity induced by live vi.rus;
(2) Further assessmenr of the speeificity of protection induced by immuniza-
tion with live virus; (3) Search for humoral factors other than neutraLizing
antibodles; and (4) Investigations of the several parameters of cell-mediated
inrnunity.

Majlrr Findings: (1) Their initial observatlons on protection against Rous

tumor inCuction were extended to include various combinations of inrnunizing
and challenge viruses of subgroups A, B, and C of the avian leukosis-
sarcoma complex. It was demonstrated that protection against tumor
induction by viruses of all 3 subgroups (A, B, C) could be achieved by
immunization with a single line leukosis virus of any of the 3 subgroups.
Furthermore, this protection was independent of humoral antiviral neutralizing
antibody. Taken as a whole, their work seems to Provide an j-ndirect
demonstration of a TSTA or VISA on the natural host system for avian leukosis
and sarcoma viruses. (2) The duration of protection elicited by RAV-I
inrnunization was at least 9 months. (3) Irnrnunization of chickens 2 weeks of
age afforded better protection against a challenge dose RSV(MV-1) than
inrnunization of 14 week o1d chickens. (4) Inactivated virus (B-propriolactance
and formalin). failed to elicit protection against RSV(MV-I). Utilizing
the in vitro blastogenic reaction, it was found that leucoeytes sensitized
to .ri.rr" of one subgroup were also responsive to antigen(s) associated with
another subgroup. The development of the blastogenic response began slowly
and reached its peak 4-6 weeks after inrnunization which coilcided with the
period necessary for immunity to tumor induction to -develop in immunized
birds. (5) Soluble virus-induced surface antigen (VISA) was prepared from
SR-RSV transformed hamster ce1ls (MSR-5) by the method of Mann et a1. The
soluble extract was capable of blocking the serum mediated cytotoxic reaction
against both allogeneic (clone-2) and syngeneic (MSR-5)SR-RSV transformed
hamster ce1ls. Preliminary attempts to prepare soluble RSV induced surface
antlgen using a KCL solubilization procedure have been started in order to
determine the most suitable and efficient method for isolation of VISA.

Significance to Biomedieal Research and the Program of the Institute: Ihe
overall goal of the SVCP is the control of cancer. From the immunological
viewpoint, i-t would be extremely important to clarify the issue as to the
possible existence of a transplantation antigen and its role in the disease
process. Basj"c studies are also needed on irmnunity in chickens in order to
understand ful1y the immunological implications in avian tumors, and possible
application to mammals.

Proposed Course: (1) Experiments on immunizati-on of Japanese quai1, whi-ch
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are free of endogenous gs antigen and helper factor, are now underrnray.
(2) Attempts to achieve protection against sarcoma viruses in chickens and
quail through immunization with a subgroup E virus are planned. (3) A
further effort to immunize with a killed virus preparation, using
hydroxylamine-inactivated virus is also planned, (4) Major emphasis will be
placed on further work with the putative VISA isolated from RSV transformed
tumor ce1ls and on the relative blastogenic potential of chicken lympho-
cytes from immunized birds as correlated \47ith tumor irmunity.

Date Contract Initiated: June 23, Lg67

CurrenE Funding Level: $121,000

UNIVERSITY OF I^IASHINGTON (NIH-NCI-72-2037) SEATTLE, WASHINGTON

Title: knmunological and Transplantation Studies on Dogs with Cancer for
Detection of an Oncogenic Virus-Carrier State

Contraetorrs Project Director: Dr. Rainer Storb

Project Officer: Dr. Gary Pearson

Objectives: (1) To set up procedures for studies of irunune competence in
dogs with lymphosarcoma and other tumors before, during, and after treatoent;
(2) To monitor cLosely those dogs undergoing relapse for biochemical or
other expression of an oncogenic virus; (3) To se't up irnmunological assays
for investigation of tumor-specific antigens of canine tumors; (4) To carry
out allogeneic marrow grafts in dogs with tumors as a means of preventi-ng
recurrence of leukemia.

Major Findings: This contract was awarded November 1, LglL. Because of
delays in the delivery of some equipment that was vital for the initiation
of the work, progress has been hampered. However, they hav-e succeeded in
starting some experiments with (a) 5 dogs with lymphomas, (b) 1 with
Waldenstromrs di-sease, and (c) 4 dogs with other malignant tunors. Ihree
types of studi-es have been carried out in dogs with lymphoma or l,Ialdenstr8mts
disease: (1) One of two normal dogs was given lymphosarcoma cells iurmediately
af,ter irradiation. Both dogs were then infused with previously stored
autologous bone marrow followed by methotrexate therapy. A drauatic increase
in the concentration of DNA polyrrerase cont,aining particulates in the plasma
of the recipient dog that was given lymphosarcoma cells before irradiation
was noted confirming previous findings. (2) One tumor dog was given 1200R of
total- body irradiation followed by infusion of phenotypically histocompatible
marrow from a normal donor dog and post-grafting treatment with methotrexate.
A dramatic regression of all tumor-bearing lymph nodes bccurred within a few
days following irradiation. This dog is now in apparent complete remission
with a successful hemapoietic graft 55 days after the transplant. (3) One
dog has been subjected to total body irradiation followed by infusion of
previously stored autologous bone marrow in order to evaluate the effects of
total body irradiation alone on the treatment of lymphoma. Two dogs with
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other malignant tumors were given toEal body irradiation followed by
infusion with either phenotypically histocompatible marrow from a normal
dog or autologous nnrrow. The hemapoietic grafts were successful in both
dogs and some tumor regression was noted.

Significance to Biomedical Research and the Program of the Institute: The
major goal of the SVCP is the prevention or control of human neoplasia. The
projected immunotherapy is aimed at providing the clinician wj.th an additional
modality of therapy which might eradicate those tumor ce1ls which for one
reason or another survive ehemotherapy. Another goal of this project is to
attempt to determine whether tumor-specific antigens exist in cani-ne neo-
plasms. If specific t.ransplantation antigens are detected and prove to be
cross-reactive, indirect evidence will then be available for the viral
etiology of canine lymphosarcoma.

Proposed Course: Until the arrival of the dog cages necessary for the in
@ons,effortswi11bedirectedtoestab1ishingthenecesEEry
in vitro laboratory tests for searching for tumor-specific antigens on
canine tumor cells. When the cages become available, Lhe biochemical studies
on the significance and nature of the DNA polymerase containing particulates
found in the plasma of irradj-ated dogs will be continued. Investigations on
the immunotherapeutic effects of bone marrow grafts will al-so be cbntinued.

Date Contract Initi-ated: November 1, L97L

Current Funding LeveI: $160r000

uNrvERSrTy oF MrAMr SCHOOL OF MEpTCTNE (NrH-70-2211) MrAMr, FLoRrpA

Title: Studies of the Rat Manmary Tumor Derived Virus (RMTDV or BV)

Contractorts Project Director: Dr. Victor V. Bergs

Project Officer (NCI): Dr. M:ichael A. Chirigos

Ob-iectives: (1) To determi-ne whether purified C-type particie preparations
of RI"IIDV will induce leukemia or other uralignaneies when administered to
conventional and germ-free rats under natural and iumunologically altered
conditi-ons of the hosE; and (2) comparative studi-es of the biochemical and
biological properties of rat C-type viruses (BV-1, R-35, and I^IF-l) of
different origin.

Major Findings: Studies in collaboration with NCI staff have thus far
revealed that the C-type virus, which emerged spontaneously in a 2-year old
line of "notmalt' W/FU rat embryo cells (WF-1 vlrus), is antlgenieal-ly related
to the rat C-type viruses (BV-1 & R-35) isolated from rat marmary tumors.
The WF-1 virus produces ce1l alterations in REL cultures. It does not exhibit
characteristi-cs eonmon to murine C-type viruses (g"-1 & gs-3 antigens, and
the XC reacti-on) .

From purification studies of the BV-l and WF-l, diaflo ultrafiltration,
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centrifugation in diseontinuous and continuous sucrose gradient, it was found
that the virus was distributed in 2 peaks with average densities of 1.16 and
L.20 gm/c*3, respectively. Infectivity studj.es showed that the greatest
occurred i-n the L.2O gu/cm3 peak. Tests were performed to substanti-ate this
observation through the use of 3ll-uridine-labeling, possible contamination
with cell debris or myeoplasm. Results from these studies rule out these
possibilities. The procedures employed were examined by the use of 3tt-uridine
labeled RSV(RAV-I), which demonstrated a radioactive peak at a density range
of 1.15 to 1.16 gm/cn3 in sr.rose.

The BV-1 virus produces cytopathic effects in BHK-21 cel1s when infected cells
are incubated with medium containing LO% newborn calf serum. BV-I vi-rus,
(harvested from the cheuically infected REL ce11 line, BV-40), infects REL

and BHK-21 ce11s resulting in the formation of plaques. The plaque assay
will al1ow for cloning and further purification of BV-I virus.

Studies were completed on viral RNA of the BV-1 and WF-l viruses. In both
viruses, using established extraction proeedures, the sedimentation velocity
of the RNA was estimated to be 25 to 30S, with approximately L07" of the radio-
activity in a region corresponding to 4-103 RNA. RSV(RI\V-I) was used as a

control in these studies and the expected profiles of 65-705 and 4-105 RNA

were obtained. The 25-305 RNA component is suggestive of (a) degradatioh of
the RNA, which is not expected since nuclease inhibitors are usedl however,
RSV(MV-|) RNA is not degraded under the sarne conditions; (b) a subunit
structure in the viral genome which is unlike the subunit structure of other
C-type viruses; (c) ribosomal RNA of either procaryotic or eucaryotic origin.
Experiments are underway to clarify these points.

Significance to Biomedical Research and the Program of the Institute:

Although rats are highly susceptible to spontaneous cancers as well as to
the induction of eancers by chemicals and irradiation, and C-type viruses
similar to those which cause caneers in other species have been found in rats
by electron microscopic studies, no such virus of rat origin has yet been
proven to cause- a cancer in this species. In addition to the iuportant
possibility of having a new laboratory model in another species for guiding
approaches to the human virus-cancer problem, the proposed studies would also
provide an important test of the Huebner hypothesis that C-type viruses are
the determinants of most cancer in all species, including rats and humans for
which oncogenic viruses have not yet been demonstrated.

Proposed Course: (1) Further purification studies on BV-l and WF-l viruses.
(2) Studies on viral RNA. (3) Comparative studies of the biochemical and
biological properties of rat C-type viruses (BV-l, R-35, and I'IF-l) of
different origin. (4) Attempts to potentiate the WF cell agent by serial
in vivo passage of the cells, accompanied by inoculation of rats with cell-
free extracts of the turnors.

Date Contract Initiated: June 23, L967

(This contract terminates June 30, 1972) .Current Funding Level: $51,167
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UNIVERSITY OF INDIANA INDIANAPOLIS INDIANA NrH-69-2048

Title: Characterization of the Twiehaus Agent of Avian Reticuloendotheliosis

Contractorrs Project Director: Dr. Alvin S. Levine

Projecr Officer (NCI): Dr. Michael A. Chirigos

ob'iectives: (1) To rest rransmissibility of Twiehaus virus. (2) To
determine whether this agent acts as an immunogen. (3) To determine what
mitochondrial alterations occur with Twiehaus agent pathogenicity. (4) To
determine the presence of reverse transcriptase in this agent.

Major Findings: In day-old cockerels all routes of inoculation (intracrani-a1,
intramuscular, intracardiac, intranasal, intraperitoneal, subcutaneous, and
via the alimentary canal) were capable of inducing deaths from reticuloendo-
theliosis virus (REV). From 15 moribund coekerels sampled individually,
infectious REV was obtained from oral--nasal washings, gut washings, feather-
shaft fol1ic1e tips, and skin containing feather follicles, but not from
feather dander. Anfibody to REV was detected in the serum of contact
cagemates. None of the normal control birds, housed separatel-y in the same
room, v/ere serologically positive. In spite of the presence of infectious
vi-rus in moribund birds and the serologic conversion of the contact mates,
hori-zontal transmission of the disease symptoms was not demonstrated. The
results suggest that close contact is required for horizontal transmission of
the virus, and that contact with REV in this manner either fails to produce
disease or produces a subclinical form.

White Leghorn birds were hyperirmunized with purified, sucrose*banded
reticuloendotheliosis virus (REv) of three types: (1) REV from ri.ssue
culture (REV-T) , (2) sodium dodecylsulfate (sDS0-treated REV-T, and (3)
REV purified from liver-spleen homogenates (REV-L) . These groups of bi"rds,
nhen challenged with a L0% gravLty-settled homogenate of RE-speeific
liver-spleen homogenate, demonstrated protection against REV at levels of 977",
777. and, 100"/", respectively, in the order of hyperimmunizing material listed
above. When these same birds r.rere further challenged with cloned strains of
Rous sarcoma virus, SR-RSV-B and RSV(MV-I), REv-T-hyperimmunized birds were
protected against these agents at l-evels of L00% and 932, respectively. Birds
hyperimmunized wj-th SDS-treated REV-T r,rrere prot,ected against Sn-nsV-s and RSV(MV-l) at levels ot LlO% and 29%, respectively. REv-i-hyperiumunized birds
rdere Proteeted against RSV(RAV-l) at a level of 62%. RSV(RAV-l)-immunized
birds were not protected against challenge with REV.

In preliminary studies of liver mitochondri-a from reticuloendotheliosis virus
(REV-T) infected chickens, gross alterations were observed in the oxidative
and phosphorylative behavior of these organelles. Respiratory activity (Q.,r)
was greatly dininished and phospho::y1ati-ve activity, as estimated by state"'
4-state 3 transitions, in a polarographic apparatus was absent. Succinoxidase
activity was enhanced aft.er incubation in an isotonic medir:u, suggesting large
amplitude swel1ing. Mitochondrial preparations were marked by the ,pp""."n""of a yellow fluorescent pigment which has not been characterized to date.
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It has been postulated that the pathogenicity of REV-T is due to induced
embol-i. The underlying molecular mechanism may be at the leve1 of the mito-
chondria, as suggested by these data.

RNA-dependent DNA polymerase activity was originally demonstrated in the
virions of avian and murine leukosarcoma virus complexes and has been
extended to 27 isolaLes of oncogenic RNA viruses. Empl-oying published
procedure, the Tweihous agent was studied for the presence of the tran-
scriptase. The in vitro DNA polymerase assay used followed the method
reported by S. Spi-egelman. The results obtained show that the RNA-dependent
DNA polymerase is associated with the Tweihaus agent and is similar to that
present in the avian l-eukosarcoma viruses and in other oncogenic RNA viruses.

Significance to Biomedical Research and the Program of the Institute:
The avian reticuloendotheliosis virus is a leukemogenic vj.rus prevalent in
ur,any f locks of chickens, and is said to be transmitted both horizontally and
vertically. The biologic characteristics and the understanding of the
chemieal, physical and immunological nature of the aggnt may be applicable
to the possible rol-e of viruses as etlologie agents in human neoplasia. Of
equal importance is the determination of whether oncogenie, viruses of animals
have the capabilities to repl-icate and induce neoplastic diseases in man.
The avian viruses must be evaluated for this potential.

Proposed Course: (1) Attenuation of REV(T) for vaccine strain(s). (2)
Immtrnol-ogical comparison of REV(T) with other avian tumor viruses.
Inununological study of antigen preparations from purified preparations of
REV. (3) REV(T) with Marekrs disease herpesvirus in vitro and in vivo to
determine if interference or potentiation resuLts. These studj-es are being
earried out in collaboration with Life Sciences, Inc. (4) Characterization
of REV po1-yrnerase(s) and the effect of specific REV(T) antibodies on poly-
merase activity.

Date Contract Initiated:

Current Contract Level:

May 8, L969

$77 ,485

MELoY LABOMTORTES (NrH-72-2020)

Cell Biology Facility: Mechanisms of the Immune Response to Squamous
Cell Carci-noma, Adenocarcinoma and Fibrosarcoma in the Mouse;
Experimental Immunotherapy.

Tirle:

Contractor's Projecl l,!recto!: Dr. Kenneth Blackman

Dr. Charles W. Boone

mechanisms of the humoral and cellu1ar immune
cancer i-n the mouse. To develop improved

Project Officer (NCI):

Objectives:
response to
in vitro and

To elucidate the
different kinds of
1q vivo assays for detecting tumor specific antigens and
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antibodies. To develoP systems of irmr.rrotheraPy.

Major Findings: Cell-free homogenates of fibrosarcoma induced either SV40

@ho1anthrenewi11imrnunizeanima1sagainsttumortransp1ant
challenge if the cells are first infected wiEh influenza virus. The irnmuno-

genic principle in the homogenate is membrane-associated and is still active
*ren formalin-fixed. This influenza virus enhancement of immunogenicity
does not occur if egg-grown influenza virus is simply mixed with the tumor

homogenate.

A precise radioactive footpad assay for delayed hypersensitivity to tumor
ce11s in the mouse was devLloped with the use of tumor-irnmune animals and

cel1 lines produced by the contract. The anti-tumor ce11 reactivity can be

adoptively lransferr.d to normal rnice by inoculating them intraPeritoneally
witir spleln ce1ls from tumor-immune mice.. Tumor-bearing animals do not show

delayed hypersensitivity to tumor after the tumor reaches a certain size'

Twenty-three new transplantable tumor lines of methylcholanthrene-induced
fibrosarcoma, twenty of manrmary adenocarcinoma, and fifteen of methylcholan-
threne-induced squamous cell carcinoma of the skin were developed' A11 of
the tumor lines have been carried through three or more transplant genera-

tions. A11 of the fibrosarcomas and some of the adenocarcinomas possess

tumor specific transplantation antigens as determined by tumor-graft
rejection assay.

The growth of SV40 induced tumor cel1s is completely inhibited by admixing
spleen ce1ls from tumor-imune animals with the challenge inoculum of tumor

ce1ls. Ti-tration experiments show that as few as ten million spleen cells
are effective.

Splenectomy has been found to augment resistance to tumor transplant
challenge.

Sienificance to Biomedical Research and the Program of t : The
of cell-free tumor homogenates bY

prior infection of the tumor cel1s with infl-uenza virus provides a way to
isolate irnmunologically effective tumor transplant'atj-on antigens from ce11-
free homogenates of human tumors so that the patient may be immunized
against his own tumor without the drawbacks and risk associated with the
inoculation of x-irradiated live cel-ls. Research on the mechanisms of the
inrnunological response to tumor will provide ways of manipulating the irnmune

system to ttre advantage of the cancer patj-ent both in diagnosis and in
therapy.

proposed Course: The relationship of ce1l surface structure to tumor-host
interaction will be included in future studies.

Date Contract Initiated: August 20, L977

Current Contract Level: $335r000
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MELOY LABORATORTES (NCr-E-72_2006)

Title: spontaneous and Virus-induced Neoplastic Transformation.

Contractorrs Project Director: Dr. John E. Verna

Project Officers (NCI): Dr. George Todaro
Dr. Roy Kinard

of:ecflv--: To study spontaneous and virus-lnduced neoplastic transformationby the following methods.or projects: (1) development and characterLzationof 3T3 and 3T12 lines from lnbred mouse strains (2) radiation-virus co-carcinogenesis; (3) elucidation of the differences between Ehe normal andtransformation prone human ce1ls; (4) characterLzaxlon of MSV transformedBalb/c 3T3 cel1s and nonproducer cel1s; (5) developmenr of """r;*;;;;#-for use in tumor virology; (6) biochemistry of enzymes in tumor viruses;
and (7) to search for c-type and B-type RNi viruses in human cells.
Ma.iof-Findings: The Balb/c and NIH/Swiss embryo cell lines have provi-ded
excellent model systems for the study of the effects of tumorigenic virusesboth in vitro and in vivo. These ce1l lines continue to be sutplied to
numerous investigatorsT[roughout the world, and have become the stand.ardcel1 lines for biochemical and biologieal investi.gations of cellular growthcontrol mechenisms.

Hurnan fibroblast cells from patients with a variety of diseases which have
been shor'm to be associated with a high incid.ence tf t,r*or formation aretested for their susceptibility to transformation by SV40 virus. More
than 1200 individual speci-mens have been cuLtured for testing. The mechanism
which results in the increased susceptibility of certai-n celis to SV40
transformation apPears to be rel-ated to a step in SV40 infection which occursafter virus adsorption but prior to the compllte uncoating of the virus.
The isolation and characterLzatiort of temperature sensitive mutants ofviruses assoeiated with the murj-ne leukemia-sarcoma complex is being donein an effort to characterize the gene(s) responsible foi transformati-on andtumorigenicity. Virus assays performed by focus formation of the murine
sarcoma virus and by the SC plaque formation test of the uurine leukemiavirus have been adapted to microtiter procedures. This modifi.cation aIlowsthe screening of large numbers of potential mutants in a more efficient
manner.

rnfection and transformation of human ee1ls ruith SV40 DNA has beenestablished. Different forms of DNA are being tested to define the smallestpiece of viral information required for biologic activity.
CeI1 lines knor,m to release MSV and MuLV continue to be employed as model
systems for the study of virus-induced transformation and tumorigenesis.
Methods developed in this laboratory led to the successful isolation andidentification of a rat-tropic sarcoma virus, M-MSV-o, which possessed adifferent host range and serologic characteristic than the Moloney sarcomavirus genome.
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Human ce11s derived from normal tissue and ma1-ignant tissue of a wide
variety of pathological types are being exa:lined by a variety of biochemical
techniiues. The piimary biochenical technique employed is the RNA-dependent

DNA polyrmerase or reverse transcriptase assay. Tests have been developed
to distinguish viral enzyme from normal eellular enzymes. Reverse tran-
scriptase assays provide an extremely sensitive measurement of viral-
exprlssion in normal cel-ls and in ce1ls transformed by murine oncogenic
viruses.

It has been possible to detect enzyme acti-vi-ty in normal as well as viral
transformed celIs. Normal human fibroblasts have been shown to contain
polyuerase aetivity. Since normal ce11s, as well as tumor cel1S, contain
Lnzymatic activity, further purification was necessary to make the distinction
po"libl.. Antibody to known murine viral polymerase has been prepared and

"too^ 
to be able to inhibit one enz)rme from anihal tumor ceIls' Such

antibodies do not affect normal ce11ular enz)rmes. Thus, it is possible to
isolate and identify a viral specific enzyme in virus-produci-ng cells'

Antisera to purified enzymes have also allowed preparation of antisera
to a specifit viral antigeni c component sueh as the grouP specific antigens
of C-type virus. Such antisera have been prepared and employed for the
detection of viral group specific antigens in the ESP-I human ce1l line.
Expanded research .itotl" har" ,."t lted in the develoPment of methods which
grlatly increase the sensitivity of detecting viral RNA-dependent DNA

totyreiase using synthetic templates. The tumor viruses are Partial-ly
solubilized and'poiy*.r."e activity which is associated \'lith the internal
core of the virus is quantitativetry assdyed.

Sera from animals possessing tumor induced by murine-vi-rus were found to
contain antibody to the polymerase of the murine virus. Antibody against
this purified viral enzyrne has now been made in rabbits. These antibodies
.ro""lr""ct and inhibit the viral polymerases of several mammalian C-type
RNA viruses. The antisera does not cross-reacL with the enzymes of the
avian tumor viruses nor of the mouse uammary Lumor virus. It is expected
that simj-lar techniques will be useful in identifying a possible human

viral enzyme. Extensive screening of viruses for polymerase activity has

been perftrmed to determine whether the polymerase is speeific for tumor

virusls. This has 1ed to the discovery that visna virus and foamy viruses
also eontain the polymerase activity. Syncytium-forming viruses of several
speeies incJ-uding thl primate, bovine, hamster, and feline have been found

to contain an RNA-dependent DNA polyraerase.

Significance to Biomedical Research and-the Prograrn of the Institute:
Thesestudiesor@determiningthesequenceofevents
that occur when a nonnal ce11 is converted into a neoplastic cell, suggest
a possible simple test for "cancer pronenesst' i-n man which would perrnit
recognition of a "high risk" group for cancer in the human population and

pto.rid. further information at the ce11u1ar and molecular 1evel on the
t'oncogene theorytt of cancer

proposed Course: Effort on this contract will renain essentially the same.
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Date Contract Initiated:

Curren!_Contract Level :

lttay 25, L965

$1, 75 7,000
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OFFICE OF PROGRAM RESOURCES AND TOGIST]CS
Dr. Jack Gruber, Chlef, OPRL, OASDVO, DCCP, Chalnnaa
Ilr. Davtd ilcB. f,oyell, OPRL, OASDYO, DCCP, Staff Sclentlse
Dr. Robert J. Go}dberg, OPRL, OASDVO, DCCP, $taff ScLenrlct

AUERBACH ASS0CIATES, INC. (NrH 72-2025)

Title: Support Services for Preparation of National Cancer Plan

FrickerContractorrs Project Director: Mr. Charles

Project 0fficer (NCI): Dr. Jack Gruber

Objectives: To perform a feasibility study of alternate sysLems
or program resources and logistical support management.

Major Findings: This is a new contract. It is anticipated that
ffiwi11surVeyparticipantswithintheSpecia1Virus
Cancer Program to obtain judgments as to the potential applica-
bility and effectiveness of various management approaches to
resources and logistics support systems.

Significance to Biomedical Research and the Program of the

ReE6[rEe-and Logistics management systems may apply to the
management of the National Cancer Program, the National Cancer
Institute is interested in surveying those segments of the
scientific community which will interface with these systems to
obtain value -iudgments as to the potential a?plicability and
effectiveness of-various types of^ systems. 'S-everal approaches
are. being examingd. to. det-ermine their _applicability to the
various programs within the National Cancer Program. To provide
valid results, a specific NCI Program is being utilrzed as a
model in an applicability survey. In keeping with the above need,
this Office is engaged in surveying Viral Oncology Special Virus
Cancer Program participants to obtain value judgments as to the
potential applicability and effectiveness of several management
approaches to a Resources and Logistics support system. It is
anticipated that the questionaire developed and the information
obtaj-ned will be useful in determining effective managernent
options for Resources & Logistics within the NCI Special Virus
Cancer Program, and will provide an aid in determining a future
NCI course of action relative to similar anticipated programs
within the National Cancer Program.

Proposed Course: The contractor is currently preparing an
r@andquestionairetobeuti1tzedinconducting
the survey of alternative approaches to resources management.
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when clearance has been obtained from oMB, interviews of svcpparticipants will be j-nitiated.

Date Contract Initiated: May 18, L972

Current Annual Level: $zs,ooo

BTOLABS, INC. (NrH 72-2068)

Title: Production of Specified Herpesviruses and the
D6Efopnent of Effective Production- and storage Procedures

Contractor's Project Director: Dr.. Clyde R. Goodheart

Project Officers (NCI): Dr. Dharam V. Ablashi
Dr. Robert Holdenried

qussjtilgn: A pilot study will produce, concentrate and purify
EBvl---rEe purified EBV will be clecked frequently for inf-ec-
tivity after being preserved in various vehicles-for long-term
storage. 

- , Either Herpesvirus sai.miri (HVS) or rabbit lymphomavirus will be usedE-ni6-de1-ffir-fEe -above objectives.
Maj or Findings: The contractor has recently been supplied with
@iniri which he has plaque p.rrif i"d for'the
proa[EiTon-of-]arg'e quantities of'viius to be used in the pilot
study. He has also been supplied with two continuous ce11-lines of ow1 monkey kidney to be used for HVS production. As
the contract has started in the late part of D-ecenber 1971, itis early to report any rnaj or results .

s:lgn:Lficance to Biomed!ca1 Research and the program of the
TnsTIf u acausfive agent of infectious mononucleosis, a self-limiting
lymphoproliferative disease similar in several respects to acute
leukemia or early lymphoma. More importantly, it iras been foundin very close association with Burkittts lymphoma, and it
?Ppears that all Burkitt cel1s contain the EBV genome integratedinto the host-ce11 genome. EBV is therefore a frime candidatefor the role of a human cancer virus, and this project will
devise methods for the optimum production, concentiation, and
storage of this virus for use in research in the SVCP.

Proposed course: The HVS will be first produced in large
@ductpi1otexperimentsfoiconcentration-andpurification purposes. Ce11s carrying EBV will also be
supplied for starting the production of EBV.

Date Contract Initiated: December 20, tgTl
Current Annual Level: $zg,ogo
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BIoNETICS RESEARCH LABORATORIES, INC. (NIH 71-2025)

Title: Investigations of Viral Carcinogenesis in Primates

Contractorrs Project Director: Dr. Harvey Rabin

Project Officers (NCI) : Dr. Roy Kinard
Dr. Jack Gruber
Dr. Gary Pearson

Obj,ectives: (1) Evaluation of long-term oncogenic effects of
Euman an?fanimal viral inocula in primates of various species,
especially newborn macaques; (2) maintenance of monkey breeding
colonies and laboratories necessary for inoculation, care and
monitoring of monkeys; and (3) biochemical studies of transfer
RNA under conditions of neoplastic transformation and studieb
on the si-gnificance of RNA-dependent DNA polymerase in human
leukemic tissues.

Maj or Findings: This contractor continues to produce over
ffiewbornmonkeysperyeaI.ThisismadepoSSib1e
by diligent attention to reproductive physiological states of
female and male breeders. Semen evaluation, artifical
insemination, vaginal cytology and ovulatory drugs are used
or tried as needed.

Inoculated a.nd control infants are hand-fed altd kept in
modified germ-free isolators. They are removed from isolators
at about B weeks of age and placed in filtered air cages for
months or years of observation. The holding area now contains
approximately 1200 animals up to 5 years o1d. Approximately
300 are culled every year at a rate of about- 25 per month.
This is necessary to make room for young animals inoculated
with new or improved virus preparations.

New importance is being given to the New World speci.es of
monkeys, including squirrel, marmoset, and spider monkeys.
Animals currently on study are being actively culled to reflect
this change.

Special emphasis has been placed on virological studies
characterizing the Mason-Pfizer monkey virus (M-PMV). Seven
sublines established from chronica1-1-y M-PMV-infected rhesus
foreskin cultures were shown to be releasing moderately high
titers of infectious M-PMV, and in addition seemed to have
undergone in vitro transformation. Inoculation of ce11s of
these sublines into newborn rhesus monkeys produced palpable
masses at the sites of inoculation. Biopsies performed on
these masses and on the regional lymph n-odes of the same
animals revealed the presence of proliferating virus character-
istic of M-PMV by both electron microscopic and cel1 culture
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analysis. Proliferating M-pMV was
monkeys inoculated with ce11-free M

found in the lymph nodes of
-PMV preparations.

chromatographic examination of transfer RNA,s (tRNA's) fromcontrol and virus-transformed rat and mouse "*bryo ."tt,demonstrated differences in phenyl-a1any1-tRNA's' and aspartyl-IRNA's. No Cifferences were noted in tire elution piofj-1es ofseryl-, tyrosyl-, Ieucyl-, asparaginyl- r or gluturiryf _tRNA.

The effects of 11 rifamycin derivatives on viral reversetranscriptase -and on DNA polymerases from human normal andleukemic blood lymph_o_cytes were evaluated. C;;p;;a t4s-4g3,3-formyl rifamycin sv: octyl oxime showed. the 'greaiest
potency and inhibited all DNA polymerases from Soth viral andce1lu1ar origins.
TJr" contractor also*eng?gea in collaborative studies involvingthe oncornavirus,_RD-tI+, from a human i"r.o*u, isolated byDrs. McAllister, Gardiner, and Huebner. The virus i; beingproduced and supp-lied by Dr. Gilden of Flow Laboratories.Another virus,, a- human papovavirus utso.lut"e-;iirr-irogressivemultifocal leukoencephaiopathy,, is being supplied uy or. DuardWalker for inoculation into nbwborn ,rorrf"yr.

9ig{tificance to Bi.omedical Research and to the prosram of thetnst+!n
candidate human viruses will not be tested In the human ipecies,it is imperative that another system be developed for theiedeterminations and. subsequentli for the evaluation of vaccinesor other measures of control, The close phylogenetic relation-tJ.ip of the lower primates to man justif i;r'rrtf ti_zation ofthese animals for these purposes. Further study of alteredtransfer RNA and polymerase enzymes would determine theirsigni-ficance in neoplastic change and provide a basis forselection of therapeutic agents.

Proposed.course: The previously mentioned studies will becontrnued and expanded. particular attention will be given toresearch on animals inoculated with candidate human cancerviruses, and investigations will be carried forward into thenature of-neoplastic changes and their possible control at thece11u1ar 1eve1. Collaborative efforts i,,itf, other researcherswithin the SVCP will continue.

Date Contract Initiated: February 12, 1962

Currgnt Annual Level: $z,LsJ, gso
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CALIFORNIA, LINIVERSITY OF (PH43-63-15 and NCI-FS-8)

Title: Development and Evaluation of ce11 Substrates for the
Study of Cancer Viruses

Contractorrs Proj ect Directors : Dr. Stewart Madin
Dr. Neylan Vedros
Dr. Adeline Hackett
Dr. Walter Nelson-Rees
Dr. Helene Smith

Project Officer (NCI): Dr. James T. Duff

Objectives: The Ce11 Culture Laboratory (CCL) is physically
ToeaJ-ileE-E the Naval Biomedical Researcir iaboiatory ir.inni,),' inOakland. The program of the CCL is funded by a contract
(43-63-13) between the University of California and the NCI.
In addition, maintenance and operating expenses generated by
the ccl are repaid to NBRL by an interagency transfer of funds
(FS-8) between NCI and NBRL. The reseaich studies include
the development and evaluation of ce11 substrates for the
study of cancer viruses, development of large quantitie's of
specific ce11 substrates, karotyping of ce11 cultures, and
performing biophysical, viro1ogica1,. and cytogenetic research.

Major Findings: The contractor has distributed 1r072 ampo..les
ffiel1 cultures to 11,7 recipients, primarily '
within the Special Virus Cancer Program, this year. The
contractorrs latest catalogue lists 1r254 ce11 substrates
irniti-ated or propagated and stored in this laboratory for
distribution following antibiotic-free cultivation, character-
ization and assurance of species specificity, and freedom from
microbial contamination.

The electron microscopic survey of ce11 lines for virus
particles has been largely negative. However, EB vi-rus
particles were found in one ce1l line derived from tumor cel1s
from a case of Hodgkin's disease. In additi_on, two other
human ce11 lines derived from paracentesis fluid of a breast
carcinoma and a breast adenocarcinoma showed signs of producing
virus when examined by electron microscopy and DIPIC (demon-
stration of isotope labeled particles by isopycnic centri-
fugation). These developments will be pursued further.
The contractor has developed techniques for selection and
cultivation of epithelial-1ike ce11s in vitro which apparently
exclude fibroblastic ce11s.

Dime thyl -benzy I- r if amp ic in
effective in reducing the t
MSV without affecting ce11
inhibits the transformation

has been found to be extremely
ransformation of mouse ce1ls by
growth. In addition, this antibiotic
of ce11s resulting from rescue of
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a sarcoma genome, while leukemia virus production is not
affected. These results support the idea that viral
transformation of ce11s is independent of infectious virus
production and that ce1lu1ar enzyme systems other than the
RNA-directed DNA polymerase of the virus are involved.
The contractor has developed a simplified assay system for
leukemia virus, the NP-UCI ce1l 1ine, which serves as an
indicator of MLV replication and is as sensitive as the
B/3T3+XC ce11 assay.

CLones of BALB/5T3 ce11s which were abortively transformed by
SV40 have been grown to mass culture. These ce11s display
normal growth characteristics, lack SV40 T antigen, and do not
release SV40 upon fusion with monkey ce11s. However, despite
the lack of any obvious manifestation of the viral genome, tests
of these ce11s by DNA-DNA hybridization have revealed that two
of the lines each contain several apparently complete copi.es of
the SV40 genome per ce11. Experiments with these "cryptic
transformants" are continuing.

Chromosome monitoring of ce11 cultures continues for in-house
production and experimentation, and in collaborative efforts,
as we11 as for karyotype reference.

Proposed Course: Continue to develop cel1 reagents as sub-
ffian carcinogenesis; attempt to isolate and
characterize viral agents from human tumor cel1s; continue a
reference laboratory karyology of ce11s in culture; study
oncogenic viral antigens during embryogene.sis and continue
basic research in the biology of tumor viruses.

Significance to Biomedical Research and the Program of the
e

cuff[r-e Eicility and is supplying celi cultures for cancer
research studies to NCI investigators and SVCP contract
laboratories. These studies are oriented toward a study of
the fundamental biology of tumor ce11s, and the interaction
between tumor ce11s and viruses of oncogenic importance.

Date Contract Initiated: 0ctober 1 , 1962

Current Annual Level: $438,000

UNTVERSITY OF CALIFoRNIA AT SAN pIEGO (NIH 70-2202)

Title: Development and Operation of a Breeding Colony of
ffimestic Cats

Contractorfs Prgi ect Director : Dr

Project 0fficers (NCI) :

Alexis J. Kniazeff
Holdenr ied
Purdy

Dr. Robert
Miss Marie
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Obj ectives: To develop and operate a permanent breeding colony
of cats which will supply offspring for cance:' research.

Major Findings: The operation of the colony has been, in
general, more successful this year than 1ast. The improvement
can be ascribed to better sanitation, better disease control,
and a lower abortion rate among hormone-treated cats. As a
result, the colony produced 1136 pregnant animals, of which
114 were supplied to various SVCP investigators, the remainder
being used for studies in the contractorfs laboratory.

The induction of oestrus in cats at the facility is stil1
being carried otit by means of equine gonadotrophin. Limited
studies have been initiated in this laboratory to adjust
empirically the level of the drug to the hormonal state of the
animal during different periods of the season. In addition,
experiments are in progress to attempt to establish a single
dose of gonadotrophin which would produce a satisfactory
induction of estrus during the off-season months.

Arrangements are now being made to initiate the screening of
cats, which will eventually be shipped in pregnancy to SVCP
investigators, for their viral antibody spectrum. It is
hoped that such information will facilitate the work of various
investigators who use these ani-ma1s, particularly those
involved with vaccine studies.

Sisnificance to Biomedical Research and the Prosram of the

Eats--usEd in the Special Virus Cancer Program for feline
leukemia-sarcoma studies. The cat remains an important animal
for cancer research, as demonstrated by the fact that a
candidate human cancer virus, RD-114, was first demonstrated
in tumors from kittens which had been inoculated before birth
with human cancer tissue.

Proposed Course: The contractor proposes to continue operations
to provide pregnant cats to laboratories within the SVCP along
the previously described 1ines.

Date Contract Initiated: June 25, 1969

Current Annual Level: $172,700

cHrcAGo PARK prSTRrCT, LINCOLN PARK 200 (pH43-6s-1017)

Title : Marmoset Breeding Colony

Contractorrs Project Director: Dr. Lester E. Fisher
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Project Officers (NCI) : Dr. Jack Gruber
Dr. Roy Kinard

0biectives: To provide marmosets in a quantity and quality
ilfTTEIEnt for the needs of the reserrch on tumor viruses
conducted under contract NrH-7r-z}sz with Rush-presbyterian-St. Lukers Hospital.

Major Findings: There are now SS breedins pairs
ffiction continues at the rate*oi {tbirths per year with no problems.

9ignificance to Biomedical Research and the program of the
Institute: This contra owerp'iffiatEs for testing selected^ laboratory sfecimens for
oncogenic activity. The marmoset, a sma11, inexpensive
primate, has been shown to be susceptible to several cancerviruses; newborn and young animals bre in demand by svcp
inves t igators .

Proposed course: The proiect will be continued to insure the
@ experimental animals of quality.

in the
least 120

Date Contract Initiated: June ZB , 1965

Current Annual Level: $24,059

UNIVERSTTy OF C0L0RAp0 MEpICAL CENTER (NrH 69-2080)

Title: Collection of Pediatric Tumor Spe c imens

Contractorrs Proj ect Director: William E. Hathaway

LevineProject 0fficer (NCII: Dr. Paul H.

: To obtain tissues and serum specimens from
oncology patients and suitable controls for
ive studies with the SVCP.

Yajor Findings: Tissue, sera, and appropriate clinical
ffire sent to investlgatois within the svcp fromthe contractorts pediatric sources. Specimens were made
available from a wide variety of patients with diagnoses
including- leukemia, lymphoma, rhabdomyosarcoma, osteogenic
sarcoma, hepatoma, neuroblastoma, and a variety of brain
tumors. Two identical twi.ns with acute leukemia and their
families were evaluated for evidence of leukemia-associated
antigens ald -skin fibroblast transformations. A unique familywith a marked history of Fanconirs anemia was compledely
studied by chromosome analysis and skin fibroblasts were sent

Dr

Obi ectives
pe dratrlc
co1 laborat
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for susceptibility to SV-40 transformation. In addition,
specimens were available from families wi-th multiple cases of
cancer, a nursing mother with a history of Hodgkinrs disease,
a patient with several documented episodes of infectious
mononucleosis prior to Hodgkin's disease and tissues from a
patient with Jacob-Kreutzfeldt disease (a neurological
degenerative disease caused by a slow virus) were provided
to SVCP.

Collaborative studies have been undertaken to utilize the
organi zatl-on of a program on Hodgkin's disease and osteosarcoma
throughout the city of Denver. Specimen collection is in
progress for lymphocyte-mediated immunity studies, HLA typing,
and serology. Historical data are being collected to evaluat€r
the possible role of genetics, environmental factors, and
manipulation of the immune system (particularly through
tonsillectomy and appendectomy) in the etiology of Hodgkin's
disease.

Significance to Biomedical Research and the Program of the

mo7ffiEe to the SVCP; since it is a primary source of-
pediatric concer specimens for NCI and other SVCP researchers
on the East Coast. A continuing supply of such specimens is
absolutely necessary to the pursuit of the viral etiology of
human cancer.

Proposed Course: Continue to collect serum and tumor specimens
@ Immunological investigations, using fr^esh
lymphocytes and tissues, will be continued by the contractor.
Additional personnel are being made available to collect
specimens from adults with cancer, as well as children. In
addition, individuals with high risk to neoplasms will be
ir]rgstigated for host factors which increase the possibility
of developing cancer. Materials will be sent to NtU for
virological and immunological studi-es.

Date Contract Initiated: June 18, 1969

Current Annual Level: $rrs,z99

UNIVERSTTy 0F CoNNECTTCUT (NrH 69-s2)

Title: Development and Maintenance of a Specific Pathogen Free
FTocf of White- Leghorn Chickens

Contractor's Proj ect Director: Dr. Roy E Luginbuhl

Proj ect Officers (NCI) : Dr.
Dr.

Robert Holdenried
Roy Kinard
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Objectives: Establish and maintain a flock of chickens free
of speffied pathogens, including avian leukosis viruses, and
to provide eggs for research use.

Major Findings: Approximately 13,000 eggs and ce11 cultures
ffire provided to cancer research. A few of the
recipients were Drs. J. Beard, M. Green, H. Morgan, F.
Deinhardt, P. Sarma, and G. S. Beaudreau. Fifteen specia1-l-y
character:-zed breeding birds were supplied to Dr. Beard's
group.

There is no serologic evidence of the following organisms or
diseases in the SPF flocks: Mycoplasrna gallisepticum and
synoviae, Salmonella pu11orum, Newcastle disease, avian
Infe-CTf o"us -TTo nEh-IEfs -Go nne c t i c ut and Ma s s a c hu s e t t s s t r a i n s ),
infectious laryngotracheitis, avian encephalomyelitis, CELO
virus, and the three serotypes of RSV. There have been
several birds displaying lesions characteristic of Marek's
disease (MD), and MD viral antibodies have been detected in
some flocks using the agar ge1 precipitin test. Nevertheless,
one new flock consisting of 26 birds remains free of anti-
bodies at four months of age. Several flocks have been
characterl-zed as gs antigen negative or as gs antigen positive.
The gs status of these flocks' offspring can be reliably
predicted, indicating a simple recessive genetic control for
gs expression.

Significance to Biomedical Research and the Program of the

fiee oE-pecified infectious organisms can be produced. A
significant porti.on of the avian leukosis research in the
United States is dependent on the continued availability of
this highly controlled and monitored f1ock.

Proposed Course: Continued maintenance of the f1ock, with
@genetic1inesofchickenscharacterizedforthesusceptibility of their embryos to leukosis rrirus. Reestablish
flocks free of MD virus and continue work to provide
genetically gs charactertzed birds.
Date Contract Initiated: June 18, \962

Current Annual Level: $92,400

NEW YORK STATE VETERINARY COLLEGE AT CORNELL UNIVERSITY

Title: Feline Tumor Viral Diagnostic Laboratory

Contractorrs Project Director: Dr James H. Gillespie
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Project Officer (NCI): James T. Duff

produce and evaluate cat viral reagents; to
cultures and other materials associated

for indigenous cat viruses and other

Dr

0bi ectives: To
monitor cat ce11
with cat tumors
microorganisms.

Maj or Progress: During the previous year the contractor's
@evira1ieagentshavebeentitratedinafe1ine
kidney cel1 line and the serum neutralLzLng titers of the
packaged goat antisera to these viruses have been determined
in the same kidney cel1 line (see October and June l-gTL
reports). The serologic relationships between the L4 strains
of feline picornaviruses are sti11 unclear. As previously
reported there is a great degree of cross reactivity between
these L4 strains and present effort is directed toward
further testing to clarify these relationships.
The contractor has made available to the American Type Culture
Collection bulk samples of a number of the feline viral
reagents (Feline picornavirus strains FJ, 68 FIV ICFI], FRI-14,
KCD,5 FPL [Bolin] and 17 FRV) as well as the carmichael strain
of canine herpesvirus. Test samples of these agents were
lyophilized by the ATCC and returned for titration.
Results indicate that these vi.ruses withstood lyophilization
reasonably well and that this method of preservation might be
considered for storage of these agents.

stocks of feline herpesvirus were produced for a participating
laboratory to enable them to evaluate a serologic- response in-
leukemia infected cats. Study of the hemagglutinating
properties of the feline herpesvirus (Ctt 10 FVR) is continuing
with the expectation of developing a st5ndard hemagglutination-
inhibition test for the assay of antibody to this agent.

The feline tumor material monitoring phase of the contract
program has been quite active during the past reporting period.
The contractor has undertaken to do the monitoring for
indigenous feline viruses for the NCI-participating laboratory
of Dr. Vivian Larsen at Merck Sharp & Dohme. To date over
4q0 samples have been processed; moreover, additional samples
of tumor ce11 cultures and related materials from a numbei of
participating laboratories have been and are in the process
of being screened for the presence of indigenous feline
vlruses.

gignlficanqs_-to Biomedical Research and the Program of the
and

expeTfse concerning the feline tumor vi.ruses, and mlkes both
available to scientists within the SVCP. The contract provides
a central laboratory where materials isolated from normal cats
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and cats suffering from cancer can be sent to determine if they
contaj.n indigenous feline agents, as well as for viral
ident ificat i on.

Proposed Course: Additional characterization of feline virus
reagents will be carried out; work will also be continued on
the hemagglutination and hemagglutination-inhibition tests
for feline herpesvirus. The laboratory will continue to
monitor any material sent by SVCP researchers for the presence
of indigenous or contaminant feline viruses, and will prepare
stocks of feline viruses for SVCP laboratories upon request.

Date Contract Initiated: J.une 25, 1970

Current Annual Level: $42,000

puKE UNIVERSTTY (NIH 71-2152) DURHAM, NoRTH CAROLINA

Title: Study and Production of Avian Leukosis Virus

Contractorfs Project Director: Dr. Joseph W. Beard

Project 0fficer (NCI): Dr. Michael A. Chirigos

Objectives: The objectives of this project ,are: (1) to
conlinue quantity and quality production of BAI strain A avian
tumor virus; (2) to continue investigations on RNA avian
leukosis'viruses. The contractor projects a nonthly production
of 35 gms wet weight of plasma and 55 gms wet weight of tissue
culture grown BAI strain A avian tumor virus. They will
investigate in in vivo (chickens) and ce11 culture systems
other avian virGeffiE-ich include: sarcoma (without hemato-
poietic disease); erythroblastosis (and associated growths);
myeloblastosis (and associated growths) and myelocytomatosis
(and associated growths). Avian leukosis virus strains
BAIA, R, ES4, and MC-29 will be employed in these studies.
The contractor will employ a multidisciplinary approach to
the studies of avian tumor viruses including: biochemistry,
tissue culture, virology, electron microscopy, patholoEy,
and immunology.

Maj or Findings: The maj or work has been the production and
distribution of BAI Strain A (myeloblastosis) virus and
leukemia myeloblast cells. A total of 244,929 mg. wet weight
of plasma virus and 439,826 mg. wet weight of tissue culture
virus has been distributed to 55 investigators. Those
receiving more than 15 grams of virus are: S. Spiegelman,
78,572 mg. pv, 252,654 mg. tcv; M. Green, 1r646 mg. pv, 85r501
mg. tcv; J. Hurwitz, 17,22L mg. pv, 19,088 mg. tcv; R. Ga11o,
21,,38 0 mg. pv , L,368 mg. tcv; P. Zamecnik , 20 ,547 mg. pv,
7r522 mg. tcv; D. Bolognesi, L6,774 mg. pv; K. Stromberg,

2A4



15,698 mg. pv; G. Todaro, 15r240 mg. pv.

In addition to producing large quantities of virus, the
contractor has contributed to the preparation of specific
products of AMVr e.g., purified gs-antigen, labelei RNA,
intact un-nicked RNA for end-group -analysis, 625 v.ira1 RNA,
etc., in response to requests-from SVCP researchers.

The contractor has continued research on leukosis virus.
Histologically the MC-29 strain has proven to be a most
unusual leukosis agent with an especially broad spectrum of
tumors not induced by any other avian tumor virus. Aside
from the myeloid malignancy induced by MC-29, hepatocyte
transformation and renal growths have also been observed. 0f
particular significance to the polymerase studies being
conducted with AMV, it is interesting to note that AMV activity
to induce myeloblastosis can be transmitted by virus particle-
free RNA preparations. In vitro and in vivo investigations
have shown that the MC-29-strairr' or a-Eofr'fdent of this strain
passes properties of defectiveness similar to those of Bryan
high titer Rous sarcoma virus.
A major portion of the contract consists of a detailed analysis
of RNA tumor virus particles and their interactions with the
host ce11. Viral polypeptides are being purified for analysis
of their amino-acid sequence and for preparation of specific
antisera for analyzing virus antigens in infected cel1s.
Preparations of AMV virus particle cores have been shown to
be infectious for chick embryo cells in culture. Since AMV,
howevep, is a non-focus forming virus, attention is being
directed toward developrnent of techniques to isolate cores
from focus-forming viruses, and positive results have been
obtained with the MC-29 virus.
Sienificance to Biomedical Research and the Prosram of the

expforeTully all important animal model systems for the
determination of the possible viral etiology of cancer in
man. Avian tumor viruses induce a variety of di-seases similar
to those which occur in man (erythroblastosis, myeloblastosis,
nyelocytomatosis, reticuloendotheliosis, and sarcomas) ; the
causative viruses have been isolated and the disease can be
induced in vivo under controlled conditions which permit the
study of-Th6-i-nrnunology, virology, biochenistry and therapy
of the tumor virus complex. Moreover, BAI Strain A avian-
tumor virus is the only RNA C-type virus which is at present
available in large enough quantities to permit exhaustive
investigation into the biochemical rnakeup and behavior of
both the virus and its components. As such, it represents an
important model for the C-type viruses of higher animals and
is an essential tool in the search for cancer viruses in man.
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Future studies will depend upon large quantities of concentratedvirus, which the contractor is uniquely in a position to supply.
Propo:ed coufse I The contractor will continue to meet requestsfor virus and viral components, and will extend and expand the
research outlined above.

Date Contract Initiated: April 19, lg7l
Current Annual Level: $650,000

ELECTRO-NUCLEONICS LABOMTORIES NIH 7L-2253

Title: Development
eEaE-cterization of
Contractor's Proj ect

of Propagation Procedures,
Viruses

Purification and

Project Officer (NCI): Dr. George Todaro

0bj ectives : To develop
virus yields from cel1
particle count per m1,
v1rus.

Director: Mr. John" Lemp

propagation procedures to produce high
cultures, and to purify, determine
and otherwise characterize the produced

206

Maj or Fi1din$s: 
__ This contract was initiated on May zg, Lgzt,to-provide the svcP with a facility close to NCI whererelatively large volumes of fluid containing RNA tumor viruses

could be harvested from ce1l cultures, purified, and
concentrqtgd, and the cultures and their producis studied andevaluated by electron microscopy.

The contractor has thus far cultured 38 cell 1ines. He has
proce-ssed L,,57 0 liters of tissue culture f luii, f rom which hehas obtained 423 mt. of highly concentrated tumor viruses ofvarious kinds. TFese virui concentTates have been sent toresearchers within the SVCP.

significance to Biomedical Research and the prosram of the
offi'um-'cancer must include studies on viruses present in-te11cultures established from animal tumors as weit as on those

candidate human cancer viruses growing in either animal or
human ce11 cultures. Large volumes of these well-iharacterized
and concentrated viruses are essential for the preparation ofspecific antisera and for the biochemicaL, immunolbgical, andepidemiological investigations necessary in cancer Virus
research.



Proposed Course: To continue the
ffiirus as directed

Date Contract Initiated: May 28,

propagation of
by the Project

19 71

ce1l lines and
Officer.

to the
assay of
viruses
t is sue

Current Annual Level: $403,000

ELECTR0-NUCLEONICS rNC. (NrH 72-3249)

Title: Large-Scale Production of Oncogenic Vi-ruses

Contractorrs Project Director: Mr. John Lemp

Project Officer (NCI): Dr. Jack Gruber

Otj ectives: To provide research and services related
isoleEon, large-sca1e production, concentration, and
oncogenic viruses of animals and potentially oncogenic
of humans; production and quality control will involve
culture, electron microscopy, immunology, and various
biochemi cal /biophysical techniques .

Maj or Findings: Since this is a new contract , activated in
@t of FY '72, there are no major findings to
report.

Significance to Biomedical Research and the Program of the
e

EiocEEfrIstry and biophysics of oncogenic animal viruses, it is
imperative that large quantities of concentrated virus be
avaLlable for ana'lysis. This contract wi11"he1p meet this need
with oncogenic animal viruses that have been produced under
rigidly controlled conditions, and will also serve to find the
best means of producing and concentrating large quantities of
new candidate human cancer viruses as they are discovered.

Proposed Course: Initial production will be of Rauscher
ffiat a volume of 50 liters/week; eventually,
production will reach a volume of 150 liters/week. Additional
viruses will be produced as program needs dictate.

Date Contract Initiated:

Current Annual Level: $r+s, ooo
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EMoRY UNIVERSITy, YERKES PRIMATE CENTER (NIH 71-2256)

Title: Maintenance of a Colony of Irradiated, Aging Rhesus
ilfdn-k-eys

Contractorrs Project Director: Dr. Harold McClure

Project Officer (NCI): Dr. Roy Kinard

Objectives: To determine the incidence of tumors in a unique
group of irradiated, aging rhesus monkeys and to supply tissue
from tumors for transplantation, tissue culture and virus
isolation to SVCP collaborators.

Major Findings: A group of 72 rhesus monkeys with adults
ranging in age from LZ to 18 years remain from an earlier study
on the effects of irradiation. Forty-seven animals received
irradiation in 1956-1958, and 16 are non-irradiated controls.
The remainder are non-irradiated offspring born in the last
four years.

Two animals have developed nalignant tumors , ta adenocarcinoma
and a seminoma, respectively. Samples of these tumors have
been sent to Dr. Thomas Kawakami of the University of
California and to Dr. John Landon of Bionetics, Inc. Serum
samples have been collected from all 72 animals in the study
and shipped to Dr. .Kawakami for screening of both viral
antigens and antiviral antibodies.

Significance to Biomedical Research and the Program of the
e

FfuAy-n'f-relationships between the etiologiei oi lumors bf
various primates. This project provides tumor tissues and
other important specimens from aging non-human primates which
have been subjected to irradiation to researcheis within the
SVCP. At the same time the contractor conducts a screening
operation for the appearance of virus-1ike particles or viral
antigens in the monkeys. Malignant changes in these primates
may provide useful information which might be applied to
humans, who are also subjected to various forms of radiation
as well as to the natural aging process.

Proposed Course: The entire group of monkeys will continue to
ffir neoplasia by phyiical and hematologic
examinations. A11 tumors which develop will be evaluated by
the contractor by light and electron microscopy. Specimens
from these tumors will also be made aval-1ab1e to other SVCP
investigators. In addition, a breeding program is being
initiated to evaluate the incidence of leukemia or other
tumors in infants with aging and irradiated parents.
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Date Contract Initiated: May 1, 1971

,000Current AnnuaL Level: $24

FLoW LABOMToRIES, iNC. (pH43-65-1012)

Title: Maintenance of a Repository for Storage and Distri-
ffiflion of Reagents and Tissue Specimens

Contractorrs Project Director: Mr. Jack W. Walker

Project Officer (NCI): Miss Marie E. Purdy

Objectives: To provide for the SVCP a centrally located low
iEmpETeTure storage and distribution center fot' viral reagents
and tissues.

Major Findings: In 1-971, the contractor made 318 shipnents of
@ and tissues which conprised a toial of 10,220
vials of material. He received 51 shipments of similar
materials which comprised 25,366 via1s. A11 incoming shipments
were carefully checked for damage in transit and were catalogued
before being placed in the 1ow temperature repository.

No problems which might interfere with the efficient operation
of the contractorfs activities have been reported.

Significance to Biomedical Research and the Program of the

acceesffiTe adequately characterized resource materials. The
sLorage and shipping facilities operated under this contract
enable the scientist to have access to a large inventory of
special research materials without the burden of procurement,
storage, inventory, and distribution.
Proposed Course: It is anticipated that the repository
activities will continue to grow in the future as the Program
increases in scope.

Date Contract Initiated: June 22, 1965

Current Annual Level: $rrs ,4zo

FLoW LABoRAT0RIES, rNC. (NIH 71-2341) ROCKVITLE, MARYLAND

Title: Animal Holding Facility to Support Intramural Research
on-TNA Viruses and Autoimmune Diseases-

Contractorrs Project Director: Dr. William A. Knapp
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Project Officer (NCI): Dr. Adi Gazdar
Dr. John W. Pearson

Objegtives: The objective of this contract is to support
orrgofng activities in the virus and Disease Modifica^tion
S9cti.on, VBB, NCI and the Viral Pathology Section, VLLB, NCI.
The nature of the above activities require supportive services
which this contract provides. In general, the-contractor will
receive and maintain mice, rats, hamsters and other smaIl
animal species as required for the purpose of observation and
experimentation during the aging process for the following
research studies: (a) Development of autoimmune disease,
(ui Relationship of autoimmune disease to oncogenic viruses,
(c) Development of spontaneous cancers and their modification
to chemo-immunotherapeutic agents, and (d) Immunologic
responsiveness to immuno-enhancers and/or suppressors.

Major Findings: Since the initiation of this contract on
ffib-1f,-T971, tfre contractor has received 5866 mice, 1801
rats, and 4 rabbits which are being used in two projects. The
first project comprises immunostinulation studies on AKR mice;
to which single and multiple injections of BCG and Coryne-
bacterium granulosum are administered over a period of tine in
order to prolong the time to onset of spontaneous lymphocytic
leukemia. This research is at too early a stage to permit
definite conclusions. In addition, the project includes the
use of combination drug therapy against spontaneous leukemia
in AKR mice in order to induce remission. Having succeeded
in obtaining remission, the investigators are now treating the
animals with single or multiple injections of BCG or Coryne-
bacterium granulosum in order to extend the period of remission
and/ or obtain long term survivors of the disease.

The first proj gct also includes studies in which rats are
inoculated with various malignant ce11 1ines, treated with
drugs after a tumor appears, and then given BCG or c. granulosum
if remission occurs. The cel1 lines include Dunning tumor
ce11s, Nova leukemia ce11s, Gross leukemia ce11s, and Moloney
sarcoma cel1s. These studies are sti11 at an early stage.

Investigations are also being carried out which involve
immunological studies on the C-type viruses associated with
different rat tumor ce11 lines (R-55, WF-1, and RMTL-8). The
results of immunofluorescence experiments, verified by
absorption studies, indicate that the rat viruses associated
with these different ce11 lines are antigenically identical
or closely related.

The second proj ect in
oncogenic viruses and
in NZB/WF1 mice. This

this contract involves a study of
interferon inducers on autoimmune disease
study is stil1 at an early stage.
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Significance to Biomedical Research and the Program of the
tect

End-fEoTEte tumor viruses, (2) the pievention and control of
virus-induced nalignancies in man as well as in animals
associated with him. Current in-house efforts are underway
to j-nr estigate the relationship of the aging process and
autoimmune disease states to spontaneous and virus-induced
malignancies. In addition, ongoing investigation utilizing
chemo-immunotherapeutic approaches are being studied in both
rat and mouse leukemia and tumor model systems. It is expected
that the information resulting from this research will have
considerable application in studies on similar diseases in man.

Proposed Course: It is intended to engage in inoculation,
@ smears, sera collection, eye bleedings,
autopsies, and harvesting and processing of tumors in mice,
rats, and hamsters, and to continue maintenance of these animal
colonies for long-term studies on (1) autoimmune disease in
New Zealand mice, (2) development of spontaneous cancer in
AKR mice and their modification by chemo-immunotherapeutic
agents, and (3) immunological responsiveness to immunoenhancers,
i.e. BCG, Corynebacterium granulosum, interferon stimulators,
and/or immffier aTffie or in combination with drug
therapy in various mouse and rat leukemia tumor systems.

Date Contract Initiated: June 15, L97L

Current Annual Level: $85,48s

GE0RGEToWN UNTVERSTTY (NrH 72-3248)

Title: Supply of Blood and Tissue Specimens from Patients
wTTtr-lr{al ignanc ies

Contractorts Project Director: Dr. Gerald Sandler

Proi ect 0fficer (NCI ) : Dr. Paul Levine

Ob'iectives : To co l1ect fresh blood and tissue specimens from
from various neoplasias.p-atT-ents suf f ering

Major Findings: Since this new contract was activated in the
@ rv '72, there are no major findings to report.

Sisnificance to Biomedical Research and the Proqram of the
1y

6-F-spEEffiens from patients suffering from neoplasias be
available to researchers seeking the viral etiology of cancer.
This contract is particular1-y advantageous because the
contractor is located within a few miles of NCI. This
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proximity will a11ow the formulation and alteration asnggessary of particularly detailed protocols, and will also
a11ow for the availability of very iresh speiimens to svcpresearchers in the Washington area.

Proposed Course: Procurement as described.

Date Contract Initiated:
Current Annual Level: $t6, St7

GERMFREE IIFE RESEARCH CENTER (3HA3-65-95) FT UDERDALE,

Title: Germfree Research and 0peration of a collaborative
FeTmfree Tumor Virus Laboratory

Contractorts Project Director: Dr. Joel I{arren

Project Officer (NCI): Dr. M. A. Chirigos

drfferent types, each involving the special germfree andenvironmentally controlled SpF-faciliiies and capabilitiesof the contractor: - (rl service type activities in general
sup_port of svcP and intramural research requiring cIean,defined animals and viral reagents; (z) particiiation incollaborative research primarily of other groups, but inwhich germfree and/or rigid spF'environmenial tontrol arerequired for definitive iesults; and (s) Research primarilyby contractor scientists, but of mutual interest t; the svbpor collaborative with other svcp groups where back-up inother special discln_1ines are necessary. specif ic obi ".tivesunder (1) are: (a) Production of tumors in^ germfree ivianand rodent animals by chemical carcinogens aid propagationof such tumors by transplantation as a resource^ foi- itudiesof such tumors by other- investigators. (b) production ofoncogenic viruses in germfree animals as a source of "reagentgrade" virus for use in svcp research, including that inthis contractorrs facility. (c) suppiy of lini[ed numberof germfree animals to other investigators where feasible,as a spin-off from maintenance of the foundation colonies.

Maj or Fil*ings : . During the -pas t year, numerous germfree (GF)
and specific pathogen-free (spF) animals have be6n sent tovarious researchers. _Among these are: Dr. Robert Huebner,
sPF Graffi hamsters; Dr. so1 spiegelman, GF Fischer rats;Dr. }tlilliam Mo1otrer, spF Fischer iats: Dr. padman sarma,
GF Fischer rats; Dr. John pearson, Fischer rats; Dr. vernonRi1ey, GF BALB/c mice and GF Fischer rats; Dr. v. saurino,

objectives: The activities under this contract are of three
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GF BALB/c mice and SPF Japanese quail; and others. Reagent
grade colonies of germfree and SPF Fischer and Sprague-Dawley
rats, BALB/c mice, Graffi hamsters, and Japanese quail
continue to be maintained, monitored, and distributed at the
request of intersted laboratories. The germfree colonies
continue to be free from virus particles as determined by
electron microscopy.

The contractor has found that inoculation of tobacco tat
condensate into the pectoral muscle of germfree quail failed
to induce neoplasia after 18 months. However, a single
intramuscular injection of certain tars will accelerite and
intensify. the {g:p_gnse_!o a- :ypseque^nt j-noculation of Rous
sarcoma vrrus (RSV). The ability of tobacco tar condensate
to potentiate RSV infection in quail might provide a rapid
and reliable assay of potential carcinogenic activity. Tests
of 20 coded samples of different tars indicate that certain
preparations are more active than others in repeated assays.

Dimethylsulfoxide (DMS0) has been found to potentiate MSV
infection in mice if it is incorporated into drinking water
at 2% concentration. However, the same concentration of
DMSO in the drinking water of rats delayed the development
of transplantable leukemia in Fischer rats and markedly
suppressed it in Sprague-Dawley rats.
Prolonged exposure of rat embryo fibroblast cultures to an
"active" tobacco tar and subsequent inoculation of the
cultures into weanling Fischer rats has given rise to tumors
in three of five ani-mals four months 1ater. Similar cultures
exposed to an "inactiverf tar have not produced any symptoms
to date.

9ignlficance to Biomedical Research and the Program of the
S

IffiIe-vTrus causation of cancer in animals requires the use
of certified animal hosts free of extraneous viruses and
other pathogenic microorganisms, as well as skilled technical
operations within evnironmentally controlled facilities,
including completely germfree isolators for some purposes.

This contract supports critical studies in such animals of
interactions among viruses in dual infections (e.g., inter-
ference, enhancement, "he1per" action), and cocarcinogenic
activity between vj-ruses and chemical compounds, both of which
underlie the development of knowledge and technology for the
detection and isolation of oncogenic viruses of man.

Future Course: To continue to develop, maintain, and dis-
ffiEilEEEoJinies of germfree and SpF mice , rats, and hamsters
as required by SVCP proj ects. To continue to serve as the
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nucleus colony for other contracts and intramural laboratories
To continue the production of f'reagent grade" lots of the
vogt strain of RSV in germfree quail for use in research in
this and other svcP contracts; appropriate bacteriological and
histopathological monitoring will be continued.

Date Contract Initiated: April 16, 1965

Current Annual Level: $110,910

HEALTH RESEARCT{ rNC. (RpMr) (NrH 72-5247)

Title: Procurement of Leucocytes and Tissue Specimens for
th-e Svcp

Contractorrs Proj ect Director: Dr. Joseph Sokal

Project 0fficer (NCI): Dr. Paul Levine

Objectives: To collect tissues and blood samples from adults
auTEEilng-from neoplastic hematologic disorders, particularly
Hodgkinrs disease and le,rkemia, for use by researchers within
the SVCP.

Major Findings: Since this new contract was activated in the
@ rv '72, there are no major findings to report.
Significance to Biomed.ical Research and the Program of the

te,
propagate, and charaiterize carrdidate human cancer viruses.
Of paramount importance in the efforts to reach this goal is
the conti-nued availability of clinical specimens and histories
from patients suffering from cancer. This contractor, who
sees a large number of these patients annua11y, is in an
excellerit position to help meet increasing program needs for
large quantities of human neoplastic specimens.

Proposed C.ourse: Procurement as described.

Date Contract Initiated:
Current Annual Level: $15,000

HoSPTTAL FOR SrCK CHTLpREN (pH45-65-97)

Title: Human Leukemic and Normal Tissue Collection and
P?esErvation

Contractorts Proj ect Director: Dr. Peter McClure
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Obi ectives
vetlety o
re 1at ives

Project Officers (NCI) Dr. Paul H. Levine
Dr. Charles W. Boone

: To obtain serum and plasma specimens for a wide
research purposes from pediatric leukemics,

of such patients, and non-leukemic controls.
Maj or Findings: In accordance with the serum collection pro -
gram, 491 samples were collected from 34 untreated acute
leukemia patients, 32 "normalr' controls, 31 hematological
controls, 269 first degree relatives of leukemic patients,
and 725 previously diagnosed leukemic patients. 548 special
samples were collected from long term survivors with acute
leukemia, pediatric patients with solid tumors and their
first degree relatives, and a speci-a1 group of normal controls.
In addition to the increased number of serum samples processed,
a collaborative study on leukemia in twins was continued with
NCI investigators.

9i-gnificance.to Biomedical Research and the Program of the

Americfu this contractor suirplies many vital serum specimens
to SVCP not readily available elsewhere. The contractor also
provides an important service to Program by collecting
numerous samples of'tissue for uses in which the unavoidable
delay in passage through customs is not critical. In addition,
the contractor consistently refers'patients to NCI for study
whose cases are felt to be particul ar1-y relevant to the
research needs of program.

Proposed course: The contractor will continue to seek other
@rest, and will continue to collect serial
specimens from pediatric patients and family members.
Virological and immunological studies on the twin families
already identified wi-11 also be carried forward.

Date Contract Initiated: February 3, 1965

Current Annual Level: $1s,ooo

HUNTTNGp0N RESEARCH CENTER (NrH 69-54)

Title: Development of Oncogenic Virus Diagnostic Reagents
and-Services

Contractorrs Project Director: Dr. Roger E. Wilsnack

Project 0fficer (NCI): Dr. Robert Holdenried
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Obj ectives : To develop
Ai-agnostE reagents foi
and antisera conjugates
various animal species,
in tumored hamsters.

, produce, and characterLze special
use in the SVCP, primarily antisera
to viruses, GS antigens, globulins of
and to T-antigens of polyoma and SV40

Major Findings: This year, as well as 1ast, tumored Fischer
@iserum was the most heavily and widely used ofthe reagents produced by the contractor. However, the
contractor also continued to produce and characterize antiseraagainst a very wide array of antigens encountered in cancerresearch, and added a number of antisera to his inventory
during the year. These included new antisera against human
immunoglobulins, porcine gamma globulins, murine leukemia
virus, and feline leukemia virus. He also provided asensitive means for the identification of group-specific (gs)
antigenic activity by comparison of precipitin- bands formedin a counterelectrophoresis system.

The contractor is continuing to provide antisera specific forinterspecie-sr gs-1 !yp" antigen by two approaches:^ (1) puri-fication of immuniztng antigens aird (z) tlrough utiitzaiion
of the time-sequential response of the immuniZed host,
selection of a harvest time to sorrespond with the greatest
differential between the interspecies- gs antibody tlter andthe titer of other antibodies (notably gs-j antiLody).
Antibody titer is being measured by both counterelettrophoresis
ald complement fixation. studies in progress i-ndicate ttatthe immune response in swine remains ipe-ific for interspecies
antigens for about 50 days.

Goats, swine, rats, and rabbits are being employed as hostsf9, antigens used for the continued production br oncogenic
virus antisera.

significance to Biomedical Research and the proqram of the
Ins ffrui
[To?I[cEny the contract are vital tools in canc^er research.
The project functions in close collaboration with svcp
research projects and is felt to be of very significant
usefulness to the needs of the program.

Prgposed course: To continue development, characterization,
@of antisera and serolbgicai test systems.

Date Contract Initiated: June Z ,1963
Current Annual Level: $287, 045
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JOHNS HOPKTNS UNTVERSTTy (NrH 69-2008)

Title: Maintenance of a Flock of RIF-Free chickens

Contractor's Project Director: Dr. Frederik B. Bang

Project Off icer (NCI) : Dr. W. -Ray Bryan

Objectives: To maintain the sma11 "closed'f flock of leukosis-free white Leghorn chickens to supply fertile eggs for use inavian tumor virus studies and to continue devel5fment of apotential continuous chicken ce11 1ine.

Yaj or Findings: The twelfth generation of the original flockls now in egg production. Eggs are used in cell culture andavian tumor virus studies at Johns Hopkins university.
significance to Bionedical Research"and the program of the

in[E-ffiportant studies on iiian tumor viruses. There is norecognized continuing need for either this flock or ce11line in the SVCP.

Proposed Course: Terminate

Date Contract Initiated: March Z4 , 1969

Current Annual Level: $zz,so9

LIFE SCIENCES, INC. (PH43-68-711)

Title: Production of Germfree and Reagent Grade specific-
PfThogen-Free Animals

contractor'sJroject Director: Dr. wendall M. Farrow

Project 0fficers (NCI): Mr. John p. Kvedar
Dr. W. Ray Bryan

9ujecliIg:: To produce both germfree and specific-pathogen-free (sPF) animals for research. spF animals are miintalned
under environmentally controlled conditions which precludeintercurrent infection by pathogenic microorganismi orinfestation by parasites ana are referred to as "reagentgrade" hosts.

Yaj.or Findings: The contractorrs supply flock of SpF
l9y{osis-negative White Leghorn chickens, housed i{ a2600-square-foot area protected by a shower lock andrecirculated, filtered- air, now produces about 7s0 fertile
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eggs/week. This quantity represents a major increase in
production undertaken to meet increased program requirements.

Two smaller foundation flocks (designated as LSI-C68) of
pedigreed chickens are maintained in separate SPF cubicles in
the maximum security area. These pedigreed chickens are
continually monitored for freedom from viral and other
pathogenic agents and checked for egg production. Selective
breeding has produced two flocks of barrier contained, reagent
grade chickens with 75-802 fertility and 85-90% hatchability.
The results of these efforts are reflected in the quality and
quantity of the eggs and chicks from the production flock.
A production flock of Japanese quail consisting of 235 birds
continues to supply fertile eggs to SVCP users at a rate of
about 1100/week. In addition, it provides a steady input of
2L to 28-day-old quail to program. Representative sampling
of aged quaif in this production flock indicated that these
birds were freed of the usual avian pathogens. This outbred
quail flock is gradually being replaced by pedigreed,
isolator-derived, cubicle reared quai1. Within six months
pedigreed birds will compose approximately 50% of the
production f1ock.

An inbred pedigreed foundation colony of BaLb/c mice free of
all 1atera1ly transmitted viruses tested for continues to be
maintained. Two random bred production colonies derived
therefrom continue to supply certified SPF mice to certain
SVCP investigators. In addition, a foundation colony of
certified SPF NIH Swiss mice is being maintained as insurance
against loss to program of this valuable stock.

Significance to Biomedical Research and the Prograh of the
Institute: This contract serves as an essential supply of
em6ryonated eggs and day-old chicks to contract NIH 6-9-93,
which involves studies on Marek's disease as a model for
herpesvirus-associated oncogenesis. It also provides other
SVCP investigators with genetical.ly and microbiologicaLly
well-defined laboratory animals. The advantage of having such
animals is that oncogenic and suspected oncogenic viruses can
be administered to them with a minimal danger of interference
from other contarninating, adventitious microorganisms.
Therefore, research can be carried out upon animals with a
known and controlled viral flora, and ce11 lines can be
derived from these animals which share this same advantage.

Proposed Course: This service-type contract for the production
@ reagent grade SPF animals will be continued,
with the flexibili.ty of being reoriented as rapidly as possible
to meet changing needs of SVCP activities as they occur.

218



Date Contract Initiated: February 8, 1968

Current Annual Level: $416,806

uNrvERSrTy oF LoursvrLLE (pH43-66-902)

Title: Preparation of Simian Foamy Virus Reagents and Antisera

Contractorrs Project Director: Dr. Paul B. Johnston

Project 0fficer (NCI): Dr. Robert Holdenried

Objectives: To prepare and test reference reagents (virus and
, typescorresponding antisera) for the siinian foamy viruses

L-7 , and foamy virus from other laboratory species.

Maj or Findings: The seven types of simian foamy viruses and
antisera against them have been prepared, packaged, and
tested for homogeneity, potency, and purity. Although primary
or subcultured rabbit kidney ce11s remain the only satisfactory
"universal host ce11" for the propagation of all seven types
of simian foamy viruses, a normal rat kidney (NRK) cel1 1ine,
received from Dr. George Todaro of NCI, has supported excellent
growth of all foamy viruses except type 4. The NRK line was
subsequently used to prepare 3 liters each of types 5 and 7
foany vi:rus which were shipped to Dr. Maurice Green.

In tests to determine relationships between the simian foamy
viruses and viruses from other laboratory animals, it was
found that inoculation of PRK or BHK.2L/L3 ce1ls with Mason-
Pfizer monkey virus (M-PMV) did not produce syncytia after
prolonged incubation under conditions optipal -for detecting
syncytia of all seven types of foamy viruses. Antiserum
against M-PMV was devoid of neutra1-:-zin.g antibody against
foany virus type 5. In addition, none of the-seven foamy
virus antisera neutral:-zed feline syncytial virus.
Consultation and/or foany virus reagents are being provided
to other SVCP investigators on a regular basis.

Significance to Bionedical Research and the Program of the

ffiffiAdiTification of viruses and viral antibodies in primates
used for cancer research. The indigenous viruses of
laboratory primates pose husbandry problems, in addition to
contaminating test systems and compli-cating the attempts to
recover oncogenic virus from ti-ssues and tissue extracts. The
specific antisera may also be useful in suppressing the growth
of these adventitious viruses in -,,rimate tissue cultures.
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Proposed Course: The packaged foamy virus reagents now in 1ow
temperature storage will be checked for titer stability at
selected time intervals. This laboratory will also assist in
the detection of foamy virus contaminates on a referral basis,
as well as continuing to provide foarny viruses and antisera to
SVCP investigators.

Date Contract Initiated: June 13, 1966

Current Annual Level: $22 r 000

MELOY LABoMT0RIES (NrH-72-S202)

Title: Murine Mammary Tumor Virus Studies

Contractorrs Proj ect Director: Dr. John E. Verna

Proiect 0fficers (NCI) : Dr. Louis R. Sibal
Dr. Ray Bryan

Objectives: To propagate, concentrate, and distribute murine
mammary tumor virus (MTV) for collaborating SVCP investigators;
to perform immunological and biological assays for the de-
tection and quantitation of MTV; to develop improved methods
for the propagation and detection of MTV and MTV antigens; to
conduct studies on the control of neoplasia in the susceptible
murine host by vaccination with inactivated virus.
Maj or Findingl: The primary purpose of this contract is the
@uality reagenti fbr the study of the mouse
mammary tumor virus system as a model for the further
examination of the human breast cancer problem. The contractor
is purifying MTV from the milk of CjH mice by the"combination
of rate zonal and isopycnic centrif[gation. Purified virus
is ernployed in the following ways: (a) as a source of supply
to various SVCP investigators, (b) as a reagent i.n the HA,
HAI, and ID tests, (c) employed to produce MTV antiserum in
rabbits and guinea pigs, and (d) used in cell culture
experiments.

Purified virus and/or viral antisera and skim C,H mouse milk
have been sent to the following investigators: 'Dr. R. Gi-1den,
Dr. G. Todaro, Dr. G. Smith, Dr. W. Yoklick, Dr. A. Gazdar,
Dr. A. Rabson, Dr. D. Moore, Dr. P. Blair, and others.

Some additional studies that are associated with the contract
include the serological testing of human mild and human sera
as well as human and mouse tumor extracts and ce1I culture
homogenates that are received through the Project Officer or
that are generated through the developmental phase of this
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contract. These samples are examined for the presence of MTV
antigens or antibodies. Experiments are currently in progress
which attempt to demonstrate the specificity of the reactions
that have detected common or cross-reacting antigens or
antibodies in human milk and sera. Complement fixation assay
and protein analysis have been added to the capabilities of
the MTV assay laboratory and serve to supplement the present
assays.

A developmental phase of the contract is concerned with-the
establishment of an in vitro ce11 culture source of MTV.
Some preliminary data h5ile been accumulated which demonstrate
that MTV synthesis does occur in mammary tumor ce11 cultures.
The presence of hydrocortisone, prolactin, and insulin results
in an increased amount of virus synthesis as determined by
HA and HAI. Even though marked stimulation of virus synthesis
is observed in primary cultures in the presence of prolactin,
hydrocortisone, and insulin, the conditions under which the
positive ce1ls can be cloned to obtain a culture with a high
percentage of virus producing ce11s sti11 remains unresotv5d.
Experiments which are designed to preserve and stimulate
virus synthesis in the MTV positive cells are now in progress.

Sienificance to Biomedical Research and the Prosram of the

cancer among women. The finding of a virus, resembling a
Type B RNA oncogenic virus of mice, in the milk of a signi-
ficant number of women from high-risk breast cancer families
strongly suggests a possible viral etiology for this disease.
A major effort of the Special Virus Cancer Program will be
directed toward determining the relationship of viruses to -

human breast cancer. This contract was established for the
purpose of obtaining correlative information on the detection,
isolation, and propagation of a muri-ne mammary tumor virus,
because this is the only available animal model system in
which approaches to the study of viruses as a cause of breast
cancer in many may be developed.

Proposed Course: Purified MTV, viral reagents, and mouse
ffiue to be supplied as needed by SVCP i.nvesti-
gators. In addition, the biological and immunological methods
developed in this laboratory will be used in systematic
studies to develop further the mouse MTV system as a laboratory
model for breast cancer virus studies in man. Greater
emphasis will be placed on propagating this virus in tissue
culture and on in vivo infection of ce11s in cultures. It is
anticipated that t-hrinformation gained from these studies will
be applied to human breast cancer studies.

Date Contract Initiated: December 30 , 1965
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Current Annual Level: $688 ,272

MEMORIAL HOSPITAL FOR CANCER AND ALLIED DISEASES NIH- 7 L- 2LL6

Title: Acquisition of Human Materials for use in the searchfor Transmissible Agents in Human Tumors

Contractorrs Project Director: Dr. yashar Hirshaut
Project Officer (NCI): Dr. Jack Gruber

oo**"- ," gather sera and tissues from patients withilhois-IE-ue used in the search for tumor-sp"tific antigens
and human oncogenic viruses.

Yuigllil4irys: The tumor procurement program at Memorial
Hosprtal for cancer and A11ied Diseases was established on
March l, l97r under contract with the special Virus cancerProgram. rt operates as an independent administrative unitca1led the Tumor Procurement Center, but is closely affiliatedwith the clinical rmnunology service of the Department ofMedicine, Memcrial Hospital. In the first j mbnths of itsexistence, the administrative groundwork for the program was1aid, -a.competent staff was hiied, and arrangements *ere madefor efficient tumor collection and data proc6ssing. Operationsbegal on June 1-, l97l- and since that tim6, near1y"s000 serum
specimens have been collected, s91 surgical casei have beenscreened, 764 tumor samples have been lathered, and 6geffusions -obtained. Numerous sarnples [ave been distributed
t_o investigators in the svcp, inciuding Drs. Hidesaburo
Hanafusa, David Yohn, so1 spiegelman, Robert Ga11o, Harry
Eag1e, and Anthony Girardi.

9ignificance to Biomedical Research and the prograin of the

made-ffi the study of oncogenic animal^ virirsei. unfortun ately,
human studies have frequeitly been liniteJ uy trre iait ofsuitable materials to be used in virus isolation and detectionattempts. The procurement program at Memorial Hospital for
cancer and Allied Diseases in New york city provid^es
cooperating- investigators with sufficient numbers of specimensfrom tumor-bearing pa!ients to permit them to undertak^eintensive studies of the possibie viral etiology of human
cancer.

Proposed couTse i rn the coming year, a modest expansion ofthe progran is foreseen to take greater advantage- of theextensive resources of Memorial Hospital. with-the experiencegained in the first contract year, it should be possibie toservice additional investigators. The close coliaborative
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relationship between the procurement program and participating
investigators has assured that the materials provided are
optirnal for the needs of each laboratory. It is hoped that
these associations will be strengthened in the future.

Date Contract Initiated: March L, I977

Current Annual Level: $95,000

uNrvERSrTy 0F MTcHTGAN (PH43-6s-639)

Title: Collection of Leukemia-Lymphoma Specimens

Contractor's Project Director: Dr. Chris J. D. Zarafonetis

Proiect Officers (NCI): Dr. Paul H. Levine
Dr. Ernest J. Plata

Objectives: To collect and distribute specimens and infor-
mdTi-offi-rn patients with leukemia or lymphoma.

Maj or Findings: The maj or efforts of the contractor have been
ffi procurement of specimens, evaluation of
special clinical situations, and computerizatj-on of the
Simpson Memorial Institute Serum Bank. The first phase of the
computerization program, which was undertaken to provide
immediate and accurate information on the location and
availability of specimens in the Serum Bank, was completed.
The core data for 25,077 specimens have been keypunched and
d program which interdigitates with PAC has evolved.

Over 4r000 serum specimens have been collected during the
past year, along with various tissues from patients with
breast cancer, American Burkitt's lymphoma, leukemia, Hodgkin's
disease, reticulum cel1 sarcomas, lymphosarcomas, and malignant
lymphomas. Recipients of these samples have included Drs.
Spiegelman, Terasaki, Herberman, .Levine, Ga11o, Aaronson,
Todaro, and numerous others within the SVCP.

Significance to Biomedical Research and the Program of the
t

fi:FormaEfon on the cases is paramount in the achievement of a
najor goal of the SVCP, i.e., to identify, rescue, character-
ize, and propagate a candidate human cancer virus. Large
volumes of leukemic ce11s are necessary for the biochemical
characterization of the polyrnerases present in these ce11s,
and a large number of tissues will be necessary to keep up
with the biochemical dernand. In addition to helping meet
this need, the contractor is also collecting a large number
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of sera for the svcP serum bank and has been able to meet newrequests for a variety of specimens for svcp investigators.
Proposed Course: Continuation

Date Contract Initiated: June

Current Annual Level: $98,098

Title: Establish and operate a BAtB/c Mouse colony

: Mr. Ilrilbur Athey

Project Officer (NCI): Mr. Samuel M. poiley

Obj gctives: To pr-ovide BALB/c mice for laboratory investi-gations supported by_the svcp, primarily for virui bioassayson Contract 43-67 -69Z .

Major Finlings: The contractor has provided the maximum
numbers of mice that can be produced- in z,soc cages. A11regulations -of The Institute for Laboratoiy Animll Resourcesare followed carefully.- Requests for animils based on oge,sexr.weight, suckling litters, or breeders, etc. have be6n'consistently met.

Production under this colony- has_ been increased. to ful1yutilize the capabilities of-half an animal building (10'50
square feet) at wa1kersvi11g, Maryland. productioi duringtI" nelt year should yield 60,000 to 65,000 weanling miceplus the necessary pregnants for the program. This-maximumyield will be posslbre-on1y if the majorfty of mic"e are used.at weanling ?ge. sigaificant requirements' for o1d.er agedmice will reduce the total number produced.

The results frorn the installation of a metering d.ispenser toacidify the water to a pH of 2.5 have not been"conciusivebut should show positive results during the next contractyear. The serologic testing for a batlery of murine virusesis scheduled on a quarterly-basis as diretted. At the lastregular test, .a11 sanples were serologically negative to allvlruses tested.

significance to Biomedical Research and the proeram of the
sE[ffifes models for human cancer viruses. ftre availabilityof high quality BALB/c mice is important for "rr"y oi-tt"r"viruses as well as for other studies in viral or.lrg"rr";i;:-
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Proposed Course: Mouse
current 1eve1.

Date Contract Initiated: June 16, 1966

Current Annual Level: $64,000

MICROBIOLoGICAL ASSoCIATES, INC. (pH43-67-700)

Title: Development of Laboratory Animal Virus Diagnostic
ReEgents and Services

Contractorrs Proj ect Director: Dr. John C. Parker

Project Officers: Dr. Robert Holdenri.ed (NCI)
Dr. Wallace P. Rowe (NIAID)

Obj ectives: To develop reagents and tests for the detection
of murine and other laboratory rodent and cat viruses; to
apply these and other tools in the determination of the impor-
tance of the indigenous viruses in experimental systems; to
study means for elimination of viruses from laboratory animal
populations. An additional collaborative study to assist in
the characterization of the gene-dependent expression of murine
leukemia was initiated in August L977 and continues.

Major Findings: This contract project provides to the NCI a
@ighly skilted murln6 virus diagnostic
laboratory. In the year ending September 30, L97L, 5,467
serological specimens were received and 52r580 tests performed.
In addition, indirect tests (mouse antibody production) were
performed on 116 specimens. The laboratory has the capability
of performing serological test detecting infection with 32
known viruses or closely related groups of viruses.

To assist with the viral definition of cats to be used in
cancer research, ropid diagnosis tests for L7 cat viruses
have been developed and assayed for sensitivity. These
serological tests involve either complement fi-xation or
hemaggluti-nation-inhibition procedures. Microneutralization
assays were also developed for each of the cat viruses.
These test systems are applicable to identification viral
isolates or antibody.

Lynphocytic choriomeningitis (LCM) virus, which may cause
serious disease in humans, continues to be of concern to
research laboratory personnel using rodents. Collaboration
studies revealed a significant i-ncidence of infection in wild
house mouse populations in Southern California where these
mice are being utilrzed in a contract cancer research project.
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A high incidence of LCM virus infection was also found in a
commercial laboratory mouse production colony. The contract
personnel assisted the producer in determining the extent of
infection, preparing serological diagnostic reagents for use
in another iaboratory and in alerting mouse-using laboratories
about the potential health hazard to their laboratory
personnel.

Virus diagnostic reagents were prepared and certified for use
on the in-house serological service program and research
studies, for both the American Type Culture Collection and
the ltiorld HeaIth 0rganization vi-rus reagent program, and for
distribution on SVCPTs request.

A natural history study of the mouse thymic virus, a herpes-
virus, was initiated. With the development of complement
fixation and fluorescent tests for this virus a major
impedirnent .to progress was overcome. The virus was detected
in one of three mouse colonies examined to date. The effect
of infection on immune functions particularly in relAtion to
leukemogenesis is being investi-gated.

The preparation of monotypic homologous antisera in cats to
6 cat viruses was completed. The results of an investigation
on the relationship of the cat picornaviruses will be presented
by Dr. Parker at a WHO meeting on viral nomenclature.

Significance to Biomedical Research and the Program of the
CI

wffm[e ability to monitor laboratory rodent and cat colonies
and laboratory animal-produced viral reagents and tumors which
have resulted in the production of highly character-:-zed.
systems for cancer research. This contract provides assistance
and guidance of particular importance for the detection of
LCM in rodent systems. LCM virus, in addition to being
infectious for humans, is difficult to detect. Significant
contributions are being made to the knowledge of the natural
history of several. indigenous viruses of laboratory animals.

Proposed Course: Continue the rodent virus serodiagnostic
service and develop a similar service for cat viruses.
Improve the sensitivity and reliability of the tests. Apply
the information developed to reduce and control viral
infections in laboratory animal colonies and materials derived
from animals.

Date Contract Initiated: April 10, 1961

Current Annual Level: $450,000
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MONTREAL CHTtpREN' S HOSPITAL (pH43-65-1020)

Title: Procurement of Normal and Leukemic sera from children
Contractorrs Project Director: Dr. Ronald L. Denton

Project Officer (NCI): Dr. Paul H. Levine

Objectives: To obtain sera from a variety of pediatric
oncology p?!ients,, family members, and controls for virologic
study; to identify special cases for more extended workup.-

Yaj or Findings: Serum procurement during the last year
Incrudaf coTlections from 4r new cases oI acute leui<emia,
solid tumor, 58 family members and 22 controls. 46 followup
samples were obtained. from previously studied patients.
Among the 92 other specimens collected, special attention was
given to a new American Burkittfs lynphoma patient, two
patients with osteogenic sarcoma, a patient with malignant
histiocytoses, and one with a congenital lesion (Birdman
syndrome) associated with acute leukemia. In addition to
the L243 vials of serum and plasma that were transferred to
the Flow Laboratory serum Bank, the majority of the specimens
collected by the contractor were sent to Dr. R. Gal1o,
Dr. S. Spiegelman, Meloy'Laboratories, and Bionetics Research
Laborat iries .

Sienificance to Biomedical Research and the Pro am of the
nstitute: ls contract 1s one o e program s prlmary

suitable,
SVCP for
supply be

sources of serum from leukemic children and from
normal controls. The increasing need within the
samples of this kind makes it essential that the
continued to satisfy research requirements.

Proposed Course: Continue to collect serum specimens, espe-
@ected1eukemiapatients,foridentiricitioirof host factors associated with long-term survival.
Date Contract Initiated: September 24, 1965

Current Annual Level: $30,000

uNrvERSrTy OF pApUA (pH43-68-1389)

Title: Collection of Human Tissue Specimens

Contractorrs Project Director: Professor Giovanni Dogo

Project 0fficer (NCI): Dr. Robert H. Depue, Jr.
Dr. Charles Itr. Boone
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Objectives: To establish fibroblast cultures from skin
5lopsieFTaken from inbred and isolated human donors and to
provide these cultures to NCI for use in research programs.

Major Findings: Skin biopsies have been obtained from inbred
@opu1ationsintheDo1oniteMountainsinIta1y
and have been grown in tissue culture. A sample of each
culture has been sent to NCI; in addition, blood samples have
been procured from each donor, and family trees going back
to the fifth or sixth generation have been established for
each individual. The contractor is presently using the
geneological information to identify subjects belonging to
family groups having a high incidence of neoplasia.

Sienificance to Biomedical Research and the Prosram of the
sies

wI[TE-[sed in a project to detect human oncogenic viruses
in vitro and to determine the significance of the transfor-
lnati6n test to oncogenesis.

Proposed Course: To collect and culture human skin biopsies
as previously, along with genealogies.

Date Contract Initiated: October 27, L964

Current Annual Level: $8,000

CHARLES PFTZER AND COMPANY, INC., (NIH-70-2080)

Title: Tumor Virus Research

Contractorrs Project Directors: Dr. J. J. Oleson
Dr. Sami Mayyasi

Project 0fficers (NCI) : Dr. Jack Gruber
Dr. W. Ray Bryan
Dr. Roy F. Kinard

Objectives: Provide research and services related to the
isoIffin, production, purification, assay, and control of
tumor viruses, including electron microscopy, tissue culture,
and irnnunology applied to the study-of animal and potentially
oncogenic human viruses.

Maj or Findings: Recent advances have markedly increased the
requirements of the SVCP laboratories for larger quantities
and varieties of high grade, specifically prepared virus
materials for biochemicat., biological and immunological
studies. New C-type viruses, of great interest and priority
to the program, must be made in suffi-cient quantities for
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in-depth studies. The contractor has res-pond.ed by increasingproduction 1eve1s s0% to 600L/week,. modifying a tlboratoryinto. a high containment production/researlh iacility,purchasing additional centrifuggs, hoods and other i:quipmentand transferring personnel to tfrii contract.
A. total of 6,205 liters of fluids containing virus.was produced.these pas-t 16 weeks of which STeo was mammar! viruses and s2%was Rauscher leukemia virus.
The RD-1148 sarcoma virus 9e11 lgne, received late in December,
has- grown well and currently is being produced at 45 liters/week. The contractor plans'future slaie-up to 100 literspending installation of new centrifugation apparatus forfurther purification proggssing. PrSliminary^v.irus growth
and characterrzation studies have shown that several-different
human ce1l lines are susceptible to iniection with thisvirus. These results encourage attempts to develop an assayfor tissue culture infectivit!.
rmportant new information and technology have been developedwith the R-35 mammary tumor virus, conlbrning stability,purification, cel1 transformation, tumor celI and virusmorphology, antigenic 

- 
characteri zatton, bioassay systems andbiochemical characterization.

Comparisons of the reverse transcriptase (RDDP) activities andhigh molecular weight RNA content iir virui conienti:ates aftervaried growth,-harvest, and purification conditions now guideattempts to make high quality M-pM and Rauscher viruses forbiochemical experiments. with some ce11 culture lines the
RDDP content of virus produced has been shown to be a functionof the culture transfer history.
Two new simian lymphoma and sarcoma viruses have been receivedand the contract6, plans to produce lirnited amounts of each.

substantial improvements in biohazard control have been
achieved with the introduction of new operational proced.ures,
equipment and personnel indoctrination.
Electron microscope services were provided. for svcp investi-gators and also supported the contiactor's activities.
significance to Biomedical Research and the program of the
supporETo individual investigaiors thereby naking iorribleresearch which could not otheiwise have bebn undeltiken. Theresearch conducted in the contractorfs laboratories haslargely been directed to improving the quality of materialsupport to different research actlvitied.
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Proposed Course: The production of virus and cel1 materials
@ertinent research will continue.

Date Contract Initiated: November 6, 1961

Current Annual Level: $1,685,821

sT. JOSEPH'S HoSpITAL (NIH 69-2074)

Title: Study of Human Sarcomas and Their Possi-ble Viral
Etiology.

Contractorrs Project Director: Dr. Jeno E. Szakacs

Project 0fficers (NCI): Dr. Albert J. Dalton
Dr. Roy F. Kinard

Objectives: To find and supply fresh human sarcomas or other
Tulnors wffich contain EM evidence of v.irus particles, and to
atternpt to establish ce11 cultures from some of these tumors.

Major Findings: Continuous tissue cultures established from
ffi collected from Tampa Bay area hospitals are
being surveyed for virus particles by electron microscopy
(EM) . Of the eighty sarcomas collected during the year,
forty-four cultures are now available for study which range
from first to twentieth passage cultures. Each second passage
is surveyed by EM.

During the latter part of the year, experiments were undertaken
to induce chemically the appearance of virus particles in
some of these cultures. At least one of the cultures thus
treated has yielded virus particles, identification of which
is currently underway.

Methods of tissue culture in the contractorrs laboratory have
been refined in order to permit the preferential cultivation
of well-characterized tumor cells. Cloning and other new
methods of handling the cultures were applied to this problem;
in addition, immunofluorescent studies of the cultures were
extended further.
A total of twenty tissue cultures derived from human sarcomas
and 265 serum samples were shipped to NCI during the year.
Serum collection, both for the sarcoma project and for Serum
Bank projects, is continuing.

Sienificance to Bionedical Research and the Prosram of the
nst]-tute: s 1s an important proj ect concerne with t

SeErctr-Eor viruses in hunan tumori. Extensive and careful
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examination, by-electron microscopy, of a large number of
human tumors and ce11 cultures estbUfished fr5m these tumorsis essential in determining the viral etiology of cancer.

Proposed loqrge: A11 sarcoma cultures in the contractor's
possession will be placed under chemical induction, andisolation and characterization will be attempted on all virusp?rticles so obtained. The collection of saicomas, casehistories, and sera will continue. As volume increases,
tumor tissues will be made increasingly available to svCpinvestigators.

Date Contract Initiated: June 24, 1969

Current Annual Level: $108,315

SOUTHWEST FOUNDATION FOR RESEARCH AND EDUCATION (NIH 69-2011)

Title: Housing and Maintenance of a Chimpanzee Colony

contractor's Project Director: Dr. seymour s. Kalter
Project Officer (NCI): Dr. Roy F. Kinard

chimpanzees to SVCP investigators.Obj ectives : To supply young

will be maintained as
to be supplied to

Yaj or. Findi-ngs: The animals maintained under this contract
have been in generally- good health during the year despite theoccurrence of"two aeattrl and several individual illnesses.Five infants (three-males, two females) were b_o{n during thisperiod, one of which, a fenale, was sent to Bayior Medifalschool along with an infant maie and an infant female bornlate in 1970.

T|" chimpanzee colony now comprises the following animals:tiT breeding ag9_females, one breeding age ma1e, one juvenile
male, two-juven.ile females, three infint-malesr'and two infantfemales, for a total of 15 animals.

significance to Biomedical Research and th_e prograrn of the
atoryanimal-nost similar io humans, bibchemically and immunologi-cally. Newborn chimpanzees are particularly useful indetermining suscept:.birity to suipected humin cancer viruses

because their resistance to virus- infection is very 1ow.This is the only source of newborn chimpanzees for'the svcp.

Proposed Course: The chimpanzee colonv
ffiorn animals^ will cont:.nireinvestigators within the SVCP.
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Date Contract Initiated: ApriL 25, 1969

Current Annual Level: $25,ooo

UNTVERSITY LABOMToRIES, rNC. (PH43-66-1135)

Title: Production of Oncogenic Viruses and Antisera

Contractorrs Proj ect Director : Dr. Eugene H. Bernstein

Project 0fficers (NCI): Dr. Robert Holdenried
Dr. Robert Bassi-n
Mr. Gary Armstrong

Objectives: Production of leukemia and sarcoma viruses and
antisera.

Maj or Findings: Within the year immediate SVCP needs for
ffited from BALB/c mouse tumors, and the Moloney
leukemia virus (I.C. strain derivation), harvested from BALB/c
mouse spleens, were met and_prody.Iion was suspended. These
viruses, in storage at the Flow Laboratories repository, are
issued upon request to research projects. The production of
mouse antiserum to MLV was also completed. This serum has a
highly specific neutralizrng titer for MLV. The production
of Rauscher leukemia virus, which is harvested from the plasma
of infected mice, has been initiated and i-s proceeding at
the rate of about 400 ml. per monlh. Virus particle count
by electron microscopy (EM) is LO7 particlesfm1-l, bqt assay
of the virus on S+L- cells yields a titer of 10r-10+ focus-
forming units/m1.

Cat leukemia virus (F-422 of Rickard) production was initiated
in a continuous line of thymus ce1ls and continues at the
rate of about 4,500 ml. of culture fluid per month.
Examinatign of the fluid by EM reveals a particle count of
about 1010 particles/m1.

Several avian viruses are being produced in ce11 cultures.
Rous sarcoma virus (Prague strain) is produced in the largest
volume, about 25 liter.s of culture fluid per week. After
being pelleted and resuspended, the virus is issued at 100X
its original concentration. Production of Rous-associated
virus 7 (MV-7) terminated in December and RAV-2 rs now being
produced in its p1ace. The production rate is about 2 liters
per week.

Significance to Biomedical Research and the Program of the

Vlru5es 'and antisera produced by this contractor has been

232



extensively used by svcp researchers and is essential to thecontinuation of many important research projects presentlybeing carried out in the program.

Proposed course: The contractor has largely shifted fromproduETng--virus in animals to celr cultuie propagation.
Production of needed strains of oncogenic viruiel and theirantisera will continue in volumes necessary to meet svcpresearch needs.

Date Contract Initiated: June 4, Lg62

Current Annual Level: $322,140

WOLF RESEARCH AND DEVELOPMENT CORP NIH 71- 227 0

Title: Computer Services

Contractorrs Project Director: Dr. I,{i11iam We11s

Project Officers (NCI): Dr. Deward E. I{aggoner
Mr. Theodore Weiss

objectives: The major objective of this contract is theimpffienmtion of a- computerized central inventory system forthe various resources of the svcp. The system now beinginstalled embraces a number of institutional repository sub-
systems contributing to the central base in the program
Analysis and communications 0ffice (pAC) . Each comfuter ized
subsystem is used-at a given resource repository to inventorythe items produced or stored at that locition. 'since thetypes of resources at the various resource banks di.ffer inkind, the subsystems all differ to some extent. They are,however, all designed to contribute compatible information tothe central system in PAC, thus forming-the base for a
program-wide central inventory and control.
The resource bank subsystems are also used at storage sitesfor controlling materials in functions unique to ealh institu-tion, and this contributes to the detailed-differences. someof these secondary functions include catalog production, 1oca1inventory, and retrieval of clinical infornition.
MajoT Progre:s: A thorough systems analysis, documentation,ald integrati,on of aLL ongoing computer data processing ofthe serum bank operations-in PRc w-as compiled-and repr5ducedin a single manual (PAC I). rn addition to its use is a
compact operating manual, this served as a security measure,insuring future continuity of operations with the possibiliiyof personnel change in a complei data milieu
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The serum bank inventory system was then redesigned to include
all other human specimens (especially tissue and ce11 lines).
It was further expanded to include a wide array of clinical,
laboratory, and denographic information on specimen donors,
parameters expected to be useful in the selection of specimens
and in interpreting results of virus laboratory testing.
Extensive documentation of the new and expanded system (PAC II)
was reproduced as an operating manuaL. }t/hile the compact
computer systems therein will have greatest use in rnanaging
the Washington area specimen banks, they are designed to adapt
to any institution contributing to the SVCP human resources.
Compatibility of information codes and operating format
between SVCP Bethesda and cooperating institutions is an
integral principle of PAC II.
Wolf Research and Development has completed, in collaboration
with SVCP personnel, the following work in repository
subsystems:

1. University of Michigan. Management studies were conducted
for operation of the serum bank at Simpson Memorial Institute.
Systems were designed, personnel trained, and descriptive
data on 26,000 human specimens added to the PAC serum bank
inventory.

2. Naval Biomedical Research Laboratory. Systems were
stud iiosal for automation
of the ce11 culture repository submitted.

3, M. D. Anderson Hospital. Conversion
the the new PAC II
format is underway

of the data concerning
central inventory

Sisnificance to Biomedical Research and the Prosram of the

vJ-ruses, sera, tissue cultures, human specimens, and other
materials used in cancer research makes it vital that close
control be exercised over these resources. Computerization
of the inventory will eventually nake it possible for the
Office of Resources and Logistics to rapidly obtain information
necessary to determine availability, location, quantity, etc.
of all resources within its jurisdiction, thereby permitti.ng
rapid response to the needs of the program while avoiding
resource excesses or shortages.

Proposed Course: The contractor will extend and refine the
ffiry System. Efforts will include the imple-
mentation of the Query capability and the development of a
program to select control specimens rnatched to the character-
istics of selected study specimens. Work on subsystems will
include: addition of further data from M.D. Anderson to the
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NCI data base; proposal and implenentation of a system for
Memorial Hospital (N.Y.); addition of data on reagent
production from Huntingdon Research Labs. ; and integration of
the NBRL system into the NCI system when funded.

Date Contract Initiated: May 3 , - L977

Current Annual Level: $L27 r500
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BIOHAZARDS CONTROL AND CONIAINMENT SEGMENT

Dr. Alfred fel.lnan, OASDVO, DCCP, Chalrnan

l{r. I{11111!0 Emett Barkley, OASDVO, DCCP, VLce
Chalruan

rrrE DoI{ CHBMTcAL coMPANY (PH 43-65-1045)

Tltles Reeearch and Development of Blohazards
Contalnment Facllltleg

Contractorr 8 Prolect Dlrector!

Protect 0fflcer (NcI): Mr. W.

Mt. CyrlL B. Henke

Emmett Barkley

Ob { ectlves t

-

1. In collaboratl.on wlth the NCI Offlce of Blohazards
and Envlronmental ControL, the contractor performs
Blologlcal Safety and Envlronmental Control aurveys of
SVCP cortractor operatlong to evaluate laboratory
practlcegr 88fety equlpnent and facllltlee and to
as8e8s the ef,fect of contractor operatlons oo
laboratory eafety and envlronmental qua1lty.

2, The contractor assists the Offlce of Blohazards
and Envlronmental Coutrol ln the preparatLon and
dleeernmlnatlon of safety equlpment Bpeclflcationst
facl11ty desl.gn criterl.a, operatlons guldellues and
abfety procedureg. The contractor also prepareg
englneerlng deslgn drawlngs and speclflcations for
contalnBent syatems requlred to ueed speclflc program
needa.

3. The contractor operatea a safety equlpnent
certlflcatlon prograu to aaaure safe operatLon of
SVCP safety and contalnment equlpuent.

4, fhe contractor asslsts the Offlce of Biohazards
and Envlronmental Control ln the revl.ew of plans and
apeciflcattona for SVCP renovatton and new faclLtty
conatructlon projecte.

MaJor Flndlnge: The contractor partlclpated ln ten
b{ologlcal safety and envl.ronmental control surveyg
and has developed slgnlflcant recomuendatlons to
luprove the envlronuental quaLity of SVCP laboratory
oPeratlooBr Survey fol1ou-up actlvLtlee helped to
ell,nlnate potentlal safety and envlronmental control
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probl.eme experienced by a few of the contractor6
surveyed. The followlng exarnples hlghLtght these
actlvLtlee! (1) containEent aystema were deelgned
to elluLnate potentlal hazards asBocl.ated wlth
oncogenl.e vlrue produetion, (2) recommendations for
luproved eafety operatlon of the K-II cent,rlfuge
were developedr (3) recornmendatl.ons for lmprovlng
quallty control practLees of vlrus productl.on
actlvl.tles were developed, (4) certlfication of
ln-uae blologlcal safety equtpment was perforned at
the naJority of survey sltes.

The contractor agslsted NCI ln the development of
mlnlnum atandards for blologlcal safety and
environuental control.

Slgnlftca o Blonedlcal Research and the P ram
of the -Instltute r Thls contract contrl.butea
blologlcal eafety and envlronmental control expertlBe
to the SVCP. Thl.s expertlse 1s used to lmprove the
quallty and safety of the cancer reaearch laboratory
environment. The contractor functlons aa an l.ntegraL
part of the NCI 0ffice of Blohazards and Envlronmental
Control.

Propoged Coursel The contractor w111 continue to
provlde techntcal aseistance to the SVCP contractors
on problems of envlronmental control, personnel
eafety and product protection. The contractor wtll
partlcipate on approxirnately twenty-flve Blohazatd
Safety and Environmental Control su4vdys. Plans
for expandlng the contractorrs englneerlng dealgn
and revlew support actlvltles wllL be lnltlated thle
)Gato

Date Contract Inltlated ! June 25, 1965

Current Annual Levelr $200r000
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or{r0 ST-ATE _uNrvERSrrY (PH43-55-1001)

Title: Biohazard Control and Containmer:t in Oncogenie Virus Research

Cojr_tractorf s *Eroject_Dir-ecto_r: Dr. D. Yohn

Pr_g_lqg.lq_Officers (NCI.): Dr. A. Hellman
Dr. A. K. Fowler

O.bjec_tives: The purpose of this research program is to el-ueidat.e
ihe possibLe hazatds to man and animals from exposure to oncogenic
viruses and their infectious nucleic acids. In addition the
possibility that animal hosts are able to respond imnunologically
to their homologous oncornaviral antigens is being investigated and
efficacy of various vaccine preparations is being tested.

Major Fin{LLn€s: A11 the virus parenteral and aerosol experi-ments
have been completed. Three of eight groups of anlmal-s exposed to
infectious nucleic acid remain in experiment. These include:
137 Swiss mice injected subcut.aneousl-y, LAz newborn and l-02
thymectomized weanling mice exposed by the aerosol- route, and 19
newborn and 82 weanling thymeetomi-zed PD4 hamsters also exposed
to an aerosol of iniecti-ous nucleic acid. A11 the remaining
animal-s have been necropsied, gross lesions examined histologically,
and termi.nal- sera from the J-ast groups are currently being test,ed
by iurmunofluorescence'for the presence of SV4g T-antibody. In the
parenteral studies we have demonstrated, that infectious SV46 DNa
prepared from our semi-purified virus is oncogenic and that the
subcutaneous route is more sensitive than the intracerebral- route
for challenge with either virus or nucleic acid. There were,
hornrever, fewer tumors in animal-s injected with infectious
nucleic acid than those receiving whole virus. No tumors have
appeared in the mice injected with SV(Q infectious nucleic acid,
No new tumors have developed in the aerosolized hamsters and mice.

In general, all the groups of hamsters and miee show evidence of
infection by the presence of SV46 specific antibody. The control
hamsters and mice are negative. A11 the tumor bearing animal-s in
the parenterally injected groups as well as some non-tumor bearlng
animals have T-antibody.

Feline Leukemic llorizont.al Transmission:

1. Intranasal transmission - The experiments demonstrating that
felj-ne leukemia is transmissible by a single intranasal
inoculation of neonatal kittens are completed. One of 4
gnotobiotic kittens inoculated intranasally with FeLV in a
final experiment to corroborate previous data has died of
lymphosarcoma at 397 days of age. The remaining 3 cats are
alive and free of cli-ni-cal disease at 45 days of age.
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1.

Feline Virus Vaccine:

Inrmune reactivitv of cats - This portion of the study, the
definition of the irrmune response of the normal cat and cats
with feline leukemia, was begun under the concept that the
understanding of the pathogenetic mechanisms in fellne
leukemia, including response to an j-naetj.vated virus vacclne,
would be aided by such knowledge. The objectives included
identification, separation and purification of the
in'munoglobul-in classes of the cat and guant,itation of these
classes in normal and leukemic cats of various ages. A1so,
humoral- and cel-l-ular inrmune response would be evaluated
following'injection of sheep red blood cells (rbc) and
applieation of allogenic skln grafts respectively to test
for possible immunodepression in the leukemic cat. Finally,
kidneys were to be evaluated by inrmunofluorescence for
deposition of feline gl-obulins suggesting lnmune complex
deposition.

IgG has been isolated from cat antiserum to sheep rbc.

IgM eeparation has been accomplished using preparative
ultracentri-fugation and molecular sleve chromatography"
Pool-s of saliva and tears from several cats stimulated
with piloearpine have been'collected and concentr,ated
for IgA separation and purification.

Preleukemic disease and irrmunosuppression - Thls investigatlon
istologlc alterations

in lymphoid tissues, and bone marrow of preJ-eukemic cats and to
correlate these data with al-terations in cell-mediated
immuni-ty. Twenty speeific - pathogen-free (SPf) cats have been
inoculated with feline leukemia virus. Al-1 cats inoculated
with this viral stoek can be expected to develop lymphosarcona
by 120 days of age. Twenty uninoculated control SPF cats
serve as age-matched control-s for the study. Striking thynie
atrophy is manifest at 5 weeks of age at which time the mean
thymus weight of preleukemic cats is L87" of control. Atrophy
of the thymus is associated with a marked deflciency in cell-
nediated inrmunity. FelV-infected cats evaluated thus far
(fron 5 to l-1 weeks of age) have significantl-y impaired
capacity to reject. cutaneous allografts from the same donor.
Allograft rejection is stil-l- i.ncompl-ete at 2L days post
grafting.

The onset of lynphosarcoma occurs at 8 to 10 weeks of age and
is manifest by appearance of significant numbers of lnrmature
lymphoid ceIls in the bone marrow and by mesenteric
lyurphadenopathy. Large lymphoid cel-ls aecumulate initiatly
in the deep cortex and proximal medul1-ary sinuses of the
mesenteric lymphodenopathy.

2.
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Data collected to date support the working hypotheses that
1) thymic atrophy and impai-red cell-mediated irrmunity
precede the onset of feline lymphosarcoma and 2) lymphosarcoma
cells may originate in the bone marrow where they can be
detected at or before the onset of the characteristic lesions
of lymphosarcoma in lymphoid tissues. These manifestations may
prove to be important early signs of the disease. They nay
permit a rapid preliminary diagnosis, therefore aecellerating
the evaluation of treatments such as vaccination, etc.

3. Vac.g,ine,developmept and gvaluation - Objecti-ves and
experimental outline-killed virus vaccines prepared against
the feline leukemia and sarcoma viruses are being anal-ysed
to determine their effectiveness as a means to prevent
neoplastic disease in experinentally challenged cats. Results
of this study nay yield i-nformation concerning the feasibility
and possible use of oncogenic virus vaccj-nes in other species
including man.

Evaluation of vaccine effectiveness is being determined in
vivo_ by challenge wi-th oncogenic sarcoma virus preparations
and in vitro by neutralization of observed feline sarcoma
virus cytopathic effects.

SigErificance to Biomedical Rgsearch and the Program of the Instituge:

I(nowledge as to the hazard associ-ated with virus and infectious
nucleic acid transmission and crossing of species barriers is very
important in the evaluation of risk where working with tumor virus
and their nucleic acids. The devel-opment of a proto-type vacci-ne
(feline) against a tumor virus in a random bred animal- population
will pernit one to assess the feasibility of using such prophyl-actic
measures in the control of human malignancy that possibly is induced
by virus. The rather high natural incidence of. such an etiologically
associated disease in the cat makes this a very exeellent model,
which may be used as a human simulant. control of this disease in
the feline would suggest that it is feasibl-e to accomplish this in
man if a human tumor virus of sufficient range were found. Methods
of extraeti.ng, processing and utilizing antigens from such viruses,
which could be certified to be free from any genetically
transmit,table i-nformation would be a significant and very important
step in permit,ting the licensing of such a future vaccine.

PropoSed.Course: In order to develop a model system to study the
susceptibility of a host to coneurrent infection and cross infection,
the cat, model is being devel-oped. We plan to study this animal
as one would humans on ehemotherapy, in order Lo determine his
capacity for antibody synthesis, response to chemotherapy,
enhancement of nalignancy by inmunosuppression and look at. the
significance of hormonal imbalance in the development of malignancy.
Both cellular and humoral immunologic responses will be investi-gated.
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Date Contract Initiated: June 22, L96s

Current Annual- Level: $257 r570
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NAVAL BTOLOGTCAT LABOMTORY (rS-57)

Title: Studies of Environmental and Physiological Factors
Influencing Virus-Host with Interacti.on

Contraglorrs Projeet Directors: Dr. R. L. Dimnick
Mr. M. A. Chatigny

Project Officers: Dr. A. Hellman
Dr. A. K. Fowler
Mr. W. E. Barkley

Objectives: This contract has three objectives, they are:

1. Virus laboratory hazards evaluat-Lon. The objective of this
section of the proposal is to eval-uate the extent of possib1e
hazards involved in biochemical and biophysical procedures
used in virus-tissue culture laboratories.

2. Studies on environmental- effects on phy+cal and

section of the proposal j-s to provide survival data of both
ttmodel-" and oncogenic viruses as related to environmenEal
paramet.ers (e.g. temperature, RlI, RII changes, and trace
chemi.cals - decontaminants) for use ln Sectj-on 1, and to
evaluate the importance of end-spectrum (0.1 to 0.5 *lr)
(5 to 1-5 np) particl-es on virus-host interaction considering
both the hazard to humans and animal-s and the potential for
cross eontami-nation.

3. Host-virus interactions. The objective of this section is
fse1ectedstresssituations(physio1ogica1

as by hormonal imbalance, immunological as by concurrent infection
or bi-ochemi-cal , as by exposure to inj urious chemical vapors of
aerosol-s) on induction of viral dlsease or cancet'in situ, and
to evaluate the role airborne particle sj-ze might play in such
interactlons.

Major Findings:

1. Virus laboratory hazards evaluation. Preliminary data shows that
use of tracers other than actual- oncogenic virus will yield
information equivalent to virus-data, and that use of such tracers
will increase productivity.

We have completed our test of a "Bransontt sonie oscilLator. Results
substantiate the concept that a physical tracer ean be effective.

InitiaL tests have been made with an angle head centrifuge rotor,
at 0 to 5000 rpn. The regular seal was intact and the rotor was
fllled with a suspension contalning 108 bacteria/ml. The output
r"ras greater than 2.4 x 1g37gg3/min, but there were no particles
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collected by an Andersen sampler in the 1 p size range; the
majority were B p or 1-arger. We are using this rotor t.o simulate
the possible function of the zonal while we establish appropriate
sampling techniques.

2" Studies on environmental effact" on physical
virus

ffi a.t 7 "a1"." from 5 ta 90% relative trumi.dity
(RH) and at 70oF and 90oF. At 70oF there was practieally no loss
in viability; at 90of', in the range of. l+5 t.o 607. Rll less rhan
0.12 remained vi-able after 60 minutes.

3. Host-virus interactions. Using tritium labeled estradiol-, we have
shown in a preliminary experiment that the respiratory dosage of
estradiol- calculated by atomizer output, air flow rate, and
Guytonrs formula (breathing rate for mice = L.25 ml/gm/min)
yielded a substantial-ly correct value.

The effecrive dilurion rario Activity,ir-t Tousg tYng was 12.6 x 10-5.
ACCr_Vr_E,y/mI ln aEomazer

The calculated dosage was 4"2 x 10-8 gms/mouse; the value caleulated
by the raEio was 4.7 x 10-8 gms/mouse. This dosage caused an
increase in weight of the uterus of ovarectomized mlce, acted as a
group speci-fic antigen activator, and was not transmitted to
cagemates.

Significa.}ce llo Biomedical Research an4 the Program of the Institute:

An understanding of the survival and clearance rate for virus aerosol
will a11ow the development of a rational and hopefully less expensive
means for control of cross infection. Similarly development of
mathematical- model-s will- permit the more precise evaluation of
facilities, on the basis of risk. Transmiqsion of chemical-s that are
found in the environment, which have been demonstrated by Hellman and
Fowl-er to induce activation of tumor virogenic markers (g.s. and reverse
transcriptase) , make an understanding for their potential to act.i-vat.e
such markers by the respiratory route very important i-n the evaluation
of risk either as a primary or co-inducing factor.

Proposed Course: We are currently evaluating the output of blendors
using fluorescein dye. The aerosolized dye is collected in AGI
impingers and measured spectrophotometrically. Additional equiprnent
or techniques to be tested areq

1. Centri-fuge
2. Culture shaker
3. Mechanical mixer
4. Dropping liquid on surface
5. Mixing wj.th a pipette
6. Dropping a fl-ask
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In instances where aerosol output is too dilute to measure by
fluorescein output, we will employ the NBRL microaerofl-uorometer,
supplemented by biological tracers.

At present, test units are being held in the smal-l-est possible space
to ensure'maximal col-lection efficiency. We intend to test a l-imited
number of the above in a large volume (room) where ventilation and
gross air patterns can be reasonable eontroll-ed.

We are concerned that our present nomograph is too complex for
convenient use. tr{e must, however, ensure that the range of each
variable incl-udes all possible operating conditions. We will_
investigate the questi-on of whether, in a given case, the assumpt.ion
of a uni.form coneentration in a room compared to the assumption of
limited spaces with unequal concentrations wi1-1 yield exposures that
are equivalent withj.n desired limits of accuracy.

A thermal- precipitator is being constructed. rt will be used to
col-lect particLes in the sub-micron range.

Date Contract Init'iated: March L, l97L

Current Annual l,Svgl: $l-00r000
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qOUTHWEST FOI]NDATION FOR RESEARCH AND EDUCATION (NIH.7L-2348

Title: Study of Latent Virus Infection and Transmission

Contractorrs Project Dir,ector: Dr. S. S. Kalter

Project Officer (NCI): Dr. Alfred Hellman

objectives: rt is the purpose of thls contract to study various
aspects of the role of latent vi.rus j-nfections of laboratory
animals and cultures of thei"r organs as a source of eontamination
of experimental materials, laboratory personnel and vaccines. As
a part of these studies the rate of inactivation of virus
infectivity and oncogenicity by heat and ultraviolet light will be
determined for several viruses in the extra- and intracellular
state. The vi-ruses selected for study are of interest because of
their demonstrated oncogenic potenti-al, ability to maintain a
persistent, inapparent. infection of cell- cul-tures and the physical
state of their genome.

The possible transmission of cancer by inhalation of tumor cel1s
will be studied in mice and hamsters by inoculation via the
intranasal route with tumor ce11 suspensions and aerosols.

The rol-e of antiqerum in establishing persistent infections will
be studied.

Major Findings: studies on the intracellular i.nacti-vation of H.
hominis types l and 2 at 4"C, RTr 37o and 56o have eonti.nued.
During the l-ast report period intracellul_ar (Vero) virus had
persisted at 4" for 16 days. This experiment was continued.
to 42 days with 1itt1e, or no, drop in titer for either virus.
Data collected on thermal and u.v. inactivation of HSv 1 ar,d 2
indicated intracel1ular virus was inactivated thermally more
s1ow1y than extracellular virus, but u.v. inactivation occurs
about the same rate in both states. Emperical observations
suggest celI c1-umping, pH, medium composition and ceLl- type are
factors which infLuence reproducibility of results from sample
and laboratory to laboratory. u.v. irradiated HSv 1 and 2 with
infectivity destroyed have been inoculat,ed into hamster embryo
monolayers in a preliminary attempt to induce cel-1ular transformation.
After 7 weeks no changes have been noted. c3H mouse tumor being
earried by j-noculati-on of the tumor ce1-l suspension into the leg
muscle of C3H mice has been studied for its ability to induce tumors
by the intranasal route. A suspension of 106, 105 and 104 ceIls
per 0.02 m1 was prepared. Approximately 0.01 m1 of this suspensi"on
was inoculated into 2 week old C3H mice by dropping onto the
external nares and allowing it to be inhal-ed. A11 mice became
i11 and died or were sacrifieed in a mori-bund state by the end
of 3 weeks. Lung material from these animals was inoculated
intramuscularly into other c3H mice for passage and processed
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for histopathol-ogy. Tumors were not grossly obvious on the lungs.
Histopathological- observations are not completed.

Four perinatal- baboons were inoculated with Feline Leukemia Virus
(Riekard Strain) reeeived from the Project Officer by way of Virgo
Reagents. No di-sease was noted in any of these animals anci they
were subsequentl-y challenged with Tween 80 - Ether treated Fel-ine
Leukemia Virus antigen by the subcutaneous and intrarBuscular rout,e.
No viral antibodies have been detected in sera from Ehese ani-mal-s.

SiEj.figrneq tg Bicged:Lsq.,l_EeEgarch apd t_!te !rggI_em_3_f__ttlq J.qstitrttF-:

An understanding of whether latent virus is present in certain animal
cell- eultures permits one to evaluate the feasibiliEy utilizing sueh
a eul-ture for propogation of virus for the development of vaceines.
Similarly an understanding of how to make latent virus express i-tseLf
ryill shed light into the whol-e qirestion of tranemission of .genetic
i-nf,ormat,ion and what factors stimulate the packaging of such
j,nfornation inEo whole virus. A knowledge of Lhe physical factors
necessary for activaLi"on and inactivat,ion of tumor virus will provide
a more rational approach Eo invesligat,or protection.

pqgggff4__qgglq..: More deLailed studies of the HSV 1- and 2 U.V.
inactivation are planned to deteruine Lhe influence of cel1 culture
and state. cf int::acellular virus on rat,d of inaetivation. Thermal-
inactivatj-on studies wil-I be courpleted, Fel-ine tissrre explants wiIS-
be started eo dereruine latent virus in SPF cats. Respiratory
:i"noculation with C3I{ tumor eells and virus partieles wi-ll be studied
i,n rnore cietail" A colLaborative e.ffort using primates and endocrine
aetivation of euruor virus expression is being initiated as yet
anr:ther method for deteetion of non-expressed virus information.

Dat,e ConEract Inlti,ated: June 3, 1,97L

Current Annual Level: $57,4oo
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INMRSTTY OF IIINNESOTA (NI[-NCr-72-2066)

I!.1|}g; Development of Short Couraes on the
PrLnciplee of Blohazard and .InJury
Control for the Bloaedlcal Laboretory

Contractorrs Pro-iect Dlrector! Prof. G.S. Mldhaeleen

ProJect 0f flcer (NCI) r Mr. W. Emrnett Barkley

Ob:l ectlves:tu

1. The Unlversity of Mlnnesota ls responelble for
the deveLopment of short coursea on contamlnatlon
cotrtrol, blologlcal, cheurlcal and physlcal safety
for blomedlcal laboratory pereonnel. Detalled
tralnlng manuals, lncludlng lecture notea,
lltereture references, tabLea, flgures and
laboratory exerclsea are to be prepared.

2. Four couraea ere to be presented annually to
ectenttflc pereoonel engaged ln oncogenl.c vLrue
reaearch.

MaJor Flndlnga! A courae schedule, lacludlng
approxiuately 18 toplce and 3 laboratory aesalons,
hae been developed. Lecturera for these toplcs
have been gelected.

The flrst course le echeduled for June 12-16,
L972 at the Unlverelty of Mlnnesota. The
renalnlng three courae presentatlotrB 1111 occur
durlng the second half of the contract year. The
eoutrae dates and Locatl.on for the remaining three
presentatLona have been eelected and conflrned,

Slgnlflcance to BLonedlcgl _Egeearch and the Progran
of thg Instltute! Thte contract !1111 provlde an
opportunlty to aclentlflc lnvegtlgators and laboratory
technlelana engaged ln cancer vlrue research to learn
the fundauentals of laboratory safety and envl.ronuental
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control lncluding the correct usage of blologlcal
Bafety hoods, the adequacy of protectlve clothlng
and other personal protectlve devlces, the role
of dislnfectlon and eterlLLzatlon technlques and
the prlnclples of blologlcal, physlcal, cheml.cal
and radlologlcal hazatd control.

In addltlon, course materlals developed under this
contract w111 be made avallable to the safety
offlce of the Center for Dlseaae Control, Atlanta,
Ceorgla and to other approprlate safety groups ln
the blonedlcal communlty. These uaterlals wl1l
nake 1t p06slbLe for safety organLzatlons to
provlde excellent safety tralnlng opportunities
for all blouedlcal re6earch personnel.

Proposed Couree: The contract !raa lnltlated 1n
December, 1971. The proposed course 1g to preBent
f,our coursea durlng the contract year to lnve6tlga-
tors and senior technl,clane Ln the SVCP. Two
couraes w11t. be presented in Mlnneapolle and t\ro
at other locations correspondlng to hlgh denelty
SVCP contract areas.

Date Contract InltLated; December 10, L97L

Current Annual Levelr $105r000

248



TIIE ITNTVERSITY OF TEXAS SOUTTIWESTERN ImDICAL SCHoOL AT DALLAS (NIrl-71-2135)

Title: Biohazards Information Gathering Center: Surveillance of
Laboratory-Acqui.red Infections and Aceidents

Contrdctorts Project, Director: Dr. S. Edward Sulkin

Project Officer (NCI): Dr. Alfred HellnAn

Objectives: (1) To gather information concerning 1-aboratory-acquired
infections and accidents by the use of questionnaires and personal
contact; (2) to make available information concerning the hazards of
working with infectious agents; (3) to assemble informat,ion concerning
techni.ques and equipment which would tend to minlmi-ze this hazard and
(4) to prepare a continual-1-y updated guide for deal-ing with various
aspects of this probl-em.

Major Findings: No progress as yet under this contract, eontractor
has had difficulty in getting program initiated.

Significance to Biomedical.Research and the Program of the Institute:
By becoming aware of the problem, as defined by past experience, it
is hoped that work with newer agents, particularly oncogenic viruses,
c€un proceed wlth a greater chance of protecting the safety of
personnel invol-ved.

Proposed Course: This laboratory will continue to serve as a clearing
house for cases of laboratory-acquired lnfections and to encourage
investigatois to report instances of infections acquired in the
laboratory. A follow-up of a questionnaire submitted over 10 years
ago will be circularized to those working with oncogenic agents.

Date Contraet Initiated I May 10, 1971-

Current Annual Level: $L2,026
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SOLID TUMOR VIRUS PROGRAM SEGMENT

Dr. Robert J. Huebner, VCB, DCCP, Chairman

Dr. James T. Dtrff, VCB, DCCP, Vice Chairman

CALIFORNIA STATE DEPARTMENT OF PUBLIC HEALTH
( PH43-NrH-NCr-E- 6 8- 9 97 )

Title: Role of Oncogenic Viruses in the Causation of Cancer
in Man and his Domestic Animals

Co_nlIactorrs Prgi-S:S! DJr-ector-: Dr. Edwin H. Lennette

proiect Officer (NCr1: Dr. James T. Duff

Objectives: To apply the newer knowledge of the nature of
EN-il\rfruses to the study of neoplasms of animals and man.

ltaior Findings: (I) Viral genome rescug_sxPellt*: Several
@being e
intectious Type C viruses from nonviral producing ceI1 lines
which have been established in this laboratory from tumors
of cats, dogs, and humans. These include treatment of the
cultures with mitomycin C, BrdU, IdU, x-irradiatJ-on'
super-infection with infectious TyPe C viruses, co-cultivation
wilfr normal "susceptible" ce1ls r QT combinations of these
procedures. To date the results of these experiments have
been negative. (2) exper_iments with anti-thvmocvte serum
(ATS) treated mice: lfs-t
@carcinomatous structures when minced
tumoi preparations from two of four human colon carcinomas
were transplanted within two days after surgery. , No tumors
when third passage in vitro cultured ce]Is from the same
tumors were used inTfrffiB treated mice . C57 /Leaden mice
have been bred and have proven susceptible to HeLa cell
tumor formation when treated with ATS. (3) Pqimate lumor
inductionexperiments(inco11aborationwithffiEk-at
Bavlor Uni\rer ed
ffihe sT and GA strains of feline sarcoma
SirffieSV) . rollowing transformation by either virus,
the cel1s became sarcomagenic for ATS treated mice. These
cells have been injected into the original cel1 donor baboons,
and the animals are under observation for tumor development
and anti-FeSV antibody production. (4) peline gs-l antiien
studies: Feline gs-1 aitiget purified b@
fficu1atedintotwoguineapigstoproduceantj-serum.
Both guinea pigs respondeo with high cF titers and also
showed only one precipitin line in immunodiffusion tests
using crude ether-treated EeLV as antigen. Low titered
::eaci.ions against normal cat ceII antigen and fetal bovine
serum were removed by absorbing with normal cat cel1s grown
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in ceIl culture and by utilizing insolubilized fetal bovine
serum which had been cross-linked wj_th glutaral.dehyde as an
immunoabsorbent. (5) Indiqect fluoresce@:
Preliminary work has b
gs-1 antigen in cells util-izing the indirect fluorescent
antibody technique. The cells fj-rst used were both dog and
cat cel1 lines which were chronically infected with FeLV
and t,heir uninfected counterpart as controls. In every case
testedr so far, both guinea pig sera described above showed
bright specific staining in the cytoplasm of only the cel1s
infected with the virus, the uninfected controls remaining
negative. (6) Virus in RD 114 ceIl line: The indirect
ferritin-labete applied to RD 114
cells to determine if the virus in RD 114 cells shared a
common surface antigen with the feline leukemia-sarcoma
vj-ruses. The applicat,ion of XD25M serum (antibodies to
fel-ine leukernia-sarcoma virus anti-gens) resulted in ferritin-
tagging of the viral particles in the feline leukemia virus
infected RD ceIl lines but did not show tagging of the
viral partici-es in the RD 114 celI lines . {7 ) Type C vj-rus

plasma mernbrane of erythrocytes
has been elucidated in electron micrographs. Particles
were observed in various stages of development., indicating
that an erythrocyte can retain the necessary information
for viral- replication. (B) {e_line-jyncytium:fortiqg lzrryqq'L,qqlgs: Experiments have beEn -ompleteA-on -Ehe -grow-tTi -of
ru'1ffi-syncytium-forming virus " new j-nfectious virus is
produced by 20 Lrours post infection (PI) while new virus
antigen can be detected. at 12 hours PT using the fluorescent
antibody technique, Syncytium began formj-ng between 12 and
14 hours PI. (9) Focus-forming assay of feline sarcoma viru
on beasle embrvo ceTfs th the ST an s trraans

Erown and assafed on cultures of a normal
beagle ernbryo cell- kefs). The most sensitive titrations
have been obtained on cells between the 30th and 50th
pasdages, The FSV pools produced contain an excess of
nontransforming (helper) virus as was shown in ce1I culti.rres
inoculated with virusrdilutions beyond the focus-forming
endpoint (usually 10-') .

S_ignificancq to_B_iomedical ResggryLa_nd the Frogramjf the

fG-lffi-rograrn on the etiology of cancer j-n man and his
d.omestic animals being carried out as a collaborative effort
between the Californj-a State Department of Public Health
(NIII-NCI-E-69-87) | the University of, California (Nava1
Biomedical Research Laboratories, pH43-NrH-Ncr-E-03-13) | the
University of Southern Californj-a and Los AngeJ-es Children's
Hospital (pli43-NIII-NCI-'E-68-1030), Stanford University
(NIH-NCI-E-69-2053), and other contract programs, including
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in-house projects under VCB. To a large extent, the success
of these programs depends on the acquisition of fresh
human and animal (pet) cancer materials, cell- lines derived
from them, and sera from persons associated with pets with
cancer. This group has responsibility for developing
diagnosti-c techniques for feline Type C viruses and applying
them in studies of the natural- history of the cat virus
for the purpose of applying what is learned to the natural
history and etiology of human cancer. A major new
objective will be to carry out fluorescent antibody studies
of human tumor ce11s to study the possible interactions
of human tumors with the RD 114 virus. A1so, the
development of methods of replicating human tumor cel1s
in animals and of detecting Type C virus expression in them.

Propose4 Course: (1) Continue to obtain cats and dogs
ffies from 1ocal veterinarians in order lo study
their j-mmunological relatj-onship, (2) Continue to establish
cell cultures from human tumors to study their tumorigenicity
in ATS treated mice for the purpose of (a) verifying that
they are tumor ce1I lines instead of the usual fibroblasts
and (b) trying to "swj-tch-on" human Type C virus by in vivo
passage similar to the switch-on which occurred in nD-cffi
on passage through a cat.

Date Contract Initiated: June 24, 1968

Current Contract Level z $227 ,715

g*L,r, 19 RNI A PJArq_p,F PARTME}$, o 1 p uB.Jr r g HE{LIH_("N r H -ry c.r_- E- 6 e - 8 7 )

Tit1e: Human-feline Cancer Household Study

9qntr_acto"r'_q-3.rqjgg! oilgc!,o-{: Dr. Robert Schneider

troject of.f!c.ejf. -,0[9-IJ.: Dr. James r. Duf f
Objecti-ves: To determine if a significant etiological
aEffiaffin exists between human and feline cancer using
a retrospective study of households in which a malignant
cancer has been diagnosed j-n a cat, and concurrently to
look for and test the'significance of apparent horizontal
transmission of lymphoma virus from cat to cat.

\A.aj.g5 Fil_dings: The field and coding phases of the Animal
Population Survey for Alameda and Contra Costa Counties
have been completed. Of 31r165 valid households, 26,9401
or 86.42, were interviewed. Initial estimates indicate dog
and cat population of approximately 250r000 and 200r000r
respectively, in the two counties. A. 1itt1e over 402 of
all households own ej-ther a dog or a cat or both. The human
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population of the area is approximately 1r500r000'

No evidence for transmission of feline oncogenic agents to
man or dogs was found, and data coll-ected on 221 feline
malignant lymphoma cases and matched control cats did not
supp5rt the-concept that horizontal transmission of
inlectious FeLV from cat to cat is an important mode of
transmission. However, this would not exclude
(a) occasional horizoni.al transmission and (b) transmission
of infectious cat llzmphoma virus in cats genetically
resistant to lymphomatous or cancerous manifestations.

Sicrnificance to Biomedicaf Research and the Program 9f the
_.-,nInstitute: T
deTifrc%Ta state Department of Public Health has been
iut -iiot itg since .firf y, 1963. A11 cases are histopathologically
confirmed ind informa-tion is kept about the animal and the
owner. This epi-demiological study is important for determin-
ing the possible effects of exposure to cat leukemia and
saicoma viruses on human cancer and the importance of
horizontal spread of virus from cat to cat and from cat to
dog in maintlining the natural history of the feline viruses'

Proposed Course: The epidemiological Survey wilI continue
=to compretl-on.

Date Contract Initiated: June L9, 1969

Current Contract Level: $35r000

CALIFORNIA SCHOOL OF MEDICINE uNrvERsrrY oF (Nru-xcr'I.-71-2147)

Title: RNA Directed DNA Polymerase and the Replication of
Rous Sarcoma Virus

Cg}-9factor.' s Pr,qig-g-t D,i.regtore, ?t. j: --'i"hael 
Bishop

Dr. Warren Levinson
Dr. Leon Levintow

Pro-iect Off icer (NCI): Dr. Bernard Talbot

Ob'iectives: Conduct investigations on the molecular biology
oJtffian and other RNA tumor viruses, particularly
(a) the virion-associated DNA polymerase and (b) the virus-
specific DNA and RNA in normal and transformed ceI1s.

Maior Findinqs: (1) purified preparations of Rous sarcoma
ffin found to contain smaII amounts of double-
stranded DNA; this DNA cannot be hybridized to viral RNA,

but will reanneal completely with the DNA of avian ceIIs.
It thus appears to be derived from the DNA of the avian host
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ceIl and is probably devoid of any function in the iifecycle of the vj-rus.

(2) Improved assays for virus-specific DNA and RNA in normafand infected ce11s have been developed. Both assaysutilize the excepti-onaI senstivity and specificity ofsingle strand-specific nucreases from Neurospora cra.ssa
and Aspergillus o_syljle. (a) The amountffi-ffific
UNA presentr l-n ce.Ils is j-ndependent of the presence or absenceof vlral gs antigen, independent of infection with and-transformation by oncornavirus, and. independent of autosomaldominant traits 4etermining a high incidence of virus-
associated. mammary carcinoma. For example, there was nogenotypic difference detectable in the amount of MTV-specific
DNA between the GR (high incj-dence of MTV and mammary cancer)strain and the C57BL/6 (low incidence) strain. This suggeststhat the i-nheri,ted difference between the two strai-ns reiiaesin-regulatory genes which govern the expression of viralinformation. Also, there were a similal number of multiple
DNA copies of avian tumor virus genes found in normal ortransformed chicken cells. These resurts suggest that. allchicken cells contain a considerable amount oi avian tumorvirus genetic information and that the information may thenbe expressed in response to various factors such as inheritanceof regulatory genes or stimulation.by physical, chemical,or biological agents. (b) virus-spe-iii"L RuA has been detectedin the nucleus and cytoplasm of infected ceIlsr and the sizeof this RNA has been determined. virus-specific me.ssenger
RNA has been isolated. A surprisi-ng finding is the presenceof MTV specific RNA in the normal lactating-breast ol thec57 (low incidence) mouse. rt is now feasibl_e to perforrn-detailed studies on the kinetics, chronology and michanismof replication of viral RNA.

-{3) The reverse transcrj-ptase of Rous sarcoma virus has beenpurified 1,000-fo1d (2-4 molecules/virion) and found. to consistof a maximum of two polypeptides with rnolecular weights
105r000 and 68,000. The purified enzyme closely relemblesthe polymerase activity of detergent-disrupted iirions in bothtemplate response and nature of the DNA synthesized, Theproduct DNA is smal1, and much of it. is pieferentially
transcribed from a limited portion of the viral- genome,

(4).nUa synthesis by the enzlrme with 70S RNA as templateis initiated on the 3' terminus of a pol-yribonucleo-tide.
lhis primer molecule has been isolated and provisionallyidentifiecl as 4s RNA known to be hydrogen-boncled to 70s RNA.
Among the DNA polymerases tested, only oncornavirus reversetranscriptase is capable of extensively transcrihing natural
RNA templates in the absence of exogenous primer.
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Siqn_i,f icg.nc.e. to Bigme{i-ggI ReEearql,"I-and the,Progfam. oI. the
Institute: These studies are provl-ctl-ng an l-mporEanE
ffiAJr.h:ETnto the mechanism by which RNA tumor vj-ruses bring
about malignant transformation, and perhaps will lead to
significant advances in the understanding of the causation
and control of human neoplastic disease. The contractor
has made the important finding of no detectable difference
in the amount of MTV-specific DNA between the GR (high
ineidence of MTV and breast cancer) and' C57BL/6 (Iow
incidence) strains of micer ds well as no detectable
difference in the amount of avian tumor virus specific
DNA in normal or transformed chicken cells" This suggesLs
that a1I ce11s may contain tumor viral information (viral
oncoglene hypothesis) and that cancer is caused by the
"switch-on" of the ubiquitously present oncogene.

Proposed Course: The polymerase of RSV will be purified to
@eity and its precise PoIYPePtide
constitution determined. The sequence of the. RNA primer
molecul-e associated with 7os RNA will be studied in
sufficient detail to permit definitive identification.
Various oncornavirus RNA| s will be used as template for RSV

polymerase and examined for preferential transcription of
limitea, homologous regions. The transcription of
heterologous natural RNArs (e.9., poliovirus) will be
studied wi-tf, respect to extent of transcription, size and
secondary structure of the transcripts and mechanism of
initiation. The mechanism(s) by which isatin B-thiosemi-
carbazone inactivates both the reverse transcriptase and
the infectivity of RSV will be examined in an effort to
further impliclte the enzyme in the biological activity of
the virus. Transcription of natural RNAis (RSV, polio)
by various cellular bNa potl.merases will be studied with
respect to primer requirement, extent of transcription and
size and seLondary siructure of the transcript, all in
an effort to accumulate further evidence tha't viral reverse
transcriptase is unique amongi all known DNA polymerases.
The assa| of virus-specific OUa in normal and infected cells
will be extended by means of a new technique to include
Sequences representative of the entire viral genome. Further
evidence for covalent integration of viral DNA into host
chromosome will be sought. The mechanism by which the
expression of viral genetic information is controlled'
(r6pressed, partially or completely) in normal cel1s will
be Studied, principalty by examining the relative extent to
which viral bUA is- transciiUea in various normal cells, and'
by seeking factors which might influence that transcription.

Date Contract Initiated: June 2, l97l

Current Contract Levelz $77 r500
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SCRIPPS CLINIC AND RESEARCH FOUNDATION NrH-NCr -E-7 2-326 4

Title: rmmunologic study of RNA Tumor (type c) viruses

: Dr. Frank J. Dixon
Dr. Rhlph A. Reisfeld
Dr. Richard A. Lerner

Project Officer (NCI): Dr. Robert J. Huebner

Objectives: part 1 Dr. Frank Dixon: To develop andpei-form Elant , automated radioimmuneassays for detection of ng amounts of gs and envelopeantigens of the Type C viiuses of mous6, cat, man, andothers as specified, and for antibodies to these antigens.

Part 2 j' Dr. F.alph Reisfel{: To obtain soluble coat anti-gens o uses in highly purified formand in sufficient amounts to produce hlghiy- specific anti-bodies against them.

PaTt, ?, -, pr. _Richard Lernel: To studyquant- plasmic oilreinfection with RNA tumor viruses.
the morphologic and
synthesis after

Major Fin.dings: This is a new contract and major findings

-

fraie not bee-n-reported.

Significance to Biomedical Research and the program of the
ffiseE=nd cancer has been firmly established id a numberof species, including chickens, mice, hamsters, rats, andcats. A11 three portions of this project deal with iype cviruses. Dr. Dixon's and Dr. Reistel&'s parts are invorvedin developing reagents which can be used tor rarge scarescreening to help confirm whether candidate humai Type cviruses d.r€r indeed, human and to document the incidenceof these candidate human viral antigens and antibodies in
!_*3r, cancer patients. This is an essential part of thesvcP aim of determining the rore of viruses in natural humancancer. Dr. T,ernerrs part of the proposal is importantin understanding the mechanism of iepiication arr& tr.nsformationby RNA tumor viruses, with the urtimlte objective of revers-ing the oncogenic process at the cel1ular l_eve1.

Proposed Coursg: (see Objectives)
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Date Contract, fnitiated: June 20, 1972

Current Contract LeveI t $244,603

CALIFORNIA, UNIVERSITY OF (NIH.NCI.E-70-2048)

Title: Comparative Leukemi-a and Sarcoma Viral Studies

Cgnt5gc.l_or-'s_3lgjec.t Pireqlg"r: Dr. Leo K. Bustad

Project Of fj-cer (NCI): Dr. Robert J. Huebner

gUiegtives-: To further study the two simian Type C viruses-(woo1Iy rnonkey sarcoma and gibbon llrmphosarcoma) which were
first isolated in this laboratory.

uaigq -findiqgs.: ( 1) woolI:z Mo}l:_e-y__{iProsef.coma - (PSV-) :
(a) SSV-infeCted bonnet mohkey ce1Is, cultivated in roller
bottlesr dr€ yielding significant amounts of SSV virus.
Several other cell lines of human, bovine, and. simian origin
also support SSV replication. (b) Bovine ce1ls infected
with wool1y monkey sarcoma virus were inoculated into the
autochthonous host at I0- to 14-day iritervals as viable and
freeze-thawed disrupted cel1s. Serum samples taken prior
to.inoculation and 6 weeks later were tested for antibody
against the woo11y monkey sarcoma virus by immunodiffusion.
A positive precipitin band developed with a serum sample
taken 6 weeks post-inoculation. (c) Radioimmune
precipitation assays using SSV replicated in bovine thymus
cultures were positive for bovine anti-SSV antisera buL
negative for bovine anti-FeSV antisera, indicating that
Ssv-infected cultures are free of FeSV antigens and that
SSV and FeSV do not possess contmon envelope antigens.
(d) Cel1u1ar and ce11-free materials from tissue culture
were inoculated subcutaneously into two newborn cotton-topped
marmosets. Nodules (l to 13 mm diameter) developed at the
site of inoculation within L2 to L4 days. However, nodules
regressed within 3 weeks. One nod.ule detected 28 days
after inoculation reaghed 1 cm in diameter and has remained
that size for 4 months. Blood samples from each animal
have been examined monthly and no significant abnormalities
have been noted. AIt inoculated monkeys are being held for
continued observation.

(2) Gibbon l,ymphosarcoma (SLV) : (a) The ce1I line initiated
from mains the best Producer of
SLV, although bovine, African green monkey kidney (AGMK),
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and human ceI1 lines support 1ow lerrels of SLV replication.
(b) Transmission of the gibbon lymphosarcoma was tested in
neonatal squirrel monkeys and pigs. Three of four newborn
squirrel monkeys inoculated with gibbon lymphosarcoma tissue
cul-ture ce1ls had a transient enlargement of the regi_onal
lymph node draining the site of inoculation. No signs of
neoplasia have been observed duri-ng the 4 to 5 months fo1low-
ing challenge; regular examination of blood samples has
reveal.ed no abnormalities. A11 monkeys remain under
observation. Three of eight inoculated pigs were
sacrificed 4 months after injection and found to have
slightly enlarged mesenteric lymph nodes; histopathologic
diagnosis was lymphoid hyperplasia. No other lesions were
detected. Surviving pigs have shown no signs of neoplasia
in the 7 to 9 months since inoculation and remain under
observation.

Sig-lificaqgg to Biomedical- Research and the Program of the

fifuses 
=ssociated with tumors of dif fereit primate- -species

is evidence that the higher animals, including man, are
likely to be among the growing number of species harboring
oncornaviruses. Since monkeys and man are closely related
phylogenetically, the proposed studies, which are oriented
toward characterization of the primate viruses and seeking
possible relation with human tumors, are of direct relevance
in establishj-ng the etiology of human cancer.

Proposed Course: (1) Characterize in greater detail the
@ents of t.he woo1ly monley fibrosarcoma and
gibbon lymphosarcoma viruses by analysis of enzymes,
structural proteins and nucleic acid. (2) Oeternr-ine the
in vitro and i.q vivo biological activities of woolly monkey
ffia@on lyffirrfficoma vI ruses . ( g ) rnitiate serorogic
studies for the detection of antigenic componenls in
spontaneous tumors of simian and human origin that may be
common to know simian RNA Type-C viruses. (4) Continue
efforts to isolate oncogenic agents from spontaneous tumors
of primates and. complete limited studies on canine systems.
(5) Complete studj-es on humoral :intibody response in cats
to the leukemia-sarcoma virus complex.

Date Contract Initiated: November !6, 1969

Current Contract Level: $550,000
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EINSTEIN MEDICAL COLLEGE (PH4-1:NIH-II9T-E-65-6L?l

Titl-e: Genetic and Immunological Factors in Viral
Leukemogenesis

egrgtrac_to_r' q PEojec.!*Q-irector: Dr. Frank Lil1y

Prq j gsl Qf f_i_cel ltgQII : Dr. Robert. J" lluebner

OP.jectiv_es-: To gain a better understanding of, the known
or suspected genetic factors that play roles in t.he
cancerous process.

l4a;ior rindinEl: (1) Studies of two inbred backcross systems
show tha'b within linkage group II of the mouse, the gene
order is: theta - tk d - Mod-1 Fv-2, where these five
loci code for, respectivelyr drr antigen on thymic
1-ymphocytes, tail kink anomal-y, dilute coat co1or,
an enzyme in the malic acid metabolism series, and
susceptibility to Friend (and Rauscher) viruses. Ql AKR
mice show a high incidence of spontaneous leukemia at around
B-11 months of age, whereas f:BA/2 and (AKR x DBA/Z) Ff rnice
show no leukemia at Lhis age; however, when these micb
received methylcholanthrene paintings at 3 monLhs, then
(a) the leukemia in AKR mice occurred significantiy earlier
and (b) both DBA/2 and F1 mice showed a marked j.ncidence
oi l-eukemia, but this r:ccurrecl at a rate still siower than
unpainted AKRs. The results indicate that spontaneorrs
l-eukernia i.n the AKR strain is recessive in this cross.
However, the DBA/Z susceptibility to carci:roEen*induced
leukemia (and their resistance to carcinogen-induced
skin tumors) is domj.nant i-n this same cross" (:) tsALB/c
and DBA/2 n,ice were previously not known to differ in
their response to infec'Lion with F-B mouse l-eukemia virus;
it. is now found that l-2 days after injection, copious vj-rus
bands (in sucrose gradients) appear in the sera of BALBr/c
mice, while there was Iittle such virus in the -sera of
identj-cally treated DBA/2^mice. C3H mice resemb'le BALBy'crs
irr this respect, and D2.Rb mice resernble DBA/Z mice, which
shows t.hat the Fv-l trocus is not the determi.rrant of this
phenomenon. (4) This Laboratory had previously reported
that transplantatj-on antigen H-2.31 disappears al-most
completely from spleen ce1ls 5Fear,a7c mice in the late
stages of the Friend virus disease. It is now noted that
there appears to be a gene present in sorne strains of mice
which represses the expression of this antigen on
erythrocytes (but which has no effect on the same antigen
on Iyrn[:hocytesi of mice known to have the I{-2.3I anti.genic
determinanl, (5) rn str:dies on the genetiilTactors
invol-ved in 'Lhe i-mmune response to the t{*2.2 histocompati}cili'b.y
antigen, it appears that two genes are inrzolved in this
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trait: one linked to H-2 itself (trris gene i-s present
in A mice) and the othilat a locus independent of H-2(tnis gene is present in BALB/c mice).

9igTr*Iicance-tg_piolngd.ic*, Re:earch .ald rhe progra$ of rh-e
rnsEl_Eure: one ot the basic facts abouL tumor biology
IsTffienetic mechanisms of the host exert strorrg controt
over the expression of oncogenicity. Dr. Li11y's work
represents one of the few indepth studies being done onthe genetics of susceptibirity to viral oncogenesis. The
knowledge derived from this study and the mouse strains
developed will have broad applications both to the svcp
Program and the general effort in vi-rus-cancer problems.

rqposed Course: Studies of: (I) The mechanism of the
@tibility genes) effects on leukemogenesj-s.(2) The mechanism of the Fv-1 and Fv-2 (susceptibility to
Friend virus genes) ef fecffin teuffiSgenesis ( including
determining if Rgv-2 is the same as Fv-I). (S) Map Fv-1,
is Fv-2 relatedffi7 (histocompati6TlTty gene) ? 

-'
(4) -EEEIson llrmphosarcoma virus (looking- for the strain
distribution of response, and if the virus consists of a
helper plus a defective pathogenic component). (5) Friend
virus radio-labeled (in qlvo) r to examine the componentparts of the virus aniliffilternate forms of helper virus(N-, B-, or NB-tropic). (0) Immune response gene(s) for
H-2.2.

Date Contract Initiated: May 13, 1965

$180,000Current Contract Level:

FLOW LABORALOITEj]_, rNg. (N]H-NCr-E-71-20971

Title: Studies of Type C Viruses and Herpesviruses in
Relation to Oncogenic potentj-a1

Contractojrs P:oject Qifectgr: Dr. Raymond V. Gilden

Projecl_O.lficsr (N9I),: Dr. Robert J. Huebner

9bjectives: To conduct immunological and serological studies
of oncogenic Type c RNA viruses and the herpes-like viruses
associated with neoplasia. Virus proteins and RNA are
purified in quantity, their structure analyzedr and the major
protein used to prepare mono-specJ-fic antisera for
immunological studies .
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Major Findings:
vl-rLon antl-qen

(1)
s-1

C Viruses: (a) The ma'ior internal
Tvpe C virus) has been purified bv isoelectri-c focusinq.
The isoelectric point is 9.1, thus clearly distinguishable
from the homologous protein of other mammalian Type C
virusesi. e.g. t cat, 8.3; mouse, 6.7; hamster, 6.9i rat, 8.6.
The purified protein was used to immunize guinea pigs and
the serum showed a high degree of specificity for RD 114
in both complement-fixation and ge1 diffusion assays.
Highly sensitive radioimmunoassay inhibition tests further
indicated the lack of cross-reaction between RD 114 and
FeLV, and also indicated qualitative differences between
the gs-3 determinant of RD 114 and the non-primate Type C
viruses. GeI diffusion tests with a polyvalent goat anti-Fel,V
serurn (courtesy of Dr. Roger Wilsnack) also revealed two
other FeLV specific proteins in FeLV which were not found
in RD 114. (b) Successful rescue of the MSV qenome frou

fusion lechnire-Jgi@. The rescued virus
p ce1ls selectively on one
of six human ceIl strains tested. (c)
monkev Tvpe c viruses were found to posffi
determinants in qel diffusion tests (in collaboration with

es to be a distinctive
feature of all mammalian viruses of this family. These
viruses did not react with the species-specific antisera
for cat, hamster, mouse, and rat viruses. The gibbon virus
was also used to rescue the MSV genome from non-producer
hamster tumor cel1s. (d) At t strate antibodies

1 and tumored cats to t maior internal protein
ures were unegur_voca

negative. This procedure gives at least 100-fo1d higher
titers with control positi-ve serum from immuni-ze.d q.uinea
pigs than complement-fixation tests. This test-supports
the earlier CF results indicating that animals are
immunologically tolerant to their species-specifi-c
(e) Uridine is the 3' hydroxl terminal of the 70S

gs antigen.
RNA of

all known viruses. An estimate o e molecular
weight of vira Gd on terminal tritiation is -2.5 x 106,
consistent with a four subunit structure. (f) "Ant:!Uoay_;!9the reyqrsg transcriptase was o

inhibited mammalian Type C enzlme but not snake, chicken, or
normal ceIl polymerases. A serum with a high degree of
specificity for inhibition of the DNA dependent polymerase
activity was obtained by immunization with purified feline
vj-rus enzyme. This serum exhibited the same species
specificity as the tumored rat serum. (g) This contracJ
has demor=tr"

available and useei for extensive natural history studies
of Type C RNA tumor vj-ruses in mice, hamsters, ratsT and
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cats. Additional similar reagents are being produced for
the candidate human RD 114 vj-rus, the wootly monkey, and
the gibbon ape virus.
(2) Hgrpg_E\ilrqsqs: (a) Definitive evidence was provided
for Effi-!ffiiEffice of EB virus in repressed stale in virus
"negati-ve" 1ynphoblastoid ce11s. Virus was induced f rom the
negative Raji cell hy first making the ce11s resistant to
BrdU and then removing the drug. Following drug removal,
virus specific anti-gens and eventually complete virion
appear in -14 of cells. The carrier line P3HR-1, which
produces virai- antigens but not particles when grown in
BrdU. After removal of BrdU, a low percentage of cells are
able to incorporate thlzmidine and combined immunofluorescent
and audioradiographic studies showed that it is these cells
that synthesize vira1 antigens. The drug resistant cell
lines otter a unique opporlunity to study the mechanism of
virus derepression since only thymidine kinase (tf1
positive cells produce virus; thus, the high backgrourrdof
normal cell DNA synthesi-s (998 of the ce11s) is effectively
screened out using thymidine or its analogues to study the
nature of the DNA made after drug removal. (b) The immuno-
ferritin technique has been used for differentiating antigens
associated with Herpes simplex virions and for following
the course of virus antigen production in si|g. Using the
immunoferritin technique, the specificity of lieterophile
positive infectious mononucleosis sera for EB virus was
localized in the yM fraction, in contrast to "normal" human
sera where anti-EB virus activity is localized in the yG
fraction. This supports an etiologic role for EB virus or
a serologically related virus in infectious mononucleosis.

Significance to Biomedical Research and the Program of the

ffiprob1emofdeterminingwhethervirusesrecovered
from tumors are oncogenic in man. Since man w.ilI not be
used as an experimental recipient, it is necessary to gain
proof of oncogenicity by other means including seroepidemiolog-
ical surveys for virus, virus antigen, and/or specific antibody.
The contractor is produci-ng and studying the virj-on antigens
of Type C viruses and herpesviruses associated with neoplasia.
Mono-specific antisera are being produced to these antigens,
whj-ch a.re then used for seroepidemiologic studies carried out
in a number of different laboratories; there is very active
collaboration with the in-house VCB program, and with many
other SVCP contractors (e.g., USC [PH43-NIH-NCI-E-68-1030] ,
Microbiological Associates INIH-NCI-E-70-20681 t Univ. of Ca1if.,
Davis [NIH-NCI-E-70-2048] | Princeton [NIH-NCI-E-71 -23721 |
and pf izer [urg-ltcr -E-7 0-2080] ) .

Proposed Course: (1) Large
@rimate virus

scale production of RD 114 virus
and preparation from them of
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Current Contract Level:

purified gs antigen, envelope antigensr dnd polymerase
under rigid quality control. (2) Continued characterization
of RD 114 virus includj-ng gs and envelope proteins. (3) pro-
duction of specific RD 114 gs antiserum and beginnj-ng of
surveys of human materials for RD 114 gs antigen.
(4) Continued production and characterization of other gs
proteins by amino acid seguence analysis. (5) Purification
of RD 114 vj-rion RNA dependent DNA polymerase and production
of specific antisera. (0) Search for specific non-virion
proteins in infected and transformed celIs. 0 ) Structure
and terminal- nueleotide sequence of viral RNA, and transformed
cel1 virus-specific RNA. (8) Analysis of the sugar transport
marker of sarcoma vj-rus transformed ce1Is. (9) Study of
mechanism of EB virus derepression in llzmphoblastoid ceIls.
(10) Similar studies with fibroblasts in which Type C's
can be evoked. (11) Investigations of herpes and Type C
viruses using immunoferritin, immunofluorescence and
enzyme labeled techniques, involving a subcontract with
Dr. Konrad Hsu at Columbia University,

Date Contract Initiated: February L, l97L

$2,410r000

THE JACKSON LABORATORY (PH4 3-NIH-NCI.E- 67-7 44')

Natural Occurrence of RNA Tumor Viruses (Genomes)
and Host-Gene Control of Their Expressions

c_olt-r-gqto{ g..3-.ro.iesl-Pl_re_cFgf : Dr. Hans Meier

pJo je_ct_J)f.f i_c,%..(N-C_IJ: Dr. Robert J. Huebner

Objectives: The primary objective of this contract is to#achieve an understarrding of the mechanisms underJ-ying the
genetic determination of susceptibility and resistance to
cancer and the RNA tumor viruses. There is littIe doubt
that the expression of viral functions is in large part
controlled by host genes. The Jackson Laboratory j-s a
unique source of highly inbred mouse strains. These are
used to define specific gene influences on Type C RNA
virus/genome/tumor expressj-ons under natural conditions,
and the influence of environmental and other factors
(carcinogens, aging) on host gene controls of oncogene and
virus expressions.

Major Findings: (1) Host genetic rescue of murine leukemia
ffite infe
Fffiered by host genetic rescue in hybrids of two virus-free

Title:
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lines of mice. Two autosomal dominant genes are required
for the presence of complete virus. (z) Host-gene Control
of Type C RNA tumor virus: Genetic studiffi

of inheritance of the group-specific
antigen of the murine leukemia virus. Two approaches
have been used. First, a classicat Mendelian hybridization
experiment was performed, utilj-zing mice of the high-leukemia
AKR strain and the tow-leukemia c57L strain, the first fi1ia1(f1) generation hybrids, the second filial (pr) generation
hybrids, and the backcross generations of thi-s cross. The
second approach used a number of partially inbred lines
derived from the F) generation of the same cross. The results
of these studies d6monstrated specific aenetic regulation of
expression of group-specific anLigen. Genes (M1v-Id and
M1v-24) permissive to the expression of the antigen are
dominaSrt or semi--dominant to their nonpermissive alleles
(utv-tb and Mlv-2b) . (3) Chemical "o-L.r"i.g"r""i=tExperiments clearly indica f both
tumorigenesis and expression of function of endogenous
Type C RNA tumor viruses. They lend support to the concept
that cancer results from endogenous (host-genetic) or
exogenous (acquired, carcinogen-induced) stimulation of an
inherited viral genome. (4) Recombinant inbred (RI) 1ines,
a new approach in genetic ana
strains are crossed and a number of inbred lines are
developed from the F2 generation by close inbreeding. The
rationale for this p-ocedure is that linked genes will tend
to.become fi-xed in the same combinatj-ons (parental) as they
entered the cross. Unlinked genes are randomized in the F2
generation and are therefore equally likeIy to be fixed in
parental or recombinant phases. RI lines are particularly
useful for analysis of (a) segregation, (b) Iinkage,
(c) gene functions, and (d) mutations. Other advantages
are (e) tissue from different individuals within an RI
line may be pooled, without introducing genetic heterogenicity,
(f) genetic differences tend to be maximized due to the
elimination of heterozygotes, (g) the recessive characteristics
of both parental strains are expressed in RI tines, (h) once
RI lines are established, the time delay required for
production of the segregating generations can be avoided,
(i) genetic associations, due to either pleiotropy or linkage,
may be detected between traits expressed in utero and adult
characteristics, male and female limited traits, and traits
that require killing individuals at different stages or require
different pretreatmentsr drrd (j) the F1 hybrid of the parental
lines will accept tissue or organ grafts from any of the RI
lines. (S) Genetic relationship between aryl hydrocarbon
hydroxylase red

ivity
and susceptibility to tumor induction following the topical
application of polycyclic hydrocarbons. Strains also differ
in the extent to which aryl hydrocarbon hydroxylase activity
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is induced by these compounds. Differential inflammatory
response and hydroxylase inducibility are genetically
controlled by al1eIes at the In and Ahh 1oci, respectively.
Genetic analyses and strain sil?veys Effie established that
the In and Ahh loci are. identical and that skin ulceration
in rEponseE topical carcinogen requires that aryl
hydrocarbon hydroxylase activity be inducible.

Significance to Biomedical Research and the Program of the
I

ffierningthegeneticdeterminantsofoncogenesisand
the natural expressions of the endogenous Type C RNA virus.
ft has pointed up the overwhelming influence of genetic
predisposition in the development of natural cancer and
susceptibility to environmental carcinogens. Contractor
has developed sophisticated systems for defining and locating
the genes and loci involved in murine oncogenesis, and virus
and antigen expression, and has rescued complete virus
through gene complementation by hybridization of two virus-
free mouse strains. Information deri-ved from this research
bears direct relevance to the human cancer problem;
definition of the heritable nature of cancer is essential
to eventual control of prevention of the disease. These
well defined murine systems and tissue cultures derived
from them provide valuable vehicles for assay of environmental
carcinogens and experimental therapeutic measures.

Ploposed Course: (1) Development, characterization, and
ffiant inbred Ij-nes. (2) Study of genetic
control of endogenous murine leukemia virus. (:) Study of
association of the viral group-specific antigen with tumor
development. (4) Genetic analysis of a dominant gene in-
hibiting expression of the group-specific antigen. (5) Mapping
of viral structural genes by use of defective sarcoma virus
mutants: complementation classes. (6) Additional marker
studies for mapping structural genes of viral components.
(7) Induction of complete or partial virus synthesis by
drugs. (8) Chemical co-carcinogenesis studies. (9) Marker
studies (immunogenetic and biochemical). (10) Study of
genetic control of embryonic and post-nata1, normal and
abnormal ce1l proliferation. (11) Study of the effect(s)
of hormonal stimul-ation of RNA met.abolism in dwarf mice,
and (lZ7 host genetic rescue of murine leukemia virus.

Date Contract Initiated: May 2 | 1967

Current Contract Level: $382r000
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MICROBIOLOGIC

Title: Research on Animal Tumor

Contractor's @,

Viruses

Dr. Robert M. Nims

Project Officer (NCr): Dr. Gary Kelloff

Objectives: The contract involves a long-term, comprehensive
iliuilyE-Setermine the natural incidence of type C RNA virus
expression and of cancer in nine strains of inbred mice and
one strain of rat. The effort includes life time surveillance
of defined strains for spontaneous neoplasms; serological
testing of normal and tumor materials for the presence of
Type C viruses and antigens; characterization of viral
isolates as leukemia and cancer inducing agents; and the
administration of hormones and carcinogens to study their
effects on tumor and virus expression.

In addition to the research described above, the contract
constitutes an i-mportant service to the SVCP. For
specimens submitted for testing by NCI supported scientists,
the contractor provides services which include storage
and inventory of biological specimens, bioassays of leukemia
and related viruses in a number of species, tissue culture
and serological assays; also an extensive histopathology
laboratory and pathological diagnostic servj-ce.

Major Findings: (1) Type C viruses isolated from spontaneous#
@e BALB/c colony under study have been
characterized in the CoMuL, SPAT, and XC tests as mostly
B-tropic; viruses isolated from normal mice are mostly
N-tropic r oE a mixture of N- and B-tropic. (Z) Studies have
delineated the natural history of the Type C genome.
Experiments in these aging colonies are now being,focused on
the tumor-inducing effects in vivo of the wild mice. type
viruses recovered from-spontan6G tumors as well as from
tumors induced by radiation, chemicals, and IdU. Preliminary
results show that when injected into newborns the wild
type viruses produce leukemia within 12 to 15 months.
(3) Long-term celI-free passages of spleen and tumor tj-ssues
from spontaneous neoplasms have a highly significant
association between virus isolation (Spaf and CoMuL tests)
and induction of reticuloendothelial system neoplasms.
(4) Streptonigrin (sN1 has proven a potent inhibitor of
Type C RNA virus replication with 87e. inhibition achieved
after 48 hours treatment and 9BE after 120 hours. (5) A
focus-forming sarcoma virus was recently isolated from a
spontaneous sarcoma. This isolate produced diffuse
transformation on BALB/c embryo ce1Is, low frequency transfoi-
mation on NIH Swiss embryo ce1lsr dnd localized MSV-like
foci on Fischer rat cells; the supernatant f::om transformed.
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embryo ce11s produced tumors in newborn BALB/c mice within
3 weeks after inoculation. This virus is of particular
interest since it represents only the second sarcoma virus
isolated from the mouse (tfre first was the FBJ virus,
derived from a murine osteosarcoma). (6) Transplantation
of two Fischer rat spontaneous leukemias to AC1 rat newborns
was successful. (l ) Studies with Dr. Frank portugal (NCI)
showed that certain MuLV infected tissue curture cerl lines
have a natural repressor for MuLV replication in vitro and
qarcomagenesis by MSV in vivo. The repressor i3 tffin
interferon or interferon ffficer. (B) experiments to determine
the effect of extradiol and ovariectomy on uterine gis antigen
expression have not revealed any appreciable differences
between normal and hormone-deprived groups and at'e being
terminated. A second series of hormone studies designed to
elucidate the effect of dJ-ethylstilbesterol administered to
pregnant Snell mice on cancer in their offspring (modeled
after recent reports in humans) is nearing completion.
(9) One of the major service efforts provides histopathological
backup to this and other contract research. As an example
of the scope, 3r600 slides were processed in October, 1971;
two-thirds of the specimens originated from this contract
program, and the remainder from other SVCP contracts.

Sig3i,Iig-qnc-e- t,o PiomecEcal Research and the program of the

alraeE*Epport of the SVCP. Services include reagent
production, serologj-caI tests, and histopathology for several
laboratories. The surveillance of a number of animal
colonies for their lifespan provi-ded many of the key insights
into the natural history of the oncogene. These virus-defined
colonies are now being studied to determine how various
endogenous and exogenous factors influence the carcj-nogenic
effects of chemicals, radiation, etc. They also provide
an excellent resource for isolation of natural inhibitors,
and studies of interferon and vaccine effect's on natural
tumors.

This contract contributed importantly in ruling out the
likelihood of vertical spread of Type C viruses in mice
and also has provided much of the large body of information
implicating the Type C genome in normal embryogenesis.

Proposed Course: (t) Assessment of oncogenic potentJ-a1 and
@capabi1itiesofp1aquepuiiriedB-andN-tropic
MLV viruses isolated from normal and neoplastic cel1s.
(2) Analysis of long-term neoplasia induction study involving
the effect of age on tumor and vj-rus induction by radiation
or chemicals. (a) Attempt to produce high titered human
interferon, study of interferon levels in germ-free and
conventional mice, and study of interferon prophylaxis of
spontaneous and chemically induced neoprasms. {4) Application
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of specific immunofluorescent reagents to the study of the
natural distribution of Type C RNA viruses in normal and
neoplastic tissues. (5) Production of purified MLV
envelope and gs antigens as immunogens for natural history
and experimental studies. (0) With Dr. Frank portugal (wCf),
further characterization of effect of natural repressors
and antibiotics on murine leukemia virus replication.
(7) Determination of tumorigenicity of chemically
transformed rat ce11 preparations in Fj_scher rats.
(B) Continuation of providing services for other SVCP contracts.

DaLe Contract Initiated: November 15, 1961

Current Contract Level: $719,500

lll c-EoB r oI,_o.GJ gAL,AS s.ogl+,pF s, 
" 
rN c .- JUJH -NCr -F - 7 g -. 2 0 6 B I

Title: The Roles of Viruses and Chemicals in the Etiology
of Cancer

9o_n-traelq.r 
I s_Proj.qsI-Pi-rec,9gg: Dr. Riley Housewright

Project Officer (NCf): Dr. Robert J. Huebner

9,QjS..Ij:": Pro,ig,-c*I .A :, Pf.:, Jg_hns s. Rhim and Proiect B
07. ffi-e.

luation, standardization and application
of sensitive i_" y+-!Ig assay systems for studies of
carcinogenj-c EletEFTound in tfre environment to define the
mechanisms of chemical and viral carcinogenesis in vj-tro,
and to correlate these findings with in vivo stuffieE-ffi-
ProjectsC and D. Test systems includilrffmouge; hams'ter,
and human tissue cultures at advanced leveIs of subculture,
both uninfected and infected with various Type C RNA viruses.
Materials under study include known and suspected carcinogens,
derived from the natural environment (smog and t,obacco smoke
residues, food additives, hazardous industrial products) and
provided by various collaborative'contracting groups,
particularly the program at USC (Contract PH43-NrH-NCI-E-68-1030)
and large numbers of coded carcinogens and their analogs
provided by Dr. John Weisburger (UCf1.

lqoject C Dr. Padman S. Sarma: This project is concerned
e in vitro assay systems

for studying the prevalence of theTaffily occurring
feline, rat, avian, and other animal tumor viruses,
utilizing the methodology previously developed under this
contract. Dr. Sarma has been a primary contrj_butor in
designing test systems for rescue and detection of defective
and endogenous tumor virus g€nomes utilizing trans-species
rescue ce11 co-cultivation and sophisticated serological
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techniques. These approaches are being intensively applied
to various animal tumor systems having covert (switched-off)
viral genomes in efforts to "turn on" overt expressions of
the genomes, the ultimate objective being to apply successful
methods to studies of human cancer.

Project D - Dr. Carrie E. Whitmire: This project tests
rcinogens in vivo,

leading to gs antigen, infectious virus and/o?tffi67 induction.
The animal systems used include a variety of high and low
leukemj-c incidence strains of mice, hamsters, and rats,
including those strains from which tissue cultures were
derived for Projects A and B. In. addition to a variety of
known laboratory carcinogens, suspected environmental
carcinogens such as smog and tobacco products are includedj-n test protocols concomitant with j-n vitro studies under
Project B. Evaluation of carcinogeilTcGfficts is compared
using different doses, routes of inoculation, age of animals,
maternal parity influence, and other physiological and
environmental factors which appear to be associated with
susceptibility to tumor induction.

Broject E - Dr. M. Lee Vernon: This project provides
o Projects A-D. The chief

objective is to determine the prevalence of Type C RNA
tumor virus particles in tumor tissues as well as normal
embryonic and postnatal- tissues taken at various ages.

Projegt L- Dr. John C. ParkeI: This poject provides
d other VCB contracts.

MajoI Findings: Plojegt A: Transformation was induced by
extracts of city smot antf t.obacco smoke fractions in mouse
embryo cells chronically infected with AKR leukemia virus,
but uninfected mouse embryo cells were not transformed. The
transformed ce11 lines produced tumors when transplanted into
newborn homologous hosts.

A guinea pig embryo (GPE) ceIl line was found to be sensitive
to chemical transformation. A1so, GPE ce11s were
transformed in vitro by Ki-MsV; the transformed cells
contained boffi lffitious virus and gs antigen.

Transformation of rat ce1ls was achieved by the use of
irradiated mouse cytomegalovirus (MCI{V) .

AKR virus infected NIH Swiss mouse embryo (ME) cells were
readily transformed by chemical carcinogens (3MC, DMBA, and
BP); this ce1l test systeng when compared with rat and hamster
systems proved to be the most sensitive test for carcinogenic
chemicals.
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Transformatj-on by polyoma virus was facilitated by the use
of established rat ceII lines instead of primary or secondary
cultures; transformation was further accelerated in rat ceIIs
chronically infected with RLV. The results suggest that
the Type C RNA virus genomes provided not only oncogenic
determinants for chemical j-n vitro transformatj-on, but also
for DNA virus celI transfoffiaEi&i;
Polyoma transformed hamster embryo ce11s regularly 1ed to
hamster leukemia virus (HaLV) gs antigen after transplantation
into newborn virus-free hamsters. Similar1y, polyoma
transformed NIH Swiss cells were shown to have Type C virus
gs antigen when transformed cells were transplanted into
virus-free NIH mice.

Project B: The synergistic activity of
Iand Type C virus was studied in Fischer
Transformation appeared to be dependent
virus titer established in the rat cells
chemical treatment. Cells treated with
or with chemical first, followed by viral
removal of chemical, remained normal.

chemical carcinogenesis
rat embryo cultures.
upon a minimum 1evel
at the time of

either agent alone
infection after

The hamster Type C virus genome was shown to be ubiquitous
in hamsters. In three hamster strains, tumors produced
in vivo directly by inoculation of chemical carcinogens or
E GTIs transformed in vitro by chemicals, polyoma virus
ori spontaneously, and-TutSFTerived cell lines were frequently
positive for Type C RNA virus by CF test.
Using a technique that separates cel1s according to their
rafe of attachment to g1ass, the reverse transcriptase
activity of the candidate human Type C virus, RD 11-4,
has been enhanced 3O-fotd. This virus has been adapted
to grow in suspension cultures of a serial line of human
prostate with a resultant four-fold increase in mature and
immature Type C partj-c1es. Similar techniques have
been successfully applied to the growth of woolly monkey and
gibbon ape viruses in tissue cultures.

A series of chemical carcinogens and related inactive
analogues have been tested for their ability to transform
ce1ls in vitro. In general, in vitro transforming activity
was coEeEE[ with tumor profficffi-j-n vivo. However, a
few "noncarcinogenic" agenls did reveiET ffiilsforming activity.

It has been shown that Type C oncogenic viruses were involved
in chemically induced transformation in three separate
systems: (a) Rat ce11s were not transformed by chemicals
unless exogenous non-transforming MuLV was added. (b) Hamster
cel1s were transformed by chemicals, but added HaLV decreased
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the minimal transforming dose ten-foId. (c) Hamster celIs
transformed by chemicals produced tumors from which HaLV
was regularly isolated.

Project c: RD Ll-4 virus has the attributes of an infectious
ilffiETIa-n' Type C virus and is unrelated to any of the
various known avian and mammalian Type. C RNA tumor viruses.

Endogenous latent Type C viruses of rats were activated in
rat ceII lines by treatment of cultures with S-iododeoxy-
uridine and 5-bromodeoxyuridine.

The viral envelope antigens of feline Type C viruses
responsible for viral infectivity were found to be
responsible for induction of viral interference in the
inoculated cultures against antigenically related challenge
viruses. Three envelope antigens were detected which enabled
classification of the feline Type C viruses into subgroups
A, B, and C. The presently known members of the B and C
subgroups, including three strains of feline sarcoma viruses,
were found to be antigenic mixtures containing an A subgroup
virus as one of the components. Virus purification of B
and C subgroups was done by cloning techniques.

In rat ce1l lines releasing "defective" Type C particles,
the viruses could not be rescued wl-th defective murine
sarcoma virus genomes. It appears Iike1y that the ce11
lines, including three lines transformed by Rous sarcoma
virus, contain the rat Type C virus in a "defective" state.
Prolonged passage of feline leukemia virus in human tumor
cells (human rhabd.omyosarcoma cells) did not alter the host
range or envelope antigenic characteristics of the feline
leukemia virus, suggestive of genetic recombination with a
covert human Type C viral gienome

Project D: Studies 6f carcinogen induced tumors in various
strains of inbred and random bred mice have provided a basis
for strain selection and carcinogen dose to be used in future
programs. While tumor incj-dence and latency is carcinogen
dose dependent, there is considerable difference in the
relative susceptibility of various strains. The incidence
of gs antigen in the induced tumors is independent of the
carcinogen or carcinogen dose used for tumor induction and
reflects the natural gs antigen expression of the mouse
strain; the tumors produced by carcinogens were "switched-on"
in a high proportion of instances, while adjacent normal
tissues remained "switched-off. "

The phenomenon of mutual exclusion of leukemia and sarcoma
neoplastic expression has been extensively studied in the
AKR mouse strain. With sufficient doses of 3-methylcholanthrene
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(3ME), subcutaneous tumors were produced which apparently
prevented the expected spontaneous ler:kemias. Once the
natural process of spontaneous leukemia induction had
occurred, the resistance to subcutaneous sarcoma induction
increased appreciably.

Studies with BALB/c and NIH Swiss mj-ce of the effects of
exogenous wild Type C RNA viral infection on 3MC induced
sarcomas have shown the response to vary with the viral
strain, the carcj-nogen dose, the mouse strain, the sequence
of inoculation and the sex of the host.

Project E: In the last year almost 700 specimens were
e:<:ffinGil-in the electron microscope for viral particles.
A significant proportion of time has been devoted to studies
of the RD L:.A virus. Type C particles have now been
observed in one or more hematopoietic tissues from embryos
of 11 strains of mice while all strains were negative for
Type C partj-cles in muscle tissue at all gestationat periods
examj-ned. Type B particles have been found in abundance
in mammary tissues of wild mice 6 and 17 days in term, as
well as in mammary tumors of the Claude substrain of
BALB/c mj-ce.

Project F: During the last year over 10r000 specimens were
r6Gfiffi-on which over 20r000 serodiagnostic tests were
performed. Many of the specimens were wild mouse sera
received from USC (Contract PH43-NIH-NCf-E-68-1030) which
were assayed for lymphocytic choriomeningitis and polyoma
antibodyr ds well as for other naturally occurring mouse
viruses.

Significance to Biomedical Research and the Program of the

Effi'aTCEort. It has helped establish the role of the
Type C viral genome in many feral and laboratory animal and
ceIl systems. A number of test and assay systems developed
under the contract are now used by laboratories throughout
the world for investigating and characterizing RNA tumor
viruses and their oncogenic and antigenic expressj-ons.

Dr. Sarmars group has contributed no fewer than five
highly sensitive sero'logical (complement fixation, COFAL,
COCAL, Neutralization, and interference) tests for field and
laboratory use. Dr. Freeman's and Dr. Rhim's in vitro,
rat, mouse, and hamster ce11 culture systems fr5ile-fl?oTided
new systems for sensitive and rapid assays of carcinogenic
compounds in the natural environment. It is now possible
to rapidly screen suspect compounds such as can be
fractionated from smog and tobacco residues. The consistent
correlations recently observed between in vitro transformation
induced by the co-caicinogenic activityEfTM-tumor viruses
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and cheirical carcinogens and in vivo tumor production by
carcinogens have pointed up ffieTffi'sibility of replacing
current cumbersome, expensive and long-term in vivo
bioassays with more efiicient and sensitive i[ @o systems.
Dr. Whitmire's studies of the chemically indilEe6tffiressions
of the, endogenous Type C viral genome are providing basic
information on the effect of carcinogens in strains of mice
having widely varied genetic susceptibilities to cancer.
Dr. Vernon's EM studies have established a positive
correlation of gs antigen content with the presence of
Type C particles in various embryo organs. This correlation
supports the concept of vertical transmission of the RNA
genome. A11 these studj-es have furnished important evidence
in support of the viral oncogene hypothesis.

There is extensive collaboration with numerous other groups
supported by the SVCPi €.g. r Microbiological Associates
(psaa-urH-NcT-E- 67-697) | USC (pH43-NrH-NCI-E-68-1030),
California State Department of Public Health
(PH43-NIH-NCI-E-68-997) , and University of Calj-fornia (Naval
Biomedical Research Laboratories [PH43-NIII-NCI-E-63-13] ) .

In summary, this contract is a core part of a coordj-nated
comprehensive targeted research program to study the role
of the Type C RNA virus genomes as determinants of ontogenesis
and oncogenesis.

P{o.p_o_s.sd Coursg: glgj,g,cj*+: (1) Currently available in vitro
ffiarETETffif mouse ce11) wilr be furtheiluGa-
to screen the oncogenic potential of many additional
environmental carcinogens. In addition, further efforts
will be made to develop an in vitro assay system, utilizing
human cell cultures , -(2) rFu5ffiansformgd- guinea pig embryo
ce1Is will be characterized. (3) Further studies on
transformation of rat ce11s by exposure to irradiated
cytomegalovirus are planned.

Project B: (1) Anj-mal cell transformation systems developed
ffiTffiilTaboratory will be used to identify and assay chemical
carcinogens. (2) Efforts will continue using primate viruses
to develop a human ceII transformation system for identification
and assay of chemical carcJ-nogens. (3) Determination of the
relationship between cel1 type transformed and histological
type of tumor obtained by an in vitro transformation system
utitizing "normal" epithet-iarEeTIS.-(a) studies of
transformation of virus infected ce11s cultured for many
subcultures and comparison with spontaneous transformation
in normal uninfected ce1ls. (5) Utilization of labeled
carcinogens to study the quantitative uptake, persistence
and distribution of chemicals in ceI1 culture.
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9rojegt _c.: sensitive in vitrg immunological and biochemical
teclnfques are being a$elSp--ed tor the [uantitation of
human and other primate candidate Type c viruses andantibodies to them.

Project-P! E vivo studies will be begun on the effect ofVarious virafinE$lltors (interferon and active i-mmunizationwith highly purified inactivated viral vaccines) on chemical
carcinogenesis.

other studies will j-nclude the relationship of genetic
influences and natural viral genome expresiion on
carcinogenesis in mice, rats, and hamsters. studies will
be undertaken to induce sarcomas in syngeneic mouse strainswith viruses isolated from chemical-Iy-induced sarcomas.
The isolation of viruses from gs negative chemj-ca1Iy
induced tumors will be attempted using 5-iododeoxyuridine
and 5-bromodeoxyuridine.

Prgject E: Electron microscopy will continue to searchror-E' presence of Type c virirs particles and otherviruses and virus-like structure in normal and canceroustissue and cultured ceIls.

Bfoject F: serodiagnostic laboratory support wilr continue
Eo C- provided

Date Contract Initiated: February 1; L970

$2roBoroooCurrent Contract Level:

PRTNCETON UNTVERSTTY (NrH-NCI-E-71-2372)

Title: studies on surface Alterations in RNA Tumor virus
Transformed Cel1s

Contra-clorrs P=oject _Directof : Dr. Max M. Burger

Project Officer (NCI): Dr. Gary Kelloff
Objectives: To study the surface alterations in transformed

by agglutinability with plant lectins.cells, as manifested

Maj-or Tindings: Several RNA virus transformed tissue culture
ffiinvestigatedforincreasedagg1utinabi1ity
with plant lectins as was previously found Uy-tfris
contractor after transformation with DNA viruses. rt was
found that Rous virus (sn1 transformed secondary chick
embryo fibrobtasts agglutinated slightly better than
untransformed ce1ls with jack bean agglutinin and that theincrease was more pronounced with wheit germ aggrutinin.
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After treatment with purified hyaluronidase, ce11s
agglutinated ten-fold better after transformation as
compared with prior to transformation. That is essentially
the sarne difference observed after transformation with
DNA vi-ruses.

When ce1Is transformed with a temperature-sensitive Rous
virus were shifted from the permissive to the nonpermissive
temperature, they decreased their agglutinability and
regained it only after shifting back to the permissive
temperature. Decrease and increase in agglutinability were
more pronounced if the ce1ls were treated with hyaluronidase.

Some preliminary experiments have been carried out on
Rauscher virus and Moloney sarcoma virus transformed
mouse fibroblasts with Drs. C. Long and R. Gilden of
Flow Laboratories (Contract No. NIH-NCI-E-71-2097) . Increased
agglutinabilities were found for both the producer and the
non-producer lines as compared with the untransformed mouse
parent cell 1ines. In this caseT hyaluronidase seemed not
to be necessary to observe sizeable differences in
agglutinability.

Significance to Biomedical Research and the Program of the

ind-aTAffi-hanges that occur in the molecul,ar architecture
of the celI surface upon transformation by RNA viruses.
The surface changes of transformed cel1s are undoubtedly
involved in the phenomena of unrestrained growth and
metastasis of tumors.

Proposed Course: Continuation of work on mouse virus
transformed mouse fibroblasts (together with Drs. C. Long
and R. Gilden of Flow Laboratories), including examination
of the effect of other agglutinins (in addition to wheat
germ agglutinin) on these lines; the effects of trypsin
and hy-aluronidase and transfo,rmation by other RNA viruses
will also be examined.

Date Contract Initiated: June 28, L97l

$56,898

sArNT LOUIS UNTVELSTTy (pH43-NrH-NCr-E-67-692).

Title: Search for

Current Contract Level:

Viral-Specific Genetic Material in Human
Studies on the Mechanism of Oncogenesis

DNA Tumor Viruses
Cancers and
by RNA and

Contractorrs Prqject Director: Dr. Maurice Green
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Project Officer (mCr): Dr. Bernard Talbot

9bj?ctiygs:. This research program is aimed at understandingin detail the mechanism of cerl transformation by RNA and
DNA tumor viruses, applying new information on viral
carcinogenesis and on the molecular biology of human cerlsdirectly to the problems of human cancer, -ind searchingfor inhibitors of polymerase that may control the expressionof cancer specific genetic information.
Major Findings: (1) fn order to analyze human cancers for
@information, a variety 6f human cancer RNAs
have been annealed with the DNA product of FeSV, FeLV
(grown j-n human cells), MPMV (Mason pfLzer Monkey Virus
grown in human or monkey cells) and MSV. The resulting
hybrids were analyzed by hydroxylapatite chromatography and
cs2so4 density gradient centrj-fugation. carcinomas of the
ovary contaj-ned RNA which hybridized with the MSV DNAproduct. certain other human cancers contained RNA that
hybridized with MPMV DNA and also with FeLv DNA (but not
with Fesv or MSV DNA). These data may mean that sequences
common to FeLv (grown in human rhabdomyosarcoma ceIls) and
MPI{V (grown in human or monkey ce11s) are present in human
cancers.

(2) The 70s RNA genome of the muri-ne sarcoma virus (Msv) and
the avian myeloblastosis virus (A[,IV) contains adenylic-rich
seguences (918 adenylic acid) of estimated molecular weight
0,900 Lo 60r000 (100 to 200 nucleotides) covalently linked

to large viral RNA subunj-ts. (a similar f ind.ing for nous
sarcoma vj-rus and Rauscher mouse leukemia virus was reported
by Lai and Duesberg).

(3) rnhibitors of polymerase molecures which may be used tocontror the expression of cancer-specific aenetic informa,._ion
have been investigated. of 37 rifamycin sV derivatives with
3-amine substituents, 29 were good inhibitors of the
RNA+DNA pollrmerase activity of RNA tumor virusesr but they
also inhibited host ce11 DNA polymerases. The most potent
inhibitors, 3-piperidine derivatives with cyclohexyl or
cyclohexylalkyl substituents show an activity of 4 to S-fordgreater than the analogous compounds with benzyl or phenyl
substituents. A correlation was found between that abirityof 3-cycric amine rifamycin sv derivatives to inhibit oua
polymerase of RNA tumor viruses and of mammarian ce11s and
to inhibit ce11 transformation. Of I82 rifamycin SVderivatives with 3-iminomethyl, 3-formyl hydrlzone,
3-formyl oxime, 4-desoxy 3, 4-substitutioni and 4-desoxy
4-substitutions and rifamycin B derivatives with4-substitutions, 17 were moderately inhibitory aL 20 yg/ml
and 10 were strongly inhibitory derivatives. several deriva-tives were effective at Ievels that may be useful for
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clinical studies.

(4) At least two size classes of single-stranded RNA
molecules sedimenting at 355 and 205 have been isolated
from MSV transformed virus-producing mouFe and rat ceI]s.
These viral RNA species are present both in free and
membrane-bound polyribosome fractions of transformed ceI1S.
The cryptic state of MSV transformed non virus-producing
hamstei-ce1ls (HT-l) is characterized by two defects: a
leve} of RNA only 2-52 of that present in virus-producing
cells and a specific deficiency in 205 RNA. (5) Ce1ls
transformed by and continuousty producing both Sarcoma and
leukemia virusesr but not those producing only leukemia
viruses, are agglutinated by concanavalin A. It thus
appears that the surface chinges associated with agglutination
are not necessarily associated with the malignant or
transformed state of the ceIl, but may be a function of the
expression of certain viral genes associated with Sarcoma
bul not leukemia viruses. (6) Virus-specific RNA transcripts
in cells transformed by adenovirus 2 and 7 contain cellular
RNA sequences derived from highly reiterated celIular DNA
sequences2

Sionificance to Biomedical Research and the Program of the
Institute: O

effilTfre first is j-mportant in establj-shing the
relationship of RNA tumor viruses to human cancer; the
second is important because of the possible clinical use
of these drugs to control the expression of cancer-specific
information; the third and fourth are important since they
may. elucidate the transcription and translation of viral
on-ogenic information; and the fifth is important to
undeistanding the regulation of macromolecular synthesis
in normal and transformed mammalian ceIIs.

Proposed Cg,ulsg: (1) A major effort is well under way on
@bridization of the RNA from a large number
of human cancers of defined organ types with DNA products
of a variety of RNA tumor viruses, especially those of
human and piimate origin. (2) The search for and analysis
of anti-po1]zmerase drugs will be continued. (3) Analyses
of the s"q,r"tces of viius-specifj-c RNA in non virus-producing
transformed cells are continuing. (4) Attempts to isolate
the ce1l-transforming proteins from transformed ce11s are
planned; if demonstratedr their properties and functions
wiff Ue studied. (5) Basic studies on the mechanism of
growth control in normal vj-rus-infected and transformed
ce1ls will be performed.

Date Contract Initiated: March 20, 1967

Current Contract Level: $1r200r000
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qArL rNsrr rurl( pn_1_3:lqlE-Ncr -E _ 67 -Lt 47 )

ritle: Temperature-Sensitive Mutants of polyoma Virus
Contrac_t_orlg pqgjgct pifesr_gr-: Dr.

Project Officer (uCf): Dr. Stuart

Walter Eckhart

Aaronson

objecl.ives: To conduct studies on temperature-sensitive
mutants of polyoma virus that are defeltive in functionsrequi-red for cell transformation.

W:.Temperature-sensitivemutantsofpo1yomavr-rus have been isolated and characterized in ordei toidentify the viral functions requl-red for cell transformation.
The mutants isolated so farr can be placed into four or
f ive f unctional groups, two of whici: are i-nvorved in ceIItransformation.

The ts3 gene product is required for induction of cell-urar
DNA synthesi-s, viral DNA synthesis, and for cell surfacealteration monitored Uy aggfutination by wheat giermagglutinin or Concanaval in a. rt is reQuired f'or themaintenance of surface prroperties of transformed ce1ls, andfor loss of contact inrr;uition of DNA synthesis. The ts3mutant does not complement other ts mutants. This courd beexplained if ts3 were defective in some aspect of uncoatingor early glene expression at high temperature, or if ts3were defective in a cis-active virat gene function.
Temperature shift experiments in the piesence and absenceof cyclohexamide indicate that the ts3 function j_s expressedquite early after infectj_on, and once expressed, is notrequired for the continuation of viral DNa synthesis. Themutant is not blocked; howeverr at some very early stageof adsorption or penetration, a concrusi_on trraL i3 supportedby-the rbservation that ts3 "eclipses" to the same extent,and wit;r the same_kinetics, as wiid type polyoma duringinfection- at permissive or nonpermissiie lemlerature. rtappears that the ts3 _gene product is a regulitory protein(which may be part of-the virion) whose flnctlon-ii requiredfor the expression of several virus mediated functionsduring lytic infection, and in the transformed ce11s.

The gene product of the ts-a mutant is required for viral
fN| synthesis and for stable transformatidn, but not forinduction of ceIlular DNA synthesis or for abortivetransformation.

The NG-18 mutant is a host range mutant that is unabre totransform hamster or rat cells] Ne-rg will geneticaily
complement the "late" mutants that make virai DNA, but donot make infectious virusr dt high temperature, and also
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mutants in the ts-a group that are defective in transformation
at high temperature.

Significance to Biomedical Research and the Program of the

ffiTffi mutants of oncogenic viruses represents the
application to cancer research of a powerful tool of modern
biology. Using the temperature-sensitive mutants, it should
be possible to define which viral genes are responsible for
the establishment and maintenance of transformation.

Proposed Course: Studies of temperature-sensitive mutants
ffis'wi11 continuer ds will studies of viral DNA
synthesis in isolated cel1 nuclei; trying especially to
promote more efficient initiation of DNA synthesis in the
system. The process of infection by viral DNA and DNA-protein
complexes will be studied.

Date Contract Initiated: June 5t L967

Current Contract Level: $120r000

SOUTHERN CALIFORNIA SCHOOL OF MEDICINE UNIVERSITY OF
F

Title: A Comprehensive Field and Laboratory Research Program
on the Etiology and Epidemiology of Human Cancer

Contractor's Project Oifectors, Dr. Murray B. Gardner (USC)
Dr. Robert M. McAllister
(Chifdren's Hospital)

Project Officer (nCr): Dr. Robert J. Huebner

Objectives: To mount a multifaceted, highly .interrelated
pr6gram-Csigned to determine the roles of viruses, physical
and chemical carcinogens, and other factors in the etiology
of human and animal cancer in a natural urban ecology. These
studies are carried out at USC School of Medicine and at
Children's Hospital of Los Angeles.

Viral studies: Human, pet, and feral animal cancer and
ffifTElEffars are under intensj-ve study for RNA tumor
virus expression, utilizing all the modern in vitro, as well
as U .rj;=, test systems. ixtensive f ield sEdiiFana
prodrffiffit efforts provide large numbers of tissues derived
from cancer patients, genetically defective individuals,
and spontaneous and therapeutic abortions. These materials
are utilized for in vitro and in vivo biological studies
and are sub j ectedToG6togiclT, ffiunological , biochemical ,
and electron micrographic analyses designed to detect, isolate,
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and characterize the RNA viruses and virus-specific antigensassociated with naturally occurring animal and human
neoplasms.

4pidemio_logical studies: This program is providing,
surveys and commrrrrity qr."fiornaire

surveys, up-to-date information of the natural occurrenceof human cancerr ds it may be influenced by genetic, viral,
environmental t oT other factors, j-ncluding-eiposure tovariable smog components in differing ecological areas
of_Los Angeles county, industriar and housefroId carcinogens,
and pets with and without cancer. other factors such asoccupation, aging, genetic defects, smoking, hormone therapy,
and immunosuppressants are being studied using classical
epidemiological methods combined with virological and
serological surveillance.
Envj-ronmental studies: This program is concerned with
monl-Eorl-ng tocal environnrental- areas for leve1s of carcinogens
and other air pollutants. Materials collected are character-ized and supplied to laboratories at uscr ds well as to NCr
and other SVCP contract programsie.g.r Contract No.
NIH-NCr-E-70-2068, for studj-es to determine the carcinogenic
activities of such polh-ltants in tissue culture and in
animals.

co-carcinogenesis studies: This area is concerned with
effects of selected chemical and

environmental carcinogens in various inbred and feral strainsof mice, hamsters, and cats in vivo, and in selected RNA-virus-infected mammal-ian tis6[eEfture systems.

Ua jor {indiq.g.g": A candidate human Type C virus, RD Ll-A Iwas rescued by Dr. Robert McAllister's group at the
children' s Holpital of Los Angeres, ,or[irrg in coI]-aboration
with Dr Murray Gardner (USC) and Dr. padmin Sarma (NCf).
Rescue vras effected by transplantation of human rhabdomyo-
sarcoma ceIls. (RD cells) into a fetal kitten. The RD 114virus isolated was, at first, assumed to be a feline
leukemia virus, but was found not to contain the FeLv gs-I
or envelope antigens. Further tests j-n a number of
collaborating laboratories have confirmed the RD 114 to bea Type c RNA virus possessing the mammalian group specificantigen (gs-3), but a unique gs-1 antigen.
RNA extracted from RD l-LA consisted of 65-70s and 4s
components and had reverse transcriptase activity which
utilized_endogenous 70s RNA or the synthetic polymerpoly rA.dT as template.

Preliminary DNA-RNA hybridization experiments in coliaborationwith or. Marcel Baluda at ucLA suggeit that the nucleotide
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sequence of the 70S RNA of the RD 1I4 virus j-s different
from the nucleotide sequences of the RNA from two strains of
FeLV.

Characterization of the RD Ll4 virus is continuing in a
number of laboratories, including the Viral Carcinogenesis
Branch (NCI), Drs. Freeman and Rhim at Microbiolgical
Associates (NIH-NCI-E,-7 0-2068) , Dr. Bishop at Universj-ty
of California (NIH-NCI-E'71'2l-47), Dr. Green at St. Louis
university (puaS-NrH-NCr-E-67-692), Drs. Gilden, oroszlan,
and Hatanaka at Flow Laboratories (NrH-NCI-E-71-2097),
Dr. Rabin at Bionetics (NrH-Ncr-E-7L'2025), and on site
Drs. McAllister, Nicolson, Gardner, Roy-Burman, Rongeyt
and Rasheed.

RD cells were productively infected with GA-FeLV and in
contrast to RD 114 virusr the virus released (RD-FeLV) did
have FeLV specific envelope and gs-I antigens.

RD ce1ls productively infected with KiMSV contained murine
virus gs-I antigen (but not RD 114 gs-I antigen) and the
progeny virus, although not causing focus formation, has a
tropism for human and rat cells but not mouse ceI1s.

Biochemical studies of KiMSV and RD-FeLV were continued;
in particular, characteristics of their'reverse transcriptase
reactions.

Transformation and productive infection of a human osteosarcoma
ce11 line with GA-FSV was achieved.

DNA isolated from human adenovirus type 1 was found to be
infective for human ceI1s.

A highly efficient method for induction of latent Type C

RNA viruses was discovered using BrdU. This method was
applied to several human tumor ceI1 lines or primary
cultures from human malignancies. Under conditions which
regularly 1ed to detection of Type C RNA viruses in rodent
or avian culturer oo viruses were detected in human ceIls.

Host dependent antigenic modification of KiMSV was studied
on the virus propagated in mouse and rat ce1ls- Type
specific antigenicity and in vitro host range (but not the
g-roup specifi; antigenicitf)- ffifound to be reversibly
host dependent.

Nonproductive lines and monocellular clones transformed by
KiMSV were derived from normal rat kidney (unf1 1ine.
They were characterized for virus Production by focus assay,
COMUL test, electron microscopy, and HJ-uridine incorporation
and found to be free of Type C viruses.
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High molecular weight (70S) RNA isotated form KiMSV
induced transformation in NRK celIs. Transformed ce1ls
did not release detectable virus but did contain rescuable
viral genome

An inhibitor, very 1ikely an antibody, directed against
the DNA pollrmerase of the mammalian Type c RNA tumor viruses,
was detected in the sera of cats with spontaneous tumors or
FSV induced sarcomas.

Twenty-three nontransforming, mo*.tly N-tropic, Type C
isolates were recovered in vitro from wild mouse embryo cel1S,
breast tissue, and 3-Mc-mdffiffisarcomas. Eighteen oi these
isolates were obtained from mice of one trapping area in
which a very high prevalence (80-908) of Type C virus
activity was detectable. This colony is interesting and
may reflect a peculiar segregation of genes of a very
atypical nature since all of a dozen other normal wild
mice populations were negative for this virus.
Two sarcoma viruses have been isolated in vitror orr€ of
which has so f ar produced sarcomas in vlFo-ffiTi1d mice.
Both sarcoma isolates were found tolrffi-Setter at 32o
(close to normal mouse body temperature), than 37o, a finding
which may have potential importance in other tissue culture
systems as we1I. Most virus-negative wil,d mouse cel-1
cultures were resistant to infection with exogenous Type C
virus of wild mouse origin.
Type B virus particles have been found by EM in over 50E of,
the breast biopsies from pregnant mice tiapped throughout
Los Angeles County; thus, wild mice provide a natural
source of the difficult to obtain mammary tumor vj-rus
particles.

Of the- dozen separate wild mouse colonies under study, one
revealed a high leve1 of infection with polyoma. Tn view
of the cancer-inducing properties of polyoma in experimental
systems, this colony is of particular interest to determine
what effect, if any, polyoma has on cancer incJ-dence, age
at onset, effect of carcinogens, etc., in its natural host.

An excellent correlation between the detection of FeLV
gs-1 antigen (using guinea pig sera prepared against this
purified antigen by Dr. R. Gilden of Flow Laboratories,
Contract No. NIH-NCI-E-71-2097) and Type C particles by EM
has been obtained in cats with spontaneous lymphoma,
unexplained severe anemia, and in normal cats. Cats with
unexplained severe anemia had as much r or even more (80-904),
Type C virus expression than cats with spontaneous lymphoma.
Virus particles and gs-I antigen were detected in about 10E
of normal cats. Cultures obtained from tissues of 7 of 26
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different fetal cats contained demonstrable Type C virus
activity in early subpassage.

Eighty-three hospitals, representing more than 70t of the
30r000 eligible acute hospital beds in Los Angeles County,
are participating in the Cancer Surveillance Program.
Approximately 10r000 current cancer cases have been collected,
abstracted, recorded on computer tape, and are being analyzed.
Field studies of several types of cancers occurring in
populations at Leisure World and several other seroepidemiolog-
ical studies are under way. Epidemiologic studies are in
progress on (a) the possible role of the putative human Type B
particle in the pathogenesis of human breast cancer;
(b) Hodgkinrs disease and EBV; (c) young genital tract cancer,
particularly in relation to maternal stilbesterol; and
(d) human lymphocyte antigen phenotypes in relation to human
cancer.

Samples of air pollutants have been collected. Crude extracts
and some subfractions have been provided to Drs. Freeman and
Rhim at Microbiological Associates (Contract No.
NIH-NCI-E-70-2068) r Rasheed at USC (Contract No.
PH43-NIH-NCI-E-68-1030), and Weiss at USC (Contract No.
NIH-NCI-E-72-2032). Most of the fractions studied in vitro
have been found to have some transforming activity.-Sffiffis
of these extracts are available to other interested
j-nvestigators.

I ign-i Li cgnc g, g) P igg_e.dig.a 1" ne s.e"a rc h gn *.,SL9._P rogfgll-o f . t,hs
Institute: This program searches for causes of humanr p€L, and
&Effirma1 cancers in a natural ecology, utilizing
(1) experimental animal systems i (2) basic viral and chemical
carcinogenesis studies; and (3) epidemiological profj-Ies of
cancer incidence in Los Angeles Area humans and animals in
relation to exposure, and to environmental carcinogerrs.

In addition, the program continues as a prime resource for
supplying human and animal materials to the Viral Oncology
in-house and SVCP contract programsr particularly to
Microbiological Associates (urg-ucr-E-70-2068) r Flow Labs., Inc.
(NrH-NCr-E-71-2097), St. Louis University (PH43-NIH-NCr-E-67-692)
University of California (Nava1 Biomedical Research Laboratories
lPH43-NIH-NCI-E-63-131 ) , and the California State Department
of public Health (PH43-NIH-NCI-E-68-997) .

Proposed Course: Continuation of (1) studies wiLh the
candidate human Type C virus, RD lL4, (2) studies of mouse and
cat Type C viruses, (3) co-carcinogenesis studies,
(4) epidemiological studies of factors influencing cancer
incidence, (5) characterization of air pollutants.
(6) Procurement, growth, and distribution of human and
animal materials.
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Date Contract Initiated:
Current Contract Level:

June 26, 1968

$2 ,4gg ,040

SOUTHERN CALIFORNIA SCHOOL OF MEDICINE UNTVERSITY OF
-f\f t | -Ha- t ,-

Title: conditional Lethal Mutants of RNA Tumor viruses
Contractorrs Project Diractor: Dr. peter K. Vogt

Project. Officer (NCI) : Dr. Robert J. Huebner

objectives: (1) Conditional letha1 mutants of avj_an sarcoma
vrrfses wIIl be isolated. (2) A11 mutants will be tested
for leakiness and genetic stability. (3) The reproductive
and ceII transforming abilities of the mutants will be
delineated under permissive and nonpermissive conditions.(4) The location of the conditionally 1ethal step in the
infecti-ous cycle will be determined. (5) The epidemic of
chicken tumors occurring in Southern California in the Autumn
of L97l will be studied.

Major Findings: The contractor has been collaborating with
@roup(ContractNo.PH43-NIH.NCI-E-68.1o30)instudies of a major epidemic of tumors which occurred in
chicken popurations of southern california during the FaI1
of 1971. The epidemic appeared to coincide with the derivery
of the first batches of chic:<ens which had received the new
Marek's disease vaccine. In such chicken populations
condemnations due to Marek's disease leukosis had declined;
howeverr dt the sarne time a rise j-n the incidence of solid
tumors occurred. These tumors included sarcomas, Wilms tumors,
and hemangiomas.

Fresh chicken tumor specimens were obtained and put in culture
with normal chicken fibroblasts serving as feeder layers.
rn about half of the tumor cultures a cytopathic rounding
of the feeder ceIIs occurred and eventually 'spread through
the entire culture causing ceIl death. Tha eifect coutd be
transferred to normal chicken and quail fibroblasts with
cell-free supernatants of the infected cultures. However,
freezing and thawing of these supernatants Ied to almost
complete loss of activity. Low multiplicities of infection
resulted in the formation of foci consisting of rounded cel1snot unlike those transformed by Rous sarcoma virus. However,
these ce11s failed to pile up and racked the capacity for
prolonged growth. rnfected cultures were studied by electron
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microscopy in Dr. Gardner's group. Both herpesvirus and
Type C particles were seen. Complement fixation tests of
the tumors (carried out in Dr. R. Huebnerr s laboratory)
indicated that the group specific antigen of avian RNA
tumor viruses is present in the tumor tissue in greater
concentration than in normal tissues.

The data available so far are compatible with the suggestion
that the cytopathic effect seen in culture is caused by
a herpesvirus. Whether this virus is also responsible for
the tumor formation in vivo is not known at the moment.
The spectrum of tumoffi ffi in the chicken population
(hemangiomas, sarcomas, and Wilms tumors) is more indicative
of an avian RNA tumor virus than of Marek's disease
herpesvirus. Experiments are in progress to inacti-vate the
herpesvirus component in tissue culture samples selectively
and to identify the survi-ving Type C particles. Infected
cultures have also been frozen and are available to
qualified investigators.

Siqnificance to Biomedical Research and the Program of the
naturEf

EffiffiTs and probably occur in all vertebrates including
man. It is therefore important to understand thej-r mode
of replication and the mechanism of their oncogenic- action.
A difficulty has been in differentiating between cellular
and viral macromolecular synthesis. Conditional letha1
mutants could alleviate this situation because accumulation
of viral precursors will occur under nonpermissive
conditions. The levels of viral materi-a1 reached in the
ceII may thus become detectable with currently available
biochemical techniques. Conditional 1ethaI mutants will
also be useful in delineating the sequence of viral functions
during infection and in pointing out patterps of ihter-
dependence in such functions.

Even more important than the contribution temperaturg-
Sensitive mutants may make to our understanding of virus
replication is their potential value for the analysis of
neoptastic transformation. Inability of temperature-
seniitive mutants to transform under nonpermissive conditions
would strongly implicate the viral genome in the process
of transformation. Transformation negative mutants which
can transform at 35o but are unable to perpetuate transformation
at 41o will be significant in the identification of specific
viral products and functions which are needed for the
maintenance of the neoplastic state. Preliminary observations
with avian sarcoma viruses indicate that such types of
mutants can be obtained.

Proposed Course: Since the work being currently done on
@ chicken tumors is an interim project, it is
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planned to conclude this work by characterizing the RNAtumor virus components obtained from the tumori; work willcontinue further with these agents only if they are abreto produce transformation in v.itro and can be used directlyin mutant work. -
rt is- anticipated that very shortly the equipment neededfor the isolation and char-acterization of -neiu temperature-sensitive mutants will be derivered, and the work ontemperature-sensitive mutants will begin.

Most work wilr be carried out with avian sarcoma virus 877.chick embryo fibroblast curtures infected with a highmultiplicity of virus become completely transformed withina few days and actively produce virus. such celIs will beexposed to 5-azacytidine (I-25 yg per mI) which has been
shown to cause mutations in repliciting RNA viruses. Virusstocks grown in the presence of the mulagen for 24 hourswill be harvested and studied for the presence of conditionallethal mutants.

As in previous work, incubation at 41oc will be chosenas nonpermissive condition, and 35oc will constitute thepermi-ssive environment, A11 temperature-sensitive mutantswill be crassified according to Lhe viral product or functionwhlch is missing at the non[ermissive temperature. products
and functions which will be tested in thi; initialclassification are (1) neoplastic transformation of theinfected celI, (2) production of infectious or noninfectious
yi5a1 particles, (3) synthesis of type-specific antigen,(4) synthesis of group:specific ant-ilen.
The approximate location of the temperature-sensitive stepin each conditional IethaI mutant wirr be determined byshifting the temperature of j-ncubation at various .tj-mes afterinfection from 35-41o or vise versa. rt will be possibleto divide the mutants in ffio-cffiries, one haviirg an earlytemperature-sensitive step and the other showing titetemperature sensitivity.
Date eontract Initiated: October 15, l97L

$256, 000Current Contract Leve1:

STAI{FORD LNTVERSITY (NIH-NCI-E-69-2053)

Titl'e: (A) Procurement, processing, storage, Distribution andstudy of Human Tumor ce1l culturesi and (B) operationof a Central Mycoplasma Diagnostic Laboratory
contractorrs Project Director: Dr. Leonard Hayflick
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Project Officer (NCI): Dr. Stuart Aaronson

Objectives: Part A is for the procurement, processing, and#distfibuEfon to SVCP contractors of viable; characterized
human tumor ceIl cultures obtained from biopsy or surgical
removal at hospitals in the San Francisco Bay Area. (Serum
samples are eollected simultaneously. ) In addition research
studies are directed toward the detection of a viral genome
in these ceI1s. Part B serves as a central diagnostic
facility for the detection and identification of mycoplasma
contamination in virus preparations, serar ce11 culturesl
and clinical materials submitted by other SVCP contractors.
Upon request, identification of isolates is made as to species;
and mycoplasma antigens are distributed to those investigators
requiring these materials.

Maior Findinqs: (1) Over 68 human tumors were cultivated

-

ffir.A11viab1ecu1tureshavebeenphotographed7
and from 3 to 11 ampules of tumors have been stored in
liquid nitrogen. (2) aff tumor culture data, patient history,
and ce1I storage.information is now stored in a computer.
(3) Thirteen human tumor ceI1 populations have been examined
by electron microscopy for Type C particles with negative
results. (4) Witfr cytochalasin B, enucleation of the
entire culture of human normal (WI-38) and cancer cells
has been achieved, thus paving the way for hybridization and
genome rescue experiments. (5) The use of antilymphocyte-serum
(ar,S) treated mj-ce in assessing the malignancy of human
tumor ce11s is continuing. ALS has now been prepared
against the C57/L strain of mouse (one of the most "switched-
off" strains in terms of Type C particles), in which future
studies will be done. (6) Treatment of WI-38, human embryo
cel1s, and human amnion with benzo-(a)-pyrene or methyl-
cholanthrene or FeSV does not result in a malignant
transformation. (7) During L97lr 3r156 samples were received
fro.m SVCP laboratories and were tested for mycoplasma
contamination; 358 were posi-tive. (This represents the
largest number of mycoplasma samples received in any year
sj-nce the inception of this contract 7 years ago.)
(8) Studies continue on the growth characteristics of
mycoplasmas in an effort to understand the interaction of
mycoplasmas with cells cultured in vitqg and the effects of
n-ew mycoplasma inhibitors with tE ['5il-of developing a
control for mycoplasma contamination.

Siqnificance to Biomedical Research and the Program of the
iiost-ic fadilitY is a testing

ffifiEoring seivice available to all SVCP contractors
and Viral Oncology intramural staff. Many of the most
important viral specimens, celI cultures, sera, etc., used
in the Viral Oncology Program are sent to this facility for
mycoplasma testing. In addition the contractor is growing
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human tumor ce1ls in v'itro as a resource for other svcpcontractors and ro?-p,ffirpose of his own research ontransformation.of cells-by oncogenic viruses. The systemof c57/L mice treated with anti-lymphocyte serum wiri beused to te1I whether cel1s from neopraslic tissues, beinggrown i_+. vi-Llg, are ,'tumor cells or fibroblasts."

rc:(1)Continuationofco11ection,cu1tivation,characterizationr dnd storage of human tumor cel_isr Ers werlas mycoplasma testing of samples received from otherlaboratories. (Z) Continuation of studj_es on: (a) effectsof various chemical carcinogens on normal human ce1ls in vitro,alone and j-n combination with oncornaviruses, (b) aiscilmifrEffi5nby c57/L mice treated with antilymphocytic sera (ALS)
between human normal and cancer cerrs; (c) ceI1 fusion,hybridization and keterokaryon formation in vitro usingcytochalasin B and Sendai vj-rus. (d) oet#ti&-Tf gs intigenin human embryonic tissue and tumor ce1Is. (e) ele6tronmicroscopy of-cultured human tumor ceI1s. (f) Attemptsto transform a variety of normal human celIs with mli, tumorvi-ruses.

Date Contract fnitiated: June t9, 1969

Current Contract Level_: $178 ,447

WASHINGTON, UNIVERSITY OF (NrH-NCf -E-7t-2]-7l-)
Title: Studies on Tumor-specific Transplantation Antigens

: Dr. Karl Erik He11str6m
Dr. Tngegerd Hellstrdm

Pl.,o.j-e.ct Off_i-ger..JNqp-: Dr. Charles W. Boone

OP,j?_cE-v,eS : _ To detect and characterLze tumor-specific
antr-gens, pJ-us serum-mediated and celI-mediated immune
responses to these tumor-specific antigens, in human tumors.

Sejstr rindings-: (1) Human neoplasms derived from the sametissue had been previously shown, by the contractor, tohave common tissue _type specific tumor associated antigenssince lymphocytes from a given cancer patj-ent will inhibithis own tumor ce1ls in tissue culture lnd also tumor cel_rsof other patients of the same histologic typer but not ofdifferent histologic types. Evidence was now found for theexistence of analogous antigens common to both rat bladderpapillomas and carcinomas, ind for such antigens common to
mouse bladder carcinomas. Murine bladder tumors may thus besuitable for an _investigation of immune reactions alainsttumor associated antigens of the tissue specific tyi". Rats
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immunized with syngeneic urinary bladder papillomas, then
challenged by insertion of a methylcholanthrene peI1et into
the bladder, were found to develop fewer primary bladder
tumors than rats immunized with normal bladder tissue.

(2) The contractor had previously shown that human tumors
of the same histologic type have common blocking antibodies
since the serum from a given patient will block the tumor-
destructive effect of his own lymphocytes for his own tumor
and also for tumors of the same histologic type from other
patients. It was now shown that in addition to sera a
similar blocking activity can be eluted at pH 3.1 from
human tumor tissues, obtained at surgery (seminomas and
osteogenic sarcomas), and from tumor cells growing in
ascites and pleural effusions (carcinomas of endometrium,
breast, and ovary). A hiEh (MW above I00r000) and a 1ow
(MW below 100r 000) molecular weight fraction can be separated
from the eluates by ultrafiltration. Neither of these
fractions could block lymphocyte mediated cytotoxicity
in vitro when tested by itself, while a 1:1 mixture of them
Euftil-slocking was also obtained when the tumor ceIls were
first exposed to the high and then to the 1ow molecular
weight fractions, but not when the sequence was reversed.
The observations obtained are analogous to previous findings
in animal tumor systems and provide evidence that tumors
growing in human patients are coated by "blocking factors. "

(3) Blocking material, in the form of sera of rats carrying
progressively growing polyoma tumors and low pH eluates of
polyoma tumor tissue inoculated into polyoma isografted
rats, cause an enhanced tumor growth.

(4) Sera from all of seven tumor patients tested (one with
melanoma, one with colonic carcinoma and five with breast
carcinoma), who had become clinically tumor-free, could
"unbIock" the blocking effect of sera from patients bearing
tumors of the respective types, thus making it possible for
immune lymphocytes to kiIl cultivated neoplastic ce11s in
the combined presence of the "unblocking" and blocking sera.

(5) "Unblocking" antibodies can be produced by immunization
of BCG primed rats or rabbits with tumor cel1s. These
antibodies can counteract the effect of specific blocking
sera and tumor eluate in vitro. When inoculated into rats
which had previously r&effil-a polyoma tumor isograft,
unblocking serum was found to inhibit the appearance of
(or counteract) the blocking activity of serum in four of
five rats. Tumors in these four rats grew progressively
for 10-12 days and then completely regressed.
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sigJtifigance to Bj-omedical Research and the program of the
EfrEElifrEr tumor aniigensr ds well- as celI-mediated and
humoral immune responses to the antigens, has alreadygiven, an{ promises to continue to give, insights to the
understanding of the bodyts immune response to tumors, and.ultimately may lead to immunotherapy oI established tumors
l-n man.

Pr?poged. Coursg-: Continuation of screening of human and
ani-mar tumors for tumor-specific transplantation antigens.
Continuation of in vitro studies of ceIl-mediated and humoral
lmmune responsesTglfiE TSTA, including !,blocking" and
"unblocking" factors, and attempts at immunotherapy of
established tumors.

Date Contract Initiated: April 14, 1969

$90,000Current Contract Level:

ryE_+ r q,rll.l{N _TN s r r r.rJr E oF s c IllN cE . ( N r_H -N c r - E - 6: - 2 0 1 4)

Title: Study of Virus-induced Tumor-specific Transplantation
Antigens

9on-tractorr s Project Direc!.o!: Dr. Leo Sachs

E{gject_Officer (NCI) : Dr. Charles W. Boone

Oliectiyes: To investigate the differences between the
structure of the surface of normal ce1ls and of ce11s
!Ia"!{gImed by viral and non-vira1 carcinogens by studyingthe differential binding of plant lectins.
Mpjor Findings: Concanavalin A (Con. A) agglutina.tes
ffi1ls, bu! it onry aggrutinatei normar celrs
after they have been treated with tyrpsin, only about 15a
of the ce11 surface is occupied by Con. A molecules at
saturation.

Transformed celIs were agglutinated by con. A at 24oc but
not at 4"c. Agglutinati-on of transformed ce1ls by wheatgermagglutinin, which binds to N-acetyl-D-glucosamj-ne-1ike sites,
and by soybean agglutinin, which binds to N-acetyl-D-
galacyosamine-like sj-tes, was not temperature-sensitive.
changes in the structure of the cerl surface were found inthe ascites form of a Moloney virus-induced lymphomar dndin ceIls transformed by poryoma virus, sv40, nous sarcomavirus, and the chemical carci-nogen, dimethylnitrosamine.
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Ce1ls of a Moloney virus-j-nduced llrmphoma (yaC) wereagglutinated by con. A, wheatgerm and soybean agglutinins.
However, only con. A showed a marked toxic effect on yAc
ce11s in vitro and in vivo. rn vitro incubation with 125 ugCon. aToFTf,hoursTyffi-gst-EfTEe-cel1s. rntraperitoneai
injection of 1 mg Con. A at t hour, 2 days, and 5 days afterintraperitoneal inoculation of lo2 yAC cells into adurt
mice resulted in an inhibition of tumor formation in 7oz,
508, and 208 of the anj-ma1s, respectively.
Amino acid and carbohydrate transport in normal and
malignant transformed hamster ce1ls was studied after equal
binding Con. A to the ceII surface. The transport of a
number of amino acids was inhibited after Con. A binding
in the transformed celIs but not in the normal ceIls(e.9., L-1eucine, L-arginine, L-glutamic acid, L-glutamine,
cycloleucine, and o-aminoisobutyric acid). Transport of
D-glucose and D-galactose was more inhibited by Con. A in
transformed than in normar ceIIs. There was no effect onthe transport of L-fucose or 3-0-methyl-D-glucose in either
normal or transformed cel1s.

significance to Biomedical Research and the proqram of the

ffifffiia6-5f normll and tumor cel1s are of value in elucidating
the chemical nature of the differences in the surface thatare associated with ceI1 malignancy. They are also ofpotential value for tumor chemotherapy.

Proposed Course: The potential therapeutic value of Con. A
ffi explored in three main d.irections:
(1) Chemical modifications of Con. A to attempt to improve
the degree of previously shown differential toxic effect
on normal and tumor ce11s. (2) Studies of what enables
con. A to produce ceI1 toxicity (how it diff.ers from other
lectins which bind but do not ki11). (3) Further studies
of the ability of Con. A to induce the activation of
llzmphocytes.

Date Contract Initiated: April 22, L969

$51, 6oo

wrsrAR rNsrrrurE oF 4NAroMy Alrp Brol,ogy LryrH-NCr-E-71-2092L
Title: Extraction and Characterization of Virus-induced

Transplantation Antigen and Rescue of Vi-rus from
Sarcomas and Leukemias

Contractort s Project Director: Dr. Anthony J. Girardi

Current Contract Level:
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B{gjec,.t gffiqer (mcr.)-: Dr. Charles W. Boone

Ob'jectives: To extract
# ittransplantation antigens
tumor viruses.

and characterize tumor-specific
induced by selected DNA and RNA

re: (1) rn cooperation wj-th Dr. Berge Hampar(NCr), the peroxidase staining technique for localization
of murine gs antigen is being evaluated. The technique
is both more sensitive and more specific than the fluorescent
antibody technique. (21 Examination of early fetal hamster
tissue for antigens shared with sv40-induced tumor ceI1s
has confirmed coggin's findings that such a common antigen(s)exj-sts, but does not support the concept that it is the
important transplantation type antigen since it protects
only male animals. His findings have been extended to showthe embryos of pTimaparous females were effective immunogens
against sv40 tuffiffi while those from multiparous
females were not. (3) Rescue attempts have been initiated
employing human sarcomas and leukemias in a variety of
combinations designed to activate latent viral genomes.
These incrude co-cultivation and fusion with eilher Bpr,
inactivated Sendai virus or lysolecithin.

S"a, !r,S- pfogT"m_of the
Institute: The tieatmenT
E'EE-ffi*an attractive hypothesis for decad.es, 6ut it is
only recently that new and fundamental discoveries in
immunobiology have made cancer inununotherapy a realpossibility. Many tumors possess individually distinct
transplantation antigens against which the host mounts an
immune response. 'The transplantation antigens of-most
virus-caused tumors in different animal specids are the
same for a given virus. The work being conducted by the
contractor is part of a larger effort of the svcp- to isolate
and test virus-induced tumor-specific transplantation
antigens in animal model systems.

Proposed Course: (1) Improve use of the peroxidase reaction
technique-dF-d-routine assay method for gs antigens and for
intracellular localization of reverse transcriptase. (2) Stuay
of the relationship of fetal antigen to transplantation
antigen. (g) attempt. to rescue human oncogenic viruses using
co-cultivation, fusionr and chemical activation with BrdU
and IdU. (4) Continuation of attempts to prevent spontaneous
tumors of mice by immunological techniques using direct
immunization with vaccines, non-specific stimulition, and
abrogation of tolerance to isogeneic t-issu€s. (5) Continuationof attempts to immunize against neoplasia induced by known
laboratory strains of oncorna viruses. (6) continuition
of attempts to purify transplantation antigen extracted by
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high molarity salt solutions or neuraminidase. treatment,
and characterization of the isolated component(s).

Date Contract fnitiated: February L, l-971'

Current Contract Levsl: $115 t40O

THE WORCESTER FOTINDATION FOR EXPERIMENTAI BIOLOGY

ri}]g: Isolation and Purification of Transplantation Antigens

C-glrlJaqlorrs,plgjec:L o*sgc!.or: Dr. Donald F. H. Wallach
projsct Office-r (NCI.): Dr. Charles W. Boone

OPjegliveF' 
_ 
To investigate the biochemical and antigenic

changes which occur at the cel1 surface during and after
transformation by oncogenj-c viruses.

Iqj_of .ri.I.*ing?: This program continued to search for newproteins in monkey kidney ceIls during early stages ofpermissive, lytic infeclion by the on-ogeni- DNA virus sv40.It relied heavily upon various methods of ce11 fractionation
and upon polyacrylamide gel electrophoresis for visualizingthe protein components of isolated ce11 fractions. nepeated
experiments produced consj-stent protein patterns for unin-fected ce11 fractions. The latest and best-controlled
experiments show no new geI bands visible in fractions ofinfected ce11s if gels aie stained in the coomasj-e blueor stains-All $yes. However, if the cerls are labered withglucosamine-I-aac, microsome and microsome wash fractions ofinfected cells display at reast one confirmea 14c band not
found in comparable fractions of control ce11s. The
microsome "washes" were not j-nnocuous rinses, but removedmaterials whose protein spectrum was different from the solublefraction and whose l4c specific activity was considerably
higher. rnasmuch as by far the highest specific activity
of any cellular component was found in the most buoyant
microsome fraction, the activity of the material in the
washes suggests that it is rich in membrane glycoprotein orin an export material which can be found on celt lurface,or both. This "new" glucosamine-Iabeled component of
microsomes from infected cells wilr be investigated further,using non-SVCP support.

si-gnificance to Bj-omedical Research and the program of the

Proposed Course: This contract was terminated in september,ffi
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Date Contract Initiated: Itlarch I2, L969

Current Contract Level: None

SALK INSTTTTJTE (NIH-NCr -E-72-3207)

Title: Growth Regulation of Normal and Transformed Cells and
Immu:ological Approaches to Ttmor Rejection and Prevention

Contractorrs Proje.ct Director: Dr. Edwin S. Lerurox

Project Officer (NCI): Dr. Robert J. Ffuebner

Objectives: [1) Study how the surface of tumor ce1ls differs fron that
oE nonnal-ce1ls. (2)' Atternpt immunological prevention and rejection
of trrmors. (5) study growth regulation of normal and cancer ce11s,
as directed by serurn factors.

It4ajor Findings: This is a new contract and major findings have not yet
ffi-TeporTAl

@ed1ca1 Researclr and 9re Brogram of the Institute:
Ine proposed contract focuses on the antigenic properties of cancer ceIls
which are undoubtedly involved in the phenomena-of-unrestrained growth
and metastasis of tunors. Projects A, C, and D work respectively towards
an ultimate goal of enhanced immune rejection of ttmors, regulation of
tr.mor growth, and a chemical anti-tr.unor vaccine, arly of which would be
a major step forward in the control of lrunan cancer.

Proposed Course: Project A. (Drs. Dur-Lbecco I Leru:ox)
wrth altered antigenic characteristics will be derived
ability to induce ilrxTrune rejection of the parent trmpr.

Project B. (Dr. Nicolson) The amount and distribution of cell surface
antigens in normal and ttmor cells will be studied using radioirmnune
assay, cytotoxic nethods and especially EM visualization using ferritin-
conjugated antibodies and plant lectins.

Project C. (Dr. Ho1ley) The difference in the regulation of growth of
nonTral and malignant cbUs by senm factors will b6 studied.

Project D. (Dr. Shier) Synthetic antigens will be prepared with chqnical
sTructure similar to that of the receptors on tumor Lelis responsible
for agglutination with various plant lectins, ffid these antigens will
be tested as inrnunogens to elicit anti-tunor cellular responses.

Date Contract Initiated: ivlarch 6, LgZz

Current Contract Level: $sss, o4o

Ttrnor cel1 lines
to test their
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GEORGETOWN UNIVERSITY SCHOOL OF MEDICINE l3:NCr:E-65-53 )

Title: Human Breast Cancer Studies

Contractorls Project Director: Dr.

Project Officer (NCI): Dr. t,l. Ray

BREAST CANCER VIRUS SEGMENT
Dr. [^J. Ray Bryan,0SD, DCCP, liCI, Chairman

Dr. Robert Depue, 0SD, DCCP, NCI, Vice Chairman
Dr. Harry J. Clausen, OSD, DCCP, Executive Secretary

t^Iilliam F. Feller

Bryan

l. continuat'ion of studies on the association of virus-likeparticles in human mi1k, with human breast cancer.

2. Tissue culture attempts to propagate virus-like particles
observed in human milk and breast canqer cells.

3. Attempts to induce mature virus production in established
tissue culture lines of human cancers, particu'larly breist
cancers.

Major Findinqs:

The most important result was the successful induction of virus production inhuman cancer cells in tissue culture by the meihoa reCentty int.bariuJ UV no*eand associates for the activation of lilukemia virus in mouie cefii,-nur.i,'OV-treatment with IUDR. The additional finding was made that treatment with DMS0followi!g IUDR enhanced the reaction by a ticior of l0 oi ro... The humancell cultures involved were establishei lfnes of.a rhabaorvoiu..oma, and ofa metastatic lesion in a node of a patient with lung cance-r. ViiuJ'piitiif.t
were detected by electron microscopy. Whereas the fiaritciei ouserved in theIung cancer cells budded from celJ membranes and in'every way resembled theknown !-tyne oncogenic RNA viruses, those of the rhabdomloiui..oru budded from
.the.endoplasmic reticulum and were intracisternal rather than extracellular.
Most of.the particles resembled A-type particles bui *uny oi ffrlm had densenucleoids and resembled C-type partitlei excepi-to. their intracisternallocation. Further studies ire in progress to rule out contamination of thecultures with some murine virus. it ifre tatter are ruled out, if'.is willrepresent the first successful induction of a human oncorna virus in anin vitro system.

Efforts to induce particle product'ion in human breast cancer cu'ltures bysimilar procedures have not'been successful thus far.
In the studies on human mi1k, the new biochemical method of Spiege'lman andSchlom for the detect'ion of oncorna-type viruses has been intiloJuced toreplace the more time consuming and mirtfr less sensitive method ot.tectron
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Current Annual Level:

microscopy. It involves the simultaneous test for 70 S RNA and reverse
transcriptage. This method is now being used in the monitoring for se'lecting
positive milks from which sufficient virus-type material can be recovered to
support investigation directed toward propagating the agent in tissue culture.

Significance to Biomedical Research and the Program of the Institute:

This contractor was one of three initia'lly selected to investigate the possible
association of viruses with human breast cancer, and,'in collaborative studies
involving electron microscopic monitoring by another contractor (67-.l176), was
the first to show that particles resembling the oncogenic RNA viruses are
present in milk of women who have had breast cancer.

This observation led to an expansion of the effort on breast cancer under the
SVCP, and the studies under this contract are essential for determining whether
the candidate agent being observed is actually virus, and related to the
causation of the human disease.

Proposed Course:

The effort toward the objectives described will be continued at the current
level.

Date Contract Initiated: 11 /1e /64

$.l7.l,400

HOI,'IARD UNIVERSITY SCHOOL OF MEDICINE (NIH-NCI.E.70-2I78)

Title: Immunologica'l Studies on Human Breast Cancers and Other Neoplasms

Contractorrs Project Director: Dr. Michael V. Viola

Project 0fficer (NCI): Dr. Ronald B. Herberman

Obiecti ves :

l. Procurement of human specimens for use by SVCP participants as well
as for research conducted in the contractor's institution.

a. Selected specimens of breast and other cancers procured at
operation or biopsy.

!. Sera from patients with breast and other cancers, and from
patients with non-neoplastic diseases for use as controls.

2. Establishment and characterization of tissue culture lines from
selected cancer patients, particularly breast cancer.

3. Immunological studies of established cancer cell lines and of
patients with breast cancer and other neoplasms.
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Major Findings:

l. Procurement of specimens

a. The following numbers of specimens have been distributed to ll
intramural and extramural participants of the SVCP.

Breast carcinomas
Fi brosarcomas
Gastroi ntesti nal carci nomas
Lung carci nomas
Vulva carcinomas
Malignant effusions (breast
Lymphocyte preparations from
Lymphocyte preparation from

pati ent
Lymphocyte preparation from

25
2
5
2
3

cancer) 2
Hodgkins patients 2

breast cancer)-i r

patient with CLL I

b. Sera from breast cancer patients and matched controls
Sera from Hodgkins patiehts and matched controls
Selected cancer sera and controls
Large plasma specimens with high antibody

agai nst Be Lev ce1 I I i ne

35
50
54

ti ters ) ^)t

2. Tissue culture studies:

A cell line (W-t1 has been established from a malignant pleural
effus'ion from a patient with disseminated breast cancer. Using the
simultaneous detbction method, high molecular weight RNA. (70 S) and
reverse transcriptase were found in the concentrated supernatant from
this cell line. It is now being further characterized, and cloned,
for use in immunological and viro'logical studies on human breast
cancer.

3. Immunological studies of patients:

Thirty-five patients with breast cancer and a similar number of con-'
trols have been studied with respect to lymphocyte response to various
dilutions of PHA. Response to PHA decreased in disseminated breast
cancer. The decrease was found not to be due to serum factor, and an
attempt to correlate lymphocyte response to re1ative proportions of,
B and T lymphocytes is now in progress.

Personne'l from the contractor's laboratory are now being trained in
the Project 0fficer's laboratory at NCI in several new immunological
techniques to be emp'loyed in collaborative studies on breast cancer
and other patients at the contractor's institution.
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Signijicgnce to Biomedical Research and thq_Program of $e Inltitute:

The NCI does not currently have an intramural program on the study of human

breast cancer, and this university hospital in the Washington, D.C. area
provides the important needs of (1) breast cancer patients.for.study by intra-
mural scientists, in collaboration with thc contractor; and (2) fresh cancer
tissue, 'lymphocytes, and other specimens for tissue culture, immunological
and virological studies both by intramural scientists and other SVCP

parti ci pants.

Proposq4 lQourse:

Personnel from the contractor's laboratory are being trained in the Project
0fficer's laboratory at NCI for expanded immunological studies of cancer
patients, particularly those with breast and colon cancers. An increase of
about $6,000 in funding is projected.

Date Contract Ini ti ated: 4/27 170

Current Annua'l Level z $49,729

INSTTTUTE FoR MEpICAL RESEARSH (PH43-NCI:E-68-1009)

Tit'le: Studies of Human Milk and Mammary Tumors

Contractor's Project Director:

Project 0fficer (NCI): Dr. t,'l.

Dr. Dan H. Moore

Ray Bryan

08.iecti ves:

To explore human milk and breast cancer tissue in search of a virus that
might be etiologically related to the disease.

Major Findings:

As previously reported, important leads suggesting the possible involvement
of a virus in human breast cancer were obtained in exploratory studies, name'ly:
(l) the finding of virus-like particles resemb'ling the oncogenic RNA viruses
in some milk specimens from women belonging to high-breast-cancer families,
and (2) tfre finding of reverse transcriptase activity.in such particle-positive
mi I ks ( i ni ti a1 1y col I aborati ve wi th contra ct #70-2040) .

A multidisciplinary effort was initiated at the beqinning of this contract
year to follow-up these leads on the human problem and to use the mouse mammary

tumor virus (MTV) system to guide the human studies.

A biochemical laboratory was added and 25 human mi'lk specimens studied thus
far show that about one-third of them were pos'itive for reverse transcriptase,
confirming the earlier exploratory results. In other biochemical studies the
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five major proteins of pqf!fied mouse MTV recently r:eported by Nowinski have
lggn confirmed, and an additional protein has Ueeir idbntified in the 0g,000-.l.l0,000 

molecular weight range which is thought to be the enzyme, reverse
transcri ptase.

New technieueg developeq !n the expanded tissue culture laboratory have
resulted in the.successful .explanation of 7l human breast cancers-. Forty-five have been investigaled thus far by negative staining and thin secti6n
electron microscopy. Spiked particles- resembling the MTV have been found in
Jt and smooth surfaced particles resembling C-ty[e virus have been found in24t. A thir! type of particle with shorter-spit<li tfran the MTV was found in Bcultures. Double blind studies are in progrbss to determine the associationof reverse transcri.ptase y!th type of pirticle. A total of 172 milk speiimens
have been collected for this purpose from women of high-breast-cancer i^isk andcontrol popu'l ati ons

Neutralization tests have been initiated on 60 human sera (from breast cancerpatients and controls) to determine whether they reduce the activity of MiVin test mice. 0ther immunological studies undeiway inc'lude: (l ) t"fre immuni-
zation of rabbits.with high-speed.pellets from humin mflk contiining high
reverse transcriPlgse activity and a high number of virus-like particlei, as
g^ioYJce.of specific antibody against the candidate human partibles; and'(2) the immunization of test mice with such human candidatb virus to determine
whether it will protect against later challenge with the mouse MTV.

Significance to Biomedical Research and the.Program of the Institute:
This was one of three projects initially set up to determine whether suffi-iient evidence could bb found for an asiociatibn of virus with human breast
cancer to justify a broader formal program on the virus upp.oa.h to the
etiology of the human disease. The'reiults of studies unbbr this and otherrelated contracts (see also PH43-NCI-E-65-53 and PH43-NCI-E-67-1176) feJ io
an expansion of programmed activities on breast cancer unde.r this as well as
the other contracts.

Prqposed Course:

Th'is multidiscip'linary effort will continue at its current level fon further
electron microscopi.g,. biochemical, tissue culture, and immunological investi-gations of the candidate human virus in milk and breast cancer lissue.

Date Contract Initiated:

Current Annual Level:

6/28/68

$4o2,ooo
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MAS0N RESEARCH TNSTITUTE (NrH-NCI-E-70-2204)

Ti tl e: Hormonal Influences on the Induction of Breast Cancer in Specific
Virus Infected Animals

Contractor's Project Director: Dr. Marcus M. Mason

Contractor's Princ'ipal Investigator: Dr. Arthur E. Bogden

Project 0fficer (NCI): Dr. W. Ray Bryan

Objecti ves :

(l) BV studies of the hormone profiles of blood and urine of experimental
animals during normal physiological cycles and during different regimens
of hormone treatment, to determine the hormone dosages, combinations, and
sequences to be tested in the virus-hormone co-carcinogenesis studies of
objective (2).

(2) To determine whether candidate viruses isolated from animal breast
cancers are capable of inducing breast cancers in their natural hosts
and/or animals of other species, using appropriate hormone stimulation
of the hormone-dependent target tissues (mammary glands). Candidate
viruses currently under investigation are: (a) tfre Mason-Pfizer Monkey
Virus (N-pNV)'isolated from a bieast cancer of a Rhesus monkey at the 

-

contractor's institution; and (b) the R-35 virus isolated from a trans-
plant of a spontaneous breast cancer of a Sprague-Dawley rat, also at
the contractor's institution.

Ma.iqr Fi ndi ngs :

M-PM Virus

The appropriate regimens for hormonal treatment (hormones, dosages, sequences
and combinat'ions) have been worked out in female Rhesus monkeys for (1) pro-
ducing hypertrophy of the breasts with hyperplasia of the ductular and alveolar
epithelium, and (2) for inducing and maintaining lactation of such stimulated
mammary glands. These regimens are now being applied in two types of investi-
gat'ions: (l) Hormone treatment of female monkeys inoculated ai newborns with
M.PMV. Treatment is begun when they reach 18 months of age and will be
continued for prolonged periods as a co-factor in breast tumor induction. The
animals will be observed for two to three years for the appearance of breast
cancers. (2) Inoculation of sexually mature, hormone trehted, female Rhesus
monkeys with M-PMV directly into the hyperplastic ductules and alveolar tissues
to determine their susceptibif ity to infection with M-PMV. Infectivity is
currently being tested by inducing lactation and examining milk for C-type
M-PMV particles, reverse transcriptase activity (co'llaborative with others),
and the presence of specific viral antigens. These studies are at an early
stage and sufficient results are not available for evaluat'ion at this time.
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R-35 Vi rus

Until recently, no rapid in v'itro method was available for determining the
biological activity of thif virui, and the fact was not previously known
that'its biological potency is greatiy diminished by freezing and storage.

In experiments initiated with frozen virus, before this information became
avai I ab1e, the f ol'low'ing resul ts have been obtai ned:

A total of 5 fema'le Sprague-Dawley rats inoculated as newborns with the R-35
virus have developed mammary adenocarcinomas among a total of 98 inoculated;
giving an overall incidence of 5.1%. The time of appearance varied from 4
to 14 months, all but I appearing in rats less than one year of age. No
tumors of this type were observed among 197 uninoculated controls within the
same experiments.

Al 1 qf the mammary adenocarci nomas occurred
9 different lots of frozen virus used in the
frequencies: 2/36 (5.6%),2/16 (12.5%), and
type occurred among animals inoculated with

Current Annual Level:

in rats inoculated w"ith 3 of the
studies, with the following
1/20 (5.0%). No tumors of this

the other 6 I ots of frozen vi rus.

Another type of tumor, fibroadenoma, known to occur spontaneous'ly in older
animals of this strain has been observed in two uninoculated control animals
at approximately ll months of age.

A1 though the smal I number of mammary tumors observed does not represent
definit'ive evidence that the R-35 virus is oncogenic for rat mammary tissue,
the results lend strong encouragement to th'is possibi'lity. These studies
are now being repeated with fresh virus inoculated on the same day as it is
prepared, which should have much stronger biological activity.

Siqnificance to Biomedical Research and the Program-of the Institute:

At the present time, breast cancer js known to be caused by a v'irus in only
one ani mal speci es , the mouse. Thi s project, i nvo'lvi ng bi ol ogi ca'l testi ng
of candidate viruses for oncogen'icity, is part of a broader program activity
for determining whether viruses are related to breast cancerin animals other
than mice. Such animal studies are necessary for developing technology and
approaches to the study of the human breast cancer virus problem.

Proposed Course:

The experiments under way will be continued until the pianned numbers of
experimental animals have been inoculated with virus (50 monkeys,2000 rats,
and several hundred each of mice and hamsters, all inoculated as newborns).
Observations for tumorinduction will be continued for the lifetimes of the
rodents, and for 2-3 years in the case of monkeys. If oncogenicity is
demonstrated for any candidate virus, systematic follow-up stud'ies wjll be
i ntroduced.

Date Contract Initiated: 6/e/70

$265,000
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MEDICAL CoLLEGE 0F tillSCoNSIN (PH43:NCI:E;68:1010)

Title: Hormone Effects on Virus Particle Activity in Breast Cancer

Contractor's Project Director: Dr. Ronald Pattillo
Project 0fficer (NCI): Dr. Robert H. Depue, JF.

Objecti ves :

To study the effects of human hormones on possible oncogenic virus production
in human breast cancers in vitro. The horinones to be sludied include the
lactogenic hormone and b-io16ffia-'lly active estrogenic and progestational
steroi ds .

Major Findings:

A series of breast tumors have been studied in the initial experiments to
define culture conditions, optimum type of tumor-hormonal resfonsiveness andpotential for continued growth in culture. Encouraging new lbads that ma,
have relationship to.the-recent'ly reported identifiiation of virus partic-1e
production within-epithelial "domes"' from mouse mammary tumors have' been
observed in one of the human tumor cultures. Attempts-to subculture these
"focus" appearing ce]1 aggregates. have not as yet bben successful. However,
these.experiments suggest a [ossible parallel between mouse mammary tumor
behavior in vitro and the huinan tumor. The culture medium is moaifi.i ny
conditionTil'g-frT[h'the hormone secreting trophoblast cells in vitro. This
medium also contains polyvinylpyrrolidine which favors thelrorr,Etr-of tumorcells in suspension. Several oi the tumors show epithelial"cells which
fPPear.morphologically-similar to breast cancer ceils. In the cultures, todate, insufficient cells are available for testing for functional markeis
such as casein or the production of B-particles.

Significance to Biomedical Research and the Proqram of the Institute:

The contractor has.recently established a multipotential human hormone synthe-sizing trophoblastic cqll.iystem which is used in co-cultivating experimlnts
under a variety of conditioirs aimed at prov'iding suitable fiormone conditionsfor human breast cancer cell propagatioh. Thes6 stud'ies may provide an
important insight into the hormonal effects on virus activiiy'in human breast
cancer.

Proposed Course:

The effort toward the objectives stated will be continued at the current level.
Date Contract Initiated:

Current Annual Level:

s /1e /63

$t I I ,635
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ME]40RrAL HoSP LTAL ( Nr.t1;NCr -E--71 :21 94)

Title: Procurement of Human Serum Specimens from Defined Population Groups
for Immuno-epi demi ol ogi ca'l Studi es

Cont!"actor's Project Dir-ector: Dr. Herbert F.0ettgen

Proiect Offj-ger (NCI ) : Dr. Harry J. Cl ausen

Objecti ves :

Procurement of serum specimens.ffom the following defined population groups
as a part of a collaborative effort to determine whether candidate viruses
isolated from human or animal sources are related etiologica'l'ly to human
breast cancer.

Basic defined poplulation: Women entering Memorial Hospita'|,
New York City, for first diagnosis
of any breast disease.

Test group: Women whose lesions prove to be malignant as
determined by biopsy.

Contro] groups_:

a. Women whose lesions are found on biopsy to be benign prolifera-
tive reactions or reactions suspected as being pre-neop'lastic
in nature.

b. Women whose lesions are considered to be unrelated to neoplasia.

Maiorji ndi ngs :

This contract was negotialed 6/23/71, but there was a 6-month delay in
activating it because'laboratory space to be occupied did not become avail-
able until January. The previous occupants were unable to vacate because
their new quarters could not be made ready for occupancy due to a strike
in New York City. Since there was a delay in starting the activities under
this contract the serum specimen procurement did not start until April.

Signi.ficange to Biomedi-cal Research and the. P_fogram of the Institute:

Since viral agents suspected of causing cancer in man cannot be tested
directly in human subjects, it is necessary to establish etiological
relationship indirectly through immuno-epidemiological studies. This con-
tract is for procuring the epidemiologically defined bank of serum specimens
essential to the determination of whether antibodies against suspect viruses
occur with higher frequency, and in larger amounts, in sera of women with
breast cancer as compared with appropriate controls.
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Proposed Course:

It is anticipated that a sufficiently
proposed sero-epidemiolog'i cal studies
within a period of 2 to 3 years.

large bank of specimens for the
can be acquired under this contract

Date Contract Initiated:

Current Annual Level:

6/23/71

$46,340

MrcHrcalr CANCER F0UNpATT0N (NrH-NCr-E-71-2421 )

Title: Studies in High Breast Cancer Families

Contractor's Project Di rector: Dr. Itli chael J. Brennan

Project Officer (NCI): Dr. Harry J. Clausen

Object'ives :

The first year of this contract was a feasibility study to determ'ine:

(a) If 'large quanti ties of human mi I k contai ni ng suff icient vi rus-'li ke
particles could be secured through monitoring large numbers of milk
specimens taken from lactating patients on obstetrical serv'ices in
the Detroit metropolitan area and to establish demographic genetic-
characterizations of these patients' families so as to determine
the strength of the genetic or nongenetic factors which might be
associated with virus-like particle secretion in the milk.

(b) Whether electron microscopy, through negative staining procedures,
regresented an adequate method of monitoring milk specimens, and
the selection of those which contained relatively 'large amounts of
virus-like particles.

Major Fi ndi ngs :

Collections of milk samples are underway at 3l of the 43 obstetrical services
in the area and currently milk specimens are being obtained from some 

.l50

nursing women per month. 0bjective information on the causes of death and
neoplastic disease experience is now complete for 70 families and partially
comp'leted for another .l00 families. Therefore, the operational base upon
which'large-scale studies of a fu11y demographic spectrum of young nursing
mothers has been established and the characteristics can now be developed
in relation to breast cancer etiology and development.

Some 335 mi'lk specimens have been shipped to NCI as well as other investi-
gators involved in the Special Virus Cancer Program. To date few, if any,
fu11y typical B part'icles have been demonstrated. By means of negative
staining electron microscopy milk specimens have been found which contain
particles of a virus-like appearance but not fu'l1y meeting the criteria for
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"8" particles. It is felt that particles are being destroyed by a milk
component and further work on partic'le preservation is being continued.

Sijn1jl arch and the Proqram of the Institute:

At thi: time, breast cancer is known to be caused by a virus in only one
animal species, the mouse. Therefore, studies based on leads from this
animal species have been conducted to determine if evidence might be
obtained for an association of viruses with human mammary cancer. The
"clustering" of breast cancer within family groups and its simi'larity to
that observed for mouse mammary cancer before the development of inbred
mouse strains has suggested that a virus might also be involved l'n human
breast cancer. Efforts to obtain additional evidence on a basis of which
virus-like particles in human milk might be demonstrated to be actual
virus are in progress.

Proposed Course:

Since large scale monitoring of human milk specimens with negative staining
EM alone has not proven satisfactory, it is proposed that the primary
monitoring will be done in the future with new biochemical techniques that
have recently become available, namely the simultaneous test for 70 S RNA

and reverse transcriptase. EM will be used only for confirmat'ion on those
mi'lk specimens that prove to be posit'ive for reverse transcriptase and 70 S

RNA. These monitoring and investigative procedures on milk samples will be
conducted in the contractor's laboratory as well as the study of medically
indicated biopsy material and lactating mammary tissue from collaborating
donors. Furthermore, studies on methods for preserving the morphologica'l
integrity and enzyme activity of the virus-like particles in m'ilk samples
will be continued"

Date Contract Initiated: 6/20/71

$il 9,ooo

PFTZER rNC. (pH43-NCr-E-67-il76)

Ti tl e: Virological Studies of Human and Animal Breast Cancers

Contractor's Project Director: Dr. K. E. Jensen

Project 0fficer (NCi): Dr. W. Ray Bryan

Objecti ves :

l. Electron Microscopic Studies

An electron microscopic laboratory with professiona'l and supporting
staff is operated for two purposes: (a) The search for viruses in
human and animal breast cancers, in collaboration with other SVCP

Current Annual Level:
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participants not having this capacity; and (b) EM monitoring and
research at the contractor's institution associated with virologica'l
studies on new candidate viruses isolated from breast cancer (see
objective 2).

2. Viro'logical studies directed toward the further characterization of new
candidate breast cancer viruses, and the development of new animal model
systems for guiding research on the human prob'lem.

Ma;ipr Fi ndi ngs :

Previous studies involving the EM collaboration of this contract have resulted
in the finding of virus-like particles resembling known oncogenic RNA vjruses
in the milk of women who have had breast cancer, and the discovery of two new
candidate viruses isolated from breast cancers of animals--the Mason-Pfizer
Monkey Virus (M-PMV) and the R-35 rat virus (R-35V). The successful propaga-
tion of the latter two animal viruses, in collaboration with another contract
at the contractor's institution (70-2080),1ed to the supplementation of this
contract during the current year to provide a facility specifically for the
study of breast cancer viruses, and to carry out systematic studies on the
R-35 and M-PM vi ruses.

The following additional results have been obtained:

R-35V

This virus has been found to infect and transform normal lactating rat mammary
gland cells in tissue culture. The reaction appears to be specific for mammaiy
tissues since other types of rat cells (e.g. spleen, thymus, bone marrow,
kidney) were neither infected nor transformed.' An in vitro assay method based
upon focal transformation of the susceptib'le cells h-as-5een-developed and is
now being used in systematic virological studies.

Evidence that the R-35 virus is oncogenic is represented by the fact that
transplants of foci transformed in vitro to weanling rats grow as hicrh'ly
malignant tumors" The latter co-ntaTn-5oth carcinomatous and sarcomatou!
components.

The virus has been found to contain gs 3 antigen but not the gs 1 antigen of
any of the mouse oncogeni c vi ruses.

M-PMV

An immunofluorescent end-point assay has been developed for the in vitro
assay of the M-PMV in NC-37 cells (of human origin) which it hasTeEfr-To-und
to infect.

Specific antigens of the M-PMV have been observed in 2 of 5 normal Rhesus
monkey embryos tested, indicating that this virus might be ind'igenous in
this species.
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Immuno'logical studies have shown that the M-PMV virion contains five distinct
antigens, three associated with the coat and two with the core, or nucleoid.

Siqnificance to Biomedical Research and the P ram of the Institute:

The contractor's EM laboratory continues to be a key participant in a broad
collaborative program in the search for viruses related to human and animal
breast cancers.

The further research and development on the two new candidate animal breast
cancer viruses in the contractor's laboratory js essential to the application
of these new models to studies of the possible viral etiology of human breast
cancer.

Proposed Course:

The activities described will be continued at the current level until the
determination is made whether these candidate anjmal v'iruses are etiological
agents of breast cancer of the types from which they were isolated.

Date Contract Initiated: 6/28/67

Cument Annual Level : $328,000

TEL AVrV UNTVERSITY (NIH-NCI-E-72-S237)

Title: Isolation, Purification and Propagation of Virus-l'ike Particles
from Human Milk in Israel

Contractor's Proiect Director: Dr. Jafa Keydar

Project 0fficer (NCI): Dr. Timothy E. 0'Connor

Objecti ves:

Purification of candidate virus from various milk samples obtained from
women of designated high-breast-cancer-risk populations in Israel and assay
for RNA-instructed DNA polymerase as well as attempts to grow the milk "virus"
i n human ti ssue cu'l tures .

Major Fihdings:

This contract was initiated late in the fiscal year (March, 1972) and
although work toward the stated objectives is fully under way, it is too
early to assess the significance of apparent progress already being made.

Significance to Biomedical Research and the Proqram of the Institute:

Israel is a particularly favorable setting for an investigation of th'is type
since high-risk donors of milk are easy to ident'ify and'line-up for milk studies
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well in advance of delivery, because of the following reasons: (a) Israelh9t.q mandatory national cancer registry and the occlrrence of breast cancerswithin families can be readily determined, (b) Israel-has a national healthplan which includes maternity cases who report for care early'in pregnancy,
allowing ample time for surveys for cancer history, (c) mosfwomeh aetivei.'in
hospitals_thus simplifying tha 'logistics of milk procurement, und (Ji *oiiimportantly, there are several ethnic groups within Israel friving Ur6asi-
cancer risks among the highest known.

The evidence of virus-like material in human milk obtained'in other SVCpprojects makes jt essential to propagate this candidate agent for further
characterization and determination'oi its association with human breastcancer. This contractor has unique advantages for pursuing these goa1s.

Proposed C_ourse:

The project will be continued for at least two years at essent'ia11y the samelevel.

Title:

Date Contract Initiated: 3/23 /72

$zt,7soCurrent Annual Level:

UNIVERSITY OF CALiFORNIA DAVIS CAL I F. N rH-NC r-E-72-2080)

In vitro cultivation of human and mouse mammary tumor viruses

308

Contractor's. Pfoject Director: Dr. Robert D. Cardiff

Projec.t !fficer_(!CI ): Dr. Robert H. Depue

0bjectj ves :

l. To study human breast tissue under various experimenta'l condicions
developed from the mouse mammary model for thb presence of possible
human mammary tumor vi ruses.

2. To study the production of mouse mammary tumor virus (MTV) in vitroin order to-develop concepts, techniquei, and reagents ttrat miffi-
be applicable to larger scale production of this iirus and of -potential human breast cancer viruses.

Major Fi n{i ngs :

This contract (negotiated February 1,-197i:) is still in the early stages ofimplementation and although tissue culture studies on both human-and ilouse
tissues are in progress, no experiments have yet been completed.



Significance to Bi_omedical_ Re:earch and the Program of the Institute:

The finding of virus-like particles as well as 70 S RNA and reverse transcrip-
tase'in human milk and breast cancer tissue cultures by several'investigators
within the SVCP strongly suggest that a virus may be associated with human
breast cancer. If so, it w'ill be necessary to produce such virus in large
quantities in v'itro to further characterize it and determine its relation to
the human di-seEE- But this prob'lem, ip vitrp cultivation, has not yet been
solved for the mouse MTV.

This contract is for the development of knowledge and technology for in vitro
cultivat'ion and large scale production of the MTV, with simultaneous upplf.*
tion of progress to attempts to cultivate the human candidate virus.

Proposed Course : l,lo change i n i ni ti al contract.

Date Contract Initiated z 2/1/72

Current Annual Level: $99,376
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NETHERLANDS CANCER INSTTTUTE (NrH 72-3260)

Title: Iununogenetic Studies on Breast Cancer and Leukemia

ContracLorrs Project Director: Dr. L. M. Boot

Contractorrs Assi.stant ProJect Director: Dr. J.H.M. Hilgers

Project Officers (NCI): Dr. I^I. Ray Bryan and Dr. Walter E. Heston

Objectives: To study the transmission of mammary tumor virus in the
GR strain of mice through segregation experiments to determine whether
mamrary tumor development is due to a singl-e genetic l-ocus, givl-ng
further evidence for the provirus theory.

llajor Findings: This is a newly funded contract and there are no
findings to be reported.

Significance to Biomedical Research and the Proeram of the Institute:
Epidemiological studies on hunnan breast cancer indicate that in famil-ies
having a high risk to this disease, the genetic factor associated with
the higher risk is transmitted through the paternal as well as the maternal-
1ine. The GS strain of miee to be studied under this contract has this
type of inherited disease, ir" contrast to the C3H strain in which the pre-
dominant influence in the hi3h incidence of breast cancer is transmission
of the mouse mammary tumor virus (MTV) through the mother's milk. Although
MIV is also transmitted through the motherrs milk in the GS strain, foster
nursing of the young on low breast cancer strain females does'not reduce
the excess risk as it does in the C3H straln. The GR strain may therefore
represent a more appropriate animal model for leading studies on the human
disease. The GS strain is not now being adequately studied, and more work
on it is needed because of the popular question now being raised whether
non-nursing of female infants, by urotheis belonging to high risk popula-
tions, should be practiced. If the human situatl-on is more like that in
GR mice, then obviously non-nursing would have Littl-e or no effect in
reduci"ng risk in the human disease.

Proposed Course: The GR strain of mice developed by Muhlbock is a unique
stTefn-EoI-Ee study of the eause and development of mammary tumors. By
an early age practically all the females have mammary tumors which have
arisen from premalignant hormone responsive plaques. These tumors are
caused by the mammary tumor virus (I'lTV)--the tumors have B particles--
but the virus is transmitted vertically apparently through germ cel]-s,
as a genetic faetor is transmitted. It is on this that Bentvelzen
developed his concept of the I'provirustt in its transmission. Segregation
studies have suggested that susceptibility to mammary tumor development
in this strain is due to a single dominant gene, presumably the same
segment of the genome from which the virus arises. They now have two
rapid tests--one for microscopically small tumors that requires three
weeks and indj.cates the presence of l{TV, and an irmunofluoreseence test
of mammary cel1s that can be do-e in a day and indicates the presence of
MIV antigen.
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Using both these tests for classifying mice of segregating populations
they propose to confirrn that this is a singl-e l-ocus and then to locate
it in the genome. This wil-l be done with linkage tests using linkage
stocks from Bar Harbor that carry many of the usual markers and also a
number of bi-ochemical markers. Next they propose to develop congenic
strains, one of strain GR with the allel-e at this l-ocus from C57BL, one
of strain C57BL with the tumor gene from GR, and one of strain 029 with
the tumor gene from GR.

These are the next logical steps in the study of the transmission of
this tumor virus. They shoul-d provide proof of the singl-e genetic
locus and gi-ve further evidence for the provirus theory. In addition,
the congenic lines will- be needed for future work.

It is also proposed to do the same thing with the mouse leukemia virus
system as a control for the MlV-mammary tumor studies.

They then want to test for type specific antigens of C3HfMTV(NIV) and
GR lfIV and see if these can be identified in segregating backcross
mice and correlated with the occurrence of marnmary tumors. trIe need
any further clarifieation of these lines of virus that we can get.

With the anti-MTV and anti-MulV sera developed for these viral-genetic
tumors they are also proposing to screen human tumors for possible inter-
species anti-gens. These studies would be correlated with EM scanning
of the tumors for viral particles.

Date Contract Initiated: June 28, L972.

Current Funding Level: $60r000
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TTMOR VIRUS DETECTION SEGMENT

Dr. George J. Todaro, Chief, VLLB, DCCP, Chairman
Dr. Bernard Talbot, VLLB, DCCP, Vice Chairman

CALIFORNIA SCHOOL OF }GDICINE, IINIVERSITY OF (NIH-72-3236)

Title: Effect of Oncogenic Viral Transformation on the Regulation of
Gene Expression in Cultured Marnmalian Ce1ls

Contractorrs Project Direetor: Dr. Gordon M. Tonpkins

Project Officer (NCI): Dr. Bernard Tal-bot

Objeetj-ves: To study growth regulation in normal maumalian ce1ls and the
loss of regulation on transformrEi_on.

Maior Findings: This is a new contraet and major findings have not been
reported.

9i8nificapce to Biome4ical &esearch and the Program of the Institute: In
tissue culture, a variety of growth pi sulin,
eyclohexinide) lead to a coortrinated set of cellular ru"porr".". This setincludes increased rate of protein synthesis, decreased rate of protein
degradation, increased rate of tRNA and rRNA synthesis, aggregation of
polysomes, increased rates of uptake and phosphorylatio" oi ""cleic acid
precursors, and increased rate of glucose transport. These cellu1ar responsesto growth produeing agents have been named the t'pleiotypic growth progr"*"
by Dr. Tonkins; he suggests that it is mediated by a single underlying
effector molecule analogous with the rrstringent respons.i in E. coii, andthat the growth produci.ng agenrs inltiate rhe pleioiypic grow_E-l@iam by
reacting wi.th reeeptors at the ce1l membrane.

PreU-minary data j"ndicate that mammalian ce1ls transformed by DNA oncogenic
viruses are permanently "swi-tched on" for the pleiotypic growth program and
are thus rnresponsive to exogenous growth regulators. By studyi"g iti"
phenomeno::, the contractor may discover why malignant 

".11" do not respond.to normal control mechanisms; i.e., how viral transformation converts cel1s
from responsive normal to unresponsive malignant. Ultinately, such know-
ledge may lead to control of malignant cel_1 growth.

Broposed Cgurse: (1) In normal cells, a study of how growth promoti.ng agents
interact with the cel-l menbrane to trigger the pleiotypic ,."pon"., idenii-fication of the pleiotypic effector, which may be cyclic AMp, and a study ofits biochemical uechani.sm of action. (2) In virally transformed ce1Is, a
study of the alterations i-n the cell membrane which affect the p1-eiotypic
response.

Date Contract Initiated: April 25, L972

$72,430Current Contract Level:
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uNrvERsrry 0F CALTF0RNTA AT LoS ANGELES (NCr-E-72-3226)

Title: Search for Presence and Distribution of Hybridizable Tumor
Virus DNA in Tissues frou Cancer Patients.

Contractorfs Project Dj.rector: Dr. Marcel Baluda

Project Officers (-NCI): Dr. George i. Todaro and Dr. Roy F. Kinard

Objeetives: To provide evi.dence that human cancer is caused by RNA viruses
by showing that DNA in cel-l-s of human cancer patients can be hybridized with
the RNA genome of tumor viruses. For this purpose a bona fide human oncorna
virus or an animal virus, perhaps from a pri-mate, which is partly homologous
to human virus is needed. Therefore, efforts will be initially aimed at
obtaining radioaetlvely labelled RNA from such viruses and testing their
hybridizability with DNA extraeted from human tumors.

Major Findings: None reported. This contract has been in effect too short
a time to expect, significant results.

Significance to Biomedical Research and the Prograur of the Institute: This
unique and imaginative approach may provide strong evidence that human cancer
i.s caused by viruses and may provide support for the oncogene theory. In
order to devise effective therapy for cancer, it is essential to determine
whether the viral DNA is present only in the tumor cel-l-s, in the surrounding
tissue, or in all the ce11s of the cancer patient. Such a study will provide
information on the mode of infection and epidemiol-ogy of these vi-ruses,
thereby making possible the development of prophylactic and therapeutic
measures. For instance, if a1-1 the tissues from a cancer patient contain
viral DNA, it would appear that the patient came from an "infectedtt germ
ce1l or became infected in utero.

Date Contract Initiated: June 8, L972

Current Contract Level: $118r900

HARVARp UNTVERSTTY (NCr-E-72-3246)

Titl-e: Research on Herpesviruses Causing Lymphoma in Primates

Cont.ractorrs Project Director: Dr. Luis Melendez

Project Officer (NCI): Dr. Roy F. Kinard

Objectives: To further characterize a new oncogenic herpesvirus, Herpesvirus
ateles and determi-ne its pathogenicity in primates and other animal species;
to determine if H. saimiri (attenuated) can be employed to prevent the malig-
nant lymphoma induced by the virus; to determine if several new herpesvirus
i-solates obtained from South American monkeys are oncogenic in non-human
primates.

3'13



Major Findings: None. The contract was signed too recently.

Significance to Blomedical- Research and the Program of the Institute:
The knowl-edge gained in the study of these lymphomas produced by herpes-
vlruses may provide an inslght lnto the understanding of similar malignant
processes of man in which herpesviruses are considered as llkely eandidates
for etioLogy: Epstein-Barr vi.rus (EBV) in Burkittrs 1-ymphoma, and
Herpes si.mpl-ex type 2 in carcinoma of the cervix.

Date Contract Initiated: June 26, L972.

Current Contract Level-: $72,650

ATOMTC ENERGY COMMTSSTON (NrH-NCr-E-[FS-]_31 )

Titl-e: Co-carcinogenesis Program

Contractorls Project Directors: Dr. F. T. Kenney

ProJect Officers (NCI) :

Dr. G. D. Novelli
Dr. M. G. Ilanna
Dr. R. t. Tyndall
Dr. R. W. Tennant

Dr. James T. Duff
Dr. Timothy OtConnor

Objectives: In January 1963 an interagency agreement r^ras estabLished
between the National Cancer Institut,e and the Oak Ridge National Laboratory
for carcinogenesis studies. During the past 3 years the agreement has been
funded by both the Carcinogenesis and Vi.ral Oncol-ogy (SVCP) Program Areas
of NCI. Only the SVCP funded portion is reported here. The broad objeetlves
are (1) to study the interaction of RNA tumor vlruses with the host immune
mechanism (Hanna), (2) to conduct i-nvestigati-ons on lhe biochemical mechan-
isms invoLved in the initiation of cancer (Novel-l-i); (3) to provide fundamental
understanding of the mechanisms by whlch gene expression is regulated in
mammalian ce1ls (Kertney); (4) to investlgate the conrmonality between embryo-
genesls and oncogenesis and its possible significance in the control of
cancer (Tyndall); and (5) to study the fdnctional and antigenic properties
of cells lnfected or transformed by murine RNA tumor viruses, and the nature
of the interactions between cel-1s, viruses, and carcinogens (Tennant).

Major Findings: An improved rnethod of isolatlng reverse transcriptase from
spleens infected with Rauscher leukenia virus has been devel-oped. The
quantity of reverse transcriptase isol-ated from the microsomal fraction of a
gram of infected spLeen is equival-ent to that obtained from 0.4-0.8 m1 of a
l-0x virus concentrate from mouse plasma, i-ndlcating the superiority of
infected spleen as a source of the enzyme.
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The optimal reaction conditions for reverse transcriptase from Rauscher
leukemia virus (PJ,V) apparently differ from those for the same enz)me
isolated from avian myeloblastosis virus (Al'{V), regardless of the template
used. Other significant differenees are: the AMV transcriptase is larger
Lhan the RLV enzyme, and is more resistant to inhibition by poly(U) or
Poly(G); the purified RLV enzyme is quite stable, hlhereas purified AI"IV form
is very labile. For the RLV enzyme, optimal conditions differ markedly
depending on the template used in th. i.""tion mixture. For example, Mg#
is the preferred ion in the DNA-dependent system, while Un# is much less
active for DNA-dependenL activity but is absolutely required for RNA-
dependent activity. The polymerase has a tenfold higher affinity for
ribopolymers than for deoxyribopolymers.

Recent studies with 902 pure, Type A particles from mouse plasma-cell tumors
support the idea that these particles do not contain reverse transcriptase.

Electron microscopic examination of myeloma tumor ce11s from BALB/c mice
previously infected with RLV and bearing transplanted myelomas revealed
budding Type C particles, suggesting that myeloma blast cells, like
immunoblasts in the spleen, are very susceptible to RLV infection.

Polyadenylic acid [poly(A) ] reproducibly inhibits Moloney virus replication
in cultured mouse cells, but only when added before or during the first 4

hours of infection. Poly(U) and po1-y(C) were inactive while poly(G) was

cytotoxie. The inhibition by poly(A) is not due to any observable effeet
on growth and division of the host cel1s. This finding supports the inter-
pretation that the effect of poly(A) on leukemia virus replication is due
to the specific inhibition of viral DNA synthesis.

The restrictiveness of human cells for mouse leukemia vi-rus replication
was investigated by cell fusion techniques. Vi'rus synthesis could not be
detect.ed in human cells or in human-mouse heterokaryons, but did occur in
mouse ce11 synkaryons. These results suggest that-the nonpermissiveness
of human cells for Moloney leukemia virus (MotV) is dominant. Five cloned
cell lines of human-mouse hybrids, containing less than the fu1l compleuent
of human chromosomes, were also tested for permissiveness to MoLV, and were
found to be.receptive to virus synthesis, suggesting that some human gene(s)
act to inhibit replication of the virus. Attempts to correlate this
nonpermissiveness of human ce11s wi-th a specific chromosome are underway.

In a previous study, immunization with mouse fetal ce11s suppressed the
growth of both plasma cell tumors and spleen cells infecEed with Rauscher
leukemia virus, suggesting a cross-reactivity between fetal cel1s and the
two types of tumor. To establish true cross-reactivity, it \^las necessary
to demonstrate Ehe reciprocal of the above (that is, suppression of fetal
cells after immunization against the tr:mors). An in vivo assay for
quantitating iurnnunization against injeeted ce1Is was developed, based on
the colony-forming units (CFU) test in the spleen. With this assay, it
was shown, for the first time in an in vivo system, that fetal cell-s are
indeed suppressed in mice immuni.zed with plasma ceIl tumors. This
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demonstrati-on, coupled with the reciprocal finding is compelling evidence
that fetal ce1ls and plasma cell tumors have couunon cell-surface antigens.

Significance to Biomedical Research and the Program of the Inst.itute: This
effort is iocused on the phenoinenon of carcinogene-sis, consiaerirlg this as
a fundamental biological problem with common features whether the carcino-
genic stimulus be a chemical, or radiation, or a virus. Special attention,
however, is given to particular areas such as carcinogenesis and
cocarcinogenesis in the respiratory tracE and the role of both Type C viruses
and cellular control mechanisms in murine leukemias.

Proposed Course: Continue to develop a concerted, interdisciplinary research
program in the central aspects of both chemical and viral carcinogenesis.

Date Contract Initiated: July 1, L963 (Vira1 Oncology Funding: July 1,1970)

Current Contract Level: $1r000,000

uNrvERSrTy oF WTSCONSTN (NCr-E-72-2022)

Title: Role of RNA tumor viruses and related genetic inforuation i.n induction
of tumors by chemicals.

Contractorrs Project Directors: Dr. Charles Heidelberger
Dr. James M:iller

Project Officers (NCI) : Dr. Roy Kinard
Dr. George Todaro

Objectives: To induce neoplasia in mice and rats in vivg and transformation
of mouse and rat ce1ls in vitro and determine the degree- of viral activity in
this process by i**rrrotogi.al techniques, DNA-RNA hybridization and tests for
polymerases.

Major Findings: Breeding colonies of 13 inbred strains of mice and two inbred
strains of rats have been established to serve as a source of all the test
materials to be used under this contract. The follor,oing mouse strains are
now in producrion: C57BL/6, Balb/c, L, L2g, AKR, C58, NZB/BI, C3Hf/B1,
DBA/2, c3H/An, A, R111, and GR. The inbred. rat strains are w/Fu and BN.
llice of these strains are regularly being provided for the chemical induction
of tumors. Groups of each of these strains have been injeeted subcutaneously
with either 250 ug of 3-nethylcholanthrene (MCA) in 0.1 nl of trioctanoin or
with the solvent alone.

The mouse breeding colony has also been util-Lzed as a source of cells for in
vitro carcinogenesis studies. Six lines of cells have been obtained from
the prostates of individual C3H mice; 3 from anterior prostates, and 3 fron
ventral Prostates. Selected clones derived from these lines are now being
tested for malignant transformation using MCA, McA-epoxider.and N-methyl-Nt-
nitro-nitrosoguanidine (MNNG) .

3't6



Lines of mouse embryo cells similar to the original 3T3 Swiss mouse embryo

ce1l line have been established from C3H and AKR mice. These lines have

characteristics similar to the original 3T3 line -- in particular, a 1ow

saguration density. Clones derived from these lines are now being tested
for chemical transformation. A 3T3 line will also be initiated from c57Bl
mice for comparative transformation experiments '

Sisnificance to Biomedical ResqqEgtr-and thg ram of the Institute:
search for oncogenic viruses in human

tumors, and in many kinds of tumors in other animals, has turned attention
toward Ehe detectitn of viral genetic i-nformation in the form of RNA or DNA

or both, which codes for oncogenic RNA viruses or portions thereof' This
project is designed to assess ih" typ." of tumors in l-aboratory animals in
which viral information is important to the induction of ualignancy by

chemicals. The objective is to provide a guide to the solution of etiology
of human tumors, which is one of the prime targets of the SVCP.

Proposed Course: Continuation as described.

Date Contract Initiated: September L, L97L

Current Contract Level: $249r500

uNrvERSrTy oF MTNNESOTA (NCr-E-71-226L)

Tirle: Tumor Viruses in Irrmunologieal Deficiency Diseases of Man

Contractorrs Pro--iect Di.rector: Dr. Robert A. Good

Project Officers (NCI): Dr. George Todaro
Dr. Roy Kinard

Objectives: To clarify the role of irrmunologic survei-llance, ce1LuLar
and humoral factors and genetic factors in protection against neoplasia;
to search for viruses in patients with premalignancy and on inrmuno-
suppressive therapy.

Major Findings: New dethods for evaluati.on of the clinical status
of patients with inmunodefi.ciency syndromes and rnalignancy have been
devel-oped. These laboratories can carry out efficiently all of the
immunological testing recommended for i"'munodeficiency patients by
the World llealth OrganizaEion Expert Committee.

Successful- explantation of a very high percentage of hu:nan tumors has
provided material for other SVCP contractors for imnr.rnologic and
virologic analysis. In nine months of the first contract year they
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have successfully explanted 132 tumors, and of these, 54 have been
sent to Meloy Laboratories and are available to other contractors
on request. of speciar interest is a ce11 strain derived from a
patient with an embryonal rhabdomyosarcoma which is currently in
its 15th passage.

rn the past nine months, ski.n biopsies have been obtained from
additional high cancer risk immunodeficient patients bringing the
total number to 33. To date 15 of these have been tested. cel1
strains from 14 to 15 patients were found to have low or normal
susceptibility ro sv40.

successful explantation of a high percentage of tumors has provided
material for evaluation of cell-mediated and humoral immune response
of patients to their owTr as well as histologically identical tumors.
rn addition to confirming the presense of cell-mediated imrnunity
directed against tumor cells in patients with neuroblastoma and
rhabdomyosarcoma, they have demonstrated cell-urediated imrnunity
and serum mediated "blocking" of the ce11u1ar response in one
patient with lymphosarcoma and another with malignant teratoma.

A new direct culture method for analyzing phytohemagglutination
responses of circulating leukocytes which promises to permit
quantitati-on of the number of respondi.ng T-cells has been developed
and is bei-ng tested.

The facilities for evaluating the immunologic status of patients
are functioning and operative. The number of patients with unusual
immunologi-c diseases who are available to Dr. Good and on whom he
already has extensive immunological data is unequaled.

9ignlflcan=_to_Biomedical R""."r"h ,rd th. progrr, :
K spons€
to viral oncogenes and to viral induced tumor antigens is of great
importance to the development of effective means of human cancer
contro-l. The project under this contract will provide information
and materials from carefully selected patients suffering from
j-mmunodeficiency diseases, plus research col-laboratlon between the
project officer and his staff and one of the nationts ouEstanding
iuununological research teams.

Proposed course: continuati"on with expansion to include study of
viral transformation of bone marrow ee1ls and study of effects of
nuclear transfer in the Luck6 renal tumor of frogs.

Date Contract Initiated: May 13, L977

$275,880Current Contract Level:
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CALIFORNIA, T]NIVERSITY OF (NTU-UCT-E-7]--2l-73)

Title: Studies on the Structure and Replication of Vj-ruses
and Mechanisms of Regulation

cont_ractor' s ,-Proigst -girg.ctgrs: Dr. Howard K. schachman
Dr. Peter Duesberg

Pro j e ct_O_f f_i cer 
_( 

NCT)- : Dr. Robert J. Huebner

Objectives: (1) fo study the RNA subunits and the replication
oT RNA tumor viruses. (2) To study mechanisms of ceII
regulation including transcriptional control by a satellite
viius. (3) Electron microscopic studies of RNA viruses.

t,taior Findinqs: (1) The validity of the hypothesis that
ffiof 6o-70s RNA may be responsible for the
tranEforming ability of avian tumor viruses was tested
further. In collaboration with Dr. Peter Vogt
(Contract No. NIH-NCI-E-72-2032) ,it was shown that several
nontransforming avian tumor viruses such as RAV-2, subgroup B

and RAV-7, subgroup C lack the a subunit. Using T5, a
transforming mutanl of RSV whicE is temperature-sensitive
regarding the transformed state of the celI but not with
regard to virus growth, it was found that the a subunit was
pr6sent in T5, relardless of whether it was grofrn in trans-
iormed ceIls (at the permissive temperature) or in
nontransformed ce11s (nonpermissive temperature). It was
concluded that the a subunit is not the result of the
transformed state of the ce11 but may directly or indirectly
be involved in transformation, thus providing evidence
for viral genes (oncogenes) being specifically responsible
for the neoplastic state.

(2) The ratios of a and b subunits in stocks of transforming
viruses varied on passag6 in tissue culture. In all cases
the b subunit class increased at the expense of the a.
Nont?ansforming viruses arose spontaneously from a trans-
forming progenitor (Schmidt-Ruppin RSV) on passage in
tj-ssue culture. It thus appears that the RNA of RNA tumor
viruses exists in subgenomic fragments like the RNA of
influenza virus or Reo virus, and that varying RNA subunits
may be selected from exchangeable replicating pools in the
infected celI.
(3) It was found that the relatively high template activity
of 60-7OS RSV RNA is lost after heat-dissociation into
3O-40S subunits. It was concluded that the partial
double-strandedness of 60-70S RSV RNA, which holds the
subunits together, is responsible for its high template
activity. This model has been tested by attempts to restore
the partial double-strandedness of heat-dissociated RSV RNA.
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No success has been achieved in reversing the 6o-70s + 30-40sconversion of Rsv RNAr &s yet, but it hai been possibleto restore the high template activity of RSV RNA afterheat-dissociatiol by adding oligodeoiynucleotides (o1igo dT,oligo dC, oligo dG, but not oligo dA).
(4) An RNase-resistant adenylate (A)rich seguence wasfound in the 60-70s RNA of Rous sarcoma virris and Rauschermurine leukemia virus. The A-rich sequence contaj-ns about
108 of the A of the viral RNA. the molecular weight of theA-rich sequence prepared by exhaustive digestior, 51 60-70s
RSV RNA with pancreatic and T1 RNase was estimated byvelocity sedj-mentation and ge1 electrophoresis to be about60r000. After heat or formaldehyde diisociation of the
60-70s Rsv RNA complex, A-rich sequences remain linkedto the major 30-40s RNA subunits. 'rt was concruded that
each 30-40s subunit contains as part of the polynucleotide
one or two A-rich sequences. (fhe finding of A-rich
seguences has been confirmed by Dr. Maurice Green atst. Louis universj-ty lcontract No. pH43-NIH_NCI-.E_67_6921
and suggests possibilities for specific morecular and bi;-
chemical modification of the A-rich sequences. Anothercontractor, Dr. Tennant at AEC [contract No. NIH-NCI_E_ (FS_13)
f"9la.that synthetic poly A added to the media, specificallyinhibited Moloney virus replication in cultured mouse cettsl )

(5) A selection method for isolating phenotypically normalce1ls in cultures of transformed ce1ls has ulen developed.
Normal ceIIs have greater adhesiveness to culture dishes.
Treatment of mixed cultures with smalI doses of trypsl_n and
EDTA, therefore, detaches transformed celIs selectivelyleaving clones of revertant normal ceI1s which can becultured further.
(6) Dr. caLendar's group has been studying the life cycle ofsatellite phage P4, which depends on temperate coliphlge p2
for help in multiprication. p4 can tranl-activate helfer
genes from a repressed p2 prophage, ilIm the normal cetrrepressor system remains intact. Their data suggest thattranslational control as well as transcrj-ptional control
may be i-nvorved in prophage trans-activation. The mechanismof this activation may be reffi-n't to oncogenesis, ifcarcinogenic viruses and chemicals act by inducing repressed
genes present in the host, which is one of the postulates
of the viral oncogene hypothesis.

(7) It has been found that the several pieces of RNA
comprising the genome of influenza virus (wsN strain) andthe RNA of avian sarcoma virus (877 strain) both terminateat the 3'-end predominantly in uridine.
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Significance to Biomedical Research and the Program of the Institute:

Basic research on RM tr.unor rrirus structure and replication, ffid
studies on mechanisms of ce1l regulation, provide the basis for
understanding vi.ral carciaogenesis that may ultfunately Lead to the
control of human cancer. Studies on the a subunit of 60-705 RM
may localize viral genetic information. Studies of the A-rich
sequences in tumor virus RM, provide a handle for biochemical
modification of the RI.trA.

Proposed Course: (1) Further chemical analyses of the a and the b
ffi tunor virus strains. It is planned to?etermine-
by analysis of the oligonucleotides obtained after RNase T1 digestion,
whether the a suburit is different from the other viral RNA subunits.
(2) Investifate the dependence of the tanplate activity of 60-705
RSV RIIIA on its subunit structure by controlled dissociation of the
60-70s RM and by analysis of the DM made by the viral DM polymerase
using the dissociated template. (5) Itfuclei have been isolated by
lyophilization of cel1s followed by homogentzation and centrifugation
ln non-aqueous solvents. These nuclei have high DM and RM polymerase
activities, and will be used in ceIl-free systems to look for virus-
specific sequences. (4) Further attempts will be made to isolate
satellite phage P4 mutants, to obtain a large collection of rutants
defective in trans-activation of helper genes. Purification of RM
polymerase by a sizing technique for analysis of electrophoretic
changes and for phosphorylation. The activity of RM polymerase on
P2 templates will be determined. Electrophoretic changes or phosphory-
lation in ribosomal proteins will also be anal;7zed.. (s) Fibroblasts
inoculated with Rous sarcoma virus wi11, under appropriat"e conditions,
elaborate rnany virions which remain near the cel1s, but exterior to
the plasna membranes. A technique is being perfected wherein infected
ce1ls are gromr on filns suitable for eleetron microscopy. Elaborated
virions will spread out fron the cells and be gently washed of adhering
material, negatively stained, and observed ip the electron microscope.
In this manner it may be possible to obserye structural detail in the
complete absence of conventional purification steps.

Date Contract Initiated: June 29, l97L

$tso, ooo

321

Current Contract Level:



MASSACHUSETTS INSTITUTE OF TECHNOLOGY (NC1-E-71-2149)

Title: Studies of Leukemia Virus DNA Pollmerase.

Contractorrs Project Director: Dr. David Baltimore

Project Officers (NCI): Dr. George Todaro
Dr. Roy Kinard

objectives: To characterize the enz)rme, its product, its mechanism
of reaction, and fornation of viral RNA during infection.

Maior Findings: Using polyribionucleotides as templates, complementary
primer r^ras necessary to initiate DNA synthesis. Using poly(A) as
a template for the DNA polymerase, the amount of poly(dT) synthesis
was proportional to the amount of added template. The best primers
were oligodeoxyribonueleotides such as oligo(dT) as a primer for
poly(A). Polyribonucleotides were in general much better templates
than polyribodeoxynucleot ides .

The endogenous reaetion involves the copyi-ng of the 60s-70s RNA found
in the virion. The initial reaetion product formed when the virion
DNA polymerase copies the endogenous viral RNA consists of sma1l
pieces of DNA attached to the 60s-70s RNA. The DNA can be released
from the bulk RNA by procedures which disrupt hydrogen bonds. The
density of the product is not that of a free DNA but that of a
covalently-bonded DNA-RNA hybrid. This finding, which was made both
with mouse leukemia virus and avian myeloblastosis virus, indicates
that the priner for the endogenous reaction is an RNA molecule.

The globin messenger RNA or, more strictly, the 10s RNA from rabbit
reticulocytes polyribosomes, was the best template for the DNA
pollmerase found. synthesis of DNA amounting to 30-B0z of the added
template was observed with this RNA. Actinomycin D inhibited the
reaetion to about 50% indicating that half of the reaction involved
copying of RNA and the other half the eopying of the complementary
DNA into a double-stranded DNA. rn order to invesEigate the naEure
of the reaetion product they studied its size and its ability to
hybridize specifieally with 10s RNA. They were able to demonstrate
that the product was completely complementary to 10S RNA and was
not complementary to other RNAfs found in reticulocytes and elsewhere.
This RNA may be of utility in many aspects of molecular ce11 biology
and a number of experiments have been initiated using it.

Si8nificance to Biomedical Research and the Program of the Institute:
The characterizat|on of the enzyme that produces DNA from the tumor
viruses geneti-c material (RNA) has the highest pribrity in the svcp.
It may provide much more sensitive techniques for finding cancer virus
genetic information in human Eumors.

Proposed Course: Continuation with slight decrease in budget.
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Date Contract Initiated: May 1, L971

$75,000Current Contract Level:

JEWISH HOSPITAL AND MEDICAL CENTER OF BROOKLYN (NCI-E-72-2034)

Title: Viral Transformation and Chromosome Abnormaliti-es in Human
Tumors.

lggEr"ctorts Prrject : Dr. Harvey Dosik

Project Officers (NCI): Dr. George Todaro
Dr. Roy Kinard

Obiectives: To conducE systematic c1inica1, epidemiologic and
cytogenetic investigations of patients and relatives of patients with
chromosome abnormalities, increased risk of malignancy and those on
chemotherapy for malignancy, and to supply NCI investigators with
eel1 cultures, serum or other specimens from such patients.

Maior Findings: Skin fibroblast cultures, blood ceII cultures and
cytogenetic analyses have been done on 70 patients and an equal
number of controls. These are being studied in collaboration with
Dr. Todaro to determine.the extent to which genetic and chromosomal
factors contribut.e to cellular susceptibility to transformatj-on by
both oncogenic RNA and oncogenic DNA viruses. Neoplastic and normal
tissues with chromosome analyses have been supplied to SVCP on
request.

Signifieance to Biomedical Researeh and the Program of the Institute:
These studies are enabling the SVCP to determine, on a broader scale,
the relationship between chromosome anomalies (particularly those
which involve an excess of genetic material), susceptibility to
cellu1ar transformation by oncogenic agents and an increased incidence
of malignancy.

Proposed Course: Continue to supply normal and neoplastic tissues
from individuals with chromosome abnormalities as requested by NCI
for ongoing cancer virus studles within the SVCP.

Date Contract Initiated: October 7, L970

Current Contract Level: $84,700
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BUBLIC HEALTH RESEARCH INSTITUTE OF THE CITY OF NEW YORK. INC.
(NCr-E-72-2028)

Title: Study of cell surface Alterations rnduced by RNA and DNA
Viruses.

Contractorrs Project uirector: Dr. Thomas Benjami-n

Project Officers (NCI): Dr. George Todaro
Dr. Roy Kinard

objectives: To investigate the relationship between cell surface
alterations indueed by RNA viruses and those induced by DNA viruses
using several oncorna viruses and non-transforming mutants of
polyoma virus.

Major Findings: Eight cell lines including 3T3, 3TL2 and sarcoma
virus transformed lines, have been t.ransferred from Dr. Todarors
laboratory successfully and are being checked for possible selection
of variants. This contract is new and no other results have been
obtained.

SiBnificance to Biomedical Research and the Program of the Institute:
The long range goal of the research program of this laboratory is
an understanding of how oncogenic viruses overcome cellular growth
controls. Ultimately, an understanding of the mechanism of neoplastic
transformation by viruses will depbnd on progress in two areas:
(1) the identification and characterization of those viral gene
functions which are essential to the transformati.on process, and
(2) the determination of how and where these essential viral genes
interact with the ce11 and with factors which normally operate
in regulating ce11 growth. The proposed contract will a11ow
Dr. Benjamin to continue and extend his impressive work on this
problem and will foster collaboration with other NCI and SVCP workers.

Proposed Course: Contj-nuation to achieve the objectives described.

Date Contract Initiated: December 3, l-971.

Current Contract Level: $36, Boo

BAYLOR COLLEGE OF MEpTCTNE (NCr-E-72-2058)

Tirle: Development of Suppressor Mutants of 3T3 Mouse Ce11s.

Contractorrs Project Director: Dr. Thomas Caskey

Project Officer (NCI): Dr. George Todaro

objectives: To develop suppressor mutants of 3T3 mouse cel1 lines

324



Date Contract Initiated:

Current Contract Level:

and use these to investigate genes involved in maintaining transformed
state in ce1l cultures.

Major Findings: None reported. The contract has been in effect
too short a time to expect any results.

Significance to Biomedical Research and the Program of the Institute:
understanding of the mechanism of action or tumor vi-ruse.s rairr
require an understanding of the specific genes of the viruses that
are responsible for transforming a normal eel1 into a tumor cell.
For these studies, viral and ce1lu1ar mutants will be essential.
The systems of suppressor mutation that Dr. caskey proposes to
develop have uniqud advantages. They are simpler, less expensive,
and produce "absolute" mutants. The project under this contract
will provide extremely valuable reagents for the whole svcp.

Proposed Course: Continuation to achieve objectives described above.

15,1972January

$60,5oo

UNIVERSITY OF ILLINOIS AT THE MEDICAL CENTER (NCI-72-2031)

Title: studies on the Molecular Mechanism of carcinogenesis by
Oncogenic Viruses.

Contractorrs Pro-iect Director: Dr. Giampiero di Mayorca

Project Officer (NCI): Dr. George Todaro

Obiectives: Development of a system of mutants of MSV by isolation
and characterization of temperature sensitive mutants and of lethal
mutanLs for transformation of mouse, hamsterr "rat sarcoma virusesl
identifieation of the viral proteins responsible for transformation
by polyorna dna mouse sarcoma vi-ruses; and studies of the meehanisms
and kineties of transformation in ce1l cultures.

Major Findings: None reported. This contract has been in effect
only a few monthsl the laboratories are only now beeoming really
operational.

@Biomedical Research and the Prograur of the rnstitute:
Tn important inror@
the molecular mechanism by which viruses cause tumors. rn addition,
it will develop the technology necessary for the development of
vaccine from human tumor virus, if and when such viruses will be
discovered.

Proposed course: conti-nuati-on to achieve objectives described.
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Date Contract trnitiated:

Current Contract Level:

December 9, l97L

$220,420

BIONETICS RESEARCH LABOMTORIES (NIH-69-2160)

TiLIE: Support Servi-ces for the Special Virus Cancer Program.

Contractorrs Project Director: Dr. Robert C. Y. Ting

Project Officer (NCI): Dr. George Todaro

Objectives: To provide a laboratory that will collect, process and
test specimens from human and ani-maI sources suspected of contai.ni-ng
virus associated antigens or antibodies, and to provide other
virology, imrnunology or cel1 culture services as "required.

Major Findings: Services and resources provided in close collaboration
with NCI investigators during the past year include: (1) biochemical
studies of cell growth regulati.on with Dr. Todaro; (2) attempts to
isolate a human cancer virus with Dr. Bassin; (3) tests for EBV

antigens for Dr. Levine; (4) immunologi-cal tests of leukemia patients'
including studies of twins, for Dr. Levine; (5) CF tests for gs
antigens for Dr. Hellman; (6) membrane antigen preparation from
human tissue for Dr. Herbermanl (7) collection of farnilial cancer
sera and histories for Dr. Fraumeni; (B) tissue and serum bank for
Dr. Levine et a1; (9) Ameri-can Burkitt registry and follow-up; and
(10) data pr"ces"i"g with Dr. Waggoner.

When abortively transformed celIs containing SV40 genome were
re-infected with SV40, they had a lower rate of transformation than
ce1ls without the genome; thus, the presence of SV40 did not confer
iumunity.

Fetal thymus ce11s of"dogs were cocultivated with irradiated human
sarcoma cells. The dog cells showed degeneration and transformation
(chronosome analysis now being done).

Rhesus cell cultures infecEed with Mason-Pfizer virus showed evidence
of transformation and caused regressing tumors when subsequently
inoculated into newborn rhesus monkeys.

Ce11u1ar immunity studies of leukemia patients, using lymphocyte
cytotoxicity and cytotoxicity inhibition tests, suggest that ce11s
of such patients possess leukemia-associated antigens and that a
widespread antigen system may be operative in human and animal
tumors.

Significance to Biomedical Research and the Program of the Institute:
This contract laboratory provides an opportunity for a systematic,
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large-scale effort to detect viruses andfor viral anti"gens in human
tumor material-s (particularly leukemias and sarcomas), using tissue
cul-ture, irnmunologieal-, blochenieaL and EM techniques. This is a
maJor obJective of the SVCP.

Proposed Course: It is proposed that this eontract will continue
to supply the necessary support.ive services required to meet the
needs of the SVCP.

Date Contract Initiated: June 27, L969

Current Contract Level: $8001000
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