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- I. VIMI ONCOLOGY AREA -

A. fntroduction:

The Viral oncologv Area is responsible for- planning and conducting thernstituters program of coordinbted^ reserr.rr'o., vir[ses as etiologicalagents of cancer. scientists within this Area not only provide the broadoperational managenent for intramural and collaborative research but alsoconduct. conprehensive rlvgs.tigationi il +;;iilc ani-mai o".og""i. virusesand their interaction with holt ce1ls ana'appiy this information to searchfor viruses I'trich may be etiologically relaiiJ'to the initiation andcontinuation of hr-unan cancer.

contract supported research is conducted within the viral o:rcology programunder the special virus carcer Program (svcpi whot" piinrry-'ouSe.tives are:(1) to detbrnr-ine rvhethe, lri*r"r comparable to those lcrown to inducecancers of laboratory and domestic animals are causative agents of hunancancers, and (2) to develop therapeutic an6 preventive measures forcontr-o1 of hu'nan cancers when sucir causative-agents are found. A detaile6histon- of events leading_to th;- 4""1d;;i Ji .}r" svcp-;t1e found inprerious -lnnual Reports of the ucr. .Bri;A-tl in 196a, tr,e 6ongress ofthe llnited States provided funds to the NCr'ioi an iniensified'prog::am int'irls-leukemia research becarxe many scientists were convinced that aneffort to identify viruses or to d.etect 
"ir.rr 

-Jxpression 
in hunan tunors1tou1d contribure to the determination of the etibl"t-;i ;;;. usinga ne1{ plarrring approach (convergence Techniqu"j, * overall program ainredat controlling hurnan leukemia aia rymprrorui"i'formulated. tt is basedon the premise that one virus i: *'iiratpe"sable elernent for the induction(directlv or indirectly) of at teast one fu.ra of hrman cancer and. that the\rlrl.rs or rriral_genome persists in the aiseaiea-individual. rn 196g, theprogram was enlarggg to. encoilrpass all tlpes-of cancer. The program planhas 

. 
urdergone conriderable reirisions riiri"-it, il;A;i""'ria' rrl r"".,rerierted regularly py tnu Director, NrH; Direitor, NCI; the National cancerAdr{son' co,ncil ;' th6 scientiiic Directorri", -lrcr 

i and'the EtiorogyProgram lhnagement Group, NCi.-'

Durirg the past seven.rfa1s, the rnstitute has developed an effectivemanagement progran which has made rapid, substantirr i,rogr"=i^i,underst:nding cancer induction by v:.irrs6s. Therunaiig-i"""r tl, gris
Program i,, fiscal year 797r nas 6een-Jil $ii"*iluo".

B. Organizatlon:

1) \rira1 oncolog)'.-A,rea. h-ring this reporting period the area wasreorffie that w"i11 pernit the nrost effective use ofscientists and facilities in the attainment oi-trogran goa1s. All changeswere inplerented r.ith exis.tTg p".ror*"i, ,pr.", ;a ruias. By increasingthe ntunber of sections r.-ithin"tf,e preseni three'b;;.#;l-raaitiorrrrpositions of authority and r"rpo.rribirity we.e-cre"tea.



=-

on February 1,1971 the Deputv Director for science approved the NCrrequest to establish three'of'fices and to ,"J"ri-rr. the fi.rrctions ofexisting branches in the office of the Associate Scientific Director for
Ylrui or:rcology. The office of t_he Ar;o.i;;; Scientific Director forViral Oncology i_s organized as 'follows:

offi." of th" A.ro.iut" s.i"rtifi. Dir".to, fo, virul or.ologr
Plans and conducts the rnstitute's-program of research and developnentdealing with viruse: as etiologicrr" rgSnii oi .*.ur.- supports prograrnnaticinvestigations aimed at the defection; t.;p;tution, characterization,prevention, and control of tumor viruies 

^na'/o, 
their induced diseases.

Office of the coordinator for ultrastructural studies
Inrnediate Office of the Coordlnator
Vims Studies Section

Plans and conducts research on the morphology, ultrastn-rcture, biologicalcharacterrzation and corelation of st'n-rctui6'and function oi'vira1 agentsassociated with neoplasms of man and animals.

office of Biohazards and Environmental control
Inmediate Office of the Chief
Biohazards Research Section
Environmental Control Section

Performs research in virology, aerobiology, manrnalian physiology andbiochemistry in order to evliuate the riEi,'invorved to the host under
:11?rr when exposed to infectiou!,agents. Develops and ,econrnendsequrpment and procedures for handliilg of poteniiaiiy bioh;;rrao", materialsand disseminat-es this info*tio" to the lcientific comrmmity and toresearch laboratories throughout the world

Office of program Analysis and Conrnrrications

I4anages cornputerized-systems qf program statistics, clinical and laboratorvd?1., i"-t"rchange, md icientiiic'iniornaai;-f;; collaborative sti[;;;'""',with inhouse and contract scientisi;i ;rppii;r*Io*p,ra"r techniques to datasystems and retrieval problems of inho*; *rJ .o"tract laboradories; plansand conducts suryeys; 
. 
ptans, implementr, *ta *uintains a controlled centraldata system and inventbry for a multi-institutional human serum bank.lvlaintains a system of trianrrual progress reporting from ,"r"urih contracts Icompiles and distributes sumnari'es -df .urr"ii-progr"ss to programscientists. Maintains an automated sysieln-ior'iurrication searches andreference printouts on requested subjects i; rriial oncology; prepares amonthly-publication featuring abstracts of current worldwid.e literatureon viral oncology; compiles Ind publirr,"i-t"ni;;rii;^ir;il;"e-;r.unrnries of



- current research in viral oncology; maintains technical reference 1ibrary.

\:ira1 Biology Branch (Office of the Chief)

Cel1 Biology Section
Electron Microscopy Section
Microbiology Section
Experinrental Pathology Section
Ffuman Timor Studies Section
Vin-rs and Disease lvbdification Section

Plans and conducts research to determine the relationship of viruses to
neoplastic diseases of man and anfunals. Devises and tests effective means
for the prevention and control of these diseases and vimses.

Viral Leukemia and Lymphona Branch (Office of the Chief)

Tirmor Vims Section
IrrnLrnology Section
Viral Pathology Section
Genetics Section
I4rlecular Biology Section

Plans and conducts research on vims-host relationships in leukemia and
lymphoma with tumor viruses of RI.trA. and DM composition, with particular
enphasis on molecular aspects of viral oncogenesis.

Viral Carcinogenesis Branch (Office of

Ecology and Epizoology Section
Solid Ti-unor-Virus Section
Viral Genetics Section

Plans, conducts and nzmages research and
animal and hrxnan neoplasms with emphasis
and their inducing agents.

the Chief)

development on the virology of
on the natural history of tumors

2) Special Vims Cancer Program.
The Special Vinrs Cancer Program is composed of 7 working segments; i.e.
Developmental Research Segment; Innnrnology Group; Prograrn Resources and
Logistics; Special Animal Leukemia Ecology Studies; Btohazards Control
and Containment; Fhman Leukemia Therapy; and Solid Ti.rnor Vims.

On FebruaA 7, 1971 the SVCP added an additional segment. This group,
the Breast Cancer Virls Studies Segment is under the direction of
Dr. W. R. Bryan, Chairrnan, and Dr. R. Depue, Vice-Chairman. The rationale



for establishing this new segment is as follows: si-nce the initiation
of the Special Vims Cancer Program, e:p1oratory studies based on information
and leads from the mouse-mamrnary tumor virus (],ffV) system have been
conducted to determine whether evidence could be for.rnd for an association
of viruses with breast cancer of hunans or of animals other thar nice, the
only species, thus far, in which breast cancer is lcrown to be caused by
a virus.

The similartty of the "clustering" of breast cancer within human family
groups to the "clustering" that had been observed for breast cancers of
mice at the turn of the century, before the development of inbred mouse
strains, suggested that a virus comparable to the mouse MTV might be
involved in hurnan disease. Since the MIV was not discovered until high
breast carcer strains of mice had been developed by selective inbreeding,
hunar population groups which would most closely approximate the experimental
mouse models were selected for study. These included: (1) women of the
relatively highly inbred Parsi- sect of Bombay, India; (2) women of this
country having a history of "family clustering't of breast cancer, e.g.
anong the mothers, sisters, maternal grandmothers, md inaternal ar.rnts of
probands to be studied; and (5) women who actually have had breast cancer,
but who have survi-ved after successful treatment by rernoval of one breast.
Other leads from the mouse rnodel i-nvolved the use of milk and of tissue
culture-propagated breast cancer tissue, as the specimens most 1ikely to
contain sufficient amounts of ar etiologically related vin-rs for detection
of electron microscopy (the only method available for the detection of a
hr-unan agent at this time) .

The results of the human studies accumulated through this year provide
substantial electron microscopic evidence of virus-like particles resenbling
the RitlA tunor viruses of animals (both B- and C-t1pe particles have been
observed) in the milk of women belonging to the above study groups, with
much higher frequencies thar in milk fron normal women of the general
population in two different geographical areas studied (Philadelphia, Pa.
and Washington, D. C.). Whereas the control studies in the latter areas
showed positive specimens with frequencies of 4.s% U/rs6) arfl 2.3% (7/4s),
19sp9c!i,v.e1y, the frequencies in the test-population groups ranged from
37.5% (6/16) for women who have had breast-c-ancer, to-60%- (6/10\ for normal
women belonging to high-breast-cancer families. The frequency for normal
women of the Parsi sect was 39.L2, (L8/46), md the average for all test
${oups _was 41.7% (30/72). In addition to these highly significant results
of studies involving ni1k, similar vims-like particlbs have also been
observed in 11% (5/45) of tissue culture explants of breast cancer tissue
maintained for 60 days or nore, md in a continuous ce11 line from a
pleural effusion associated with metastatic breast cancer.

$ Previously reported, candidate C-type viral agents have been isolated
from a spontaneous breast cancer of a rhesus monkey and from a transplantable
breast cancer of a laboratory rat. Both viruses are being successfully
propagated in the laboratory, md are nor^r being further investigated. -Both

have been shown to contain 70S Rl{A as well as ttre mR-dependent DM polymerase,
characteristics of the RM tunror vimses.
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:e-.=::"- Lliainian. The program segment chairmen are concerned with the
recientific-projectstobeaccomp1ishedwithineach
;,r:-":::a ssgilent during the oncoming year. This critical ftinction is
-ri::::ec on the basis of an analysis of the results of ongoing efforts,
r': :r-l-1- l;ithin the respective areas but also the efforts of all other
:r:rran areas, as those efforts may pertain to the particular work of
e :rcgrziln segment. It is on the basis of these overall plans that more
soeci-fic rvork statements of the research to be performed are prepared and
,.mon i.,trich contractors are invited to subnit specific proposals for the
performance of the work. By an integration of the research activity of
these contractors, the segment chairmen are able to work toward fulfillment
of the objectives of their segment.

In his capacity as chairman of the working group and in addition to the
usual responsibilities associated with the effective fr-rrctioning of advisory
groups, the segment chairman is also responsible for bringing to the
working group sessions all information relevant to the deliberations and
decisions of the working groups, not only from the ongoing activities of
the SVCP, but also from any other program areas of the Institute r,vhich may
be relevant.

The program chairmen's meetings represent the inajor vehicle through which
the chairmen execute their responsibilities as the focal point of total
program operations and for which they are directly responsible to the
Associate Scientific Director for Viral Oncology, the Scientific Director
for Etiology and the Director of the Institute. The main function of
these joint sessions is to provide the basis whereby a synthesis arrd
integrati-on of the activities of each segrnent is achieved with respect to
the differential impact of these achievements on total prcgram objectives.
It is at the joint sessions that the relative priorities of research, which
are established in each working arearare reviewed with respect to establish-
ing an overall priority for the total prograrn. This is an extremely
difficult but important step because the items considered to be of high
priority within the perspective' of an indirridual program segment do not
necessarily achieve the same leve1 of priority within the perspective of
total program. Thus, in joint session, simultaneously or in sequence,
the chairmen perform the reviews, analyses, integrations ald program
decisions required for the effective attainment of the objectives of the
total prcgran.

Project Officers. Project officers are the direct extensions of the program
@regardingeachparticu1arcontractwithinthesegrnent.
They carry to the contractor the reflection of the intent and philosophy
of the objectives of the segnent so that the contractors'performance
contribute to the total goals and objectives of the segment and, therefore,
the total SV@. fn order to do this, the project officer must have the
scientifj-c expertise necessary to act as arr advisor to assure the accomplish-
ment of the contract workscope with efficiency and effectiveness. This



activity requires close and frequent conrmrnication between the project
officer and the contract's principal investigator. The fine balance of
coordination is maintained by frequent telephone conversations, written
conrmrnications and by frequent visits between the project officer and the
contractor. The fi.rrctions of a good project officer require a 1ot of
time which he nright personally prefer to spend conducting his otvn research.
The need, however, for existing and addj-tional scientific personnel to
continue and asstrne this managerial role cannot be overemphasized.

Executive Secretaries. The executive secretaries assist the segment

@ctofficersinthemarrageria1dutiesthatnecessari1y
accompany the administration of a large research contract program. Each
executive secretary is a senior scientist in his own fiell of specialty and
thus consults with the segment chairmen, the project officers and the
principal investigators representing the contractor in scientific aspects
of the research being performed. A high 1eve1 of scientific lcrowledge is
necessarily required, since it is often impossible to separate scientific
decisions from management decisions. Each executive secretary is specific-
a1ly responsible for assuring that (1) each contract in his area receives
optimal review; (2) working group members, as well as NCI and NIH officials
are provided with required documentation; (3) appropriate recording of
the proceedings of each meeting is made and that the information gleaned
from the meetings is distributed to the proper scientific and management
recipients; and (a) site visits are plarured, inplemented and documented
as they are needed and required.

Contract Specialists. The contract specialists are the bridge between the
ffister research and the administrative mechanism whereby
the research is implemented through the awarding and fiscal monitoring of
a research contract. Within the Etiology Area, contract specialists are
well conversant with scientific aspects of the progrzm. They constantly
provii-de invaluable advice in fiscal and 1ega1 matters to the project
officers, the executive secretaries, the program segment chairmen ard the
Associate Scientific Director. It is the contract specialists, by conrbining
their scientific comprehension with their administrative lctowledge and skill,
that a1low the senior scientists to manage such a large and inultidisciplined
research program. This is an especially pertinent contribution to the
total effort in the face of the present critical personnel shortages under
whiah the program must and will continue.

Working Groups. The progr€m segment ranrking groups are the basic operational-
nnits l6rTEe SVCP. They are composed of both Federal and non-Federal
scientists representing expertise in the varying areas of research involved
in the program. Each working group is chaired by a senior NCI scientist.
Although the prinary fimction of the working groups is to provide advice
to the Institute on the research and scientific aspects of the progrzrm,
the participation of the members of the working EIToups is more extensive

t



than the Qpical advisory conrnittee. The members help and advise therespectir,'e chairmen in the development of program plairs for their specificarea of research for each fiscal year; aevbrof wori< statements fo, !p"-iii.research contracts; make site visits to contr-actor facilities; review
contractor prop_osals; and when competitive proposals are received, selectthe best qualified contractor for recorrnenditi'on to the Associate ScientificDirector and participate in_the very important functions of aralyses andevaluation of the results of ongoing research accomplished in eath of the
segment areas. These analyses and evaluations provide basic reconrnendationsfor many major program decisions.

In addition to its- advisory role !o th-e segment chairman, the working groupacts as a technical- review group for the contracts within the segmen[.-
Tn, this capacity , !{re rgorki.ng group acts as an advisory conrnittee. rt is
asked to review individual contracts within the segment for scientific
excellence and technical corpetence within the fimding 1eve1, which is
determined by the program and reconrnend&I-for eacTlnTivimti contract.
The final determination of the 1eve1 of fimding is dependent on marry
decisions whlch are expressed at the 1eve1 of Ihe Assbciate ScientificDirector and the Scientific Director. This technical review group is askedto review contracts to determine (1) the appropriateness of tfre oLjectivesof the contract as th-ey fit into the overaii gbafs of the segment's mission
and in relation to other ongofng projects wi-tf,in the segment-which mighibe related to the contract unaei icrutiny, and (z) tfre iiiain ""t of these
q9r1.t, utilizin-g the scientific knowledgb-and methods available, to assure
Fu lriglgst technical performance of th5 contractor within the funding
1eve1 allocated. Reconrnendations regarding funding are welcomed and "seriously evaluated. However, the final d6cision ililr ue mad.e with
consideration for the nany variables, by the Scientific Director and theAssociate Scientific Director for Viral'Oncology, through their reconrnendationto the Director, National Cancer Institute

Program Review. The contents of the total program are constantly being
reviewea;5-oTh-in_formal1y and forma11y, at iarfous 1eve1s. The projectofficer, by his.close contact with the contractrs principal inveiti[ator,
p_rovides a continuous appraisal of each contract Cil for'fidelity of per-
formaace of the contract (2) for assurance of 

"rrorgn 
flexibiliiy'i" tir"contract to a11ow for changing and relevant program needs and (S) to assurethat work under the contralt is p-erformed in'thE best technicai-way possible.Thus, the 1eve1 of performance oi each contract is consta.riry bein'g 

r--------
considere-d by the segment chairmen through near day-to-day .orrtu.i of each
segment chairman with his project officeis.
Each project officel mus_t present. and defend his contracts to the workinggroup at the time of technical review. At this review, all aspects of t[econtract are considered in relation to the total segment's activities andresponsi-bilities. At least once a year, each contrlct is presented by the



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

objectives and goa1s.

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

In stunnary, program review is effected at three 1eveIs, all of which are
highly integrated and interrelated:

(1) The Contract is the basic functional unit and receives alnpst constart
monitoring 5f-TEe project officer and technical review by
raflro makes"reconrnentafions regfiiling goals and objectives
Chairman.

(2) Program segment working groups, as the bas-ic oPer44e!91-sn41, ,reviewin" cal and a
adheffiscope, for its contribution to segment goals and
makes recommeffipective segment chairman concerning each
of the segments activities.

(5) Program segment chairmen meeting jointly once a month, comprise the
basi termine segmerl! pliorities within overal1
@sandgoals

Contract Review. Contracts are reviewed according to their t)pe.

Tlpe I. The majority of the contracts in SVCP are of this 1yp9. These
are research and development contracts which are generally limited to one
or two areas of research and may include a service aspect. The do11ar
range is usually between $50,000 and $500,000 per year.

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

Tlpe II1. These are routine procurement contracts which cover the purchase
of servlces and/or materials and contain essentially no research.

There are three major revier,v groqps: the Segment Working Group, the Program
Segment Chairmen and the Etiology Progran Management Group.

Progress Reports. As a valuable aid, in the review process, to all key
ffiaff, the Progran Analysis and Corrmrnications Section
coordinates and handles progress reports on all SVCP contracts. Policy
regarding progress reports was set forth in a menprandtun dated November 6,
1968, from the Associate Scientific Director to the Segment Chairmen as
follows:

the working group
to the Segment

I

l

l

l



"'-l't a:,oeti.lE cf the Branch and.Associate Branch chiefs, viral oncology, onln=-tober J, ,dur:-.Tgiii;;#rd,,r", i"r-*r"]iepq.ration and dissemination'-- iriannual project suumnait", 
i;:T:sigp f&5i.- at rrr*"., ,r"-discussed.rn general, it rr-as felt that ihe relatir"iy-r#11 value of comprehensiveor-era11 prograrn reports to contractors *a'rorting group members (on at,annual basis) was near', ."*i?i.:iI ;d1;ily tn" time required forconpilation. s,r-rthesii:;a iirtr*r.ion df such reports. rt was alsofelt that oir'ei moru eif"ctive means of conrm:nicatibn-wer" uir"ray beingutilized, and that su.n m"uni--riri.rr-rd"i;#l;ss time of the programleaders should be strengtnenea' ana r"ii"ri] flcordingly, the'followingreconrnendation-s w"r" mu;" *J1tr""d rd-i;r iim"aiate implementation:

(1) lvtrost contractors will continue to be required to submit short,concise, triannual progress reports in ad.dition to their moreconprehe-nsive annuai rbports. "as in-lrr9 past, the latter isto be submitted in conmi;.*i" ,rlr-atJ'ai."ctions of theproject officer at the'ttne tne*.l"irI.t r, .o.,iia;;J.for renewal.(2) Ir{anagement of triannual progress reports proceed as fo110ws:
(a) Reports are receiv.e{ from all contractors by pAc betweenthe 1st to 15th or o.tot"r;i";;;ry and June.
(b) copies of reports a.re sent to the appropriate segmentchairman by ih; 

-isir,-or-;h";; 
*i.nr.

(c) Each segment chairman with his project- officers preparesone or several sho11 p?I?sTr.ph, o",rrijrrii;h;;,;fr;iour"rr.Each abstract is igliifSi-tr".J".ract no., titll, andname of principal investigatoi-. --arrtr_acts 
or-uii"progressreports are return?i .to pra ;;'rrtr, than the 30th ofoctober, Febmary zgth, *J -r,_"tbair.

(d) 
_Copigs of all abstracts areto all persons identiiieJ-Jn

duplic_ated by pAC and sentthe SVCP Route S1ip.
. (3) A single overallpro3ectrons of the SVCp isorstnbuted to all program

3111ftic report on progress, problems andprepared on an ,ruruht frrli'ui-ir," AsDVo andpersonnel. "

l0
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PROGRAM MANAGEMENT PERSONNEL

Science Management Team

Dr. J. B. Moloney, Associate Scientific Director for Viral CIrco1ogy, NCI
lvh. L. R. Carrese, Deputy Associate Director for Program, NCI
Dr. L. R. Siba1, Asso-iate for Program Coordination, Viral Oncology, NCI
Dr. D. J. Rubin, Scientific Coordinator for Extramural Research, VO, NCI

Administrative Officer. Assistant Administrative Officers and Contract
lAIlSIS

Mr. John P. Patterson
Ivtr. Nick Olimpio
Mr. Robert Velthuis
Mr. J. Thomas Lewin
l'4r. lr{aurice Fortin
Mr. Thomas Porter
Mr. Fred Shaw
Ivh. John Gibbons

Program Segments and Yembership

Developmental Research Segment

Dr. Robert Manaker, Chairman
Dr. Jack Gnrber, Vice Chairman and Executive Secretary

Dr. Samrel Da1es, Public Health Res Inst.,
Dr. Paul Gerber, DBS, NIH
Dr. Anthony Girardi, Wistar Institute
Dr. Tinothy O'Connor, NCT

Dr. Alan Rabson, NCI
Dr. Bernard Roizman, IJniversity of Chicago
Dr. D-rard Walker, University of lVisconsin
Dr. Virginia Dunkel, NCI

Special Animal Leukenia Ecology Segment

Irr. Michael Chirigos, Chairman
Dr. John Glynn, Vice Chairman
Dr. George Burton, Executive Secretary

Dr. Friedrich Deinhardt, Presbyterian St.
Dr. Bernice Eddy, DBS, NIH

N.Y.C.

Luke's Hospital

Dr. Charles Rickard, Cornell lJniversity
Dr. William lr4cloney, Peter Bent Brighan Hospital
Dr. I,rlearl Stanton, NCI
Dr. Peter Vogt, Ilniversity of Washington
Dr. David Yohn, Ohio State University
Dr. Harrs Sjogren, Pacific Northwest Research Foundation

1?



Solid T\.nnor Vims Segment

Dr. Robert J. Huebner, Chairman
Dr. Janes Duff, Vice Chairman
I,hs. Hariet Striecher, Executive Secretary

Dr. 0rarles Boone, NCI
Dr. Maurice Green, St. Louis Uriversity
Dr. Leonard Hayflick, Stanford lJniversity
Dr. Karl Hellstrom, University of Washington
Dr. Edwin Lennette, Calif. Dept. of Public Health
Dr. Joseph ltblnick, Baylor lhiversity
Dr. Herbert Rapp, NCI
Dr. Wallace Rowe, NIAID, NIH
Dr. Hans lr{eier, Jackson Laboratories

Irrn-rnology Group

Dr. Paul Levine
Dr. Herbert Rapp Lo-Lnalrmen

Dr. Ernest Plata, Executive Secretary
Dr. Charles Boone, NCI
Dr. Berton Zbar, NCI
Dr. Tibor Borsos, NCI
Dr. Ronald Herberman, NCI
Dr. Maurice Hillernan, Itlerck Institute
Dr. Barry B1oom, Einstein College of Medicine
Dr. Arthur Brohrn, l}riversity of Tennessee
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Dr. K. Arnold Fowler, NCI
Dr. Adi" Gazdar, NCI
Dr. Paul Levine, NCI
Miss lr{arie purdy, NCI



-
Biohazards Control and Containment Segment
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It'lr. Mark Chatigny, Naval Biological Laboratory
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3) LIST OF CONSULTANTS TO THE SPECIAL VIRUS CANCER PROGRAM

FISCA]. YEAR 1971

Dr. Norman Anderson, Atomic Energy Commission

Dr. Arthur Axelrod, University of Toronto

Dr. David Balti-more, Massachusetts Institute of Technology

Dr. Joseph Beard, Duke University

Dr. Trygve Berge, American Type Culture Collection

Dr. Maurice Black, Flower ancl Fifth Avenue Hospital, N.Y.C.

Dr. Paul Black, Harvard Medical Sehool

Dr. Barry Bloom, Albert Einstein College of Medicine

Dr. R. G. Bond, University of Minnesota

Dr. Michael Brennan, Michigan Cancer Foundation

Dr. Arthur Brown, University of Tennessee

Dr. Joseph Burchenal, Sloan-Kettering Institute

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

Dr. Bruce Calnek, Cornell University

Mr. Mark Chatigny, Naval Biological Laboratories

Dr. Thomas Chin, Conrnunicable Disease Center, Kansas City

Dr. Lewis Coriell, Institute for Medical Research

Dr. Sam Dales, Public Health Research Institute, N.Y.C.

Dr. tr'riedrich Deinhardt, Presbyterian-St. Lukers Hospital

Dr. Kenneth Deome, University of California, Berkeley

Dr. Giaupero di Mayorca, Eppley Institute, University of Nebraska
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Dr' Leon Dmochowski, M. D. Anderson Hospital and Tumor rnstitute
Dr. Robert Dougherty, Upstate Medi.cal Center, S.U.N.y.

Dr. Peter Duesberg, University of California, Berkeley

Dr. Bernice Eddy, Divisi.on of Biologic Standards, NIH

Professor M. A. Epstein, University of Bristol
Dr. Charles Evans, University of tr{ashington

Dr. sidney Farber, childrenrs cancer Research Foundation, Boston

Dr. William Feller, Georgetown UnLversity

Dr. Stuart Finch, yale University

Dr. Gustave Freeman, Stanford Research Institute
Dr. Emil Frei, rrr, M. D. Anderson Hospital and Tumor rnstitute
Dr' Emil Freireich, M. D. Anderson Hospital and Tumor rnstitute
Dr. George Foley, childrenrs cancer Research Foundation, Boston

Dr. Paul Gerber, Division of BioLogic Standards, NIH

Dr. Peter Gerone, Fort Detrick, Maryland

Dr. Ray Gilden, Flow Laboratories, Rockville, Maryland

Dr. Anthony Girardi, Wistar Institute
Dr. Maurice Green, St. Louis University
Dr. Richard Griesimer, Ohio State University
Dr. V'ncent Groupet, Life Sciences, St. petersburg, Florida
Dr. Francoise Haguenau, College de France

Dr. G. D. Hanrmond, Childrenrs Hospital_, Los Angel_es

Dr' Hidesboro Hanafusarpublic Health Research rnstitute, N.y.c.
Dr' Janet Hartley, National rnstitute of Allergy and rnfectious Disease
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I:, ]f. Hatanaka, Flow Laboratories, Rockville, Maryland

l:. Leonard Hayflick, Stanford University School of Medicine

l:. Clark W. Heath, Jr., Comrunicable Disease Center, Atlanta, Ga.

l:. Riehard Herberling, Southwest Research Foundation

l:. Karl Erik llellstrom, University of Washington

l:. Brian Henderson, University of Southern California

l:. Werner Hen1e, Children's Hospital, Phil-adelphia

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

l:. John Higginson, International Agency for Research on Cancer

Ir. Maurice Hi1leman, Merck Institute for Therapeutic Researeh

--r. Yashar Hirshaut, Sloan-Kettering Instj-tute

--r. James l1olland, Roswell Park Memorial Institute

lr. Julius Horoszewicz, Roswell Park Memorial Institute

lr. Yohei Ito, Aichi Cancer Center, Nagoya, Japan

fr. Erling Jensen, Hazleton Research Laboratories

lr. Irving Johnson, Eli til1y and Company

Dr. Seymour Kalter, Southwest Foundation for Research

Dr. Edmund Klein, Roswell Park Memorial Institute

Dr. Alexis Kniazeff, University of California, San Diego

Dr. John Landon, Bionetics Research Laboratories

Dr. Leon Levintow, University of Cal-ifornia, San Francisco

Dr. Roy Luginbuhl, University of ConnecticuL

Dr. Edwin Lennette, California State Department of Public Health

Dr. Robert McAllister, Childrenrs Hospital of Los Angeles

Dr. Joseph McDade, Dow Chemical Company
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Brian MacMahon, Harvard University

Stuart Madln, Naval Biological Laboratory

Eans Meier, Jackson Laboratories

Louis Melendez, New England primate center, Harvard Medical school

Joseph Melnick, Baylor College of Medieine

Matilda Benyesh-Melnick, Baylor College of Medicine

George Michaelson, University of Minnesota

Merle Mize11, Tulane University

Willian Moloney, peter Bent Brigham Hospital, Boston

Dan Moore, Institute for Medical Research, Camden, N.J.

Herbert Morgan, university of Rochester school of Medicine

Maurice Mufson, Hektoen rnstitute for Medical Research, chicago

Lloyd J. Neurauter, University of California, Davis

Lloyd Old, Sloan-Kettering Institute
Donald Pinkel, St. Jude Childrenrs Hospital_

Fred Rapp, Hershey Medical Center, Hershey, pennsyl-vania

Marvin Rich, Albert Einstein Medical Center

Charles Rickard, Cornell University

John Riggs, California State Department of pubLie Hea1th

Bernard Roizman, University of Chicago

wallace Rowe, National rnstitute of Allergy and rnfectious Disease, NrH

Albert Sabin, I,Iei-zman Institute, Rehovot, Israel
Norman salzman, National rnstitute of Allergy and rnfectious Disease, NIII

George Santos, Johas Hopkins Hospital

Kenneth Se11, National Naval Medical Center
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Dr. Howard Temin, MeArdle Research Laboratory, University of l{isconsin

Dr. Richard Tjalna, Environmental Health Sciences, NIII

ltr. Irv Toplin, Electro-Nucleonics Laboratories, Bcthesda

Dr. Peter Vogt, University of Southern California

Dr. Donald Wall-ach, Worchester Foundation, Worchester, Mass.

Dr. Duard Walker, University of ttrisconsin

lr. James Watson, Cold Spring,Harbor, Long fsLand

Dr. David Yohn, Ohio State University

Dr. Charles York, University of California, San Diego

Dr. James Zamecnik, Massachusetts General llospital
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C. Scientific Actj-vities - Progress Highlights:

There are nohr over 100 viruses which are lcrown to cause virtually all
kinds of cancer in every major group of animals including non-hurnan
primates. The probability is very high that vimses responsible for at
least some human cancers will be found. 1{hen such agents are identified
and successfully grown in the laboratory, it should be possible to develop
therapeutlc and preventive measures for the control of these diseases.

Vinrses of one type (Type C) are lcrown to cause leukemias, lynrphomas,. and
Sarcomas in chickens, mice, ffid cats. Particles, which closely resemble
Type C viruses, can be found in human patients affected with these same

kinds of cancers.

A monolayer culture releasing C-type particles has been established from
ce11s of a pleural effusion of a child with Burkittrs llmrphoma of the
American type. The line is in its 28th subculture and continues to release
virus. Studies have failed to identify this agent with lcrown animal
tumor viruses. This is the first human ce11 culture producing C-type
virurs in relative quantity. This nakes it possible to produce antisera
specific to a human C-type virus to be used for determination of the
distribution of hurnan C-type virus antigens in tumors.

Viruses of a second tlpe (Type B) produce cancers of the breast tissue of
nice. Thus far, this is the only anirnal species in which breast carci.noma
has been proven to be caused by a virus. Recently, Type B particles
resembling the mouse agent, have been found in human breast cancers and
in milk concentrates from patients with breast cancer. Attempts to grow
these vituses, if indeed they are definitely shown to be vimses, in the
laboratory have just begr.m. Vimses of a third type (Herpes-type) which
are structurally similar but unrelated to other larown herpesvin-rses, have
been shown to be associated with the following hrlnan malignancies:
Burkitt's lynphoma, nasopharyngeal carcinoma, ffid uterine and penile
carclnomas.

Hamster ce11s transformed by W-irradiated herpesvims tlpe 2 grew as
tumors when inoculated into neufoorn hamsters. This suggests that at least
one virus which ordinari-1y is cytolytic may be oncogenic when an induced
genetic defect blocking normal cycle of viral maturation with cytolysis
results in the retention of the virogene in the replicating host cel1.

By using techniques developed from animal tumor vims studies, every effort
is being made to determine whether these vimses cause human malignancies.
Drring ihe course of this work, it should be recognized that information
on the biological, biophysical, md biochemical characteristics of cancer-
causing viruses has provided a broad base of lcrowledge applicable to the
isolation and identification of hrlnan agents and prevention and control
of the disease in man. Some important new discoveries that have been
made are: (1) Certain oncogenic viruses are unable to produce
nalignancies unless a "helper" virus is present, thus



-:rggesting that an interplay exists between two viruses. (z) certain
:rrcr-inducing chemicals, irradiation, (carcinogens) may act as co-factors
-:: activating latent, oncogenic viruses within ie11s. (s) certain
:rTior viruses contain unique enzymes which are required in the replication
::- viruses i-n ce11s. These a:rd other important developrnents will be
::scussed further in this report.

-..pe C Particles

ien the Special Virus Cancer Program was initiated, highest priority was
_-\-en to the search for human leukemia viruses resembling the Type c'
,:rlrses causing chicken and mouse leukemias. Since that time, ,*y Type C';ruses, the total is now about 85, have been found in a variety of timrors
ircm many-species of two vertebrate classes. A11 of these species continue:: be studied intensively urrder the broader scope of the Speciat Virus
l,encer Program. several of the Type c viruses are estabriihed as the
:ausative agents in leukemias, lymphomas, and sarcomas of chickens, mice, cats
.:-'C hamsters. Itlany of these car infect and produce mali-gnancies in othei
s;ecies (e.g. a sarcoma virus of the cat produces trnnors in marmoset monkeys).
:-irthermore, some of these viruses can cause malignant transformation to
:,:cur in animal and human ce11s grown in the laboiatory (e.g. cat leukemia
=C sarcoma vimses alter erbryonic human ce11s). fydr i vlrus particles
:''r.e been found in association with malignanciei of i- spectrr.-nn oi animal
-eci-es including non-fnrnan primates, rats, cattle, wooiley monkeys,
,s-'5bons, and man. Although electron microscopy is an funportant mbthod: the search for Tlpe c vims particles, certain newer biochemical,
: rcphysical. and inrmrnological techniques, developed through intensive
::llaborative studies of aninral carlcer vimses, -are 

now b6ing directed
:r',-ard finding viruses present overtly or covertly in the ce11s of hunan

_. _BEa:tions.between lYpe C viruses causing leukemias and sarconas
sor].o EumorsJ

l'*i.en inoculated into appropriate ce11 cultures, Tlpe C sarcoma viruses
-i chickens, nice and tits'produce focl of altered^ ce11s. This fi-rrdamental
:;scovery provides a readily visible indicator reaction for the detection:i sarcoma viruses. On the other hand, leukemia viruses grown in tissue:lture do not cause foci or other detectable changes. f6e finding that
*eukemia vimses can either inhibit or enhance focis formation by sarcoma"-irr-ses of the same species has led to the development of methods for the::tection arrd quantitation of leukemia vimses inhirectly.

-ertain of tJre chicken, cat and mouse sarcoma viruses are "defective"
:--: that they do not produce foci in ce11 cultures or tumors in animals:: the absence of a co-infecting, rhelper'r leukemia vinrs. Further,

= 
th" presence of a defective sarcoma virus the helper action of leukemia'.il-rses can be used as a specific indicator for theii detection and

;-iantitation. rt is now believed that defective sarcoma vin-rs__leukemia';1't1s interactions may be more widespread in nature than originally thought
=C that similar systems may be for.urd in man. A mouse leukeiia virus wfrlcfr
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has been adapted to grow irl hunan cells is now available to search for
defective hunan sarcoma viruses, if they exist. An alternative approach
has been developed for the detection of possible hunan leukemia vimses.
A defective mouse sarcoma virus and its leukemia virls helper can be
rnde to form tight fr-mctional aggregates, which behave as one virus.
Using a mixture of a mouse sarcoma virus arld a cat leukemia virus, a hybrid
aggregate which could be growrr continuously in cat ce11s was produced.
Because the aggregate is defective, it requires the simultaneous presence
of a cat leukemia virus for producing altered foci in cat cells. Thus a
focus forming sarcoma uirus of the mouse, artificially changed to one
possesslng infectivity for cat ce11s, czrn now be used in cultures for the
detection of cat leukemia vimses.

This hybrid virus, as well as the cat leukemia vims, will also grow in
hr.unan enbryonic cel1s in tissue culture. If sufficient alrpunts of the
Type C parti-c1es found in association with hunan leukemia can be obtained,
the possibility exists that the cat-adapted nrcuse sarcoma virrs can be
hybridized with the hr-rnan agent to produce an indicator system for the
detection of human leukernia viruses.

2. Ubiquity of Type C vinrses and their possible transmissi-on in nature
asp

By developing highly sensitive i:nnunological methods for detecting T)rpe C
viruses of chickens, mice and cats, an extensive program to determine the
occurrence of l)rpe C viruses throughout the life span of different animals
has begr.m. Studies in mice revealed that no strains are completely free
of Type C virus involvement. In strains subject to a high incidence of
spontaneous leukemia, the uirus could be demonstrated even in fetal
animals and at all ages after birth; in strains with a very 1ow incidence
of leukemia, the vinrs could not be detected at arty age trrder natural
conditions. If the latter mice were irradiated or treated with cancer-
causing cheln-icals, Tlpe C vims could be readily detected well in advance
of the trlrtors that developed. Mice of strains with moderate incidences of
leukemia showed no detectable virus during the first third of their life
spans, but Type C vinrs appeared spontaneously and could be detected with
increasing frequency as they became older and developed leukernia and other
cancers. Irradiation or treatment with chemical carcinogens, however,
resulted in detection of Type C vims early in life and in the development
of cancers. These and other findings led the investigators to postulate
that the genetic information of the Tlpe C vimses is transmitted "vertical1y"
(ficm parent to offspring) in a covert form along with the genes bearing
the normal genetic information of the aninral. Like normal genes they can
be repressed and show no action under some circr.unstances, but can become
derepressed r:nder other circumstances, such as dr-rring aging or under the
influence of irradiation or carcinogenic chemicals. This theory has been
srpported by the demonstration of "indicators" of the presence within tunor
ce11s of viral material even in the absence of detectable whole virus
particles. These "indicators" or group-specific antigens (gs antigens)
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are specific subr-rrits of the internal stnrcture of the T)zpe C RM turnor
vimses. One type of group-specific antigen is conrnon only to the viruses
of a particular animal species (species specific) and has now been
demonstrated in the enbryonic tissues of npst manrnalian and avian species.
This _suggests the possible role of these vimses in norrnal ce11 groirrth
and differentiation as well as in the induction of malignancy.

Very recently, a second group antigen associated with llpe C viruses has
been demonstrated. Preliminary evidence would indicate that it may be
an inte_rspecies-specific group antigen in that it is present and cbnrnon
among the Tlpe C viruses of 5 nrarmnalian species, the mouse, cat, and
hamster, but not the chicken. Furthermore, this antigen has been detected in
highly concentrated extracts of cel1s from two diffeient himnn twnors, one
of which has at tines produced small amounts of a vims resembling aninnl
Typ_e C palticles. If confirmed, the implication of this finding is obvious--
-a formidable probe for the presence of virus or viral genetic rnaterial in
hunan cel1s has been developed.

Projecting that_ Tlpe C viruses will be foirnd to be as ubiquitous in man
and other vertebrates as in mice, chickens, md the cat, dhe hlpothesis
is -proposed as a r.rrifying theory consistent with the phenomena--of radiation
and chemlcalLy induced cancer as well as the predictaLle occurrence of
spontaneous cancers that develop in various populations of animals, including
rum. An exciting consequence of this theory, even if it is found to
hold only for a limited nurber of cancer tyles in man, is the prediction
that_a new ?pproach may become available f6i" tfre control of th-ese cancers,
namely the delineation of factors responsible for both derepression and
repression of virus expression.

A somewhat different approach has been based on the premise that trmor
cel1s containing a comrcn antigen may indicate a similar viral causation.
fn examining the tissues from various hunan sarconas, particles resembling
isrown anirnal T)zpe C vinrses were found in at least one- liposarcoma. With-
continued culture of the ttunor, particle production ceased, but innn-rrologic
tests using the senrms of sarcoma patients revealed that the ce1ls still-
contained a substance (an antigen) which appears to be present only in
sarcoma cel1s (sarcoma-specific). A high incidence of ierLrn aritib6dy to
sarcoma-antigen was found in patients r,rrith various tpes of sarcomas
and their close associates; a significantly lor,rer intidence was found in
aormal seruns. The data suggest that a viral agent may be the causative
factor in this disease. Hopefully, continuing itudies will establish a
inre definite relationship of the antigen to ihis disease.

l. New approaches to detection and control of Type C vims infections.

hcreasing_evidence has accr-rrmlated to substantiate that the genetic
::a.terial of T)rpe C RM viruses can become integrated into the host-ce11
-fi\ (rnalrunalian genetic naterial). A dranatic Ereakthrough in the
rvestigation of the biochemical pathways of tturor virrs infection and
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replication has been the demonstration that RM viruses contain enzynes
ca11ed polymerases which can direct the slmthesis of DI'I\ by the host cel1.
In rapid succession many investigators found that one of these enz)rrnes
(RNA-dependent DNA polymerase) is asscciated with all of the icrown RNA

Type C tumor viruses. Viruses that cause leukemias or Sarcomas in
chickens, mice, cats and hansters, as well as breast cancers in mice, rats,
and monkeys, have been shown to contain polymerase activity. By contrast,
well-characterized, non-tunor producing vimses do not contain this activity.
This research has resulted in the development of new, extremely sensitive
methods for the detection of RM tunor viruses in htrnan cancer. Assays
for the polynerase enzymes exceed by 100-fo1d the sensitivity of electron
microscopy and are capable of detecting vinrses which are present either
in latent form or as whole virus particles.

Intensive investigations have now revealed polyrnerase activity in ce1ls
of patients with acute lymphoblastic leukemia; more prelimin-ary evidence
has-shown the enzyrne is ircells of sarcomas, Burkittrs lynphoma and
breast cancer. Since the RM-dependent DM polltnerase is apparently
always present in the RM tumor viruses of animals, its discovery i-n the
hunai tumor ce1ls offers good supportive evidence that vinrses are associated
with cancers in mal. The-RM-def-endent DNA polymerase of human leukemia
cel1s is inhibited by a drrg, n-demethyl rifampicin, which also.inhibits
the enzyme activity found in the Type C Rl'lA tumor viruses of animals.
Studies'are underway to erplore the action of this drug and the various
modifications of it. These investigations could provide new approaches to
the treatment of malignancies in man.

TYpe B Particles

"T[re B" vimses causing breast cancer in mice possess certain prop.erties
ir tonrnon vlith Type C viruses, such as having genetic material of the
RM type and beiil-g transrnitted from parent to _o_ffspring _1]ong with the
normai^ genetic inheritance. But they also differ in: (1) the manner in
which t[e nucleoid is formed during vims reproduction; (2) the fine details
of their ultrastructural appearance; and (5) transmission in infectious
form, under natural conditions.

The potential existence in htrnans of an infectious breast cancer vims
simiiar to that of mice, together with epideniological evidence of
"clustering" of breast cancer in some hurnan families similar to that
observed in tfre earliest studies of cancer in mice, 1ed to systematic
viral studies on this hr.rnan disease. Particles resembling the Type B

vinrs of mouse breast cancer have been observed in 40% or more of milk
specimens from women with breast cancer, as_ w911 as from lellthy women of
high-risk populations (high-breast-cancer-fanilies, inbred Parsi sect of
Boilbay, fn-ai-a) , as compared with a frequency of_o:rly about 6%-for. specimens
from healthy w6rnen of ihe general popuiation. Similar particles have also
been observed ln two tissue culture lines of hr.nnan breast cancer that have
been successfully grown in the laboratory. More recent studies of one of



these ce11 lines have revealed additional evidence consistent with presence
in the ce11s of an RM tumor virus: the presence of the RM-dependeirt OtlR
polynerase, the interspecies antigen.

Breast cancer occurs in about 4 to 5% of American women. It is the most
prevalent and responsible for more deaths than any other type of cancer,
not only in Arnerican women but also among women of several other countries.
Because breast cancer occurs 2 or 3 times more frequently in some families
than in others it is strikingly similar to obseryations made on breast
cancer of different populations of nice. These animal studies 1ed to
unequivocal evidence of the association of a virus and the demonstration
that an infectious form of it is transmitted through milk. One of the
najgr objectives of the SVCP is now the determination whether an agent
similar to that of mice is responsible for the unusually high incidence
of breast cancer in certain human populations.

Herpes-tytrle Viruses

A type of uirus associated with some forms of chrolic leukemia, lymphoma,
and postnasal carcinoma is the herpes-t1pe virus (ru"vl , similar iir iize
and shape but not identical to other loown herpesvimses. Ilnlike hr.rnan
Tlpe c particles, FITV grows well in the laboratory and fairly large
quantlties of purified and concentrated HTV can be recovered for itudy.
Ore of the most active areas of viral oncology is that concerned with-
Jefinitive characterization of the HTV.

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

Seroepidemiological studies on the relationship of EBV infection to
lasophar;mgeal cancer are being co:rducted through the International Agency
ior Research on Cancer. A study in the West Nile District of Uganda fo
:etermine the feasibility of further studies on EBV in relation to Burkitt's
ilmor is nearing completion. Other studies also suggest an association
:etween infection by HSV-2 and cerrrical carcinoma. -Results of a study made
-:l Texas showed the presence of serum antibodies to this virus in abbut 85%
:'f cases of invasive cervical carcinoma in comparison to 22% in controls.
.:'ecent findings in Colombia showed a much higher incidence of antibody
:n the control population selected, approximating the incidence in the
:r.unor-bearing group. At present, insufficient data is available to conclude-hat this virus is inplicated in this cancer.

3V infection has been associated with the development of infectious
:rononucleosis in young adults, a disease with the attributes of a self-
-imiting leukemia. The generally high 1eve1s of antibodies to EBV in patients
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with Burkitt's trnnor or with nasopharyngeal carcinonn also suggest that
the vin-rs might be causally-related to these diseases; high levels of
antibody also occur in patients with the sarcomatous form of Hodgkins
disease, chronic lymphocytic leukernia, and sarcoidosis. Present methods
show no significant differences between EBV isolated from these different
diseases.

Several facts make EBV suspect as a prime if not a sole factor in the
induction of hematological disease in man. (1) The virus is ubiquitous;
no hunan population has been found to be free of antibody to EBV.
(2) The vims is consistently fotnd in association with Burkitt's lymphona.
(3) Only lymphoid cel1s appear to be susceptible to infection. (4) Lympho-

rytes from negative donors have not been capable of continuous cultivation
unless they are infected by the virus. (5) Infected continuous ce11
lines which do not releave virus contain soluable antigens that react with
seruns containing antibodies to EBV. (6) EBV has been strongly associated
with infectious mononucleosis, ce11 lines of which grew as ttunors in
imunosuppressed hamsters . (7) Other herpesvims of animals have been
causally related to lymphoproliferative diseases. (B) The genetic
material of EBV is related to that of similar vimses lcrown to induce
nalignancies in animals. Thus, EBV has several features characteristic
of larown turnor vinrses. Current data suggest that: genetic material of
EBV may be incorporated into lynphoid cel1s; nature virus production
may be a rare event; infected ce11s acquire the capacity for r-rrlimited
growth and produce trnrors in the inrm;nologically deprived host; infection
by the vinrs may be a factor in trlnor development under certain unlmovnt
conditions affecting the irmrunity of the patients.

t'i
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-. Projections:

_-"1 ]a_1ge1y on the recent findings from work conducted within thel:ecial vims cancer_program, the Iollowing broad areas of research
1r:r be developed and/or-expanded: (1).vi;1r;-(or virar antigeni):rror relationships, (2-) Iraciecutar studi"il isj-rnurn-rrologic studies,":) Test systems,and (5) Resources.

1. Virus (or viral antigen) - tumor relationships

a. Model studies. studies on animal, RNA and DNA, twnorvlT,s"';Eown to cause malignanci"r :, i""Lrar manrnalian
species, will be continued. -The results of these studiei
have alreldy.provided a broad, base of lnowleag" o"-ihe--*characteristics of tumor viruses applicable t5 the isolation
and identification of human agents.' This work wilr remainan integral part of the program.

b. Hrrnan studies. Efforts to identify vimses or d.etect vinrsexpres=ion-il-human tr.unors are underway. The program is nowplepared to broaden its activities to search for iandidatevimses or subviral products r.rrhich induce human marignaniiesas follows:

(1) To identify and isolate cand.id.ate vimses or subviral
products in leukemias, lynphomas and sarcomas.

(2) To identify and isolate candidate vimses or sr-rbviral
products i-n breast, lung and other carcinomas.

(3) To develop methods for the detection of high cancer
risk.groups, i.*. individual susceptibilitf ofpredisposition to transformation by t*mran vimses.

(4) To extend_present and develop new methods for the
successfui_ propagation of signiricant amoturts of
hunan candidate vin-rses.

(5) To develop_suitable_reagents for mass diagnostic
screeniag for candidate-vimses.

(6) To characterize,-biologicalry and biochemically,
presurptive viral agents.

(7) To increase enphasis on understanding the relationshipof environmental agents (e.g. chernicil carcinog*j----
as co-factors in viral carcinogenesis. This rSpresents
a-najor _e4pansion of effort re{uiring coirbined btrorti-of the viral oncology and chemical circinogenesis Areas.
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Ivlolecular Studies

In recent months rapid rnajor advartces have been made in the

field of molecufar biofogy. These findings have direct
,ppii.riio"-to the study"bf lfte relationsl-rip of vinrses to
tunors. There ii-ev:-aeirce that the genetic-material (Rl'{A)

"f 
-ifr" 

ttrnor viruses can direct the iynthesis of new DM.

The demonstration that RM tr.unrr vinrses contaln enz)zmes_

foolymerase, ligasei which rnay be required for viral infection,
iil;#;;oi'*iifi host cel genorne, ,,id viral replication has

orovided the basii for the [evelopment of new,extremely
^sensitive methods for the detection of oncogenlc vlruses
or their "finger{ri"ir." Indeed, lcrowledgg o-f the fi-rrdamental

molecular events'whiih o..r, during virus- inf-ection and

;;tr;q";"t cell transformation provides the first tnrly
rationalapproachtotherapy..Fnzymeactivitiesarralogous
to those of R]\IA ir*o, vin-r's'es have'recently been foynd in
ce1ls of hunan leukemics. This offers strong supportive
.r.ia""." that rrinrses are associated with cancers in man.

a. Basic studies

The Program is prepared to broaden its activities for
identi$ing and ctiaracterizing the spectnm of enzylnes

(and otirer"mediators) required by tunor vinrses for
replication and transformation.

b. Applied studies

As lcrowledge of the fundamental molecular events in
virus-cell"interactions is developed, the Program will
applythisinformationtothestudyofhr-urnncancer
as follows:

(1) To identify and characterize similar enzymes or
enzymatic activities within nonnal and malignant
hturtan ce11s.

(2)Todevelophighlysensitivemethodsforthedetection
of rrinrs ^or vinrs activity in hrman ce11s '

(3) To develop a rational basis for ther-apy 9r prevention
by exptoiing various approaches to blockilg qf viral
rLpficitio, i.rd/or tr.unorigenesis at the cellular
anh subcellular 1eve1s. The therapy coulci be

directed at xry or all of the stages of ce11

transformation beginning with cel1 infection by a
tunpr virus.
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ultimately these studies will require an exhaustive effort
to develop drugs, anti-enzymes, gene repressors or inhibitors
effective at the molecular 1eve1.

Irrnrnological Studies

rnrm;nologic research has provided extremely sensitive techniques
for detection and characterization of ttxnor vimses, viral antigens,
and changes in surface membranes of tunor cells. rndeed, such -
efforts have contributed to an understanding of the role of
ilnnunological mechanisms in host-tumor and host-vims interactions
which provide an approach to the prevention and treatment of
cancer.

a. Basic studies. Investigations of selected rnodel systems,
@rs induced by Type C, Tlpe B, and Herpei-
type uimses, will be extended to further identify,
characterize and determine the viruses, viral antigens, md
membrane antigens of tumor ce11s. This includes development
an{ appligqlion of improved techniques with the sensitivity
and specificity required to detect ce11u1ar alterations
induced by tunor viruses alone or as the result of interaction
with other environmental agents (e.g. chemicals, irradiation).
Efforts will be increased to develop similar innrunological
methods and diagnostic reagents for application to hunan
cancer. Research will be intensified and e4panded:

(1) To study ce11u1ar and htunoral inrm.rre mechanisms
and to determine their relative significance in
host recognition of and response to tunor and/or
tumor viruses.

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

Increasing enphasis will be directed toward research on spontaneous
or naturally occurring tunors in rnodel systems relevant to hunan
cancer. These studies would provide the basis for a rational
ap-proach to prevention (vaccines) and treatment (inrnunotherapy)
of cancer.

b. Applied studies. Basic research will provide the framework
ErTffiTlfica^tion and characterization of vimses, viral
antigens, md ce1l membrane alterations in hunan carrcers.
Irrnunological rnethods and reagents will be developed and
applied:
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(1) To relate candidate hr.unan vimses to lalotrtn oncogenic

agents.

(z) To identify and characterize interspecies viral _an-tigens
which ar" ptes"nt in lcrown manrnalian tumors r- ffid therefore,
could provide the basis for a fornidable probe to detect
hr-unan tr-urxrr viruses or viral antigens.

(3) To larxrch large-sca1e seroepidemiological surueys
which will define high risk populations'

(4) To determine the presence of cross-reacting antigens
in various htxnan tunPrs.

Cli:lical studies will be directed toward imderstanding and manipulation
of i:mrn-ure mechanisms in hrman cancer as a basis for:

(1) Development of vaccines from identified and ful1y-
characterized hr.unan trmpr vims (es)'

(2) Determination of the role of host inrm:ne responses
in ttnrxrr recognition and rejection.

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

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

(1) fnrntmodiagnosis and seroepideni-ology
(Zi Clinical Itudies on the role of immrne mechanisms in

htunan cancer
(3) Ilnm-nrotherapy
(4) Vaccines (conventional or other)

illtimately, these studies would be organi?9d lo coordinate and

integrate' ihe applicatiol of appropriate biochemical, innnrno_logica1,
and fienetic methbds of detectibir, prevention, ffid control of various
types of htunan cancer.

4. Test Systems

In vitro and in vivo (animal)'test systerns will be carefully
seleEteA to e-valuate the work outlined in the previous research
areas; specifically: (a) to deterrnine the _oncogenic potential
of candidate hrxnan viruses; tb) to develop bioassay systems
for testing vira1, and viral/chernical carc.inogens i (.) to begin
vaccire (conventional or other) testing and irrm-rrization prograilE;
(d) to begin therapy testing programs; and (e) to explore 

-
special aiim"f twrbr systems witi particular relevance to human cancer.
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Well-characterized ce11 culture lines
(sma11 manrnalian and primate species)

Resources

and vims-defined animal stocks
will be developed and mai_ntained.

Research efforts will undergo contim-ra1 change in emphasis and scope
as new leads emerge...A variety- of resources will have to be develbped,
maintaine{, and coordinated within a flexible program which meets
these needs. This requires: (a) Flunan Resourles - collection andof serum and tissue specimens, integration of data on clinicalstorage of serum and tissue specimens, integration of data on clini
records, storage and distribu-tion; computerizatton, coordination of
specimen collection, storage, and distribution; (b) Animal ]vlcdels -
maintenance of various marrnalian animal colonies foi basic research
and special studies; (c), Reagent production - large scale producti.onof animal trrnor viruses for basic research; producfion of standardizedlots of purified ylTuses-;_ and production of iiigh quatity diagnosticreagents; (d) Candidate Human Virus Production"- ihtensive a8veiopmentalresearch effort to isolate and produce hunan vinrses; and (e) Biohazard.sControl and Contairrment - contrblled environment facititiei ur" requiredfor research on lcror.m oncogenic viruses and. candidate hr.nnan tumor vimsesas well as for maintaining qlimal colonies which are protected fromextraneous infections. To fu1fi1l this need, a subst-antial and costly
9ffo5t is required to prgvidg research, supportive seryices, md adviceto the Programrs research laboratories: ^'
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SI]MMARY REPORT

Office of Biohazards and Environmental Control

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

The Biohazards Section conducts research in an effort (1) to describe
@tence in oncogenesis; (2) to define biochemical
factors which might lead to the induction of malignancy and how best to
detect and modify these inductive changes; and (3) to- develop-111 vivo
and in vitro systerns to assess the hosi response to physiological-iffi-a1ance.

A sensitive and reliable system to culture mouse lynphocytes, responsive
to specific and non-specific antigenic stimulatiorl has been develop-ed.
Hormbnes associated with normal physiological ftmctions have been shoum
to alter blastogenesis. It has further been established that several
chemical and physical factors are required in the process of blastogenesis.
Using Type C RNA vin-rses and m)nco-viruses we have also demonstrated
blastogenic repression associated with oncogenic vims infection in contrast
to blaitogenic- enhancement with mfxo-vinrs infection. We have further
denpnstraied that many hormones influence the derepression and possibly
the repression of group-specific-antigens of the Type C RM vimses.

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

The Environmental Control Section uses environmental monitoring as a
contamination. To assure the iategrity

of primary and secondary biological barrier systems, they evaluate
engineering and operational parameters and their effect on experimental
and personnel contamination control. Similarly, they co11e_ct-and evaluate
information pertinent to biological safety and evaluate methods for handling
potentially hazardous agents. -This 

approach has resulted i.n improved
performance of biological barriers and has served as a basis for
developing more effiiient and safer operating procedures. - Thus-, more
flexible and safer laminar flow cabinetry is currently under fabrication
and will undergo in-use testing. Physical tracer systems are being
developed to aid in the evaluation of dlmamic containment equipment to
assure proper use of facilities and to maintain a high 1eve1 of laboratory
safety practice.



SUI\MARY REPORT

Office of Program Analysis and Commrnications

-\cquisition, management, analysis, and dissemination of Program data
r'.ithin the SVCP are the rnajor activities in PAC. These efforts fa1l
irnder the two general areas of: (1) data management and statistics;
and (2) scientific information storage and retrieval.

Data management and statistics

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

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

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

+. Promotes compatible automated systems and codes in a multi-institutional
plan for a comprehensive clinical and laboratory information storage system
for specimens and donors. The goal is a central specimen inventory at
\IH to enhance the resource potential of the nany large specimen reposi-
-"ories throughout the country.

5. Maintains a system of regular progress reporting from all SVCP research
contracts; compiles and distributes surnaries of reported progress to
,rogram scientists.

tientific information nanagernent

lhe Information llnit of PAC continued to focus on scientific information
ffisemination to program scientists. Sources of data
are current publications in the field of viral oncology, and other
:otifications and sunrnaries of current research projects in the field.
l,hjor contributions of the Information llnit in fy fgZf were as follows:

-. Bibliographic Service: The automated systems for rapid search,
tCentification, and reference printouts, covering any desired strbject
ir the published literature on viral oncology was maintained.

-. Reading Guide to Cancer Virology Literature: The monthly publication
:eaturing abstracts of current literature on viral oncology, from scientific
'curnals throughout the worldrwas continued. Ihese abstracts are now
::rcorporated in Carcinogenesis Abstracts; hence, this service will be
:erminated.
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3. Viral Ttrmorigenesis Report: Indexed srrnnaries of current research
projects in the field of viral oncology are compiled and released as
semi- amual publications .

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

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

6. Compilation of Journal Instn-rctions to Authors: This displays in
one volurne the instructions-to-authors from a majority of pertinent
scientific journals. It is a reference aid for research investigators in
writiag paperc and also for the secretaries who tlpe them. Compilation
will be updated and expaaded periodically.

Other responsibilities of the Information llnit are: administration of
1ibrary facility; collection and distribution of translations of foreign
publications in viral oncology; maintenance and lending of recorded tapes
on NIH seminars related to viral oncology; and continuous compilation
of the SVCP bibliography containing citations to all papers ptrblished
by viral oncology staff members and contractors.
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ST]NMARY REPORT

0ffice of the Coordinator for llltrastructural Studies

lie virus studies section continues to study several aspects of the
::lationship between oncogenic viruses and their host ce1ls. The problem
:s approached a) by using the ultramorphologic examination of a ntunber of
:aors for the search for vin-rses; b) by evaluation of different:aors for the search for vin-rses; b)
:alignancies grown in vitro in respect to the',jrrses; and c) by str

1n vitro in respect to the presence cr absence of
stuffinf early Lvents of viral infection which mation which may

:esu1t in the 'heoplastic transformation" of the treated cel1s. rn
aCdition, studies are under way to elucidate the transfer of genetic
:::formation from the nucleus to the rytoplasm.

-t is important to determine the frequency of the natural occurrence
:i RM and DNA containing viruses irr human and animal tr-unors, since both
i:Pe-s of viruses may possibly represent causative agents for a m.unber of
:lfferent- nalignancies. To our loowledge, to date no systematic attempts:: nake this determination have been pu6lished. Dr. A.-J. Dalton in
::llaboration with Dr. L. Dnochowski, M. D. Anderson Hospital and Tt-unor
-:l-cti-tute, Houston, Texas, md Dr. J. David-Ferreira, Institut Gulbenkian:: Cienciar- oei-ras, Portugal, has examiled 54 biopsies from hunan tr.unors.*nstly 

leukemia, lynrphona'and Hodgkins cases) with the electron microscope
::r the presence of virus particles. A11 tlmors were found to be negativl.

-:. Dalton in collaboration with Dr. J. szakacs, st. Joseph's Hospital,
-r:ra, Florida, Dr. u. Heine, Dr. D. Ablashi, and lr{rs. J.-Kondratick
ni T. Ben (a11 NCI) has studied 18 tissue culture isolates frorn biopsies
:-'hu'nan solid tr.mors for the presence of virus particles. seventeen
::r1 lines were obtained from these isolates; most lines are fibroblastic
: appggancpr a few are epithelial-like, md two are suspension cultures
:=,'embling the Burkitt lymphona and hrunan leukemia cultures. One lymphoid
:=i1 line? upon co-cultivation with wr-s8 cel1s yielded a cytomegalb 

-

',-:ans isolate. The vims was characterized by ultramorphological,
:-:ohysical and inrm-mological studies. The other ce11 iines"were'negativei:r vin-rs particles

:-". -\. Baderrin collaboration with Dr. H. c. 0rr, DBS, has examined tissueritures from a naturally occurring fibrosarcoma in a rattlesnake with the
=*::tron microscope for the presence of virus particles. Neither the
-=-1s nor tissue culture ftuids contained any irirus particles.

-:. I{eine in collaboration with Dr. D. Ablashi (NCr) has succeeded in
fl:=q Herpes ,i*: saimiri, originally observed in subhunan primates,
-:: *ifferent cel1 lines of huinan origin-Cltlr-js, prinary HEF, ItliIE). The
:::sence of the vinrs and its mode oi multiplication wbre demonstrated by,:::1ogic and electron microscojlic methods.-
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The study of the early events in viral infection were approached in two
separate ways:

Dr. A. Bader in collaboration with Dr. J. Bader (NCI) initiated an
investigation to determine the mode of entry of RM containing tumor
vimses into the ce11. In addition, by studying the iafluence of bromo-
deoxyuridine of chick embryo ce11s, controls and RSV-infected ones,
they contribute to the understandi-ng of the relationship between viral
DI.J,\ and viral RIIJA during early infection with an RM tumor virus. It
appears that a viral DNA is made early in the course of infection by
avian leuko-sarcoma viruses and that this DNA serves as a genome from
which prcgeny viral RM molecules are copied.

Dr. Suskind developed quantitative autoradiographic techniques, using
tritiated RNA, DM and Actinomycin D, at the leve1 of light and electron
rnicroscopy in combination with ultrastn:ctural examination to study and
relate functional and morphologic changes within the nucleus of the intact
ce11 during early stages of infection with the Rous sarcoma vims,
Schmidt-Rr:ppin strain. The results demonstrate differences in both
morphology and firnction in transformed ce1ls with respect to their recovery
from inhibition by Actinomycin D. The time interval during which these
changes arise has been shown to be about 80 minutes after infection.
The findings suggest a causal relationship between the activity of the
viral genome and the interval between infection and induction of transforma-
tion.

Dr.U. Heine continued studies already in progress correlating cellular
particulate material, i.e., particulate nuclear and cytoplasmic stn-rctures,
with cel1u1ar firnction. It4crphologic observations combined with biochemical
findlngs provided evidence that a) 45 S RNA is contained in the fibrillar
nucleolar material, b) perichromatin granules may represent the
morphologic entities contaiaing messenger RM and c) the arrest of m RNA
transfer fron the nucleus into the cytoplasm results in the breakdown
of polysomes and their replacement by monosomes.

Dr. Dalton has been responsible for the orgarrization of two monographs
in the series 'Ultrastructure in Biological Systems,' and an Atlas on
the ultrastructure of vimses. Ore hr-rrdred twenty-two applications for
duty free entry transmission electron microscopes, scanning electron
rnicroscopes and vacuum evaporates have been reviewed with reconunendations
of approval or disapproval to the Florence Agreement Conrnittee, N.I.H.

As a resource for ultramorphologic studies the tissue culture trrit
established new ce11 lines of huran origin, chick embryo ce11s for
membrane studies and for autoradiographic and ultramorphologic examinations.
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-:: addition to the support of the electron microscope activities,
--ecia1 photographic work was done for the office of the Director-l:. Baker), the office of the Associate Scientific Director (Dr. Moloney),
--:ie office of the Scientific Coordinator for Viral Oncology (Dr. Bryan),
=J for other sections and branches within NIH (Dr. Ir4anaker, Dr. S. Stewart,
l:. Nomura, Dr. Nirenberg).

lle Office of the Coordinator for Ultrastructural Studies has published
::'ur papers and presented by invitation six lectures or seminars.
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SUMMAffi REPORT

\TTBAI LEUKEI./trA AND LYMPHOMA BRANCH

July 1, L97O - June lO, tlJI

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

The Section of Molecul-ar Biology seeks to obtain comprehensive knowledge of
ttre 6iotogy and biochemistry of sarcoma and leukemi-a vlvuses and conducts
quantitative studies on the interaction of oncogenic viruses and cells to
d.etermine the mechanisms of rriral replication and cellular transformation
at the molecular Ievel. Ihe Section of Viral Pathol-ogy studies the biology
of the RNA-containi-ng oncogenic viruses using a combination of in vitro and
in vivo techni-quesq thus, animal species and tissue culture systems are
infected with leukemogenic and sarcomagenic viruses to elucidate the role
of the host in viral propagation and tumor development. The Section of
fmmunolo$r examines the antigenic nature of oncogenic vi-zrrses a,nd the
induced-Eumors as well as the immune response of the host to viral infection
and tumor development. The Section of Tumor Viruses is concerned with
defining in detail the biological and biochemicaf properties of tumor viruses
in order to understand how they may be applied to the search for human tumor
viruses. A "helper" assay to "rescue" oncogenic virus information is
currently being applied to human celI systems. The Section of Genetics is
concerned with genetic factors of both the tumor vims and the host it
infects that are involved in the oncogenic process. Particular emphasis
is placed on viral genes involved in oncogenesis and cellular ttsusceptibilitytr
genes, particularly those genes of man that predispose individuals to the
dev'elopment of cancer. The Office of the Chief coordinates the research of
the various sections by recognizing the scientific freedom of the individual
investigators. The office is responsible for establishing collaborative
efforts with investigators in other areas of NIH and elsewhere such that
information derived from studies wi-thin the Sranch is constantty being
apptied in investigations leading to a better understanding of the etiologr
of human neoplasla.

One of the most important findings in the tumor vivrrs field in the past
year has been the di-scovery that certain RNA tumor viruses carry, in the
vims particle itself, enz],rrnes that are capable of transcribing the viral
RNA back into DNA. These observations lead to the possibility of using
extremely sensitive biochemical probes to search for evidence of viral



=:iology of carrcers, and especially, cartcers in man" Some of the potential
::llications to the etiology and control of human cancer are:

-. The use of synthetic DNAs produced" from the viral RNA to search for
-::rplementary RNA in human tumors by DNA-RNA hybridization teehniques.

., The use of highly effective synthetic templates and optimal enzymatic
::nditions to search for tumor virus specific enzynes in human tumor celIs.

-. The use of the tumor virus polymerase and human tumor cell polymerase
-tr screen for specific inhibitors that may be used as possible chemotherapeutic
'.--:nts (".g., rifampicin derivatives prevent the synthesis of DNA from RNA
:-.- the viral polymerase).

The use of specific antiserum prepared against the purified viraJ- enz1rmes
.: identiflr individuaJ-s that have been exposed to the viral enz3rme. It is
:=asonable to expect that the antibodies to viral specific proteins may
:=r'sist for much ronger periods than the virus itself would persist.

'._- of the above approaches are being actively followed by members of the---lal Leukemia and Lynphoma Branch. One of the major coneerns was to answer--:-:-uher the enzyme is specific for tumor viruses and whether it is specific
::r tumor cerrs. Al-1 "c" t3rye aJrd "Bt' t1rye oncogenie viruses tested have
--:n found to have DNA polymerase as detected both by a:: endogenous reaction
.:--: by a synthetic polpner-stimutated reaction, using such templates as
::-y rA'ru, poly rf .rc and pory rA.dr. The speci-es that have pol3rmerase-

::--uaining virions include the mouse, rat,, hamster, cat, chicken and monkey.
- -.'ariety of non-oncogeni-c viruses that, J-ike the oncogenic viruses, develop
:-'- budding from the plasma membrane, have shown no evidence of this enzyme
----ivity; these include influenza, Newcastle Disease viruses, reovirus,--=sicular Stomatitis Vims, poliovirus, respiratory syncytial virus, Sendai---lrls and such common infectious viruses of man as measres, mumps: md
--:te1la. This sr.rrvey indicated a very strong associ-ation between presence
- --' -uhe enzyme and oncogenic potentiaJ- of the virus. However, two exceptions--=re found. The first j-s visna virus, a virus of sheep which produces a
-:-lcnj-c, progressive, neurologic disease but has, heretofore, not been
=sscciated with mallgnancies in sheep. The second major exception are the
:r:rp of "foamy" viruses. These can be commonry isolated from monkeys,
:=.-:tler and cats artd have aJ-so been isol-ated from hamsters. These viruses,
,:-:ugh latent, have not yet been associated with any di-sease. Studies in
----s Branch by Drs. Edward Scolnick and Stuart Aaronson in conjunction with
l:. Wade Parks of the Viral Carcinogenesis Branch have established that the
-:'-ny viruses are RNA containing vimses that, like the tumor virrrses,
::;ear to replicate via a DNA intezmediate. RNA dependent DNA polSrmerase
:'.s been found in the simian t'foamyt'virrrses arrd also the bovine, hamster
=--: ferine "foamy" vimses. The finding of this enzJrme in this iong
::r]ected cl-ass of viruses raises the possibility that they may be involved
-:- lhe oncogenic proeess. Since they are extremely common in primates, a
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study of their blolory, biochemistry and epidemiology appears to be indicated.
visna arrd "foamy" viru.ses at the moment, then, appear to be exceptions to
the rule that only tumor vlruses contain this enzyme; however, since neither
has been seriously tested for its oncogenic capacity, this question remains
open.

Work in the Viral Leukemia a.nd lynrphoma Branch estabtished that the enzyme
is located in the nucleoid of the vi-rion a:rd the antiserum directed against
the polymerase could inactivate the enzymatic activity. The use of purified
galnma globulin to inhibit the rate of the enzyrnatj-c reaction appears to
offer an extremely sensitive test for detecting antibody and the combined
disciplines of lmmunology and biochemistry are being util-ized to see if
this approach can be extended to detection of a.:rtibodies to tumor virus
enz;rmes in human serum.

Other Research Developments in the Branch

The devel-opment of continuous, contact-inhibited mouse cefl lines from
Balhfc and MH/Swiss entbzyo cel-ls has provi.ded excellent model systems for
study of the effects of tumorigenic vimses both in vitro and in vivo.
These cel-l l-ines are supplied to numerous investi[dtffi-s ttrrougE6uffie
wor1d, and are becoming the standard cel-l lines for biochemj-cal and
biologicar investigati-ons of cetrular growth control- mechanisms.

A new type of MSV-transformed ceIl, the nonproducer ce1], has been
dj-scovered. These cel-l-s are mozphologieally transfozrned and are highly
tumori-genic, yet they lack all- the known antigens of the murine sarcoma-
leukemia complex. The sarcoma genome can be readiry rescued by the
additlon of "helper" leukemia virus. These nonproducer cel-Is provide a
very good model for cancer in man. Methods for the detection of vims
specific information in these cel-l-s are in progress. Those methods that
are most sensitive and most specific will- be applied to the study of human
sarcoma ceIls.

The isolation of cloned cell l-ines infected with MSV in the absence of
detectable MuLV (S+f,- cells) tras permitted the study of the defectj-veness
of MSV. Superinfection of S+l- cells with MuLV resulted in a logarithmic
rise j-n titer of both MSV and MuLV in the supernatant, beginning 12 hours
after infection and becoming maxima.r at f2 hours. whire MSV was not
produced without the simultaneous release of progeny MuLV, an excess of
MSV was produced early after superinfection. This MSV excess permitted
the isolation of MSV from Mul,V. Application of these preparations of MSVto 3T3 cel-ls resulted in the production of S+L- ce1ls. Inhlbition of DNA
synthesis during the peri-od of eclipse between superinfection and the releaseof MSV and MulV resulted in a deerease in produetion of both virus types.

A potent murine sarcoma vlrus (USV) isolated from a spontaneously arising
mouse tumor was found to have properties similar to those other weII
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:haracterized strains of MSV. However, after hamster passage, the tumorss: induced produce a virrrs that is antigenically related to the mouse vizus:;: is apparently non-infectious. The sarcoma genome can be rescued. from
-:-e hamster tumor cells. The harnster derived vj-rus contains fOS RNA andr-'s a density of 1.15 but is deficient in RNA-dependent DNA polyrnerase, and
-::s not contain gs-3. Preliminary data suggests that the virus is a sarcoma-'--i'1r.s produced in the absence of detectable teukemi-a vizrrs of either murine:: lamster origin.

i:-;' 1 . Poly C, a potent interferon inducer, has two actions ln MSV tumor':-r;ction. Pretreatment with small doses greatly enhances MSV induced
,'-"crs, while repeated injections of large toxic doses suppress tumor
--:::::ation. Poty r.c and MLV enhance the appearance of a:rtibodies to RNA
-:- :iew Zealand mice. Pre-j-mmunizati-on wlth Poty I.C retards the appearance
-i iatural and MLV induced antibodies. The data i-ndicates that the mechanism:- croduction of antibodies to RNA foltowlng inoculation of MLV is similar': :hat operative in the natural state. DEAE-dextran enhances MSV both in----"-o and in vitro. In both cases the enhancement is approximately tenfofd-.
:-=- f1 vivo effit is seen both after Ioca.]. a:ro sy"i"r'"ti" 

"a*inistration::- IEAEI&tran.

:-: relationship between age, autoimmune status and susceptibility to MSV"-:: been studied in New Zealand mice of various ages. While old a:rd young
-- "ice are equal-ly susceptible, old mice have considerable difflculty in
:==-r'essing their tumors" This effect is seen prior to the appearance of
:'----f,1-lnmune disease, indicating that immune depression precede. tfr" appearartce:- autojrnmunity. Wearrling New Zealand mice can regress MSV induced tumors
?-- a considerably earlier age than other strains, indicating early appearance
- -- --rmunologic competence.

-::::'oved biochemicat methods for fractionatj-on and separation of murine
-=';-'-emia vims antigens have been developed. Both major and minor antigens-:-.--' been found. Methods have also been improved to purify and separate
-]-= antiviral antibodies from other serum antibodie" ,ra proteins. The;:" of these studies are to produce monospecific antibodies to each of::-= 'riraf structural proteins and each of the viral enz]rmes.

J--j:z'ts conti-nue toward the isolation of viruses or antigens specific to
- "*-: and ferine breast caneer using the murine Mrv modei system. Two;"*= and two ferine ce]} l-ines are under study. serologic tests (nA, ul,t,
-- '*nd neutraJ-ization) were adapted this y"u,r to the identification and:;=--rtation of feline teukemia virus and a^ntibodies. Tests to monitor
--":'-!oxj-c antibody and cel-Iul-ar immunity were aJ-so developed. E>periments1l: . n progress to develcp ceJ1ul-ar hyperimmunization proiocols against::-::genic viruses and tumor antigens. Tests of 3Tj pailent sera for HAI
----bodies against FeLV, IfIV and RLV showed that atout Z@, of the patients
l:11--: w"ith these viruses. There was no pattern of association of antibodies'. -y vi-rus and a given diagnosis. yet, eertain human sera appeared to

4I



{

contain specific antibodies against one or more of the vi-ruses tested; the
significance of these findings is being actively stud.ied.

Methods have been developed which greatly increase the sensitivity of
detection of the vira^I RNA dependent DNA polymerase using synthetic templates
with manganese as the divaJ-ent cation. ft has been possible to disrupt the
tumor virus and to partially solubil-lze it. PolSrmerase activity is aisociated
with the internaJ- core of the vivu.s. Certain antisera to RNA tumor vizuses
lnhlbit the polyrnerase and studies to date indicate that these sera contain
an antibody which lnhibits the viral- polSrmerase of several mammaJ-ian C-t1pe
BNA viruses but do not inhibit the potymerase of avian C-tytrle RNA vimses
or the polSrmerase of the matnmary tumor virus.

Syncytium forming ("foamy") viruses of several species including the primate,
bovine, hamster and feline have been found to contain an RNA dependent DNA
polymerase. Studies to define thelr pathologic, antigenic and biochemi-cal
characteristics are j-n progress. Attempts to find isolates of such viruses
from human tissues are al-so under way; since they are so cornmon in other
species it is reasonabl-e to suspect that there are human polSrmerase-containingttfoamytt viruse s.

Recently developed biochemical methods to study the viral RNA dependent DNA
polymerase in virions have been extended to search for evidence of such
enzltnatic activity in cells using the model- system of MSV trarrsfozmed and
normal BaJ-b/3T3 cells. It has been possible to detect enzlrme activity in
normal- as well as transfozmed Balb/3T3. rn addition, normal human
fibroblasts a:rd normal human lyq>hocytes contain pol5rmerase acti-vity" The
relationshlp between the enzlrmes in nozmal ce1ls, tumor ce1ls arrd tumor
vizrrses provides the major focus for present studies.

lnhibitors of the tumor virrrs polymerase are being tested for their ability
to inhibit vi-zus replication and transfozmatj-on. Certain rifampicin
derivatives have been found to be 50-100 times more actj-ve than N-demethyl
rifarnpicin in in vitro assays using the purifi-ed mouse leukemia virus
polyrnerase.

Eight patients with acute leukemia and their identical- twins were evaluated
by a variety of techniques" Lynphocyte cyLotoxicity, mixed r}rmphocyte
cul-ture and skin testing were used to determine lrl:ether ceIlular immunity
factors could identif! a tumor specific antigen, and whether there was
evj-dence that this antigen caused jmmune reactivity in family members
and controls. Cell-s from the patient and his identical twi-n were used. as
sources of antigens directly and mateyials were also placed j-n tj-ssue
culture. Skin fibroblasts from family members were tested to determine
whether any genetic factors coul-d be associated with acute leukemia.
Electron microscopy and immunofluorescence, usi-ng antisera against Rauscher
and fel-ine l-eukemia virr:.s, wo-lld be utilized to determine whether any of
the antigens detected by celfular imnrunity tests were reJ-ated to any known
animaJ- l-eukemia viruses" An antigen which appears to be a leukemj_a
associated antigen was detected in five of seven sets of identicaJ- twins.



-:e study of identical twins will- continue in an attempt to more carefully^=iine the specificity of the leukemia associated antigens and the immunej:sponse of humans to these arrtigens" New tests wirr be appried to the.::rCy of twins as they are developed. Since these famil-ies are j-deal for-:-: study of genetic and immunologi_car susceptibility, more identicaJ_---ns wiJ-l- be sought for study.

-- sludy of the effect of w irradiation of the DNA tumor vlrus, svho, on-:-: survival of its viral f\rnctions in mouse and human cel-ls has reveal-ed-:-:.t the viral- f\rnctj-ons for T antigen and transfozmation show comparable]'- sensitivities but that the virion or V antigen is much more lrV sensitive.
-:-: W survivaJ- of SV4O ftnctions in normal 

""1t" and cel-l-s from patients
"--:1 xeroderma pigmentosum (xp) have been compared.. rn this d.isease, cells*::< the ability to repair w da,rnage to cellular DNA. The results show-:-a' normal cells have the ability to repai-r W darnaged yirus while Xp ce1ls
- - -iU tr.

-: -arge scal-e screening prograln is underway to test human fibroblast cetl-s::;'n patients with a variety of diseases associated with a high incidence-i -"umors for their susceptibility to transformation rv svho."

:=:clogi-caJ- studies in American Burkittts patients indicate that their,-:---body levels to EBV are much ress than Africa.:: patients with Burkitt,s
--:rnoma. The titers in American Burkitt's patients were l-inked to::--::osis, however, with patients having low levels of EBV antibody doing;-:rly. The higher immunogtobulin l-eveis and the high incidence of EBV'- :-crma1 Africans compared to nozmaJ- Amerj-cans suggest that the differences'-- r3v titers may be rer-ated to factors other than etiorogy.

-.=-es saj-miri is a DNA containing vizus indi-genous to the squirrel monkey":=:=ri studies have shown that this vj-rus wir-i inauce acute lynrphocytic- 
= --'-r-emias as well as lymphomas and reticulum cell- sarcomas in owl monkeys.:-: rs1a,16sets. This is the first demonstration that a vizus produces

-=--enia a^nd lymphomas in primates and may serve as an important model for-'.-'= leukemia and lyrnphoma.

' ':'T:j!" sensitive assay for the serum factor which induces cellu]ar DNA
- -:-:::esis in mouse cells in much the same way that the tumor vin-rses induce-=- .;lsv DNA synthesis has been devetoped o.irg 3T3 and BJ;/3Ti cetls.
-:= :haracterization of the serum protein invoived in the initiation of:=-' di-vision witf be important in understanding the nozmaJ- mechanism by'-'''lh cel-l division is control-Ied and how tumor viruses are able to overcome,:'' s control.

Activities of the Branch

-';: rg this reporting period, seni_or investi_gatorsr :::aJ- of 74 papers which covered various aspects
of
of

the Branch published
viraJ- oncology.

43



Members of the Braneh presented by invitation over lO lectures to research
groups in this countzy and abroad., and over lO abstracts were presented at
various scientific meetings. The Branch entertained approximatery fo
vlsitors for discussions in various aspects of viraJ- oncologyl this incl-uded
representatives from every major research institution i-n this country and
from ! foreign countries. The Bra,nch al.so provided training for peri-ods
up to six months in a variety of e>perimental procedures to outside visitors.
This training consisted of orientation in immunological, biological and
biochemieal procedures as wel-l as vims handting technJ-ques.

Many of the investigations described in the Viral Oncology portion of this
report depend on the availabillty of clinical and l-aboratory materj-als of
optimal purity, viability, potency, etc. Tndeed, comparative studies in
an integrated program of international scope, as encompassed in the SVCP,
can make more meaningf\r1 and rapid progress when adequate quantities of
standardized reagents, ce1l cultures and test animals are available.

The Resources and Logistics Activity provides vizrrses and a,ntisera, humarr
tissues, speciat laboratory anjmals (including infeetious leukosis vizus-
free eggs), dI produced, characterLzed., storeri a.nd distributed under
various contract operations. Diagnostic servj-ces for the detection of
murj-ne, non-human primate, and cat virrrses: md the viraJ- reagents for.
these tests, are also provided.

An annuaJ-}y revised catalog lists and describes all resources avaitable
through the Resources and Logistics Activity. Usually the information on
each i-tem includes origin, processing procedure, degree of purity (freedom
of contamination), infectious titer, or other biological activity. Ih.rman
materi-aJ-s, including sera, tumors, cell outgrow-bhs from tumors and normal
tissues, are obtained for distribution to qualified investigators. A
centraJ- inventory of infozmation on each specimen is being developed which
should greatly facil-itate matching requests for human resource material
with speci:nens, regardless of the geographic location of the laboratory
in which it is stored.

About one and one-haJ-f years ago, a nationwide effort was initiated to
obtain cancerous cats (primarily l-eukemias and sarcomas) from cat breeders
atrrd owners" Research laboratories local specimen suppfy has been
supplemented by the nationwi-de contacts for materiaJ-s and cancerous pure-
bred cats with pedigrees. Letters are being sent to cat owners soliciting
cats with veteri-narian diagnosed cancers. The procurement effort not only
obtains vaJ-uable research materiaJ- but reassures the cat owners and other
concerned citizens of NCIrs active prograrn for the evaluation of the
unlikely Ttazard. of this disease to himan heaJ-th.

In addition, several- of the senior investigators within the Branch spent
a portion of their time in support of the Special Vizus Cancer Prograrn.
The members serve as chalrmen, viee chairmen, work Group members and
Secretaries of the major segments of the Program. They provide scientific
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guidance as Project and Assistant Project Officers on research contracts
supported by the Special- Vims Cancer program.

Jhe activities of the SVCP and the directi-on of the internaJ- research
rrogram of the Branch are aimed at the cornmon goal of the detezmination
cf the viral etiology of huma::r cancer. rt is apparent that the efforts
cf the Branch members have played a si-gnificant role j-n the progress of
',he sVCP to date. The broad scientific perspective developed by these
-::vestJ-gators j.n their SVCP activities has al-so contributed significantly
-o the direction of the Branch progra.rn for the attainment of research goaIs.

-he effective functioning of senj-or personnel in dual capacities, i.e.,
-r-house research and program administration requires a delicate balance
:f effort. It must be real-ized. through constant monj-toring, that such a
:alance does exist and over-emphasis in either direction would be to the
l:-uriment of both programs. ft has become cl-earer during the past year
:::at an understanding of the suspected relationship between tumor rriruses
=f human neoplasi-a requi-res an interaction between, alnong others, highly
:<i-lled molecular biologists, epidemiologists, ceI1 blologists and
::ysicia;rs, along with sound and constrrrctive adrnlnistrative support; the
zrsiirers wil-l- come from no one discipline alone.
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SUMMA.RY REPORT

VIBAI BTOLOGY BRANCH

July a, L9TO - Junre 30, L9TL

The Viral Biology Branch conducts research to d"evel-op and. apply nev
conceptuaf and technical approaches to the study of the viral etiology
and control of neoplastic diseases. More specificalJ-y, the Viral Biology
Branch is active in: The isol-ation and characterization of various
constituents of ti-ssues which are involved. 1n or related" to the carcino-
genic process; the study of the biological interactions of viruses with
host cell-s in vitro and. in vivo; the i-nvestigation of viruses in rel-ation
to human ne@:-a -ty vi61offia1, irnmunological and biochemical methods;
the study of interrelatj-onships betveen viruses in the neoplastic process;
the study of cel-ls and viruses at the ul-trastructural levef; the investi-
gation of host factors in relation to development of neoplastic d.iseases I
and. the control of neoplasia in experimental- animafs.

The Cell Biology Section stud.ies method.s for increasing the antigenicity
of veak tumor transplantation antigens. Vaccination of mlce r^rith a
homogenate of tumor ceJ-J-s previously infected with influenza virus gave
significant protection of the animals against challenge vith viabl-e cells
of that tr.mor. No protective effect vas observed in controf anj-mals
vaccinated. with homogenates of the tumor cell-s not infected vith influenza
virus or with homogenates of normal cel-fs. The presence of the lnfluenza
virus antigen on tumor cel-ls increased. the immunogenicity of turnor ceIl
antigens.

Method.s for quantitati-vely measuring contact inhibition of locomotion
vere developed. anil successfully applied to normal and. SV\O transformed.
ce]-]-s.

Evi-dence was obtained. d-emonstrating that the so-caffed" membrane antigen
d.etected. in EB virus-infected. cells was not integrated. into cell membranes.
This antigen is loosely ad"sorbed. to either the j-nner or outer aspect of
cell plasma membranes, and may represent non-specifically adsorbed. viraf
components.

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

The Virus and Disease Mod-ificatj-on Section cond-ucts a multi-disciplinary
appr ment and-/or control of leukemia
and- sarcoma. Virus infection and chemical treatments were useil in attempts
to modify tumor ceJ-l sr.rrface antigens. For this prupose, an AKR mouse
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- -::e carrying Gross virus r,ras infected vith several non-oncogenic viruses.
-:;,castl-e disease virus infection ind.uced. loss of the Gross l-eukemia virus
.:---igen complex in half of the cells, while measles and Germiston virus
-:-lection resulted 1n the loss of G+ cellular antigens and gs-l antigen
:::n over !0 percent of the cells. AIG cells infected vith Germiston
---rr.r.s l-ost their capability to grov as tumors.

-:- animals previously vaccinated. r^rith BCG, a mixture of BCG and. Moloney
:-:rdotype mouse sarcoma virus (tiSV-U) induced" no tumors after inoculation
--:rough a similar inocul-um of MSV-M in non-BCG-treated mice resulted in
-"-ors in all infected animals. The protective effect of adoptive immuno-
-:-:rapy vas demonstrated" in mice bearing the transplantable leukemia, LSTM.
-':=or-bearing mice were placed in remissj-on with bis-chloronitrourea (SCI\TU),

=:: then inocul-ated with turnor-immune mouse spleen cells. After f0 d.ays
-:::r'vation p\ percent of the experimental animal-s survived in comparison

Ln-'-::- 40 percent survivors aJnong animal-s treated vith BCNU afone. Untreated.
-':: inoculated, vith LSTM cel]-s succumb in 1)+ days.

-* -=rferon therapy was effectively applied in mice infected vith the Moloney
: =::oma virus plasma variant (ytSV-pV) . The survival rate of virus-infected*-:: treated vith the interferon-inducing poly Ir:Cr-po1y-D-lysine complex
-'-=: ::earl-y twice that achieved. with poJ.y Ir:Cr alone. Mice immunized. with
-,:-::"1inized- MSV-PV ruere also refractory to chal-l-enge vith MSV-M and Friend,
' 
=--emia virus as we]-]- as with MSV-PV.

--- --3ro assay d.eveloped. for d.elta-aminol-evulinic acid. (ALA) synthetase,
=:, -::portant enzyme in the biosynthesis of red celf porphyrins, was applied.
:- retect enz)rme activity in leukemic vhlte cell-s. ALA synthetase was
::';:-: in leukocytes from patients vith acute and chronic myelogenous
-='-:emia and acute monocytie leukemia, but not in leukocytes from donors
:,'::- chronic lymphocytic l-eukemia nor from normal donors. These observations
--..-:lave d.iagnostic val-ue. tr'urther stud.ies were made vith IM-l celI-s, a line
:: :':ltured lymphoblasts vhich have a completely functional heme biosynthetic
:1:::d'ay. ALA synthetase vas d.etected. in these cel-l-s and found, to be
.=-.sttive to puromycin but not to actinomycin D. This suggests a shorter
-*'-l-life for the enzJrme than for its messenger RNA. Polyphoric fibroblasts',i:i': sensitive to rotenone, an inhibitor which red.uces oxygen consumption.:;.- :'ocking transfer of red.ucing equivalents between NADH and cytochrome B.
l:=se investigati-ons on heme synthesj-s in leukocytes may reveal the
-*:::tance of porphyrin synthesis in the leukemic state.

-:= ---ead of the Vi-rus and. Disease Mod.ification Section serves as Chairman
:- :::e Special Animal Leukemia Ecology Segment, SVCP, and. as Project or
--::-s*r,ant Project Officer on eight research contracts. Other investigators
',;-::-1n the Section al-so have Project Officer d-uti-es.

The Human Tumor Stud.ies Section conducted. studies on EB virus. fn an
:: - =rpt to selec@ceptible to infecti-on by EB virus,
''':-lerent species of monkeys were first screened. for antibodies reactive
r - -:- EB virus. Immunofluorescence tests showed a high incidence of
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antibodies in a1.l 01d. World. monkeys obtained from the wild" but not in Nev
Wor1d. monkeys. Monkey sera reacted with the Beta antigen in EB virus-
infected. cel-ls and gave a line of id"entity with human sera in immunod.iffusion
tests. Seronegative monkeys were inoculated. with infectious EB virus.
Attempts to establish lymphoblastoid celJ- cultures from infected animal-s
were not successfu]-.

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

The Mason-Pfizer monkey virus (U-pW) , recoyered from a spontaneous rhesus
monkey marrmary tumor, banded at a d.ensity of t.L66 grfcc on density gradient
centrifugation. The RNA of the virus analyzed by polyacrylamid"e geI
electrophoresis appeared. to be of the same slze as other RNA tr:mor viruses.
fts cal-cul-ated mofecul-ar ueight vas J. )+ x 1Oo daltons. Applying the Spirin
formula yie1d.ed. an estimated" sed.imentation val-ue of 5€ $rwhich does not
agree with reported. 526, val-ues of 6r-T0 S which vere cal-cul-ated. from
sed,imentati-on vel-oci-ty d.ata. The basj.s for this variation is under
investigation.

Hemad.sorption tests made on M-PMV infeeted cells shoved no evidence of
the presence of SV5 virus. Prel-imi-nary serology yieIded. no reaction betr^reen
antiserum to M-PMV and simian foamy virus types :-r2r3,\,5,6, or 7.

The Head. of the Human Tumor Studies Section is Project or Associate Project
Officer on si-x research contracts vithin the Speci-al Virus Cancer Program.

Within the Microbiology Section, a study vas completed. in vitro on a viraf
inhibitor reported. to be present in the ,yLS-V) cell- l-i-ne chronically
infected- i,ri-th Rauscher virus. Sil-icotungstic acid, a protein precipitant
applied" in the preparation of this inhibitor, vas found to be the active
factor inhibiting replication of murine tumor viruses in vitro. No
activity was for:.nd. by another l-aboratory testing the inhibitor in vivo.

The lactic d.ehydrogenase virus (llV) vas found. to potentiate oncogenesis
by murine sarcoma viruses of the Harvey (uSv-U) and Mol-oney (USV-ltI) strains.
Co-infection of mice by LDV and MSV-H gave a p0 percent i.ncrease in tumor
j-ncid.ence and. mortality. The lnfluence of an inocuous agent such as LDV
on the incid.enee of d.isease induced. by a trmor virus i-s particularly
significant.

A complex of poJ-y-D-1-ysine and poly Ir:Cr induces higher level-s of inter-
feron i-n vivo than does poly fr:Cr alone. l'lhen serum interferon responses
were d-etermined. in different strains of mice, activity varied by a factor
of about l-00 from the most to the least responsive mouse strai-n.

The El-eclron Microscopy Sectj-on is newly estabfished. Collaborative studi-es
with other investigators were begun and support services for the Viral
Oncologr Area were instituted. A considerable nmount of routine examination
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-l tissues and. cell cultures to d.etect virus was completed. Severaf of
-:-3 more recent murine sarcoma and lymphoma virus isolates vere studied in
-:-e organs of infected. animals of d.ifferent species. A simian cytomegalo--"-'rus isol-ate was tentatively id.entified on the basis of morphological
--:-iteria, and identity was later confirmed. serologically. Siudies vi-th
---=rpesvirus saimiri to d.etermine its host range were monitored.

-': possibility that M-P.MV might be a simian foamy virus was investigated
::'- comparison with seven d.ifferent types of known foamy vi-ruses in human
::--:rey cell- culttrres. Unlike M-PMV, all the foamy viruses induced cellular:=3enerative changes. Although foamy viruses form intracytoplasmic A-type
;--uicles vhich bud. from the cell surface as does M-PMV, the mature
=:'-:'acel-1u1ar particl-es d.iff er in that they form spiked" particles . Further,
=-:i serum to M-PMV failed to neutralize the foamy agents.
:-:csies of a spontaneous mafinary carcinoma of a Siamese cat contained.
--- um d-iameter particles resembling virus. The viral nature of these:-ticl-es is still uncertain.

-:=search cond.ucted. vithin the Virus Stud.ies Section vas d.iscontinued. upon.-:retirementoftheprln"ip@evart.Und.erth1s
-:-"'ect, four human tumor cel-l- lines spontaneously transformed without-:::rological evid.ence of the presence of virus. Transmission stud.ies;:-'; cl-arified. and with filtered. ftuids from these cultures vere suggestive
-- :re presence of a factor ind.ucing transformation of other ce1ls.

1= -rf.ficg oI the Chief coord.inates the research efforts of investigators'- :ach of the above sectj.ons and. collaborative studies with investigators
-- :-"her l-aboratories. The Chief serves as Chairman of the Developmental
-:=::arch Segment of the'Special Virus Cancer Program and is responsible for
'-= adminj-stration and management of the extramural research contracts
'"'-:-r the Segment. He is supported by the Vice-Chairman of the Segment,
.=:letari-aI assistance, and. investigators within and. outsid.e the Branch*'-: serve as Project officers and./or members of the vorking contract
t=i' 3i{ group.

:

-----=s--igations within the nevly Teorganized. Branch have been largely
:-:=::ed- to the characterization of specific viruses irnmunologically and
:-::'-'mica1ly, to the eval-uation of measures for control of virus-ind.uced
:=::-asia, to the stud.y of normar and. malignant cel-J- in vi_tro, ana to the
- - - : - a-ulon of intensive investigati-ons on ce11-r4ediatd ffiune mechanisms.
-:=:: stud"ies vil_f continue.

r' :^::eptible l-over primate for stud.ies on the EB virus wil_l be sought.;:=:::t evid-ence indicated. that. a number of speci-es of monkey are naturally
--::=:--ed. with a virus antigenically reJ-ated to EB virus. AttemBts vill- be
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mad.e to estabfish infection in these speci-es as vell as i-n species of Nelr
World monkeys.

The tumor promoting effect of non-oncogenic viruses interacting vlth
oncogenic strains is highly significant in relation to human neoplasia.
Investi-gations vill continue to d.etermine the mechanism for such potentiating
activity.

Immunological control measures effective against vj-rus tu:ror d.evelopment
will be further evafuated". Method,s to increase the antigenicity of veakly
antigenic tumors vill- be sought. Stud,ies r,ril-l- be conducted. to ascertain
the nature of factors effectlvely transmitting specific eel-l-uJ-ar immunlty
within and. across species.

Biochemical characterization of speciflc viruses wil.f be continued,.

Publications and. Other Activities :

During the reporting period. a total- of l-5 papers vere published. or aceepted"
for publication. Members of the Branch presented by invitation more than
twel-ve l-ectures to research groups in this country and abroad.

In add.ition to the i-ntramural- research efforts of members of this Branch,
most al-so contribute substantial amounts of their time to support research
:ontract projects within the Special Virus Cancer Program. Specifically,
Dr. Michael Chirigos, Associate Chief of the Viral Biology Branch, seryes
as Chairman of the Special Animaf Leukemia Ecology Segment and Dr. George
Burton i-s Executive secretary of this segment. Dr. Jack Gruber 1s the
Vice Chairman and acts as Executive Secretary for the Developmental
Research Segment, Dr. Timothy OtConnor serves as ad-visor in Molecular
Virology to the Associate Scientific Director for Viral Oncology and as a
working member of the Developmental Research Segment Contract Review Group.
Dr. Charles Boone is a vorking member of the Immunology Segment Contract
Reviev Group. fn addition, these investi-gatorsras velJ. as other investi-
gators within the Branchract as Project Officers on research contracts
within the SVCP. These duties require d,irection and consultation with
contractors, site visits, preparation of regular reports, and. attend.ance
anil presentati-on of data during contract reviews.
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STJMMARY REPORT

VIRAL CARCINOGENESIS BRANCH

July 1, 1970 June 30 , I97l

l":ring the past year the comprehensive and highly integrated intramural
i--:i contract research programs of the VCB were reoriented to test the:lidity of the new oncogene theory of cancer. This unitary theory":-:st proposed by VCB investigators in 1969) postulated that most, if not:-1, types of cancer are specified by inherited RNA tunor virus oncogenes
,,, ::ch like all other gene operons are controlled by other regulatory genes,

-:-:cer which in natural (feral) species generally occurs after the
:=::cductive period is viewed as the result of breakdowns in appropriate
::-:-:lation brought on by (1) endogenous factors such as mutant defective
r:::s, hormonal imbalances, immunological deficiencies, and simply
;::e-ccence; and (2) exogenous factors such as environmental cartinogens.l'-: cf the chief objectives, then, is to discover the molecular and
:-::hemical mechanisms by which ce11s regulate oncogenes in the hope of:-, *rng ways to postpone neoplastic change.

:rerous isolates of the c-type RNA viruses are now established in
-:-::ratory systems from three classes of vertebrates (snakes, birds and*:::als), and from three orders and four species of mamnals. Since currenti -ience indicates that RNA viruses in these vertebrates do not depend onr::-:ontal transmission, but on genome inheritance, we postulate further
:- ": the arrangement (integration) of the RNA viral genbmes with cell::::l:es must have been already lr,e11 established in the common ancestors:i :iese different vertebrates, thus an arrangement that probably existed:::: than 300 million years ago. The biochemical similarities exhibited
) ' ::e major polypeptide group-specific (gs) antigens of the c-type RNAr::-j-:es of the three classes of vertebrates, which when assembled::--'titute 30eo of the mass of the c-type particle, provide additional
:;::ef,nlorary evidence of common phylogenetic relationships and attest:;:her to a common ancestry and a profornd evolutionary linkage to thei;':-es in which they are found. It is very unlikely that man, wholr=riences cancers very similar to those of the other marnmals, should
I i.-: escaped involvement with these trbuilt in'r RNA oncogenes despite"r:: long span of life and the longer periods during whiih the oncogenes
Tr:-l:1 ," maintained in repressed state.

,rl,::: specific recent support for the oncogene theory.

-r 13-1 the heuristic value of the oncogene theory was proved in terms of:1: :any newly launched research ventures stimulated by it, particularry
-'l :::1ecu1ar biologr, in vitro carcinogenesis, and immunogenltics.
+---:-:ugh the theory stilr@res definitive proof, considerable::ri:r-natory evidenge in support of it was brought forth in Fy tgzr by
-':r:-itigators outside the vcB as well as those in it. The landmark
r:::lr"'ery of the reverse RNA transcriptase by Temin and Baltimore suppliedI :-:arcut mechanism by which RNA genomes could be integrated with host
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cell Dl{A; indeed verticaL transnission and inheritance of the RNA genomes
are iryIi.cit in the new protovirus theory of Tenin. Sirnilarly, recent
reports by Vogt and Hanafusa describe endogenous RNA virus t'helpert' factors
in norrnal embryonic cells of chickens; others, including Meier, Li1ly,
Pincus and Hart1ey, Payne and Chubb, working with inbred mice and chickens,
elucidated both dominant and autosomal recessive host genes which clearly
regulate and control the various antigenic, infectious and oncogenic
erpressions of the endogenous RNA tumor virus genomes. Recently, a1so,
the Russian scientist Abelev and his associates in a series of reports
confirmed previous findings in VCB that gs antigen subunits of the RNA
virus are prevalent in embryonic and tumorous tissues of all strains of
mice, even those having rnaximurn genotypic resistance to carcer and RNA
virus expressions. Final1y, intramural and contract supported investigators
working on highly targeted VCB programs have contributed significantly in
elucidating (1) the natural behavior of the RNA tumor virus genomes in
mice, chickens, hamsters, cats and rats; (2) the profound effects of host
genotypes on cancer and virus activity; and (5) the biochemical and
imnunological specificities of the independent virogene and oncogene
erpressions specified by the RNA virus genomes, including those which
occur "spontaneously" and those which are induced by various carcinogenic
agents.

The most significant contributions of the VCB program in Fiscal Yea'r t97I
can be briefly highlighted as follows:

1.0 
- 
PrErerties and,natural pqevalence of the group-specific (gs) antigens

of the C-type RNA virus genome.

1.1 The gs antigens ofthe RNA nyxoviruses represent perhaps the best
studied of viral products; they provide the basic marker used for group
classifications of the nurnerous influenza and parainfluenza viruses ofman
and animals. Similar gs antigens, first reported in 1964 by VCB scientists,
have been demonstrated in the RNA viruses of chickens, mice, cats, hansters,
Tats, and snakes. These antigens which have been studied intensively by
some of the top biochenists and immunologists in the world, provide a
diagnostic marker (handle) for the RNA tumor viruses which not only makes
it possible to demonstrate the presence of the genone in cells and tumors
free of infectious virus, but has increased at least 100-fold our knowledge
of the natural distribution of the RNA tumor virus genone.

L.2 Isolation ification of es anti and aration of specific
to it: rn FY 1971 VCB investigators nrs. Gi1@

Kelloff succeeded in isolating and highly purifying the gs antigens of
mouse, cat, hamster and rat, following which monospecific antisera to the
lajor gs-l component were prepared in guinea pigs and rats. Itlhen purified
by isoelectric focusing, the gs antigens fron all 4 mamnals were found to
be stable homogenous rnolecules with rnolecular weights of 20r000 to 30r000;
however, when assembled they found that the gs antigen nolecules nake up
at least 30eo of the total virus particle. Gi-Iden et a1. confirmed the
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major gs-1 (species specific) and gs-S
however he subsequently showed that both
the same molecule.

. U+""ryqt pf"vut"" : In the meantine, Huebner, Sarma,
:-1off, Gilden, Meier, I{hitmire, Peters, and Gardner, with the use of rat,
:-rea pig and hamster antisera to gs antigens, reported that gs antigens
::e commonly detectable in virtually all embryonic tissues of mice,
::tain rapidly replicating postnatal tissues, and many if not most

::l:ltaneous and chemically induced cancers of mice. Sarma and associates,
-.-:rg hamster sera and rabbit sera (from Dr. David Allen) specific for
:'-?n RNA virus gs antigens, similarly demonstrated expressions of gs
-:-:rgens in all avian embryos from 4 to 20 days ]n oJro including those
-.:rt'ed from RIF-free flocks known to be free of-TnEEtious RNA virus.
:---1ar but less extensive studies have indicated widespread distrj-butions
-: ;s antigen expressions in embryos and tumors of cats and hamsters as

- -j Imml-rnological t*erance to gs antigens: These direct demonstrations
:: i.\A c-t1pe virus expressions in prenatat tissues were followed up by
::';cies which revealed that a1 I nice, h_amsters, cats, and nearly a1 1
:---ckens were inherently incapable of producing antibody to the gs antigens
:::heir isologous species. The fact that nost members of these species
::-id produce antibodies to gs antigens in heterologous species and to
'--',':1ope antigens of their own species showed not only that.the antigens
, =:: antigenic but that the animals were immunologically competent. This
:-'ssic manifestation of immunological tolerance provided solid support
::: our hypothesis that the universally distributed embryonic gs antigen
' ::essions probably play important roles in the development and
;-iierentiation of embryonic tissues. This concept leads logica11y to the
:':::ulation that thg RNA genome activities may for the nost part be
: '::eficial perhaps by helping to regulate ce11 replication; viewed in this
r 1.,'t the development of cancer then results from an rmfortunate breakdown
*- :ormal regulating mechanisms induced by endogenous or exogenous factors.
l=:ers therefore would appear as abortive efforts to produce a genetically
-:=::ticar twin at an inappropriate time and place, thul accounting for the
:":: that the body generally recognizes and accepts the tumors as "self.tr

- ; Activation of_ gs antigens concomitantly with induction of chemically
_:::cedtumorsinmice:PreviousreportsbyVCBinvest@
@t-fixinggsantigensinsubcutaneousfibroSarcomaS
---::ced in mice by 3MC were confirmed in FY 1971 by Whitnire and associates
-: ^6 strains of inbred and outbred laboratory mice. Complement-fixing
i::lgens reactive with anti-gs rat antisera were demonstrated in nost of:': fibrosarcomas when tested with broadly reactive antisera. When tested.:i: Specific antisera to gs-1, the distribution of positives in the inbred::e varied from 0% to 100% depending on the genotypis of the different
:::ains. The k, s and q alleles were associated with high incidences of
:-'-- antigen expression, while the b and d al1e1es were associated with
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lower incidences. Since adjacent normal rnesenchymal tissues were negative
for antigen, the switch on of gs antigen in tumors was attributed to de-

repression of the RNA virogenes concomitant with tumor development'

1.6 tn vitro activation of gs antiger]. (?1d infectious=YirY:)=,i}.Iou=s9,
framst e ce1ls (CSH fibroblasts)
Ei on oncogenes was first observed by Earle and

hi, ,rro"iates; subsequently Evans, Hartley 9t al" reported that most such

cel1s were "switched ont' for gs antigen and fr-f6ctious expressions of RNA

virus, and in 1970 Aaronson, Hartley and Todaro made similar observations
in additional cultured mouse ce1ls.

In FY lg7l, Freeman, Hartley, Gardner, Officer and Kelloff observed
spontaneoui and chemically induced switch on of murine RNA viruses in wild
(ieral) mouse cells; recently, a1so, of hamster RNA viruses in 5 of 6

hamster ce11 lines transformed by SlvlC and fractions of tobacco smoke.

Finally, Rhim and his associates discovered a new antigen having the
prop"rti"s of gs antigens in rat cel1s transformed in early subcultures
ily pofyoma viris and in the normal rat ceLl lines when carried beyond 60

subcu1tures.

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

in vitro contain "switched offil RNA virus genomes that are subject to de-

repffion not only by many different chernical and DNA virus carcinogens,
but a1so as a consbqrLrr.e of long term culture. Such observations not only
nake less likely the contention ihrt ,netenchymal tumor cells + ylg depend

for their viral expressions on the migration of virus information from other
areas in the body iuch as the hematopoietic tissues, but furnish cogent
reasons for assuming that the oncogenic and virogenic events were indeed
induced in situ.

2,0 0ncogenes of C-typs RNA inf-ectious-virusgs a-s dgtelminaqt:--9f
accel

d Huebner and their
ffidfites described greatly accelerated transformations induced by various
carcinogenic chenicati in rat, mouse and hamster ce11s when such ce1ls were

superiniected with various mouse and hanster non-transforming C-type RNA

viiuses. The normal cells treated with chemicals alone or virus alone
failed to transform and could not be transplanted in isologous newborn

hosts; however the infected cells treated with carcinogens readily trans-
formed and in most instances were transplanted successfuLly in newborn
isologous hosts.

Thus cel1s of 3 species cultured in vitro, carrying one of four strains of
RNA tumor viruses (RLV, CF-l, AKR;H;ryand treated with at least 8

different carcinogenic chenical preparations, in every case led to the
developnent of tranformed foci, continuous neoplastic ce1I lines and, with
only one exception, tumors in isologous hosts. The transforrnations
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::curred rapidly within 9 to 45 days after 7 to 14 days of exposure to the
-:-ericals in the media. Dosages as low as 0.01 ugm of MC and DMBA produced:-:rd transformation; thus providing at least 100-fo1d range for
:.:cinogenic assay below the toxicity 1eveIs of the chemicils. The high:::Cictability achieved with many different combinations of viruses, cel1s
.'--: chemicals clearly suggested that the added RNA viral genomes provided-:--3rous additional oncogene determinants which, when derepressed by the:-::ica1s, accounted for the accelerated neoplastic changei observed.

:-_ RNl. d.epindent DNt polymefase; enzymatic and antigenic properties:
: contract supported scientists tg

.-,: Baltimorets observations on the reverse transcriptase. Green and
,'-=3ciates showed that the entire RNA genome of aviar, mouse and cat
-:'jses was copied by the polymerase as sma1l DNA molecules and that the

- :: dependent as well as the RNA dependent polymerases were inhibited
--.:eoendently by various rifampicin derivatives, The latter also inhibited: 1-D\A hybrids while duplex DNAts were inhibited by actinomycin derivatives.--:-ie observations were interpreted as providing potential leads to a
:.::ona1 approach to chernotherapy of cancer.

l-::ent studies in cooperation with Dr. Green will explore the effects of:-i-:ricin specifically on endogenous oncogene expresiions in vitro.
-"- r5itors specifically directed against the RNA polymerasel-rEfr-rxible
-: assembly of the virus particle may not have specific activities in.-.tion to transformation or tumor induction since the oncogene-:essions are independent of the virogene expressions. Since most cancer*s: be due to endogenous rather than exogenoui viruses, answers to the,=-'tion of specificity inhibitor action are critically needed.

-. S-pecif.ic. aptib-gd/-to RN{ dep.eJrdent DNA polymerases.: Equally as:ltingwerethefindingsofcLaboratories,Inc.)
-: :urified the cat virus polymerase and with it produced monovalent anti-:.-'.' r''hich inhibited the activity of the mouse, cit, hamster and rat virus

: - --.-:erases but not that of the avian viruses. Thus the polymerase:.::esents an additional group-specific interspecies antigen protein of the--::a1ian viruses; and the abi.Lity to specificirry inhibii poly*"rur"
, -:--,-ity should make it possible to determine its role in ,portur"ous and:.::lnogen-induced cancers, both of which we postulate are ihe product of
I - -- ienous oncogenes.

si_gll: : One of the spin-
-' of the inherited onCog@6E-Jilterest in studies.:netic and moelcular mechanisms by which host genes influence::ssions of the postulated endogenous virogenes and oncogenes... :! al., who in FY 1971 provided much of the natural history data on
-iniversaTity of the c-type RNA genomes and lack of horizontai spread.-:rus in inbred mice at The Jackson Laboratory, also observed large and- defined influences of strain genotypes on predisposition or resistance:re development of spontaneous cancer, to susceptiLili ty to environmental:rnogens, and to various independent expressioni of the RNA tumor viruses
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Cross-breeding and other experinents have revealed the importance of a

variety of dominant and recLssive alleles as determinants of RNA virus
and tumor expression. Breeding programs are well underway which indicate
that by g"r,"ti. manipulatlon, trigtr cancer (lynphoma) strains can be

converted to resistrnt =trrins and vice versa. Current experiments are

designed to determine the number, node of inheritance, linkage relation-
shipi and chromosome location of the host genes which regulate oncogene

and virogene expressions.

4.L Studies of host gene controls in vitro: Sinilarly, Hartley, Rowe and

nincu d from 21 strains of mice

according to sensitivity to N- or B-tropic murine leukenia viruses, found

that all cells were similar to either the N-type or B-type. The patterns
of sensitivity of N-type x B-type F1 hybrids indicated dominance of
resistance to both typft of viius, and embryos from back-cross experiments

suggested that a sinli. locus (N-B) is the primary determinant of the host
cel1 response patt"rir; subsequently the N-B locus was found to be

identical with the FVI locus which controls sensitivity to Friend leukemia

virus.

The numerous host genes that have been found to control RNA virus
expressions and tnJ aiscovery that the "resistancet' alle1e on the N-B locus

.orrtrotling wild type infectious RNA virus replication not only supports
the inherited oncollne theory, but provides evidence of built-in natural
host gene systems Iesigned through iong evolutionary association to control
the RNA viral genome. This is also part of the natural inheritance of
mice. Similar host controls of .rr.-", and RNA virus have been described
for chickens. It would seem inevitable therefore that sirnilar host genes

and endogenous RNA genomes will be found in the cel1s of most or all other
vertebrates.

".i"r 
ce because infectious

;lrusT;ffi prevalent in tumored cats; the virus is found in cat
salivary secreti;ns and is known to gr.ow well in human ce|1s in culture'
consequently VCB investigators (sarma, Gardner, liggt,Oshiror. schneider
and Arnstein) have been much involved in developing and 

-apply1ng 
sensitive

detection methods such as the new COCAL test for FeLV, focus-forming tests
for FSV, fluorescent antibody (FA), complement-fixation (CF), neutralization
and other serological tests fo, uniigerand antibodies. Serological studies
by Riggs, oshiro and sarna have shown that sera from 600 veterinarians show

no evidence of specific FA or neutrali zing antlbodies to FeLV; thus despite
maximum exposure to sick and cancerous cats, veterinarians apparently are

not susceptible to infection with cat viruses'

5.1 Epide-miological slu4ie: of_cats as ? calrcer risk factoT: controlled
epide examine human exposure to cats as a
factor in human cancer cases in Los Angeles by Gardner and Hanes of the
University of Southern California showed no excess exposures to cats in
the houseirolds of several hrmdreds of teukemia, sarcoma and carcinoma
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cases as compared to comparable control households. In fact g0e,
cancer and control households had no household exposure to cats
the previous 10 years.

A similar survey in Northern california by schneider failed also
that household exposure to leukemic cats increased the incidencein the exposed persons as compared to control households without
ex?osure.

Report

of the
during

to show
of cancer
such

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

5 . 0 Etio l-ogi.,! ,lr.d 
"pid"rio logi.rl . trdi "r of hrrr. .ur"", .

u_ : SegLfgh for. ev-idens,e of C-tvpe RNA virus expressions: The search for
--trpe RNA viruses in hunan cancers atlne uniGisfty-oF southernlalifornia were no more successfut in Fy 197r than in previous years.
:lectron micrographic examinations of hundreds of human tumors including:i1 available t)?es of leukemia and solid cancers, and of embryo and tumor::11 cultures, were entirely negative for c- and B-type particies. The
::l,rors were acquired and examined at USC and the culturei were produced at::e Naval Biological Laboratory under Dr. Nelson-Rees.

-nce there are no cumently extant human cel1 cultures carrying c-type:rticles , and since infectious virus has proved equally erusiv6, the-'lBis future efforts will be focused on atiempts to dernonstrate antigens
-: hurnan tumor and embryo cells which rnight bL e>cpected to cross react
''-th one or more of the interspecies antigens demonstrated in mouse,- =-ster, cat and rat c-type viruses; ,e pian to look for evidence of al1:."!es of antigens specified by the known RNA viruses including: group-.:ecific antigens 1, 3 and other postulated interspecies antileni; tire
:=11 surface antigens specified by the RNA genone, variously f,escribed as5r. (Aoki) and TSTA (sjogren and pasternak); and viral 

"r.r"iop" antigens.

, 2. sero]ogicql_data: 
_Recent attempts to demonstrate cross-reacting:tigens by complement-fixation in extracts of human tumors, utiliziig::ad1y reacti-ve anti-gs antisera produced in Fischer rats carrying uSv-

:-iuced tumors or in rats h)?erimmunized with extracts of the u-sv rat'j::-ors, yielded many positive hunan tumor and embryo tissue preparations;
r''i-^vs1' the reactive antigenic moieties so far have been foui-rd to be:-ier resistant and associated with sedimentable ce11 menbranes. Surveysi numan cancer patient sera have yielded a few which react at low serum:--utions with the sedimentable antigens and the patterns of serun:=activity are almost exactly similar to that provid"a by the rat sera.:-:hough the antigens detected are clearly not related tt the gs antigens::;rd in the mammalian RNA.tumor viruses, they appear to be shared wiJely

'--': thus are interesting enough to be characteri-zed. and identified. It
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is possible that they will prove to be similar to the carcino-embryonic
antigens described by Gold, Uriel , Grabat and others '

New and more sensitive autoradiographic serological test systems developed

by Gildents group, in addition to CF, FA and gel diffusion, will be

combined with absorption studies and utili zed in an exhaustive study of
human tumors for antigens related to those now dernonstrable in the RNA

viruses and tumors of mice, cats, hamsters and rats'

In order to adequately prepare for such studies, numerous hunan tumors

and sera from canc", puti"tts have been collected and frozen for future
studies; cel1 lines hive been derived from many tumors and some of these

are being subjected to intensive studies as described be1ow.

6,3Stud-ie:ofhuman-lFumol=c,el-lsinvitro:Havingestablishedseveral
hurnan sarcoma c d their sarconatous
characteristics, McAllister and his associates at childrents Hospital of
Los Angeles have attempted to rescue the sarcoma genome by superinfecting
them with murine and cat viruses; these efforts have been unsuccessful
despite the fact that the viruses replicated in the human cel1s ' In
cooperation with Klement, Nicolson and Gardner, McAllister is seeking
evidence of phenotypic modifications in the mouse and cat viruses
replicating in the hrman turnor ce1Is. Current tests suggest modification
of the "nv"lop" 

and host range but not of viral gs antigen and RNA

moieties; tests of the specificities of the viral RNA polymerases are

underway. Serial subcultures of the tunor cel1s, both infected and non-

infected, ure teir! continued indefinitely in anticipation that, like
mouse , Tat and hamfter cel1s, human cells that grow continuousll-1* vitro
wiIl eventually derepress ani yield expressions of the postulated human

RNA virus genome. At various subcultures the human sarcoma cel1s were

transplant6d into cat fetuses in which tumors developed having
histoiogical appearances identical with that of the original tumors seen

years blfore in ttre patients; and chromosome histograms confirmed the

irrrru, characteristici of the tumor ce1Is. A sirnilar 1n viJro-human tunor

ce1l growth system in the mouse developed recently by Stanbridge and

Hayfllck whicir utilizes ALS to block rejection of the human tunor ce1ls

proviae= a much more available and simpler system for studies of genome

rescue of these and other human tumors'

6.4 Transformations of huma! ee1ls with polyon? v : 
-In 

prelininary

(NIAI-D) has suiceeded in transforning human ce11s (WI-38) with large
dor", of polyoma virus. The ce11s contain polyoma T antigen but no polyoma

viral antigen. Since rat and hamster ce11s transforrned by polyona virus
d;;;i"p nei antigens which are distinct from known polyoma specified
antigens, but whlch react with MSV rat antisera, related antigens will also
be s6ughi in the'human polyoma transformed ce11s as we11.
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6.5 .EPJdemiolggi-c.al ald egolpgical studies of_ cancer distributions in
Los Angeles: A comprehensive cancer surveiflanCe@
provide a "nowrt registry of all cancer patients in Los Angeles County was
planned in FY L97L; as this is funded in 1972, Drs. Henderson, Hanes and
Gardner, in cooperation with NCIrs demography and epideniology groups,
and with Shimkin (University of California, San Diego) and WinkelstLin
(University of California, Berkeley), plan to utilize infornation eventually
to be made available on 201000+ annual cancer cases in Los Angeles in order
to mount field studies designed to answer specific questions concerning the
etiology of cancer. Examples include questions about effects of maternal
age on cancer in offspring and of course the effects of industrial, food-
Sorne and air-borne carcinogens. In support of the latter program, Bryan
and Gordon have under'way long term studies charactertzing smog constituents
in 4 different ecologic areas in Los Angeles. Freenan, PJrim, Rasheed and
Sardner have already initiated studies of smog residue and tobacco smoke
iractions in cel1 culture systems; preliminary results now in progress and
in press indicate that such materials have relatively strong carcinogenic
activities (vide supra). Future studies will be focused on tests of
chemically defined fractions of known environmental residues and on such
additional assays as may be indicated by the results of epidemiological
and enviromental studies in the Los Angeles ecology.
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TABLE I
ANALYSIS OF CONTRACTS BY SEGMENTS IN

VIRAL ONCOLOGY

SEGMENT NO. OF
CONTRACTS

t/
ANNUAL LEVEL_ (PERCENT)

TOTAL
2/

\20- $31,590,401 (1oo)

)evelopmental
Re s e arch 24 10,119 ,281 (32)

Immunology Group 956,709 (4)

Special Animal
Ecology 17 4,068,618 (15)

Program Resources 6
Logistics 24 2,354,772 (7)

Biohazards Control &

Containment 388,796 (1)

Frogram Management 11 2,979,100 (e)

Solid Tumor Virus 23 9,603,320 (30 )

tsreast Cancer Virus 1,119,805 (4)

L/ Funds obligated by

The total includes
FY 197l-.

See TABLE III

Viral Oncology

non- recurring

for individual

during Fiscal Year I97L.

contracts funded during

contracts involved.
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CONTMCT SUMMARTES

SPE.CTAL VIRUS CANCER PROGRAM
ETIO@--=-:-
Fiscal_ Year 1971

DEVELOPMENTAL RESEARCH PROGRAM SEG}ENI

Dr. Robert A. Manaker, Chi-ef , VBB, Etiotogl4 Area, Chairman
Dr. Roy F. Kinard, VBB, Etiologl Area, Vice Chairman
Dr. Jack Gruber, VBB, Etiology Area, Executive Secretaryl

A]CH] CAI\CER CENTER (NTH_6S-S6)

Title: Vi-rus Rescue Stud.ies in Human Leukemia/Lyrnphoma Ce1l Lines

Contractor rs Pro.iect Officer: Dr. Yohei fto

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

Obiegtives: (1) To establish cel-l l-ines in vitro from human neoplasms antl
examine these for vi-rus or antigens by ef6tr6Elcroscopy, immunology and
transformation experiments. (z) To supply human embryonic cel-l- cultures
and lymphoma-type tumor tissues available in the Far East.

ylglor-gindi!tr-: Efforts to establish continuously growi-ng cell- lines from
human neoplastic tissues were resumed, as one of the main lines of study inthe second' year of the contract. fn ad.d.ition to the cul-tures from neoplasi-aof the hematopoetic system, celI eu.Itures from solid tumors such as naso-
pharyngeal carcinoma (wCp) vere also attempted.. This was d.one because ofthe vell- established. fact of high herpes-type virus (HrV) antibody titerin the sera of patients vith the d,isease. Among l-3 NPC speeimens cultured.,
B gave rise to monolayer cul-ture, of vhich half showed. morphologicalal-teration. tr'rom these cul-tures, one free-fl-oating ceI1 tine was established.,
The presence of HTV antigen in these cel1s was d-emonstrated. by d.irect
i-mmunofluorescence test .

To obtain an establ-ished. ce1l line vhich grei,r in a floating state with lessor hopefuJ-Iy no HTV antigen, cultures from hyperplastic tonsil-s of chil-dren
were caryied out. Of 136 specimens, l-2 cel-I lines were established as free-floating cells. The ratio of cells containing HTV antigen vas rel-atively
smal-l but HTV antigen was detected in all the cell lines.

Some !0 strains of ce11s were maintained in the laboratory and. they servecl
as a procurement center for the supply of the cefls for research workersin the area. The procurement of human embryoni-c cultures was also continued.into the second year. About )+0 hi.man embryos in total were processed for
such culture. Human sera of high HTV antibody titer were al-so supplied. to
colleagues of the SVCP.

l Repl-aced. Dr. Roy Kinard as Vice Chairman on March Z, Jg|t.
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-'::cepidemiological studj-es using lndirect immunofluorescence test have b.een

;:--,inued" to accumulate more d,ata on the HTV antibody titer of ind1vidual-s

'::e various neoplastic diseases and. normal subjects. However, a hope to
:=;eal a new d.isease with high HTV antibod"y titer turned out to be fruitless

-:--,acts have been strengthened with the institutes of the Asiatic area to
;::,-id.e access to the hriman tumor material ancL senrm specimens vhich might
:= "seful to the SVCP.

:-;::ificance to Biomedical-Research and. the Progra.rn of-the fnstitute:
[pporting data from Far Eastern sources to

.*::Ilment information obtained" in the U.S. on the association of viruses
--::: specific neoplastic d.iseases.

::::csed- Course: In general, stud.ies initiated. previously will be contlnued'
- .-=--, "=p.e f the vork scope is the introduction of biochemical techniques
:, search for the presence of RNA-dependent DNA polymerase among the approx-
-':ely 90 cetl lines established from hi.man neoplastic tissue during the
-.=: two years. Furthermore, fresh hurnan ce}l materials from leukemic and
';::;noma patients at the Aichi Cancer Center Hospital vilI be tested for
;:-;-:erase activity. Such studies wou1d, provid-e new data on neoplastic
:= s from patients of or|ental origin. Ad.d,itional1y, plans are to study
---= in vitro effect of various chemical carcinogens on established. lympho-
:-z-SiTJdt fines, and. to initiate new investigations on other human

:=-:--asms r,rhere virus activity is suspected,.

-.:= Contract fnitiated.: May 2, L959.

: r-r,cR COLLEGE OF I,/LEpICTNE (PH\3-68-.5T8_)

-:--e: Stud.ies on Viruses as Related to Cancer with Emphasis on Leukemia

-::::actorts Proiect Direct_or: Dr. Joseph Melnick

Dr. Jack Gruber
Dr. Roy Kinard

.r:'::tives: (f ) To isolate, propagate and. id-entify vi-ral agents to provid-e
:;':ence of association with hr:man neop].asla and (Z) to continue to hold and

::.:tve primates i-noculated" with suspected cancer viruses or cancer tissues.

*:.;::' Fi-n_d.i-ngs:

" :iiral etiology of leukemia and. mononucleosis.

::--agation of selected. lymphoblastoid- (fy) celI li-nes from patients with
--'--iemia or mononucleosis and normal- ind.ivid.uals is continuing, for use in
-*-;::oJ-ogical and biophysical studi-es.
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Comparative chromosomal analysis of 15 lyn,phobtastoid celf lines cultivated.
up to 6l months reveal-ed no specific association betveen the presence of EB

virus and any of the chromosomal anomalies observed. Regard.less of the
source of cells or the presence of EB virus, ce1ls vith marker chromosomes
or trisomies appear to have a selective ad.vantage of gror.th in vitro, as
d.ocumented, by the increase in frequency of cfones with these anomalies
with progressive passage.

Stud-ies were continued to search for antibody to possible tumor antigens
in acute leukemia of chifd.hood. Peripheral blood leukocytes are being
reacted- vith serial- autologous serum samples by indirect membrane immuno-
fluorescence (IMIF). In autologous tests, ce11s from 20 of 25 children
in remj-sslon have yield.ed negative results and I questionable. Cells
obtained. from 6 children d.uri-ng relapse were al-so tested. for autoantibod.y.
The IMIF assay has been uniformly negative for al-l sera and autologous
relapse phase celJ-s tested so far.

A 78 A1 cefJ. l-ine of rat embryo fibrobl-asts that had" been transformed- by
the murine sarcoma-leukemia virus (USV-ynV) complex is being used. as a mod-el
for characterization of RNA species obtained from various human Ly cell
lines. The 5BS nmR of MJV-MLV was found to d.issociate after heating or
d.lmethyJ.sulfoxide treatment into 37S, lBS and LS subunits, d"ifferlng in base
composi-tion and buoyant densities i-n cesium suffate. A double-stranded- DNA

vith a sed.imentation coefficient of 7S d.ensity vas isofated, from highly
purified MSV-MLV. Thls DNA was complementary to the 1BS subunit, but not to
the 37S or )+S subunits of the viral RNA. Work is being initiated. to fol-Iov
infectious virus synthesis and macromol-ecular synthesis d.uring d,e novo
infection and. transformation of ce1ls by MSV-MLV.

B. Comparative stud.ies on herpesviruses.

Stud.les continue on the d.istribution of complement-fixing (Cf') antibod.y to
EB virus-ind.uced, S antigen in groups vith various d.isease entities and in
normal- ind.ivid.ual-s. The results are compared with those obtained. j.n the
inrrunofluorescence (fy) test with fixed EB3 ce1l preparations. Sera from
21 patients with sarcoidosis, kind.Iy supplled by Dr. Phillip Glade, revealed
both IF and S antibod.y to EB virus, a result similar to that reported-
earlier for patlents vith post-nasal carcinoma. A longitudinal stud.y of
the d.evel-opment of IF and" S antibod.y starting vith nevborn chil-d.ren is
being cond-uc*r,ed-. The results to d,ate ind.icate that: (f ) ff' antibody to
EB virus appears vithin several months after maternal antibody has
d-isappeared., ind.icating an early infection with this agent. (Z) firere
is a lag of several months between the appearance of fF and. S antibod.ies.
(:) fnfection with the other three herpesviruses (herpes simplex, cytomegalo-
virus and zoster virus ) occurs much later than infection vith EB vj-rus.

Work conti-nues to purify and characterize the sofuble CF antigens extracted
from tvo EB virus-positve (fS3 ana P3J) and from one EB virus-negative
(UClf) Ly ce1l lines. Ly celJ- line,RPMI 8ZZ6, free of both EB virus and
soluble CF antigen, is useii- as negative control . Stud.ies on the non-serum-
requi-ri-ng complement-fixation (msn-pCf) by EB virus-positive Ly cells
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--1'cate that the reaction may be measuring an EB virus directed antigen-
i-:-body. Attempts are being mad-e to id.entify antibody to EB virus in
:=:acts of Ly celf s.

.:= blochemical and. biophysical properties of the DNA of HSV type 1 and

:1::e 2, infectious bovine rhinotracheitis (IBR) and Pseudorabies (pr)
r-l;ses were compared.. DNA-DNA hybrid.ization was employed to investigate
i=*e'r,ic rel-ated-ness betveen these four members of the herpesvirus group.
i=:-::.ati-on and. competition hybrid.izations d,emonstrated. greatet than 90%

::-:Iogy betveen three strains of HSV-I and. less than 5% homology between
::-,--l , pr virus ancl, IBR virus. Saturation hybrid-ization indicated at feast
;-i nomology betveen tvo strains of HSV-2, but no homology between HSV-2

l: ;irus an6 fBR virus. Preliminary experiments indicate that there is
'=:*= than 50% homology betveen the DNAs of type 1 and t1rye 2 HSV'

J";:her attempts to obtain additional BUDR-induced ts mutants of HSV have

::=-;-l-ted. in the isolation of 50 potential nntants. The 22 origi,nal ts
:;-=ats of HSV have been tentatively assigned to B complementation groups.
l-:::ls so far contain from 1-)+ mutants. Before detailed characterization
:: :epresentative members of complementation groups is undertaken, repeat
:.::s are planned using both the 22 or:.g:,nal mutants and. the nevly isolated
:*:.::ts mentioned above.

l:= lrotein and. glycoprotein synthesis by a HSV temperature-sensitive mutant
-- 3[3) and. ttre-wita-type virus has continued. to be compared. by polyacry]-

rm'1e ge1 electroptroresis. Evidence vas obtained that mutant ts 3l+3 does
::: synthesize glycoprotein C5, a major envelope protein, at the nonpermi-ssive
:-::er.ature ()+oo). Studies are in progress on the glycoprotein synthesis
:j aid.itional- HSV ts mutants. Preliminary find.ings indicate that the
g*;;:clrotein profiles of mutants belonging to separate complementation groups
--:.]- ce significantly d.ifferent.

:" 3.ole of herpes virus type 2 i-n cervical carcinoma.

:.::epid-emiologic studies of vomen vith invasiYe cervical cancer and controls
f::- Ugand-a and. fsrael failed to reveal- the sarne strength of association
:E'-reen antibodies to herpesvirus type 2 and malignancy, as previously
::::rved- ]n Houston, At1anta, Balti-more and Brussel-s. Stud.ies in d-ifferent
:,::-:-l-ations are continuing. Recently, fl8 cervical cancer patients and' 83

::-:rols from Musrim and christian women in Yugoslavia r'rere stud'ied'' No

:::lerence in type 2 herpes antlbodies was found- between Muslim cases and
:-*:rols, but the occurrence of antibodies among Christian women was tvice
::'-- of control women. In Nev Zeal-and,, the occllrrence of antibodj-es was
-"--,- slightty higher in the patients than in the control women. In the
li-r- nost of the studies that yietded a high incidence of antibodies were
:-:ied- out among women of the lower socioeconomic group. Thus, in populat-
-:-s of different compositi-on and d.ifferent life styles, differences are
j:'=1 in the association betveen type 2 herpesvirus and cervical- carcinoma.
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Type I strains are susceptible to cytosid.e arabinoside and fUDR (ioaod.eo:qf-\ . - .- .urid-ine), inhibitors of replication of DNA-containing vi-ruses. Hovever,
type 2 strains are resistant to these DNA antagonists. This is apparently
due to the lov leveJ.s of thymid-ine kinase which are characterlstic of type
2 strains in contrast to the high levels of this DNA-synthesi-zing enz1me
found. with type 1 strains.

D. fmmunofluorescent cell surface anti-gens in hr-man tumors.

Ce]-1 l-ines have been establ-ished. from human mefanoma and sarcoma tissue.
Attempts are being mad.e to separate tumor cefls from the normal cell-s bV (f)
d.ensity gradient centrifugation, (Z) by cloning out turnor ce]ls, and (S) lV
injecting the mixture into immunosuppressed" mi-ce. With one of the tvo
melanoma cel1 lines tested, the patient's serum reacted. in the membrane
fluorescence test. Sera from other melanoma patients reacted- positively
for antigen in the cytoplasm of the tumor cel-ls. Lymphosarcoma cells reacted
in the mernbrane fluorescence test vith autologous sera, and. cross reactions
'were seen vi-th sera from other lymphosarcoma patients.

Significance to Biomedical Research end. to the Program of the Institl+e:
This contract provj-des a progressi-ve comprehensive research program to
d.etermine the significance of viruses in human neoplasia. Techniques used.
are tissue culture, immunology, electron microscopy, primate inoculation,
cytogenetics and nucleic acid. homofogy.

Proposed. Cours_e.: fnvestigations r,rill continue to detect the presence of
nucleic acid. characteristic of the RNA trmor viruses in hr:man tumor cells.
Immunologlcal- stud.ies with antigens associated. wlth EB virus wil-I be
continued. tr'urther serologic d.ata vll1- be aequired. to aid in d.etermining
the relationship beti,reen the venereal herpes hominis type 2 virus and.
cervical carci-noma.

Date Contract fnitiated: June 27, L953

BIONETTCS RESEARCH LABORATORIES, rNC. (NIH-71-202,)

Titl-e: fnvestigations of Viral Carcinogenesis in Primates

Contractor rs Proi ect Dilect.or,s : Dr . John Landon
Dr. David Valerio
Dr. Robert Ting

Project Officers (UCf): Dr. Roy Kinard-
Dr. Jack Gruber
Dr. Robert Gallo
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-:_'ectivss, (f) Eyaluation of long-term oncogenic effects of human and
r-=-af viral- inocula in primates of vari-ous species, especially ne'rrborn
-:-rques; (2) mai-ntenance of monkey breed.ing eolonies and l-aboratories
-:lessary for inoculation, care and monitoring of monkeys; and (3)
:-::hemical studies of transfer RNA r.md.er conditions of neoplastic transform-
':':l and stud.ies on the significance of RNA-depend.ent DNA polymerase in
:: *': ]eukemic tissues.

*:.':: Eindi-ngs: This contractor continues to produce over 300 excellent
rrs:crn monkeys per year. This is made possible by diligent attention to
:=:red.uctive physiological states of female and male breed.ers. Semen
:--=-:ation, artifical insemination, vaginal cytology and ovulatory drugs

':= :sed. or tried" as needed..

l-::.:lated" and. control infants are hand.ded. and kept in modified germ-free
----ators. They are removed- from isolators at about B rteeks of age and
;-.:ed. in filtered. air cages for months or years of observation. The holding
L:=a nov contains approximately 1200 animal-s up to ) years o1d. Approximately
--- are culfed. every year ata rate of about 2J per month. This is necessary
: - *ake room for young animal-s inoculated. vith new or improved. virus prepara-

-;-::g the past year macaques were inocul-ated. at birth or in utsro vlth the
-.:r-Pfizer monkey ma.ilrmary vlrus, Epstein-Barr virus, Herpesvirus saimiri,
r-: iiarekf s d.isease virus. EB virus vas given with immunostimulation and

-rE-ji:osuppressi-on (alS, predlisone, imuran). Australia antigen vas given
-. : - ewborn Afri-can green monkeys .

..:= -:reed.lng and. hold.ing colonies vere surveyed. for antibod.y to EBV. A11
::==iers vere positive and. their offspring contain maternal antibody for
;=;:ral months. Colony-born offspring that have lost maternal antibod.y
r -' are sero-negative vil]- be surveyed periodically for conversion to the
;r :csitive state.

-- :llA-dependent DNA polymerase si-milar to that associated. with RNA tr:mor
;--r-ses vas cLetected in human leukemic cells but not in normal cel-ls stimulated

:hytohemagglutinin. The enzyme vas isofated., purified and concentrated"
--iold, making possible its further characterization and study in relation
:he leukemic process i-n man.

:-a-ificance to Biomed.ical Research and to the Program of the Institute:
--:sruch as tests for the biological aetivity of cand.idate human viruses vilf
::: be tested" in the human species, it is imperative that another systern
;: leveloped. for these d.eterminations and, subsequently for the evaluati-on
:: ;accines or other measrlres of control-. The cl-ose phylogeneti-c relation-
:"': of the lower primates to man justifies util-ization of these animafs for
:':se pu-rposes. Further study of al-tered transfer RNA and polytnerase
i--..rles vould. d.etermine their significance in neoplastic change and provide
l :asis for selection of therapeutic agents.
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Broposgd. Cou.rrse: Continuation with increased emphasis on monitoring and.
intensive care of inoculated animals to d.etermine if active infection occurs,
effects of j-nfection, aniL d.egree of immunosuppression when used. Further
studies of human neoplasms at a mol-ecul-ar l-evel vil_l continue.

Date Contract fnitiated : I'ebruary L2, L962.

CHICAGO PARK D]STRICT LINCOLN PARK ZOO -101-7 )

Titl-e: Marmoset Breeding Colony

Contractorrs Project Dj_rector: Dr. Lester E. Fisher

Project Officer (NCI): Dr. Roy Ki-nard.

Obiectives: To provid.e marmosets in a quantity and quality sufficient for
the needs of the research on tumor vj-ruses cond.ucted under Contract NIH-71-
2032 wi.th Rush-Presbyterian-St. Lukers Hospital.

Maior tr'indings: The marmoset breed.ing colony is regularly provid.ing nevborn
animals at the rate of 100 per year.

Pjfnific?nce,t?B f tl,ernstttute:
This contract is part of a program utlJ. ing
selected l-aboratory speci-mens for oncogenic activity. The marmoset, a
smal-I, inexpensive primate is under investigation to d.etermine its value for
cancer virus research.

Proposed Course: The project w111 be continued to insure the availabillty
of experimental animals of quality.

Date Contract fnitiated.: June 28, L96r.

HEAITH RESEARCH, rNC. (pH)+3-53-rg3)

litle: Biological- and Electron Microscopic Stud.ies of Viruses from Leukemia
Cel1s, Tissues and Plasma.

Contractorrs Project Directors: Dr. Edwin Mirand
Dr. Julius Horoszevicz

Project Officgr (NCI): Dr. Jack Gruber
Dr. Roy F. Kinard,

PH)-l
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--ci ectives : To
:':rkitt I s tumor.

stud.y the EB virus associated. vith cells cultured from

![:.j or Find.ings :

-l-. Animal stud.i-es with EB virus.

:eratologic studies vere done on a total- of 3\ EBV-injected- and uninjected
.:':l-t male Long-Evans rats; approximately one hal-f of the animals were

=-:bjected- to partial hepatectomy withi-n d+ hours pri-or to virus injection
'--,ravenously; three d.ifferent virus preparations were used,. There is no
'-iication that injection of EBV induces a sustained. leukocytosis, or that
'eratectonqr has any effect per se j.n the response of the rat to EBV injection.

l-:-l-tures of the buffy coat from heart blood" have been mad,e from all experi-
r.:::tal- and- centrol rats. It appears that the buffy coats from EBV-injected
:a;s grow somevhat faster and better than those from uninjected- rats; there
:: no significant d.ifference betlreen cultures from hepatectomi-zed and intact
:-:-mal-s. There appear to be cytological changes in some of the cells of the
:-:ffy coats from virus-injected. rats suggestive of host response to the
;=rus and,for the foreign hr.man 5h-fO cel-ls used as virus-carriers in the
;leparati-ons injected.; further stud.y is necessary before any conclusions can
:: dravn.

:. Quantitative j-nfectivity assay for EBV.

-:= practical ranse of EB virus titration vas increased and exbend.s now from
..r; t02 to f " IO5 infectious units per mJ.. This vas accomplished by
'---rod-ucing total counts of immunofluorescentcells in plaee of estimates
:ased on percentages on1y. The previously reported procedures to concentrate
.-: store EB virus vere found to preserve quantitatively the infectious
::cperties of viraf inocula.

--::ing time stud"ies on localization of viral antigens and. virus formatj-on 1n

-,- infected cell-s , Early Antigen (gA) titst appeared 6 hours post-infection
=:-1 was local-ized" in the cell nucleus. Nuclear Capsid" Antigen (CA) could. be
te--ecied 9 to l-O hours post-infection. So]-ub]-e AntigenttBetat' (SAg) accumu-
2:es in the cyboplasm at 15 hours. Assembly of viral nucleocapsids begins

=: lL to t5 hours and tlcoating" reaction specific for nev membrane antigen
11) becomes positive at 20 to 2)+ hor:rs post-infection.

l-=nificance to Biomedical Research and. the Pr em of the Institute:
-:e d-evelopment of a more sensitive quantitative
j';ther characterization of the EB vi-rus and for
'-fectious virus preparations. It is hoped. that
:le;"' be useful in the control of infection by EBV.

assay ].s
assessing
purified.

vilf terminate on June 30, 1971-.

18, l-953.

important for
the quality of

non-virion antigens

l:cposed. Course: This contract

-ate Contract fnitiated.: April
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OH]O STATE

Title: Application of Radloiodine Labeled Antibody Technique to studies ofVirus-fnd.uced. Tumors .

Contractorrs Project Director: Dr. David S. yohn

Project Offi.cers (NCI): Dr. Jack Gruber
Dr. Virginia C. Dunkef

9Pi:="1*T":r ..ro applv the paired radioiodine r-abefed antibody technique(PRII"AT) to the d-etection of virus ind"uced, tumor antigens in hirman tumor
cel-l-s.

Tll,:1,+49: ^ 
Various forms of the paired radioiodine t-abeted antibodytechnique (PRILAT) have been eval-uated for sensitivity and. quantitativeapplicability to viral oncolory using Adenovirus-12, Rous sarcoma vj,rus andfel-ine leukemia virus mod.e1 systems. Di-rect, indirect and inhibition

{bloctring) procedures have beln found. applicable. Direct PRTLAT yieldshighly accurate quantitative estimates of the antigen content of test samplesor individual- cel-l-s. Indirect and inhibition of d.ire,ct pRfLAT are highlysensiti-ve methods to detect low levels of antibody. Antibod.ies have beendetected to Ad-12 T-antigen and to avian leukosis group specific antigens(s)in sera which are negative by other serologic procedures.

the program of the fnstitute:
The project is designed. to a. abel_edantibody method- as a Yery sensitive tooJ- for the &tection of specificreactions between humoral- antibodies and antigens on the surfaces of tumorcells' Because the method permits d.iscriminu.iion of specific and non-specificbinding of serum globulins, i-t has consid.erable promise in the stud.y of
human neoplasms.

Proposgd Q-oqlsg: The main thrust of this project for the next year will beto apply the various PRILAT procedures to the search for tumor specificantigens in human tumors and to d.etect antibod.ies in human sera. Liaison isbeing established- with the Departments of Surgery and of Hematology of theOhio State University Hospital for this purpose. Coltaboration is al-sobeing established vith the M. D. And"erson Hospital in Houston vhich wil-l-also be provid-ing sera and cel-l- lines from human tumor cond.itions fortesting.

Date Contract Initiated: Jvne 2'( , L969.
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KAROLINSKA INSTITUTE (NIH-69-2005)

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

Contractorrs Project Director: Dr. George Klein

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

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

llajor Findings: Studies were continued on EBV-associated reactions in
relation to Burkittrs lymphoma, nasopharyngeal carcinoma and Hodgkinrs
disease, in comparison with other malignancies. Antigenic studies on carrier
cultures revealed that (1) VcA-positive cells are always membrane antigen
positive, (2) VCA-early antigen positive cells exist with a variable frequency
in different cel1 lines, (3) VCA-early antigen positive ce11s can be either
positive or negative for membrane antigen, and (4) membrane antigen positive-
early antigen and VCA negative cells occur with variable frequency, in
iifferent EBV-carrier cell lines. The number of membrane positive-VCA
:.egative ce1ls can be increased by sma11 doses of mitomycin, acti-nomycin
cr X-irradiation. In lines with a high frequency of membrane antigen-
positive cells, the antigen expression was maximal during the Gl phase of
che ce1l cycle and lymphoblastoid ce11 lines derived from Burkitt's lymphoma
aed NPC show a similar spectrum of membrane antigen reactivity.

Antigenic studies on virus infected cel1s showed that (1) no VCA is made
'r the presence of DNA inhibitors; (2) membrane antigen is an early product
-rf the viral genome; (3) early antigen starts to appear at the same time or
slightly later than membrane antigen; and (4) VCA when observed appeared
3-4 days after infection and at a low level (7-2%).

.n two Burkittrs lynphoma patients studied in detail, anti-early antigen
sntibody titer increased and anti-membrane antigen antibody titer decreased
in paralle1 with tumor recurrence. Anti-VCA titers, and Eiters against five
rnrelated viruses remained unchanged in both patients. In patients treated
-,-i-th BCG there is a temporary increase in anti-membrane antigen titers.-dith repeated treatment there was often a tendency'toward diminishing
efficiency. Local radio-therapy to tumors in Burkitt's lymphoma or NPC

?atients results in an increase in anti-membrane antigen titer. The same
-acrease in titer does not take place in patients with "control" trmors,
-.nat is, anti-VCA positive donors with malignant tumors other than Burkittrs
J-3'nphoma or NPC.

Serological analysis of EBV-associated reactivity in chronic lynphocytic
'eukemia (CLL) and lymphocyte-lymphoblast lymphoma (LL) has been coupleted.
fhe mean anti-VCA and MA values in the CLL group did not differ significantly
:rom the control group. The LL group showed a significantly higher reaetivity
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in both tests. High reactive sera and their mean antibody titers approached
the levels characteristic for Burkitt t s lymphom (BL) , nasopharyngeal carcin-
oma (UfC1 and Hodgkinrs sarcoma.

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

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

Developmental and exploratory work is being carried out with (1) cell-
mediated immunityt (2) osteogenic and other sarcouas: (3) characterizatLon
of the hybrid human-mouse ce1l line, and (4) fusion of A9 cel1s with other
mouse tumor lines and studies on the release of C-type particles.

Significance to Biomedical Research and the Program of the Institute:
The membrane antigens present on tumor cells are important since new membrane
antj-gens have been demonstrated on all virally induced experimental tumors
investigated whether the interaction with the causative virus was productive
or non-productive. This project was undertaken to provide data on the cel1
membrane antigens and reactive antibodies in specimens from patients with
different diseases with which EBV has been associated. A compilation of all
data relating to the virus will help to ascertain whether the virus has
etiologic signif icance.

Proposed Course: Current studies will be continued. Attention will be
directed to the serologi-ca1 patterns in Burki-tt r s tr:mor and other lympho-
reticular malignancies, the relationship of membrane antigens to the viral
envelope, antibody spectra in relation to disease category and tumor status,
1eve1s of membrane reactive antibody in relation to tumor progression,
regression, and recurrence, and to the possible existence of fine antigenic
differences between the membrane antigen complexes on Burkittts tumor and
nasopharyngeal carcinoma derived cells. Further efforts will be made to
measure cel1 mediated immunity in Burkittts lymphoma. Collaborative
investigations on patient imrune responses to sarcoma antigens will be
continued.

Date Contract Initiated: April 9, L969.
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SErck and Company, Inc. (NIH-71-2059)

l:-.le: Study of Viruses in Human and Animal Neoplasia.

l::tractorts Project Director: Dr. Maurice R. Hillenan

i:o.lect Of f icers (NCI) : Dr. Robert A, Manaker
Dr. Jack Gruber

-tlectives: To perform investigations designed to develop vaccines or
,:-rer agents effective for the prophylaxis and therapy of human neoplasia
:: suspected viral etiologY.

lli:.j or Findings : This is a new contract.

::i:rificance to Biomedical Resea :
L1- -L ^ --: ---^ ^- ---i ara +1ra acecor viruses are the essential

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

le greatly influenced and modified by host and environmental factors. If
in-::uses are the essential element in human cancer, then prophylaxis by
r-.:cines to prevent or minimize infection should provide a rational approach
:: cancer prevention. This eould be accomplished by utilization of live or
*.-1ed virus vaccines or possibly by vaccines of purified virion subunits.

ri'-"in." would obviously provide their greatest benefit in preventing
-*--eetion with oncogenic viruses transmitted horizontally after birth.
&:;ever, even the possible vertical transmission of hypothetical neoplastic
ini:lts does not rule out a potential benefit from vaccines. Nononcogenic
.il--:uses may function as essential cofactors in expression of neoplasia,
tr-.: imnunity against such secondary agenEs might prevent expression of the
f,r:,-Dlastic state. Additionally, antibody or ce1lu1ar iumunity may be
,*ranced by vaccination with homologous virus in virus-dependent cancer.
Ib;iously this researeh investigation is of fundamental importance to the
e,:=ts of SVCP and can make unique contributions to the total program.

l-.p!C4_!r"r:S-: The investigators will devote initial efforts to developing
u*:roas for propagation, purification, concentration and specific quantitation
:: candidate viruses suspected or shown to cause cancer in man. At the
l:+sent time, invesEigations will be focused upon herpes-tyPe (DNA) viruses
r: rrBrr and "C" type (RNA) particles. Para1le1 studies to evolve l-ive
i::enuated and killed virus vaccines in appropriate animal model systems
,oi-I be conducted. Particular attention will be given to developing and

ac;1ying optimal methods for viral attenuation, viral inactivation, viral
1r':rgi;agion, vaccine safety assessment, and vaccine potency assay.

l;:.:e Contract Initiated: March L, L97L

111



contractorrs Project Directors: Dr. Kurt Hirschhorn
Dr. Philip Glade

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

99i:ggyg1: To i"nvestigare rhe relarionship of herpes-type virus (EBV) todifferent diseases with a lymphoproliferative phase in order to determinewhether EBV is a specific etlologi-c agent with multiple modes of biologicexpression or an adventltious entity ,rri.rr emerges under the stimulus ofthe lymphoproliferation resulti-ng from the underrying disorder.
M?jor-Fi+dings: Vaccinia irrmunization appears to increase the potentiar ofcirculating lymphoid ce11s for long term proliferation in vitro and thelyurphoproliferative effects consequenr ro vacci";;i;; 

-r"y 
;f#,rt"t. t*vantibody synthesis in vivo. rn 

"dditiorr, high antibody ievels to HLV 1nsarcoidosis may reflect a speeific event in fnis disorder, since similaralterations r^7ere_not found for poliovirus antibody. High antibody titersto HLV may correlate with the degree of impaj-rment of cell-mediated immuno-logic responses in patients with sarcoidosis. similar increased levels ofanti-HLV reactivity were not found in patients with granulomatous colitis.Sarcoidosis does not support the thesis of Dennis Burkitt that chronic R.E.S.stimulatlon influences the host response to HLV with an increased incidenceof lymphoreticular neoplasms.

studies in patients lr7ith sarcoidosis and lepromatous and tuberculoidforms of leprosy indicate that celI-mediated iurmunity has a direct bearingon the degree of the humoral antibody response of the host to infectionwith the herpes-like virus (HLV Epstein-narr). while anti-HLV antj-body wasfound in all of these pati-ents, the high anti-HLV antibody titers usuallyoccurred in individuals who had significantly impaired delayed-type hyper_sensitivity as monitored by skin testing. rirese findings indicate that itmay no longer be tenable to assign an etiologic role to HLV based upon highantibody titers in patients without an assessment of thei-r cell-mediatedinrmune responses. 
_ 
rt is quite possible that high anti-HLV antibody resultssecondarj'ly from the inpairment of cellular imrinity associated with diseaserather than primary overwhelming infection with the HLV.

studies utilizing the newly developed lymphoid cell line migration technique
:ugg,est that high circulating levels of anti-HLV antibody hive effects onlymphoid ce1ls which may alt-r their functional capacities to react.Further studies demonstrated a significant alteration in the p3J clone ofJijoye Burkitt lymphoma ce1ls in terms of their ability to respond to theirown inhibitory products. These studies may provide further informationabout the persistence of HLV in lymphoia clris and perhaps a specificlymphoid defect in Burkittrs lymphoma.

MT. q_INAr SCHOOL OF MEDTCTNE (NrH_69_2078

Litle: Studies of EBV and Lyrnphoprolif erative Diseases .
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Significance to Biomedical Research and the Program of the Institute:
lhe association of EBV with all cases of sarcoidosis studj-ed and the high

=tibody levels detected suggesE a specific relationship of the virus to
:els disease and raises the possibility that the agent may be a necessary
:r-factor in several disease condi-tions including Burkittrs lymphoma
:asopharyngeal carcinoma in addition to a probably direct etiological
:elationship to infecti-ous mononucleosis.

::oposed Course: This study will terminate October 31, L97L.

late Contract Initiated: June L7, 1969.

:= PENNSYLVANIA STATE UNIVERSITY (NIH-70-2024).

l-r1e: Studi-es on the Oncogenic Potential of Defective Human Viruses.

-::tractorrs Project Dj-rector: Dr. Fred Rapp

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

-:_ectives: To conduct a systematic study of the oncogenic potential of
l=:ecti-ve human viruses.

*lia-cr Findings: Early events concerning t.he effect of herpes simplex viruses
:Sr,') on human chromosomes were anaLyzed. These experiments revealed that

11:csine arabinoside (ara-C; and HSV act synergistically to produce multiple
:':cmosome breaks. These breaks could be prevented by human interferon,
a::'inomycin D, and cycloheximide suggesting that the expression of the vi-rus
sn:cure \^ras necessary and that both nRNA and protein synthesis were required
:: :roduce the breaks. Latent infection of HSV in human eells maintained in
:-e presence of arr-C was demonstrated following removal of the inhibitor.
i""iure of the ce1ls to replicate the virus was shor,rn not to be due to
---:i1ity of the ce1ls to support virus replication.

fienster ce1ls were morphologically transformed following treatment with ultra-
rr--1lgg irradiated HSV-2. These ce11s induced tumors rnrhen inoculated into
r*";5orn hamsters and the tumor cells were then readily transplantable to
*e=:ling animals. Virus antigens were identified both in the in vitro trans-
::::ed cells and in the resulting tumor cells by the indirect irrrmunofluores-
:.-3e technique. Tumor-bearing animals were found to have neutralizing
;r::'bodies against HSV-2 but not aginst HSV-I. Numerous attempts have
:i:-ed to induce HSV from these transformed cells. Cel1s from the hamster
r:nicrs were extremely oncogenic when transplanted into weanling inbred
:Iil'ri:ters. Tumors began developing within one week after injection and only
an:roximately 10 cells were required for a TPD5g. Hamsters immunized with
;::adiated HSV-2 developed tumors at a slower iate than hamsters that had
:rl:: been i-rnmunized or hamsters that had been irmunized with irradiated HSV-I .
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However, all immunized animals ultimately developed tumors. Some of the
tumors metastasized following subcutaneous injection. These tumors resembled
the original subcutaneous tumors histologically. In addition, these experi-
uents have been repeated with the original HSV-2 isolate. Additional
transformed clones have been observed and these have been isolated. These
cells also contain virus antigens and are oncogenic. Other cells were
treated with HSV-2 inactivated with DMBA. A cel1 lines missing 1 acrocentric
chromosome was developed. This line proved to be resistant to superinfection
with HSV-2 but not wiLh HSV-I. Attempts to isolate a "repressor" of HSV-2
replication have failed Ehus far.

Significance to Biomedical Research and the Program of the Institute:
The neoplastic response to viral infecti-on is a slow process in contrast to
the rapid response to viruses associ-ated with conmon diseases in man. The
abortive infecti.on of ceI1s with some common viruses whieh are rendered
defective by specifie treatment raises the question whether such ce11s in
time may undergo neoplasti-c change. This project is designed to investigate
this possibility.

Proposed Course: The transformed hamster cells will be further characterized
for virus antigens and virus-specific nucleic acids. Attempts to relate the
antigens to thoseinduced in lytic infection will be made. Other HSV-I and
HSV-2 isolates will be surveyed for transforming potential in hamster and in
human ce1ls. Similar experiments will be carried out with cytomegalovirus
and possibly with EB virus and with H. saimiri. Finally, it is hoped to
begin experiuents with human materiaG I""p""i"fly from cervical carcinoma)
later in the year when the systems under investigation have been better
established.

Date Contract Initiated: Oetober 27 , L969.

CHARLES PFTZER AND COMPANY, rNC., (NrH-70-2080)

Title: Facility for Tumor Virus Research and Related Service Activities.

Contractorrs Project Director: Dr. J. J. Oleson

Project Officers (NCI): Dr. Jack Gruber
.Dr. W. Ray Bryan
Dr. Roy F. Kinard

Objectives: Provide research and services related to the isolation,
producti-on, puri-fication, assay, and control of tuuor viruses, including
electron microscopy, tissue culture, and irrmunology applied to the study of
animal and potentially oncogenic human viruses.
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l{ajor Findings: Large quantiti"es of a variety of viruses were produced for

"t-aie" UV arfferent investigators of the SVCP. Epstein-Barr virus, feline
'eukemia virus, Mason-Pfizer monkey mammary virus, rat mammary tumor virus
i.-35), and Rauscher virus grown in human cells were the prineipal viruses
;roduced. Considerable amounts of EBV were produced and assayed for infect-
-.riLy. Some progress has been made in the study of early and late antigen
synthesis following infection with EBV. Large amounts of lymphoblastoid
:e11s originating from different donors were regularly supplied for investi-
3ators on human cel1 membrane antigens, cell enzymes, and soluble EB virus-
uediated antigens.

3iological and serological studies of the feline leukemia virus and the
!.auscher virus grown in human cells were carried out.

Specific rat antisera to the GS-3 antigen were prePared. These antisera
;*-ould react with ce11 antigens from Hodgkin!s disease, Burkittfs lymphoma,

=d chronic myelogenous leukemia but not rnriEh normal cells, lymphoblastic
-lmphoma or MPMV infected monkey cel1s.

5ie monkey manunary virus was produced for specific antisera production in
uonkeys, determination of the antigenic composition of the virus, sEudies
:: virus replication, and its biochemical characteristics including poly-
Eerase assays. The assay for infectivity of this virus has been increased

-C to 100-fo1d in sensitivity using immunofluorescence. The virus would not
:ross-react with the group specific antigen of the Moloney sarcoma virus,
:h.e Rauscher leukemia virus, the Rous sarcoma virus or Marekrs disease vi-rus.
tscellent yields of this virus can be obtained from suspension cultures

-ing infected human lymphoblastoid cells (NC37). The NC37 grown virus
rr" ih" antigens of the monkey cell grown material and has excellent poly-
uerase activity. Virus is more conveniently produced in this ce1l line.

lroduction of purified and concentrated ESP-I virus supplied by the M. D.

I:derson Hospital of the University of Texas has been initiated. This
:ulture, derived from the pleural effusion of a boy with Ameriean-type
S.urkittrs lymphoma, continues to produce type-C virus particles. DMSO

:reatment results in a substantial increase in virus yield from the culture.
Ieramycin was found to inhibit the PPLO contaminant although it was not
:radicated.

& suomary of the patient survey case studies completed to date has been made.

1'r'o human cell cultures, subjected to arginine depletj-on or activation with
:l-traviolet light, X-irradiation and treatment with Mitomycin C, become

uoderately reactive with the serum of the original patient and with EBV

?ositive control serum, this genome is not detectable prior to actlvaEion.
l-e1l cycle and ce11 synchrony studies have been initiated with the objective
:i facilitating the activation of hidden genomes.

I::rounoferritin tests using electron microscopy have been developed for
several viruses and are in use to determine the Localization of ce1I and

;i-iral antigens and in cross-reaction studies.
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Electron aicroscope services were provided for outside investigators and
supported the contractorrs activities.

Significance to Biomedical Researeh and the Program of the Instirure:
Since its ineeption, this contract haE
investigators thereby making possible research which could not otherwise
have been undertaken. The researeh conducted in the contractorrs laboratories
has largely been directed to improving the quallty of material support
to different research activities.

Propgsed Course: The production of virus and cell materials in support ofpertinent research will continue.

Date Contract Initiated: November 6, 1961.

sr. JosEpH,s HosprrAl, (NrH-69-2074).

Title: Study of Human sarcomas and possible viral Etiology.

Contractorrs Project Director: Dr. Jeno E. Szakacs

Projeet Officers (NCI): Dr. Albert J. Dalton
Dr. Roy F. Kinard

Objectives: To find and supply fresh human
contain EM evidence of virus particles, and
eultures from some of these tumors.

Major Findings: From the Tampa Bay area hospitals, 234 sarcomas were
collected for study. Survey of the tumor ti-ssue and screening for viralparticles by electron microscopy reveals the presence of C type particles
and filamentous, reticulated material (provirus?) in one case-of malignant
lymphoma, retieulum cel1 type, and the presence of virus particles in one
case of liposarcoma. Cultures of the tumors are started now routinely and
are being screened for particles by EM.

Study of surfaee characteristics of sarcoma cells is initiated by freeze
etching technique.

Sera for the Serum Bank was collected on a totaL of 226 patients, 39 frompatients with breast cancer.

Significance to Biomedical Reseqrch and the Program of the Institute:
This is one of the proje ntumors. As many fresh tumors as possible must be examined by EM if vi_raletiology is to be determined in reasonable time.

sarcomas or other tumors which
to attempt to establish cel1
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?roposed Co-urse: Continue with collection and screening of sarcomas, and
:f tumor cultures by EM. Summarize the experj-ence gained in ultrastructure
:f the tumors studies for publication. UtLLize two new techniques now

'railable to gather further information: Freeze etching and fluorescent
'rtibody techniques.

I'te Contract Initiated: June 24, L969.

l:t1e: Studies of Tumor Viruses

-.:rtractor I s Proj ect Director :

I:oject officers (NCI): Dr. Roy

in Snall Primates.

Dr. Friedrich Deinhardt

F. Kinard
Dr. Jack Gruber

-:jectives: To induce viral neoplasia in small primate species, especially
ft:r-oosets, and to continue to develop the marmoset as a laboratory ani.mal
::r viral oncology.

l4ajor Findings:

:. Marmosets.

$armosets were inoculated with a variety of oncogenic or suspected oncogenic
r-ruses, including: Feline sarcoma and leukemia, Rous sarcoma virus, Marekrs
=-d turkey virus, Herpesvirus saimiri, and human leukemia and sarcoma
raterlal.

:-. Feline Sarcoma Virus.

l::iror transplantation: Both the Snyder-Theilen (ST) and Gardner (G) strains
:i feline fibrosarcoma virus (FSV) induced sarcomas in newborn white-lipped
$aroosets (I^rL). C-type virus particles were produced when cel1s were grornn
-- culture, and virus from such cell cultures was oncogenic for kittens and
uiar:mosets. A focus assay in vitro for ST-FSV was developed.

l"ochemical Studies: Three classes of RNA (15S, 38S and 60-705) were
:acovered from FSV-induced marmoset tumor tissue and from marmoset trmor
:=,11s grown in culture.

::I. Feline Leukemia Virus.

is antigen: Semi-purified anrigen of FLV was produced and FSV gs-antigen
-s bei.ng produeed by the same technique. Guinea pig antisera against FLV-gs
rtigen with titers of 160 to 320, and reaeting in gel diffusion with 2

-ecific 1ines, was produced. The possibility that the second line

i- SH-PRESBYTERIAN- ST . HOSPITAL (NIH-71-2032
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represents interspecies gs-antigen is under evaluation.

Immunoelectroosmophoresis (IEOP), was used for screening for gs-antigen and
gs-antibodies and was found to be more sensitive than other ge1 diffusion
methods, and particularly good for screening anti-complementary animal
sera for gs-antibodies.

IV. Marekts Disease.

Studies of Marekrs disease vlrus (I,DV) and turkey herpesvirus (HTV) in vi-tro
and in vivo were undertaken to determine the infective and oncogeni-c
potential j-n human and marmoset ce1ls. No CPE, inclusion bodies, or viral
antigen was detected in the marmoset or human cells after co-cultivation
with prinate cel1s. Twelve adu1t, twelve juvenile, and eight newborn
marmosets have been inoculated either IP or IC with HVT and MDV. To date,
no abnormal findings were observed and no virus was reisolated.

V. Herpesvirus saimj-ri (HVS)

A pathogenesis study was completed. Two papers are i.n preparation describing
the characteristics of in viEro infection and disease in vivo. Disease in
WL marmosets was protongea wittr diffuse ce1l infiltrations and peripheral
leukocytosis of up to 200,000 cel1s p.r ,*3.

VI. Immunological Studies.

Preliminary data were obtained for induction of delayed hypersensitivity to
DNCB in marmosets and for immunosuppression with ALG. Significant
depresslon of lymphocyte counts were obtained with anti-patas and anti-
human ALG.

Mixed lymphocyte reactions by microteehnique were used to demonstrate
stimulation between lymphocytes of unrelated marmosets and lack of
sti-mulation betureen lyrnphocytes of twins.

VII. STAS Inhibitor.

A 80-907" inhibition of focus formation in vitro with RSV was observed in all
experiments with all materials preparea wiEt sitieotungstic acid, including
mock inhibitors prepared both by the French group and Dr. chirigots group
wi-th saline instead of leukemia virus. No inhibition was observed with any
materials in in vivo inoculation of quails.

Signiflcance to Biomedical Research and the Program of the Institute:
As one of the smal1 primates, the marmoset is an excellent animal for
laboratory research. The contractor has developed a breeding colony of
thes.e animals and has overcome many of the problems associated with their
breeding, care and nutrition. The marmoset has been shown to be susceptible
to oncogenesis by several known tumor viruses. Sufficient numbers of
newborn animals now are becomi-ng available to expand studies on selected.
human neoplasms suspected of having a virus etiology.

r(
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:."ggS4__C."r""-: Continue as described with
:ewborn marmosets with human tumor specirnens
lerived from them.

late Contract Initiated: March L5, L962.

emphasis on inoculation of
or ce1l lines and viruses

:rrvERsrry oF TEXAS, M. D. ANpERSON HosprrAl ANp ruMoR rNSTrrurE (PH43-65-604)

:it1e: Studies of Relationship of Viruses to Human Neoplasms.

Icntractorrs Project Director: Dr. Leon Dmochowski.

?:roject Officers (NCI): Dr. Jack Gruber
Dr. Roy F. Kinard

-bjectives: To institute and pursue a systematic study of selected human
:atients with neoplastic dlseases to detect the presence of viruses or
;:rus-mediated anti-gens .

lk-ior Findings: Further immunofluorescence studies have extended observa-
:- ons that sera of some patients with osteosarcoma contain antj.bodies against
'-iigens in ce11s from osteosarcomas. Antibodies in sera of patients with
:<ieosareoma apparently detect i.nternal and not cel1 surface antigens of
:.teosarcoma ce11s. Ce11s of a tissue culture derived from a patient with
:::eosarcoma gave cytoplasmic fluorescence with 6 of 9 sera from patients
-*-:-:h osteosarcoma. Anti-feline leukemj-a virus serum also gave cytoplasmic
j-uorescence with cells of this culLure.

!":ehner-Dmochowski virus (SD-MSV) derived from hamster bone tumor could
:e adapted to induce bone tumors i,n mice by passage in mouse eubryo cells
-: iissue culture with no loss of bone tumor-inducing activity in hamsters.
l::ant New Zealand Black rats are almost 1002 susceptible to the SD-MSV.
:-)ISV induces three types of tumors in these rats: Soft tissue tumors,
:sleolytic and osteogenic bone lesions. Comparable tumors were also induced
-- Fisher, Sprague-Dawley, ACI, and (ACI-x NB) Fl-hybrid rats by NC rat-
r:aoted SD-MSV.

- ectron microscope studies utilizing the ruthenj-r:m red staining technique
.=-re shown that aeid mucopolysacearide (AMS) plays a role in attachment of
:1pe C and type B virus from the ce11s of vari-ous trmors of animals of
l-if erent species.

I5e majority of sera from pati-ents with breast cancer reacted in the fixed
:"r',munofluoreseence (FIf) test to give cytoplasmic and nucleolar fluorescence
r:ah ce1ls derived from breast cancer and osteosarcoma.
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A good correlation has been demonstrated between mixed hemadsorption (MHA)
and fixed immunofluorescence (FIF) tests for detection of antigens of type
B and type C particles. The MHA test was found to be 100 tj-mes more
sensitive than the FIF test.

Sera from some melanoma patients gave nucleolar FIF with their own and/or
homologous melanoma ce1ls, but not with a variety of normal human embryonic
cells, normal human skin cells, HeLa, KB, or HEp-2 cells. The presence of
nucleolar antigen is associated with rapidly growing tumors. The nucleolar
FIF reaction may provide a means of detecting progression in tumor growth
and help in determining the type of treatment.

The use of the colony inhibition test of Hellstrom showed lymph node ce11-
mediated iuununity and possible blocking serum factors in kittens and cats
apparently inmunologically tolerant to feline leukemia and sarcoma viruses.

A uonolayer culture producing type C virus particles has been established
from ce1ls of a pleural effusion of a child with Burkitt's lymphoma
(American type). No virus particles were found by electron microscope
examination in the ce1ls of the original pleural effusj-on nor i-n ce1ls of
passage 1. Type C virus particles were observed in ce1ls from passage 10
and budding, irnmature and mature type C particles have been consistently
observed through 40 tissue culture passages. The ee11 line has been
designated ESP-1. Mixed hemadsorption tests with anti HeLa cell serum
indieate human origin of the cell line. Preliminary karyotyping also
indicates a human culture with 90 to 300 chromosomes. DMSO treatment of
the ESP-1 culture produced a 2- to 3-fo1d inerease in vi.rus production.
The culture also contains a PPLO contaminant which is not sensitive to the
antibiotics employed to date. The results of immunodiffusion tests carried
out in eooperation with Drs. Old, Geering, Hardy, and Nowinski, suggest
that the ESP-1 virus has a unique gs-l antigen, non-reactive with antisera
to gs-1 antigens from all known mammalian type C vj-ruses. Immunoferritin
labeling studies of ESP-I using anti-gs-l and anti-gs-3 sera, have demon-
strated labeling of ESP-I virus particles with anti-gs-3 sera but no
labeling with anti-MulV-gs-1 serum. Anti-gs-l serum labeled type C virus
particles present in Rauscher leukemia virus infected human embryo ce11
line (HEKI-HRLV). Collaborative studies on various aspects of ESP-I virus
have been initiated with participants of the SVCP.

The ESP-I ee1l line i-s the first culture of human origin shown to produce
contlnuously type C virus particles, morphologically similar to those
found in mice, rats, hamsters, eats, and monkeys.

Significance to Biomedieal Research and the Program of the Insti-tute:
This well organized program for the systematic study of selected caneer
cases was instituted to apply existing and newer methodology to an in-depth
study on the association of viruses or viral antigens with human cancers.
The project should also expand current observations to determine their
signifieance, if any. The data acquired should permit decisions regarding
the effectiveness of the procedures applied, and develop areas for intensive
investigation. The difficulty in determining the etiological signifi-cance
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r: any virus or tumor-associated antigens with oncogenicity in man requires
*.ssj-milation of considerable supportive information. This project is
lesigned to meet this need

J:oposed Course: Continuation of a systematic study of human tumor cases
r:th emphasis on osteosarcoma and sofL tissue sarcomas, melanoma, and
lrsTronary carcinoma.

l,Ete Initiated: March 19 , L965.

l2t



coLrMBrA uNrvERsrry (NrH-70-2049)

Title: RNA and RNA Replicases in Tumor cells Associated with RNA
Oncogenic Viruses.

Contractorrs Projeet Dj.rector: Dr. So1 Spiegelman

o I ConnorProject Officer (UCf): Dr. Timothy

Ob-iectives: To explore the mode of replication of RNA-containigg oncogenic
viruses and the molecular mechanism(s) underlying viral carcinogenesis.
Studies are concerned with the charaeterization of both vi-ra1 and host
enz)rmes i.nvolved in oncogenesis and, in particular, with the enz)rmes present
in purified virions.

Major Findings: An RNA-dependent DNA polymerase (RIDP) has been demonstrated
in a variety of purified Type C (RSV, Twiehous Agent, AMV, RLV, MSV, FeLV,
FSV) and Type B (Mouse MTV) oncogenic virions, as well as in the Mason-
PfLzer Virus, but not in a variety of typical non-oncogenic RNA-contai-ning
vi-ruses (MV, A and W influenza, Reo, VSV and Polio). Polymerase was found
in the RNA containing Type C Visna Virus which is the causatj-ve agent of a
neurological disease in sheep. Visna Virus was found to resemble the
Type C oncogenic virions in that synthesis of DNA is mandatory for
productlve infection of cells.

The presence of RIDP in purified virions was found to be invariably
accompanied by a second enzymatic activity-DNA dependent DNA polymerase
(DIDP). DIDP, which has the same substrate requirements as RIDp, was
clearly demonstrated by enzymatic destruction of the RNA content of the
ruptured virion followed by synthesj.s of specific DNA in response to
addition of exogenous DNA template. DrDP, unlike RrDP, is inhibited by
actinomycin D. Unlike the previously known cellular DNA polymerases, DIDP
shows a preferenee for double-stranded rather than si-ngle-stranded DNA as
template, and it is postulated that the enzyme is probably i_nvolved in
conversion of the DNA-RNA hybrid product of RIDP to couble-stranded DNA
produet.

Using synthetic oligonucleotides as templates, it was established that
oncogenic viruses contain DNA polymerase acti-vities directed by single-
stranded RNA, double-stranded RNA, double-stranded DNA, and DNA-RNA
hybrids. Certain s)mthetic templates were found to be superior to natural
templates by almost two orders of mpgnitude in stimulating polymerizati-on.
The number of different kinds of protein molecules required to handle this
variety of templates is under i-nvestigation. EnzSrme(s) from AI,IV and vi.rus-
infected avian myeloblasts has been solubi'1-ized and purified by several
orders of magnitude using a sequence of velocity gradient centrifugation
and column chromatography on DEAE-cellulose and CM-Sephadex. The apparently
homogenous product which migrates as a single enti-ty on acrylamide gels is
dissociated into components on SDS-acrylamide gels. The enz5rmatic properties
of each component i,s under study.
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n[he buffy coats of 120 leukemic patients (ALL, CLL, AML, CML, monocytic,
ebronj-c granulocytic and leukosarcomas) and 70 normal patients as well as
:,rhite blood ce1Is from patients with leukoproliferative diseases other
:han leukemia (polycythemia vera, myeloid metaplasia and various leuko-
:rtoses) were tested for the presence of a DNA polymerase that responds to
:re synthetic templates dC:dG and dT:rA. Except for two monoeytic

-eukemias, all enzyme preparations from leukemics were positive, whereas
a1-1 preparations from control normal or "blood discrasia" patients were
:egative. When enz)rme leve1s were followed through periods of chemotherapy,
:ramatic drops in enzyme activi-ty were observed when patients entered
:enission. The enzyme(s) from human leukemic cells is now being
:aaracterized.

-)L{ polymerase activities that respond to the synthetic templates dC:dG and

:T:rA have been found in embryonic tissues of chickens, mice' rats, and
.-.g!ans. These activitj.es are highest during early periods of development
,-d fa1l as embryogenesis progresses. The experience accumulated to date
;o:th cell lines suggests that every proliferating ce11 has an elevated
:.esponse Eo dC:dG. Not all, however, show responses to dT:rA and rA:rU.
T:e proteins responslble for enzymatic activity in embryonic, leukemic, and

:aacer cells are now being purified and compared.

Igpmination of the Mason-Pfizer monkey virus shows that it has all the
:'cchemical and biophysical features of the RN{ tumor viruses of other
=:ecies. The virus has a density of 1.16 g/cm" and contains a 70S nucleic
,:i-d that bands in as RNA in a Cs^SO, gradient. The virus contains some low
"-l-ecular weight RNA as well 4s "6r"*RNA-DNA 

complex. The virion can be
:::tured to yield a L.23 E/cm3 densiEy nucleoid. Both RNA instructed DNA

;,:Iymerase and DNA polymerase activities are associated with the virion.

u--l- human milks positive for type-B particles by electron microscopy contain
rarticles that band at densities characteristic of known RNA oncogenic viruses
r:c contain RNA-dependent pNA polymerase.

::Enificance to Biomedical Research and the Program of the Institute:
Lr.idatir" of th" *olec"l"r mechanisms involved in oncogenic viral replica-
:,on and in cellular transformation may ultimately provide a rationale for
,i"iective control of neoplasia. Research by contractor and other investiga-
:irs on ttreverse transcriptasett during the current period has added a new

r;ppter in the knowledge of genetic processes in maumalian ce1ls. The

1r;]ymerase activity of extracts of human leukemic ce1ls as compared to normal

-;rphocytes may provide a useful diagnostic tool for human leukemia.

}':oposed Course: Studies on the characterization of viral and host enz)mes
::rolved in viral replication and oncogenesis will actively continue.

late Contract Ini-tiated: October 29, L969
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JOHNS HOPKINS UNMRSTTY (NrH-71-2121)

Title: Studies of Herpesvirus Antigens and Virions in Neoplastic Ce1ls from
Carcinoma of Human Cervi-x

Contractorts Proiect Director: Dr. Laure Aurelian

Proiect Officer (NCI): Dr. Jack Gruber

Obiectives: To study the possible relationship between Herpes simplex virus
type 2 and the etiology of squamous carcinoma of the human cervix.

Maior Findings: This is a new contract. The following studies will be
eonducted: (1) A further evaluation of immunofluorescence tests as a means
of studying the association between HSV-2 and cervical neoplastic cells.
(2) An inquiry into the nature of the HSV-2 antigens detected in neoplastic
ce11s. (3) Correlati.on beLween the presence of anti-gens and that of virions
with herpetic morphology. (4) Comparison of the biologic and biochemical
properties of such virions, if detected, with those of HSV-2 isolated from
genital blisters.

Significance to Biomedical Research and the Program of the Institute:
This contract will expand the studies on cervical carcinoma by investigations
to determine whether specific viral antigens can be detected in primary
tumor ce1ls or in cultured trmor tissue. The work will complement the sero-
epi-demiological efforts and may be expected to help lead to an early resolu-
tion of the question whether this virus is a chance contaminant or a
significant factor in the development of the neoplasm. Although sero-
epidemiological evidence suggests this virus may have a role in oncogenesis
and provides the supportive data necessary for such a role, it cannot
provide conclusive information. If herpes type 2 infection is clearly
implicated in the etiology of cervical carcj-noma a basi-s for preventive
Eeasures against this disease will be provided.

Proposed Course: The studies outlined above have been initiated and will be
continued.

Date Contract Init.iated: May 5, 197\

MASSACHUSETTS GENERAL HOSPITAL (NIH-71-2174 )

Title: Characterizatj.on of Nucleic Acids and Proteins of Avian Myeloblasto-
si-s Vi.rus

Contractorrs Pro-iect Director:

Project Officer (NCI): Dr. Timothy O'Connor

Dr. Paul C. Zamecnik
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li:iectives: To characterize biochemically oncogenic viruses and the
1:.rplastic state.

,'raior Fi-ndi-ngs: This is a new contract. Studies will be carried out on the
sian Myeloblastosis Virus and will include analysis and characterization of
::e viral nuclei-c acid, the transfer RNA, and the group specific antigens.

{-:nj-ficance to Biomedical Research and the Program of the Instj-tute:
I5s investigation should supply i-nformation concerning the group-specific
t:rigens which are major components of all known type C oncogenic viruses,
-:e nucleotide sequenc.es of the 70S viral RNA and knowledge of the
::,Dscription process, and further definition of the translation processes
: - vi-rus-infected cel1s. These three areas of investigation should provide
r:cerstanding of the molecular basis of viral replication and oncogenic
l,::\'ersion of cel1s, and may provide a rationale for the control of viral-
:;:uced neoplasia.

J:--posed Course: The studies described above have been initiated and will
:= continued.

}a:e Contract Initiated: June , L97L

UM{ORIAL HOSPITAL FOR CANCER AND ALLIED DISEASES (NIH-71-2116)

'I::1e: Acquisition of Human Materials for Use in the Seareh for Trans-
m.:=sible Agents in Human Tumors

X;riractor I s Pro'i ect Di.rector: Dr. Yashar Hirshaut

?::-iect Officer (NCI): Dr. Jack Gruber

nh'ectives: To gather sera and tissues from patients with trmors to be
us,=a in the search for tumor-specific antigens and human oneogenic viruses.

ffia-or Findings: This is a new contract. Emphasis will be placed on the
u-lection of specimens from individuals with specific kinds of tumors as
rr*s-'gnated by the Project Officer. Tumors to be selected for speeial
ar:eation will be those for which evidence has accumulated suggesting that
:rLE? are Iikely to be of viral origin. In an effort to improve the chances
::: detection and recovery of viruses or their antigens, specinens wj-Il be
-oten at various stages in the course of disease and from both patients and
:n€jtr 'immediate relatives. For each specimen careful records will be kept
rn "11 cli-nical information which may be of assistance to the investigative
m:::logist or immunologist in the interpretation of his data.

::-r-ificance to Biomedical Research and the Program of the Institute:
h :he last ten years, rapid progress has been made in the study of oncogenic
sT'-n*e1 vi"ruses. Unfortunately, human studies have frequently been limi.ted
rnr :he lack of suitable materials to be used in virus isolation and
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detection attempts. The proposed procurement program at Memorial Hospital
for Cancer and Al1ied Diseases in New York City will provide cooperating
investigators with a sufficient number of specimens from tumor-bearing
patients to permit them to undertake intensive studies of the possible viral
etiology of human cancer.

Proposed Course: The studies outlined above have been inj-tiated and will be
continued.

Date Contract Initiated: March L, l97L

UNIVERSITY OF NAPLES. ITAIY (NIH-71-2056)

Title: Studies of Non-virion Antigens

Contfactorts Proiect Director: Dr. Giulio Tarro

Proieet Officer (NCI): Dr. Virginia C. Dunkel

Ob-iecLives: To obtain virus-specific, non-virion antigens from Herpes
simplex virus types 1 and 2 for use in tesEs on the possible etlological
role of these viruses in selected types of human malignancies.

Ma'ior Findings: This is a new contraet.

Significanee to Biouedical Research and the Program of the Institute:
This conLract will study "early" non-virj-on antlgen which appears in cells
infected with herpes simplex virus type 1 and the possibility that such
antigen may appear in cells i-nfected with herpes simplex virus type 2. The
detection of sueh antigens in tumor cel1s would provide evidence for the
incorporation of the vi-rus genome in the absence of viral replication or more
complete antigenic expression detectable by available serological reagents.
The determi-nation that these antigens are specific markers for the presence
of virus genomes within tumor ce1ls would provide additional data supporting
an etiologi-eal role in selected human malignancies.

Proposed Course: The studies j-ndicated above have been j-nitiated and will be
continued.

Date Contract Initiated: April 9, L971

OREGON STATE UNIVERSITY (NIH-71-2175)

Ti-tle: Study of the Repli-cation and Function
Viruses

of Nucleic Acids from Oncogenic
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Contractorts Project Direetor: Dr. George S. Beaudreau

Proiect officer (NCI): Dr. Albert J. Dalton

gbjectives: To study the enzymatic and biochemical changes occurring during
trinsformation by oncogenic viruses and to relate these biochemical
modifieations to observable ultrastructural events and alterations.

]lajor Findj-ngs: This is a new contract. The work scope involves an

.*t"nsi;" enzymatic and biochemical investigation of the early events
following infection and transformati-on of chick embryo tissue culture by
the MC29 strai-n of avian leukosis virus.

Significance to Biomedical Research and the Program of the Institute:
Vir"ses ir" tinown to Ue ttre "s".rrtial 

elements in many animal tumors. They

are thought to be an imperative factor in a number of malignant human

diseases. A study that might elucidate the early changes in cells after
infection (up to 10 hours) by a known tumor virus is of extreme importance
for the understanding of the mechanisms leading to uncontrolled growth.
Studies of such kind make valuable contributions to providing a rationale
ror control measures.

Proposed Course: The studies described above have been inj-tiated and will
be continued.

Date Contract Initiated: June , L97L

puBI,rc HEAITII RESEARCH INSTITqIE OF TT18 CITY Or NEW YORK (NIH-7

;ir1e: Evaluation of Methods for Isolation of Virus from Human Neoplasia

Contractorts Proiect Director: Dr. Hidesaburo Hanafusa

?roiect Officer (NCI): Dr. Jack Gruber

--biectj-ves: To conduct a systematic and comprehensive study to evaluate
nethods for the isolation of viruses from huuan neoplasia.

l{ajor Findings: This is a new contraet. Attempts will be made to isolate
-ir"s"s fro, hum"o sarcomas and other neoplastic tissues by use of informa-
:ion available from current studies on tumor viruses in other animals.
lombi-nations of a variety of physical, chemical, and biological techniques
-,ri11 be evaluated.

Sienificance to Biomedical Research and the fq@:
the conduct of collaborative research

related to the development and/or application of various methods for the
jetection of virus associations with human neoplasms. This project will
:rovide useful, perhaps essential, informaLion to this area of the SVCP.
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More importantly, in this investigation no animal models are involved, and
human neoplasms are to be directly examined. The systematic examination to
be conducted may well succeed in detecting andfor isolating oncogenic virus
from human tumors, fulfilling a major goal of SVCP.

Proposed Course: The studies outlined above have been initiated and will be
continued.

Date Contract Initi-ated: April 27, L971.

ALBERT ETNSTETN COLLEGE OF MEpTCTNE (NrH-71-2251).

Title: Molecular Biology of Oncogenic Vj-ruses and Mali-gnant Transformation.

Contractorrs Project Director: Dr. J. Thomas August

Project Officer (NCI): Dr. Timothy OtConnor

Ob-iectives: To elucidate the molecular events i-nvolved in the adsorption
and penetration of oncogenic viruses into host cells, the integration of the
virus genetic information into the host cel1 genome, the repli-cation of
virus, and the virus-induced malignant transformation of the celI.

Mqi_or Findings: This is a new contract. The project provides for the
following research activities: (1) In vitro studi-es on the activity of the
enz)rmes, nucleic acids, and protein .orporre"ts of the virus particle in
relation to the processes of adsorption, penetration, and intracellular
replication of the virus. (2) Determination of the functions of virus-
specific enz)rmes and the contribution of cellular enzyme systems in the
intracellular synthesis of viral nucleic acids and the viral replicative
process. (3) Elucidation of basic biologic mechanisms active in the
integration of the vi.rus genetic information withi-n the ce11 and in
malignant transformation of the cell. (4) Analysis of virion composition
and assembly and of host cell structures and components active in virus
replication. (5) Isolation and genetic characterizaEion of mutant viruses
for use in the analysis of vi-rus-speci-fic reactions signifi-cant in virus
replication and cellular transformation.

Significance to Biomedical Research and the Program of the Institute;
It is important to program to determine the molecular events associated with
integrati-on of the virus pneti-c message into cells and its expression in
virus replication and malignant ce1l transformation. Knowledge is also
required concerning repression and derepression of virus gene expression
within the cel1. Such information ruay provide the basis for development
of rational measures for control of virus-induced malignancies. This project
proposes to concentrate the efforts of an outstanding group of investigators
in molecular biology on the fundamental molecular aspects of the tumor virus-
cel1 relationship.
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Proposed Course: The studies outlined above have been initiated and will be
continued.

late Contract Initiated: April 26, 197\
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IMMUNOLOGY GROUP

Dr. PauI H. Levine, VLLB, Etiology Area, Chairman
Dr. Herbert J- Rapp, CG, Etiology Area, Vice-Chairman

CHITDRENIS HOSPITAL OF PHILADELPHIA (PH43-66-477}

Title: Interference and Immunofluorescence Studies with CeIl
tines Derived from Leukemias and Lymphomas

Contractor's Project Director: Dr. Gertrude Henle

Project Officer (NCI): Dr. Virginia C. DunkeI

Objectives: (1) To assess by immunologic, virologic, and
epidemiologic means, the relationship of EB virus to Burkittrs
lymphoma and infectious mononucleosis; l2l To devise methods
for improved propagation of the EB virus.

Major Findings: rmmunofruorescence studies on cerls from
biopsies of Burkittrs Iymphoma and nasopharyngeal carcinoma
revealed that in only 5 of 79 Burkitt's lymphona biopsies were
ce11s found which contained EB virar antigens. when biopsy
cerrs were praced in culture, EBv antigen-containing cells
appeared within 3 to 7 days in 68t of the preparations repre-
senting from 0.1 to 5t of the total cell population.

Exposure of human rymphocytes to EBV derived from the HRIK
ce11 Iine led to establishment of five continuous lymphoblastoid
ce11 lines. co-curtivation of Gibbon lymphocytes with x-
irradiated, EBV positive IM cells resulted in the establishment
of lymphoblastoid ce11 lines. These cerrs were determined
cytogenetically to be of Gibbon origin and contained EBV.
Injection of such cells into autochthonous animals failed to
produce tumors or any other signs of irlness, but the animars
developed antibodies to EBV within seven to ten days.

The separation of earry antigen from viral capsid antigen
necessitated retesting of sera from patients with various EBv-
associated non-malignant and malignant diseases. preliminary
findings suggest that the early antigen (EA) is more disease-
associated than the viral capsid antigen, and that patients
with infectious mononucleosis, Hodgkinrs disease, chronic
lynphocytic leukemia, and Burkittrs rynphona, rilere more likely
to have antibodies to the early antigen even with low vcA
titers. Normals generally did not have antibodies to the earlyantigen, even with high vcA titers. Two different patterns of
immunofluorescence were observed: (1) piffuse staining (D) ofnucleus and cytoplasm of infected cells, and l}l restricted
staining (R) of masses in the cytoprasnr. The transitory
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anti-EA response in infectious mononucleosis is almost ex-
clusively of the anti-D type. In Burkitt lymphoma (BL) and
;asopharyngeal carcinoma (NPc) both anti-D and anti-R are
frequently present, but in BL anti-R is usually dominant or
t.he only antibody whereas in NPC the reverse seems to be true.

Significance to Biomedical Research and the Program of the
Institute: Herpes-type viruses have been shown to cause lympho-
reticular diseases in chickens, rabbits, and monkeys. This
sontract has contributed a great deal of knowledge to our
:nderstanding of EBV infection and the definition of antigens
and antibodies relating to EBV. The studies performed by the
:ontractor support the hypothesis of an etiologic role for EBV
:n lymphoma.

?roposed Course: The contractor will concentrate on the
characterization of the early antigen and the evaluation of
:t.s importance in human lymphoma by seroepidemiological
studies.

late Contract Initiated: January 1, 1966

:h.?ERNATIONAL AGENCY FOR RESEARCH ON CANCER (NIH 70-2076)

Tj.tle: Seroepidemiology Studies of Nasopharyngeal Carcinoma
and Burkittrs Lymphoma

Iontractorts Project Director: Dr. G. Blaudin de Th;

!roject Officer (NCI) : Dr. Robert H. Depue

lbjectives: To investigate the relationship of EBV to naso-
;naryngeal carcinoma, Burkittts lymphoma, and other malignancies

lqajor Findings: Several lymphoblastoid cell lines \ilere
:eveloped from patients with nasopharyngeal carcinoma. The
;illture conditions for optimum production of EB virus have
:een determined, and two selective lines have been sent to
ifizer for Iarge scale production and standard antigens for the
:X test. The radio-labeIed antibody test (PRILAI) has been
ieveloped in conjunction with immunofluorescence tests for
studying of EBV antibodies.

Significance to Biomedical Research and the Program of the
rnstitute: High EBV antibody titers have been associated with
nasopharyngeal carcinoma and Burkitt's lymphoma. Since fu1-
fillment of Koch's postulates in humans is unethicar, the most
nj.rect evidence for etiology can be obtained by combining
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epidemiological and virological expertise. This contract,
developed through collaboration of investigators of inter-
national repute, provides a program through which evidence of
the etiology of EBV to PNC can be evaluated.

Proposed Course: Case control studies on PNC wilI be devel-
oped. The sera collected will be tested for EBV-related anti-
bodies by PRILAT and immunofluorescence.

Date Contract Initiated: January l, 1971

JOHNS HOPKINS UNIVERSITY (NIH 7I-2109)

TitIe: Anti-tumor Reactivity in Patients with Leukemia and
Lymphoma

Contractor's P_rojSs!_lilector: Dr. George W. Santos

Project Officer (UCr): Dr. RonaId B. Herberman

Objectives: To develop information regarding principles of
tumor immunology in man that may be rationally employed in
the design of immunotherapy trials. To correlate the results
of several tests of cellu1ar and humoral anti-tumor reactivity
to autochthonous leukemia and lymphoma in man with the clinical
course of the disease.

Major Findings: Contract recently implemented.

significance to Biomedical Research and the program of the
Institute: The demonstration and reliable measurement of tumor
specific antigens in human tumors and inmunity to same in
patients at different stages of disease will form the basis for
rational immunotherapy. Measurements of the tumor immune status
arso will permit crose monitoring of the patient's response to
the conventionar and current methods of therapy. The use of
simultaneous tests on the same patient materiar wilr permit
evaluation and correration of tests using different methods
in various laboratories.

l

I

Proposed Course: To test selected patient
cellular and humoral anti-tumor reactivity,
fu11 implementation of proposed objectives.

specimens for
thus leading to

Date Contract Ini ti ated : I'tay 1 , L9T L
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\
:NIVERSITY OF MINNESOTA (NTg 69-2061)

T:-tle: Tumor-specific Transplantation Antigens in Solid Tumors

lontractor's Project Director: Dr. Charles f. McKhann

!roject Officer (NCI) : Dr. Charles W. Boone

trjectives: To detect and characteri-ze tumor-specific antigens
:.: human tumors, and to charactetize the serum-mediated and
:eL1-mediated immune response to the tumor-specific antigens.

!tajor Findings: A reproducible in vitro assay for cell-mediated
:mmunity was developed. This test appears to work well for both
e-imal and human systems. Using this assay, the presence of a
:-ocking antibody was demonstrated in a patient with Rhabdo-
carcoma. The in vitro immunization of normal mouse spleen cells
a;ainst two synfneic *ethylcholanthrene induced sarcomas was
:a=ried out successfully.

i:gnificance to Biomedical Research and the Program of the
l:stitute: By analogy to animal model systems of viral
:icogenesis, if a virus is related to cancer causation in
r;Dans, a cross-reacting tumor-specific antigen may be involved.
T-e search for, and characterization of, cross-reacting tumor-
r:ecific antigens in human tumors has already provided Ieads
i.s to which morphological type of tumor is most likely to have
r. virus causation.

froposed Course: The principal investigator will intensively
u--udy patients with tumors of a given histologic type for their
:elIu1ar and humoral immune responses during the application of
::e customary modalities of therapy such as surgery, x-irradia-
--:on, etc. He will also apply his in vitro assay to a large
:r lm.ber of human cancer patients, looking in particular for
r:css-reacting tumor-specific antigens.

faEe Contract Initiated: April 14, L969

MSEARCH TOUNDATION OF STATE UNIVERSITY OF NEW YORK (UTX 7L-2L371

T:--1e: Haptene-induced

::xt ractor r s Proiect Di

Immunotherapy of Epidermal Tumors

rector: Dr. Ed murxl Klein

I:oject Officer (NCI) : Dr. Charles W. Boone
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Objectives: To extend Dr. Kleinrs findings concerning the cure
of some superficial basal ce11 carcinomas and squamous cell
carcinomas of the skin to more deeply seated cancers of the
skin, vu1va, vagina, mucosa of the head and neck and esophagus.
To study the interaction of autologous lymphocytes with tumor
cells in vitro.

l4ajor Findings: The principal investigator has developed a
method of curing basal ce11 carcinomas and sguamous cel1
carcinomas of the skin through the application to the tumor
of dinitrochlorobenzene and other skin sensitizing compounds
in patients previously made sensitive to the compound. The
tumor-destructive effect appears to be a typical delayed hyper-
sensitivity reaction, and occurs over a concentration range of
the sensitizer which appears harmless to normal tissues.

Significance to Biomedical Research and the Program of lheInstitute: The determination of the appticability of techniEues
which have controlled or cured certain types of human cancer to
other types of human cancer is of primary importance to general
cancer control.

Proposed Course: Implementation of proposed studies.

Date Contract Initiated: May 25 , I97 I

ROBERT B. BRIGHAM HOSPTTAL - MASSACHUSETTS (UTU 7L-2L721

Title: Tumor-specific Transplantation Antigens in Solid Tumors

Contractor's Project !lr-!or,ffi Dr. John Oavid and Dr. W. H.

Project Officer (NCI): Dr. Charles W. Boone

Objectives: To search for and charactetLze tumor-specific
antigens in human tumors using the macrophage migration
inhibition assay.

l{ajor Findings: In the last year, studies on a guinea pig
hepatoma system showed that the interaction of sensitized
lymphocytes with tumor cells does indeed result in the release
of macrophage migration inhibitory factor (lttlF) . The separation
of guinea pig !{IF from lymphotoxin was achieved. At present, a
Iarge series of human cancer patients are being tested for
evidence of cellular immunity to their orrn tumor as shown by
inhibition of macrophage migration.
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!:.qnificance to Biomedical Research and the Program of the
:nstitute i In \ritrtasarts f or the degree of cellular immunity
:n human cance'r-!-atients are urgently needed so that (1) anti-
:umor immune responses may be followed duringr the course of the
:rsease and (2) so that large numbers of hunan tumors can be
:creened for tumor distinctive antigens. The finding of cross-
reacting tumor antigens can provide leads as to which morphologi'
:al type of tumor is most Iikely to have a virus causation.

lroposed Course: To continue to sCreen human tumors for
:istinctive antigens using the MIF assay.

:ate Contract Initiated: March :.2, 1969

:IiIVERSITY Or TEXAS - M.D. ANDERSON HOSPITAL (UrU 7-L1L7el

1:.t1e: Immunological Reactivity in Humans with Neoplastic
=r:--].Sease

lontractorrs Project Directq!: Dr Joseph G. Sinkovics

Zbarnroject officer (NCI): Dr. Berton

i;jectives: To apply an in vitro cellular immunity test de-
;Eloped-E the principal LnvEETE'ator to a number of patients
mrth malignant diseases to demonstrate whether this test can
:e standardized and applied in a variety of neoplastic diseases.
To demonstrate how often patients show evidence of ce11-rnediated
:umunity against their oh,n tumor, and whether humoral factors
:an block the lymphocyte-mediated immune response. Subsequent
:c standardization the test may be applied in epidemiological
:tudies to determine if an envj.ronmental agent is responsible
ior the disease. Also, a survey of tumor-specific antigens
:an be undertaken.

Sajor Findings: Evidence has been Provided by the principal
@athecandemonstratespecificandnon-specific
-ynphocyte-mediated immunity in vitro on a small number of
:TJBors. This contract began very recently, thus is in process
:f implementation.

,f primary importance to the etiological studies of human
:ancer. The etiology of a human tumor may be identified when
a practical, immunological technique is combined with
epideniological studies. It is hoped that the test developed
iy this contractor may be one of such techniques.

ts
ij.qnificance to Biomedical Research and the Program of the
ffitification of tumor-specific antigens
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Proposed course: As the contract is impremented, more patients
representing a variety of malignant diseases will be tested,
leading to standardization of the test described.

Date Contract Initiated: April 30, L97L

TRW SYSTE!,rS GROUP (NrU 70-22001

TitIe: Viral Antigens and Anti-Vira1 Ant ibodi e s

Contractorrs Project Director: Dr. Norman Weliky

Project officers (NCr): Drs. vincent w. Holris and Tibor
Bors os

objectives: To purify, separate, and characteri-ze the antigens
in Rauscher leukemia virus and the corresponding anti-viral
antibodies -

Major Findings: High capacity immunoadsorbents, prepared bycrosslinking mouse serum with ethyr chloroformate or grutarar-
dehyde t ot cyanogen bromide activated sephadex G-200, are
effective in removing all mouse serum antibodies from antiserum
except that to a Beta-lipoprotein. Mouse Beta-ripoprotein
isolated with dextran sulfate inhibits the antiserum reaction,but it does not absorb antiripoprotein antibody as an immuno-adsorbent after chroroformate crosslinking. rhe J.ipoproteinantigen was not found in the supernate from a chloroformate
crossrinker mouse serum preparation. The rarge amounts ofcrosslinking reagents in the system are likery to brock theantigenic determinants.

Significance to Biomedical Research and the program of theffileukemia virus have been reported in human leukemic cerrs,and immunofluorescence and two human cerl rines by immuno-diffusion (es rrr). This contract, by purifying indseparating all the antigens associated with a known animalleukemia virus (Rauscher leukemia virus) wilr provide directevidence to confirm or refute the existence of the cross-reacting viral antigens in animal and human tumors.

Proposed_course: Adsorbents wilr be prepared by coupling
serum and Beta-lipoprotein to higher capacity particles bya variety of coupring methods, incruding aldehyde, bromo,activated carboxyl, and diazonium coupling, physical
adsorption, followed by chemicar coupring, wirr. be pursued.
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!lraternary ammonium Sephadex and other polymers will also be
used. preparations will be made using purified Beta-lipoprotein
so that its reactivity may be better determined. Retention of
:he antigenicity of Beta-lipoprotein with blocked side chain
reactive groups will be observed.

late Contract Initiated: June 15, 1970
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SPECIAI ANIMAL LEI]KEMIA ECOLOGY SEGMENT
Or. Uic airman

Dr. George J. Burton, WB, Etiology Area,
Vice-Chai.rman (Acting) and Executive Secretary

CORNELL IINIVERSITY (NIH 71-2508, fOrMErlY PH43-65_620), ITHACA, NEW YORK

Title: Leukemia Studies in the Cat

Contractorrs Project Director: Dr. Charles Ri-ckard

Project Officer (NCI): Dr. M. A. Chirigos (Acring)

Objectives: Cats with spontaneous leukemias and sarcomas will be subjected
to vi,rus isolation procedures, in an attempt to obtain C-type virus s6rains
from a broader spectrum of neoplastic diseases in the cat. Oncogenic virus
strains were derj-ved from lymphocytic leukemia/lymphoma or fibrosarcoma.
Vi-ruses from other leukemias and sarcomas are sought. The incidence of
spontaneous leukemia and sarcoma virus infections in various populations of
cats will be investigated by vi-rus isolati-on in tissue culture, followed by
demonstrati-on of complement-fixing group-specific antigen (cOcAL test),
electron rricroscopy, demonstration of "helpertr activity or interference in
focus-forming tissue culture procedures, and kitten inoculati-on.

Cats whi-ch have been in contact with human cases of leukemia or sarcoma will
be exardned for presence of cat leukenr-ia or sarcoma viruses. A virus
isolated from such a cat can be used in serological tests of sera from the
associated human patient and his farnily, to investigare the possibility that
cat leukemia or sarcoma viruses have infected humans. The sites of repli-
caEion of cat leukemia and sarcoma viruses, and their possible mechanisms
of horizontal transmission will be investigated. Insect transmission of
these diseases will be attempted. The infectivity of vari-ous cat leukemia
and sarcoma viruses will be tested in cats, dogs, and tissue cultures
derived from various animal species.

Major Findings: (1) A direct fluorescent anri"body (FA) rest has been
developed for the demonstration of the group-specific antigens of feline
leukemia and sarcoma viruses. This is a sensitive meLhod for the detection
of infected ce1ls from animals or tissue cultures. It provides a means of
isolation of feline leukemia and sarcoma viruses by inoculation of tissue
cultures, enhancement of vi-ral concentrations by propagation for 2-3 weeks,
and application of the fluorescent antibody test. The same method permit.s
titration of the viruses by inoculation of tissue cultures with serial l0-
fold dilutions, growth for 10-20 days, and examinatj-on of the cultural cells
by the FA technique._rCat eurbryo cel1s were the most susceptible to infection
by ninima[ doses (10 ') of feline leukemia vi-rus, dog embryo ee]ls somewhat
less (10 "), and human embryo cel1s sti1l less susceptibre (10-"), in a
comparative study. The FA test was significantly more sensitive and
discriminati.ng in the demonstration of feline leukemia and sarcoma infect.ions
than the agar gel inrmunodi.ffusion, complement fixat.ion, and electron
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microscopic techniques. It was used effectively in serum neutralization
tests.

(2) Feline leukemia virus was demonstrated in 20 of 25 cats with lynphoma/
lymphocytic leukemia, 3 of 4 cats with myeloproliferati-ve disease, and 1 of
4 cats with mast cel1 neoplasia. Virus was not found in single cases of
spontaneous feline osLeosarcona and liposarcoma. Budding C-type virus
resembling feline leukemi.a virus was found in 1 of 2 marnurary adenocarcinomas;
its oncogenic acti.vity was not determined. No virus was demonstrated in 15
animals which did not have a history of association with other cats with
teukenia; however, leukemia virus was fotrnd in 3 of 6 clinically normal
animals from a high leukenia incidence cat colony, and in 5 of 16 contact
controls in experimental litters in which other kittens had been inoculated
as newborns with feline leukemia virus.

(3) Serums from 17 cats with spontaneous lymphoua, myeloproliferati.ve
Cisease, or mastocytoma were tested for antibodies in agar gel immuno-
Ciffusion reactions against antigens fromtheirstrain of leukemia virus and
rhe Gardner strain of sarcoma virus (with its rrhelper"). Six sera gave a
;recipitin line against the leukemia virus, 4 agairlst the sarcoma virus, and
3 against both viruses. A study is under way to deternine more specifically
i,tich antigens these spontaneous cat antibodies were directed against. The
sera from 3 non-leukemi c cats which gave agar ge1 precipitin lines against
--he sarcoma virus also had neutralizing activity against the same virus,
suggesting that the agar ge1 tests detected antibody against viral coat
antigens.

(4) Of 73 newborn or fetal dogs inoculated with feline leukemia or sarcoma
.iruses, 27 developed lesions of leukemia or sarcoma. The FSV-induced
sareouas tended to regress; dogs carrying tuuors had undetectable or 1ow
:atibody titers against the feline group-specific antigens. Feline leukemia
;'irus induced lymphoeytic leukemia/lynphoua in 10 dogs of L7 inoculated in
3 litters, representing 3 successive cell-free passages. The lesj-ons were
Jsseminated lynphosarcomas involving the thymus gland, various body lynph
:odes, and other lymphatic tissues. C-type virus was readily demonstrated
:y E.M. in the neoplastic tissues. The incubation periods averaged about
i0 days. This experimental lymphocytic leukenia of the dog is of suffi-
:iently high ineidence and short latent period that it should be useful for
::enotherapy and inrmunotherapy studies. Some of the dogs inoculated with
ieline leukem:ia virus had serum antibodies demonsLrable in the agar gel
;recipitin test, but the titers and i-dentification of the antibodies have not
Jet been determined.

,5) A feli-ne liposarcoma virus has apparently been demonstrated in a tissue
:ulture inoculated with their.Jtrain of feline leukenia virus. It had been
:eported earlier (J.N.C.I., 42:987-LOL4, L969) that liposarcomas occurred
:a experimental kittens in the first and second passages, but not in later
;assages. In the original and later experimentsr 6 of 60 kittens in the
iirst and seeond passages developed liposarconas. In the present work,
:el1-free virus from the neoplasti-c thymus gland of the original spontaneous
:aqs (ssg F-161) was inoculated into a cat embryo ce1l tissue culture.
-{.fter 25 tissue culture passages, the cells transformed (whereas
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uninoculated cultures did not). Cell-free tissue culture fluid from the
transformed culture, when inoculated into newborn kittens, produeed multiple
li-posarcomas, lymphosarcoma, or both. It would appear that both liposarcoma
and lymphocytic leukemia viruses are present in the transformed tissue
cultures.

(6) The group-specific internal antigens of feline leukemia and sarcoma
viruses have been studied, in part with the collaboration of Professor
trrlerner SchBfer of the Max-Planck InstiEute for Vi.rus Research in TUbingen,
Germany. One component with a molecular weight of about 151000 was found
only in feline leukemia and sarcoma viruses, was considered specific for
the feline species, md was referred to as feline "gs.-spec. antigen".
Another component with a molecular weight of about 33,000 was found to be
shared by leukernia viruses of other mammalian (but not avian) species, and
was called the I'gs.-i-nterspec. antigent'. Evidence was obtained for the
presence of the gs.-interspec. antigen in the 1.16 density gradient band of
tissue culture fluid from a culture of bovine lyrnphosarcoua cells, and from
two human neoplasms--the Levine III tissue culture from a case of mammary
carcinoma and 6410 from a case of chronic myelogenous leukemi.a.

(7) Sera from many leukernic or clinically normal cats gave precipitin linesj-n Ouchterlony tests against various strai"ns of feline leukemia and sarcoma
virus. There is evidence of different serotypes i-n that a single serum can
react with one or more straj-ns, but not all strains of the viruses. Some,
but not all, sera that produce a positive agar gel precipitin line, also
neutralize 2 or 3 logs of the same vj-ruses in tissue culture. The agar ge1
test was thus more sensitive than the serum neutralizati"on tesL, or detected
a different kind of antibody. Certain normal cat sera neutralized two
serotypes of feline leukemia virus. Three cats maintai-ned in an isolation
ward apparently gave evidence of seroconversion: they initially gave negative
Ouchterlony tests, which were positive one month later. The positive sera
from normal or leukemic cats show precipitin lines of identity with purified
virus surface ("v") antigen, but not with purified gs-antigens of feline
origin or with disrupted murine leukemia virus. Sera from one human
leukemlc and three human members of his household gave negative Ouchterlony
tests against a feline leukemia virus isolated from the human leukemicrs pet
cat which also had leukernia, and against other strains of feline leukemia
and sarcoma viruses and purified gs-antigens.

(8) More specific antisera have been prepared against the gs-interspecies
("gs3") antigen, which has been found in the leukemia viruses of the mouse,
cat, hamster, and rat. Such reagents are expected to be useful to search
for evidence of leukemia virus antigens in human, cow, and dog neoplasms and
tissues. A gs-interspeci-es antiserum was conjugated for use in a direct
fluorescent antibody test. It gave positive tests for gs-i-nterspecies
antigen in human, eat, and dog ce1ls infected \,/ith feline leukemia or
sarcoma viruses, and also with mouse tissue culture ce1ls inoculated with
Moloney murine sarcoma virus. The same conjugate gave negative FA tests
with the same mouse tissue culture ce1ls (3T3) which had not been j.noculated,
normal dog errbryo tissue culture stimulated by PHA, tissue cultures from a
dog with erythroleukemia (with and without PHA), a dog marnmary tumor, a dog
eye tumor, a bovine lymphosarco a tissue culture, NC-37 eel1s infected with
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(e)
:o

Ehe Mason-pfizer monkey virus, Ewo normal human ti-ssue culture lines (HWE

1836 and NC-37), a tissue culture from a human melanoma, a tissue culture
:rom a human retinoblastoma, normal mouse primary kidney tissue cultures,
and normal dog embryo (13th T.C. passage).

Feline leukemia or sarcoma viruses, or infected cells, have been supplied
18 other research workers. There have been 13 publications.

Sienificance to Biomedical Research and the Program of the Institute:
Ih" cfose tssoci suggests that the possible cormon

eEiology of human and cat leukeuria and sarcoma be carefully investigated'
-n addition, cat cancer studies will provj-de the most useful and practical
;odel syst,ems for research. It appears that cat leukemia virus can under
:ertain circuuslances, cross species barriers to induce tumors in the dog,

;-:rich is also closely associated with man.

Jroposed Course: The incidence of feline leukemia and sarcoma viruses will
-r. d.ter*i""dl" various cat populations, using isolation in tissue culture
=:d fluorescent antibody testing of these cultures. Serological tests for
.:tibody in cat sera will be investigated further, and the antibody

-aracterized. by serotype. Attempts will be made to demonstrate the "g"'-
.fterspec." angigen in leukemia and sarcoma viruses, infected cells, and

-:ner suspect materials from various animal and human neoplasms. Further
:eri-nement of reagents for these tests will be carried out. Field isolates
:: C-type viruses from feline lyrnphocytic leukemias, myeloproliferative
:-iseases, mast cel1 tumors, various Sarcomas, and other SOUrceS, will be

::apared in neutralization tests in tissue culture for evidence of
:-stinctive serotypes. Experimental kittens will be used to establish the
'.-ral eEiology of iaaitional feline leukemias, sarcomas, and other neoplasms.
.Li:.*born and fetal dogs will be inoculated with feline viruses to deterrnine
::cogeni-city and antigenicity in the dog.

l=te Contract Initiated: June 23, L965

:r;rvERSrTY OF rNprANA (NrH-69-2048) TNDTANAPOLIS, TNDTANA

I tle: Characterizatiort of the Twiehaus Agent of Avian Reticuloendotheliosis

--rntractorts Project Dire : Dr. Alvin S. Levine

::oject Offieer (NCI): Dr. Michael A. Chirigos

-:jectives: (f) To increase Twiehaus virus production in tissue culture'
-:t T. d"""lop an in vitro assay for Twiehaus virus, including immuno-

:-uorescence techni-q'uEEl-(3) To conEinue efforts to concentrate virus from
--tected bird tissues and possibly from tissue culture. (4) To continue

=:udles on the immunological, physical, and chemical characteristics of
I;--iehaus virus. (5) To contj-nue oncogenicity studies of Twi.ehaus virus in
*::nsters and to further define the potential of this vi"rus to induce tumors
- - memmals.
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Major Findings: Electron microscopic study of REV by thin-section and by
the technique of negative staining (PTA) demonstrated the following ultra-
structural characteristics: (1) A sequential disassembly of the structures
of the virion was observed. (2) The virion appears to be triple-layered: a
central she1l; a dense homogeneous, intermediate layer; and an outer envelope
beari"ng short, compact, fiber-like projecti-ons. (3) The overall diameter
of the viral particle ueasures 750-900 A in thin-section, and is estimated
as 800 E in the PTA preparations of vi-rus receiving no prior treatment.

Reticuloendotheliosis virus was purified from liver and spleen houogenates
and ehick embryo fibroblast Rollacell cultures by a seri-es of differentj-al,
velocity and sucrose densi-ty gradienL centrifugation methods. This enveloped
virus was found to have the following properties: (1) A diameter of
approximately 100nn. (2) A buoyant density in sucrose of 1.16-1.18 g/cc.
(3) Single-stranded RNA at an estimated concentration of B percent. (4) DNA

polymerase activity.

Irnmunological studies on purified reticuloendotheliosis virus from infected
chick embryo liver cell culture fluids gave the following results: (1)
Sucrose gradient banded virus from chick embryo liver ce11 culture fluj-ds
did not cause death on injection into day old chicks. (2) The purified
virus on inoculation into chick embryo fibroblast cultures gave positive
inrmunofluorescence by the indirect method using fluorescein isothiocyanate
labeled rabbit anti-chicken gafllma globulin. (3) Two non-chick antigen 1ines,
were obtai.ned i-n iurmr:nodiffusion slides with chicken anti-reticuloendo-
theli.osis virus sera. (4) Examination by electron microscopy of the denser
of the two precipitin lines showed intacts viral particles. (5) The denser
of the two precipitin lines stained with Sudan Black B (lipid stain).
(6) Enhanced iumunocytolysis with rabbit anti-reticuloendotheliosis virus
serum was observed in reticuloendotheliosis virus infected quail enbryo
fibroblasts. The antiserum was absorbed with normal chicken liver powder.

Tests to confirm induction of a tumor by reticuloendotheliosis virus in
hamsters are in progress: (1) eighty newborn hamsters were inoculated
with a preparation of 20 percent hgnogenate of hamster growth hawing a
chick ID.^/ml REV titer of <1 x 10-. No tumors have been observed among 51
survivordY <Z> Fifty newborn hamsters were inoculated with supernatant
fluid from chi.ck embryo liver tissue cultures made from nineteen day oId
embryos that were inoculated in vitro with reticuloendotheligsi-s virus. The
infectivity titer of REV in ttre @rrratant fluid was 2 x 10' chick ID<^/nl.
No tumors have been observed among 37 survivors. (3) Forty-ni.ne newboiH
hamsters were inoculated with supernatant fluid from chick eqbryo liver
tissue cultures having an infectivity titer of REV of 9 x 10" chick ID50/n1.
No tr:mors have been observed among 34 survivors.

Collaborative studies are in progress with Life Sciences, Inc. under Contraet
No. PH69-63, to deternine if any relatj-onship exists between Marekrs disease
herpesvirus and RE virus. Preli-minary data suggest that chlcken REV immune
sera from Indiana University (Levine) neutralized Marekrs dj-sease herpes-
virus in vitro. The specificity of the test is not knornm. Gel di-ffusion
tests using the above ehicken REV immune sera di-d not give precipitin lines
with MDHV antigen. Serum from an uninoculated contact control chicken caged
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-r.I.th REV infected chickens neutralized MDHV in vitro, as measured by
reduction of focus forming units and by proarrction of a precipitin line
:gainst MDHV antigen i-n the gel diffusion test. The prevalence of MDHV in
=:raight line Indiana Farm Bureau chickens i.s not known.

-! survey of modes of horizont.al transmission of reticuloendotheliosis virus,
-:rain T, in chickens has been completed: (1) Titration of different
::gans (1iver, spleen, lung, brain) froma moribund bird shows the level of
--fectivity of virus is essentially the same throughouE the chicken.
-) Indivi-dually, moribund birds vary widely in the titer of i-nfectious

;:rus recovered. A range from 1.85 to 5.5 ID\o/m1 (1og base 10) by titration
:: spleen-liver specimens was observed. (3) FEather dandruff was always
j:und negative for infeetive virus. (4) Relative susceptibility of day old
::ckerels were tested. The most susceptible routes were found to be
--tramuscular, subcutaneous, intraperitoneal, and intracardial. The least
:':sceptible routes were found to be by the alimentary cana1, intranasal, and
'-tracranial. (5) Contact Eransmission studies show: (a) Simulated
:"rnyard contact ratio of forty inoculated to forty uninoculated gave a 33
:ercent serologic conversion of the contact controls without evi-dence of
:.ticuloendotheliosis in any bird but those inoculated. (b) Supported on

'":re above litter the contact ratio. of forty inoculated fo forty
:-'inoculated gave a 13 percent serologic conversion of uninoculated. (c)
!::ported on wire above litEer the contact raEio of one-hundred twenty
--rculated to thirty uninoculated gave a 25 percent serologic conversion of
--=- uni-noculated. (d) Fifty uninoculated controls held in the same chicken
::out as the inoculated birds, but not in contact (cages kept at a di-stanee),
:ier a period of forty-two days, gave no evidence of disease or serologic
:-'lversion in the sera taken from thirty birds at random.

le:iculoendotheliosis virus (REV) has been reported to lack the gs-antigen
:: the avian sarcoma-leukosis complex. A repeat of these studies using
lr:rified virus which had been pelletized, resuspended in buffer, and
:=:trifuged on a sucrose density gradient for 20 hours, gave a negative
l.:fAL test and a negative microirnmunodiffusion precipitin reaction when
l":-qter antisera to Rous sarcona virus, strain Schmidt-Ruppin (RSV-SR),
ir- t.ested with purified REV; however, when purified virus was treated with
-l sodi-um dodecel sulfate (SOS tinal concentration), positive tests were
:brained when the treated virus was reacted with hamster anti-RSV-SR sera.
Iiase results have been confirmed using vj-rus purified from infected chicken-*rers and spleens, as well as tissue culture-produced rrirus in chick embryo-
:-lroblasts from SPF flocks. Control preparations from uninfected chicken
';ers and spleens, as well as from uninfected chiek eubryo fibroblasts,

r-re negative results. The imnunodiffusion precipitin test, using chicken
!c.:j-sera to purified REV in L7" Noble agar with BZ NaCl , gave negative
:=actions when tested against purified Rous sarcoma virus and avian mye-tro-
l-estosis virusl however, sodium dodecel sulfate-treated Rous sarcoma virus
;rl avian myeloblastosis virus gave precipitin lines rnrhen reacted with
-;-icken anti-REV sera. The positive control test gave precipitin lines
'*:rh ptr::if ied and SDS-treated REV. The negative control test, using
r:eparations from uninfected chickens or sera from unirrmutized chickens,
l:C not. give precipitin 1ines.
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Cross-iumunofluorescence studies in ti"ssue cultures of chick embryo
fi-broblast and chick eurbryo liver cells did not give cross-reactions with
the following strains of Rous sarcoma virus: Bryan, carr-zLLber, No. 5gg,
Harris, Schmidt-Ruppin and MV-2. The cross-immunofluorescence tests wi.th
Marekrs Disease Herpes virus were also negative. polyacrylanlde ge1
electrophoresis studies have shown cortrnon bands when purified reticulo-
endotheliosis virus strain T was compared with Rous sarcoma virus and
avian rryeloblastosi.s virus, after the sucrose gradient purified viruses
had been treated with sodium dodecel sulfate plus BM urea and stained
with aniline black. There remai.ns a need for a rapid and easy in vitro
assay of REV. At this time the irmunofluorescence test is nost useful,
but requires considerable attention and time for good results. Serial
passage of virus in chiek embryo fibroblasts has not been carried beyond
the third transfer. Third, fourth, and sixth blind passages have proven
negative by test for infectivity, iuununofluorescence, and imnunLzj:-g
ability.

signiflcance !o g ram of the rnstitute:
Ihe avian reti-culoendotheliosis viruE ent
in many flocks of chickens, and is said to be transmitted both horizontally
and vertically. The biologic characteristics and the understanding of the
chenical, physical and immunological nature of the agent may be applicable
to the possible role of viruses as etiologic agents in human neoplasia. Of
equal importance is the determinatj-on of whether oncogenic viruses of
animals have the capabilities to replicate and induce neoplastic diseases
in man. The avi-an viruses must be evaluated for this potential.

Proposed course: Develop a rapid and easy in vitro assay system for
reticuloendotheliosis virus, strain T. Repeat and extend the chemical
studies on the nature of the nuclei-c acid composition of the reticuloen-
dotheliosis virus, strain T. Attenuation of reticuloendotheliosis virus,
strain T, for vaccine strain(s). Study the interaction of reticuloendo-
theliosis virus, strain T, with Marekrs disease herpesvirus in vitro and
in vivo to determine if i"nterference or -potentiation results. These studies
are being carried out in collaboration with Life sciences, rnc., St.
Petersburg, Florida.

Date Contract Initiated: May 8, L969
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tirvERsrrY 0F CALTFORNTA (NrIl-70-2048), DAVTS, CALTFORNTA

-i-tle: Comparative Leukemia and Sarcona Viral Studies

-:ntractorrs Project Director: Dr. Leo K. Bust.ad

::oject Offieer (NCI) : Dr. Michael A. Chirigos

-Ljectives: (1) To determj-ne the oncogenicity, comparative pathogenicity
,-d the in vitro species infectivity of subhtman primate leukemia and sarcoma
"--ruses; (2) continue studies to compare, in vit,ro, the species infectivity
::ectrum of feline sarcoma and feline sarcona-leukemia virus eomplex in cell
--nes of various species; (3) determine the pathogenesis of the diseases in-
::;ed by the sarcoma virus and the sarcoma-leukemia virus eomplex in differ-
::-' species, clinically and pathologically; (4) continue studies on the
::iology and transmissibility of the feline myeloproliferative syndrouo
:-d initiate these studies on sponLaneous and radiation-induced osteogenic
::rcoma; and (5) perform cooperative studies on the radiation-induced myelopro-
--;erative syndrome in dogs.

tu=lor Findings: Extracts of a spontaneous fibrosarcona in a woolly monkey
c.re used to infect cultures of normal woolly monkey muscle cells. C-type
'i-::us was isolated in an early passage and is being replicated. Electron
1'rroscopic examination of the cultures after the third and sixth passages
;---wed a number of budding and mature virions measuring approximately 95 nu.
,P=:uration stages and buoyanl density very closely resemble those of cat
l::us, size being the major difference. A suspension culture of lymphocytes
::om a gibbon ape with spontaneous lymphosarcoma is in the 14th passage.
i- ectron microscopi-c examination has shown large numbers of extracellular
r€rilcles morphologically similar to mature C-type oncogenic virions. T'he
r.:tlcles are approximately 95 mU in diameter with an electron dense nucleoid
::65 mp and come to rest in sucrose solution at a density of 1.14-1.16 g/g43.
1-:ding forms of the particle have not been detected. Immunodiffusion tests
*:jr rabbit anti-feline-leukemia virus-gs1-antigen serum showed no reaction
n:h the simian ageots. Fluorescent antibody tests using dog anti-feline-
*:rcoma-serum, on cells replicating the simian virus, showed a pbsitive
::iction only with the gibbon ape lymphoid ce1ls. Tests for RNA-dependent
LL{. polymerase showed positive reaction in woolly monkey virus as with AMV

ar.i FeLV. Gibbon ape lymphosarcoma virus was assayed for HrlA-dependent DNA

r,t:-ymerase activity over a range of detergent concentrations. Incorporation
--:c a DNAse-sensitive, RNAse-insensitive, and acid-insoluble product was
r::ectable but lowr'' when compared with avian myeloblastosis virus whieh was
Lrs:d as a control. Species infectivity studies with woolly monkey virus
si:lred positive infection in two human and two nonhuman priuate cultures, but
rr'-:rlls was not observed in bovine, feline or canine cultures. Bovine anLi-FSV
{::rrm prepared by inoculating bovine cells transformed in vitro with FSV into
-e autochthonous host, manifest titers ot L/LOLZ by p"ssive teragglutination
::r intact virions and LlL6 by imunodiffusion against disrupted FeLV. Itre
ar.ri-FSV serum was found to neutralize greaEer than 95z^ of FSV focus-forming
rr*ts at seruu dilution ot l/L250. The sexum globulin fraction conjugated
nmi fluorescein isothiocyanate (EITC) and ferritin was found to react
*:eeifically against FSV and FeLV viral envelope and associated antigens.
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Neutralizing antibodies in the sera frou six cats inoculated wi-th FSV were
detected by using an in vivo assay. The titer of neutralizing antibodies
in the bovine anti-FSV serum exceeds any of the titers in cat sera examined
thus far. In collaborative studies with Dr. Max Essex, Karolinska Institute,
an indirect membrane fluorescent test for detecting cel1 meubrane antigen
associated with infection of cells by FeLV, showed that kittens with rapidly
progressing malignant tumors or uninoculated controls usually failed to de-
velop any detectable antibody; nrhereas antibody was detected in animals wi.th
regressive trmor. Thi-s correlates with in vivo assays.

C-type virus identical to feline leukeuia virus was found in association with
bone marrow ceIls in a variety of feline myeloproliferative diseases. Trmor
tissues of myeloproliferative disease and osteosareoma origin urere maintained
in tissue culture; none of these ce1l cultures have indicated the elaboration
of virus-1ike particles detectable by tritiated uridine labeling and sucrose
density gradient centrifugation. Cocultivation of these ce1ls with MDCK cel1
cel1s have thus far failed to promote the appearance of labeled virus-like
particles. rn collaboration with the Radiobiology Laboratory, three
2269a-induced osteosarcomas in Beagles were successfully transplanted by
intrauteri-ne fetal inoculation of material from primary and meiastatie lung
tumors. Tumor growths in recipient pups occurred about 30-40 days after
birth. The transplantable tumors were detectable radiographically. Of six
additional spontaneous feline fibrosarcomas examined by electron microscopy,
two cootained C-type viruses. Cell-free tumor material prepared from three
of the six cats induced tumors in 17 of 2Q kittens inoculated. Electron
microscopic examination showed the presence of C-type budding viruses. Kit-
tens given multiple subcutaneous inoculations had tumors r,rhose size was re-
lated to the total quantity of inoculum administered. Studies on ce11
mediated irnmunity in cats with regressing tumors are under way, as are in
vitro studies on the isolation of defective ESY in cells of several speEes.
Efforts are being continued to establish a possible viral etiology in canine
leukemia.

In i-n vitro infectivity studies, FSV has infected cultures frou cat, dog, cow,
monkey, and man. A11 but the huuan and monkey cultures produced infectious
virions which could readily transform cat cel1s even after 10-20 passages.
Ihe viri-ons from infected human cultures, detectable by electron microscopy,
did not cause morphologic alterations of feline cultures after several pas-
sages. However, cat cel1s co-cultivated with infected human ce11s did cause
morphologic alteration of feline cultures after several passages. Clones of
FSV-infected, transformed bovine and feline cultures have been isolated and
r*il1 be assayed for possession of a defective FSV genome that could be used
to deteruine or rescue a leukemogenic agent from spontaneous cases. Relative
to the effects of dose and host age on the pathogenesis of feline fibrosar-
coltras, it was found that decreasing the dose had simj-1ar effeets to increas-
ing the age. Characteristics observed r^tere a progressive increase in the
latent period, an increase in the percentage of tuuor regressions, a decrease
in the maximum tumor sJ-ze attained, a decrease in metastatic potential,
histologic changes in tumor uorphology, and a decrease in the ease of locating
viral particlesby electron uicroscopy. An apparent increase was noted in
resistance Eo tumors by kittens raised on queens previously used to raise
FSV- or FelV-inoculated kittens. Attempts to produce FSV in sheep were
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successful only in sheep less than 60 days of fetal age, which had not yet
acquired immune competence. The three tumors so produced all regressed
within 30 days.

Cani.ne lymphosarcoma and myelogenous leukemia were transplanted by in utero
inoculation of f etal- puppies. Whole ceIl suspensions from tr:mors r4rere use!
-"o transmit lyrnphosarcoma. Gross and histopathologic evaluations on first
and second passage lymphosarcoua recipients are complete. Chromosome de-
terminations show cellular invasion of all recipients t organs by donor
ce1ls, and the emergence of a hypodiploid cell line. Preliminary electron
-:i croscropic examination of tissue frou pups with myelogenous leukemia has'rot sho\n/n any virus-like particles. About 12 liters of bovine plasma was
:ollected and concentrated by continuous flow-zonaL ultracentrifugation for
3ttempts to'determlne whether virus-like particles isolaLed from inoculated
:att1e can be considered as a leukemogenic agent.

SiBnificance to Biomedical Research and the Program of the Institute: The
;roposed research objectives are relevant to human leukemia in that they will
enable determination of whether the oncogenic animal viruses under stu<iy can
:nfect and transform ce11s of different species, including man, or induce
-eoplastic changes in selected animal species. Ihe suspected viral etiology
:f two subhuman primate tumors are of special significance because of their
:-,pvious close relationship to man. Itre popularity of cat.s and dogs as pets
:-as increased tremendously, and their importance in viral oncology as uodels
=d vectors is stil1 of great interest and was reviewed in last yearrs pro-
:osal. The human population is in close and constant association with dogs
::d cats, which are both known to be carriers of communicable diseases. 0f
--articular concern, too, i-s that children have the most intimate association
r.ith these pets. The use of rnilk from leukemic dairy cattle as a possible
:azard' to man has been reviewed frequently. I,Jhether bovine, feline, and ca-
:ine neoplastic di-seases are couutrunicable to man is a question that uust be
:eLermined. It is possible that the cat is a reservoir for leukemic viruses,
=d that leukemia in man may result from incidental infection. The fact that
::'e group-specific antigen of FeLV is also cortrlon to other animal leukemias
s:rggests that the cat leukemia virus may be the prototype leukemia virus for
l.1 leukemias, including those of man. Although the evidence is incomplete,
:: enables speculation that cats may serve as excellent models for a fu1]
rderstanding of lymphoreticular neoplasj"a, sarcomas, and myeloproliferatj-ve
tsorders of man. The radiation-induced myelogenous leukeuia in dogs now

=der study appears to be the best model for the study of this disease in man.

i:oPosed Course: (1) CharacterizatLot and species infectivity studies of
-'-e woolly monkey fibrosarcoma and gibbon ape lymphosarcoma agents will con-
:' ue and include biochemical, biophysical, and serorogical as well as
l:o1ogicaI activity of the virus in vitro and in vivo. Ihe development. of
!.ssay methods for the detectj.on of-oilogeric sini-an virus will be continued..
iera against these vj-ruses are now being evaluated. (2) Investigation will
l:n'tinue on feline sarcoma virus specified antigen using inmunofluorescent,
::munodi-ffusion, ge1 electrophoresis, and isotopic labeling techniques. (3)
i:udy of humoral antibody responses of cats to FSV will be continued. An
*ifort will be made to correlate the presence of neutralizing antibodies with
c'tiviral tiEers detectable by indirect hemagglutination or fluorescent
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ant.ibody techniques. The sera from queens and kittens in the experiment on
the nature of the maternal transfer of resistance to PSV will be examined.
(4) Experiments are being continued to detect the presence of cellular im-
munity in tumor regressi-on in FSV-inocul-ated cats. (S) Studies will be
performed to characterLze the oncogenic RNA viruses in regard to the polymer-
ase systems, and to determine if there is evidence for a canine oncogenJ-c
vi.rus associated with the myeloproliferative syndrome and osteosarcoma using
(a) hybridizaEion of RNA material from dog tr:mor tissue to 3g-OUA produced
by known oncogenic viruses and (b) search for RNA-directed pol-5rmerase activity
in tumor exEracts. Possible methods separati-ng viral DNA-dependent from
viral RNA-dependent DNA polymerase activity will be examined. (6) Atternpts
will be made to rescue a "latent" viral agent by cocultivation with canine
embryo cells and UV-inactivated Sendai virus fusion of these cells and
those of MDCK with tissue culture cells of tumor origin. (7) Studies on
spontaneous tumors of feline, canine, simian, and other animal species will
be continued for the establishment of their viral etiology. (B) Collabora-
tive studies will be continued with Dr. Max Essex. Department of Tr.rmor
Biology, Karolinska Institute, Sweden, to determine if true strain differences
exist between the FSV isolates under study. These studies are continuing to
deteruine how the level of viremia is correlated with the antibody response to
the FeLV-FSV meurbrane antigen.

Date Contract InitiaEed: November 16, L969.

TRW HAZLETON LABOMTORIES, INC. (NIH-69-2079), VIENNA, VIRGINIA

Ti-Ele: Etiology of Cancer in Dogs

Contract rs Project Director: Dr.

Proiect Officer (NCI): Dr. Wilna

Erling M. Jensen

Woods

Objectives: The overall objective of this eontract is to determine r.rhether
any of the cancers of dogs are caused by a virus (es) and whether there is
any etiological relationship between canine cancer and human cancer. Among
specific objectives are cellular and celI-free transmission of canine lym-
phomas and sarcomas; histopathologic, imnunologic, serologic, hematologic
and virologic, tissue culture and electron microscopic studies on spontaneous
and induced canine neoplasias, as well as studies to determine whether a
canine leukemi-a/sarcoma complex exists in the canine system.

Major Findings: Whereas emphasis previously had been placed on malignant
lymphomas, the program has now been broadened to investigate the etiol-ogy of
all cancers in dogs. Seventeen different tumor tissues have been acquired,
including marmary Eumors, perianal gland adenocarcinomas, osteosarcomas,
fibrosarcomas and mast ce1l tumors. Cultures of many of these have been
initiated for in vitro studies, and serum speeimens have been collected for
serologicat stuaies, including'i-munofluorescence for the presence of g.s. 3
antigens. Sinilarly, the serum frou tumor-bearing dogs was also tested for
g.s. 3 reactivity against FelV-infected celIs. In no instance was g.s. 3
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antigen or antibody detected in any of the cani-ne specimeni. Cross-testing
of various dog sera against the variety of tumor cel1s did result in some
positive reactions. Cells from dogs with undifferentiated sarcoma, osteo-
gend-c sarcoma' hemangiosarcoma and a fibrosarcoma reacted strongly with their
autologous serum (with the exception of the fibrosarcoma) and with a variety
of other sera from tumor-bearing dogs. None of these specimens reacted with
a normal dog serum. Sinilarly, a variety of normal dog ce1ls did not react
with the sera frou tu or-bearing dogs.

Tests enploying the tritiated uridine labeling technique have been con-
ducted on the 32043 cell culture of a transplantable canine lymphosarcoma-
uast cel1 tumor. A very strong peak of radioactivity at a density of 1.16
to 1.18 grams/n1 indicated the presence of RNA-containing particulate
:aterials in the ee11 homogenate. Cel1-free passage of the peak fractions
into dog embryo fibroblast cultures resulted in similar uridine upLake which
ilas not observed in the control. Electron microscopy by thin section of
ire pelletized peak fracti-on from 32043 celIs revealed numerous spherical,
:embrane-bound particles, many with dense nucleoids, with a diameter of 50
;o 90 mp. Although many of the particles bear a striking resemblance to vi-
rus particles, many are also suggestive of mycoplasma elementary bodies,
and this possibility must be investigated.

?reliminary rescue studies hlith the known murine mixed culture system, MEF +
YSV-HT-I, and Rauscher leukemia virus were successfully conducted to demon-
:Erate the validity of the techniques used. Stock feline leukemia and sar-
:cma viruses have been prepared and titrated. Rescue studies on seven
:ifferent dog tumor celI systems have been initiated using three rescue
5-Tstees. It was observed that feline leukemia virus can be detected by the
rj-xed cel1 culture cytopathic method (XC assay). This ef fect \,/as observed
"-ith both infected feline embryo fibroblasts (fur) and a canine fibrosareoua
:e11 line (M-132). The effect with M-132 was striking in rhat the develop-
uent of syncytial giant cells was observed within 24 to 48 hours, with most
;:ant cel1s showing numerous nuclei. Preliminary titrations with this cell
-ine shor^red that this method is as sensitj.ve for the detection of endpoint
::lutions as is the CF test.

-:i-nce previous experience with in vivo passage of tr:mors has been linited
;:iuarily to lymphomas, additional studies are novr being conducted with a
n:der variety of tumors by in utero inoculation. Mast cell tumor and trans-
u-ssi-ble venereal tumor (TVT) specimens received from Dr. C. Rickard of
l,:rne11 university have been inoculated both in u_ters and into young pups.
l: three attempts the mast ce1l inoeulun killEd tt e feti within a few days.
l: is felt that this effect was due to the histamine normally found in these
::11s. No tr.mors have developed after 57 days in two pups inoculated at 15
r,ays of age. Sinilar abortion problems have been encountered in three
i:teupts to establish the TVT in 11tero. Ihe reason for thi_s problem is
mrns1711 . Inoculation of one "a"ft aog did result in a tumor which was passed":t.o three 27-d,ay-o1d pups. Tumors are developing and will be passed to
a:d.itional newborn pups.

.s---l- of the dogs in long-term holding are currently being reviewed carefully
u:th an aim to terminating approximately 60 to 7O of the current 169 dogs.
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A limited ntrmber of selected laboratory tests or procedures, such as
tritiated uridine uptake, imuunofluorescence, and freezing and storage of
tissue culture cel1 lines, have been performed for the NCI as a service
function during this period.

The combined effectiveness of chemotherapy and irmnunotherapy on canine
lymphomas is being investigated. Previous reports from this laboratory have
described a transplantable lymphosarcoma-mast ceIl tumor which has nornr been
through 11 passages in newborn dogs. A tissue culEure line derived from
this tumor and transplantable in dogs will be very useful in in vivo therapy
studies, since it affords a well characterized and reproducible tumor system.
Experiments have been conducted to determine the optimal inoculum dose and
age of inoculation for such studies. Results to date show that tumor induc-
tion requires at least 1x106 cel1s administered intraperitoneally or 1x105
cells intramuscularly, and that Eumors do not develop when inoculated later
than 10 days post partum.

Since combined chemotherapy and immunotherapy studies are also anticipated
in dogs bearing spontaneous tumors, eight lymphosarcomatous dogs have been
obtained, and five of these have been used in dos,e-response studies with
cyclophosphamide. The three remaining dogs are being evaluated to determine
the course of their disease prior to administering therapy. Once the optimal
regimen of cyclophosphamide therapy is established to gain remission of the
tumors, irnmunotherapy will be initiated. Results thus far show thaL a single
dose of 20 mg/kg of cyclophosphamide, administered either before or after
antigenic stimulation, causes a marked decrease in the total peripheral
leukocyte count but does not affect either the primary or secondary humoral
immune response. Studies are now in progress to evaluate the drug effect
on the cellular immune response. Specifically, it will be determined whether
the compound affects the ability of dogs to become sensitized to dinitrochlo-
robenzene.

Significance to Biomedieal Research and Lhe Program of the Institute:
Because of the close relationship of dogs to man, as an intimate member of
his household, it is i-mportant to determine whether canine tumors are in-
duced by viruses, and whether such viruses can infect other species, includ-
ing man. By isolating, identifying, and studying viruses found in both
canine and human leukemia, lymphomas, and sarcomas, similarities may emerge
which rnay link the disease in dogs r,uith that of man. As a corrolary, it is
also necessary to determine whether oncogenic viruses of cats can pass to
man through dogs.

Proposed Course: (1) Continuation of the screening of spontaneous tumor
tissues and serum for the presence of either g.s. 3 reactivity or the pres-'
ence of corutron tumor antigens and attempt to determine the significance of
the reactivity already observed in these systems. (2) Studies to determine
the identity and significance of the virus-like particles seen in the
tritiated uridine labeled fraetions of the 32043 cells. (3) Virus-reseue
studies with canine tumor tissues will be continued. (4) The demonstration
of the applicability of the XC cel1 assay system to feline viruses and the
unique properties of the M-132 cell. system is a very significant observation
and the various parameters of this system will be explored further.
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(5) Si-nce Herpesvirus saimiri is indigenous in one species of monkey, i.e.,
squirrel monkeys, but oncogenic in other species, i.e., ow1 monkeys and
Earmosets, a simil-ar sit,uation may exist in the family Canidae. This possi-
bility will be explored using canine herpesvirus in other canine or related
species. Arrangements are currently being made to obtain gray foxes, jackals,
and dingos. Other members of the Canidae family being considered are the
red fox, wolf and coyote. In vivo and in vitro studies of the effects of
the virus on these various species will be studied.

Date Contract Initiated: llay 26, L969.

'JNIVERSITY OF MIAMI SCHOOL OF MEDICINE, ,(PI{43_67

litle: Immunization Studies on Avian Leukosis and Related Problems

lontraetorrs Project Dj-rector: Dr. M. Michael Sigel

?roject Officer (NCI): Dr. Gary

,r"ri ectives: (1)
aEion antigens.
:rounts of virus.
::ricken tumors.
:umors.

Development of
(2) SLudies on

(3) Attempts
(4) Studies on

Pearson

in vivo and in vitro assays for transplant-
protection against Rous-RAV-1 with sma1l
to purify tumor antigen derived from
Rous tumor antigens obtained from hamster

i{ajor Findings: (1) Successful immunization against tumor induction by
:*-V(MV-l) can be achieved by immunization with either low doses of RSV
?AV-1) or with doses of RAV-1 in the range of 101 to 106 infectious units.

Iius, the protection achieved by low dose RSV (RAV-l) immunization could
;robably be attributed to the RAV-1 component present in excess in stocks of
!jV(RAV-1). (2) In every experiment in which SPAFAS chickens were immunized
*;:-rh 1ow dose RSV(RAV-I) or MV-1 there was a good correlation (about 90 per-
::nt) between resistance to tumor induction and neutra1,izing antibody. This
::rrelation does not establish a causal relationship between antibody and pro-
:=ction, as there have been instances where protecti-on was evident in the
a:sence of antibody. (3) Protection can be achieved with a broad range of
f-r.-ri:-1 doses, but the eritical factor in successful immunization appears to
:= elapsed time from start of immunization to challenge. Thus, only partial
::otection can be achieved when challenge is 20-30 days afEer the initiation
:i lmmunj-zation, ful1 protection requiring a lapse of at least 35 days. This
:=:uj-rement i-s probably compounded of time periods necessary for virus
:=plication, production of protective transplantation antigens, and evocation
:: cellular immunity. Protection lasts at least 112 days, the latest time
:=sEed to date. (4) In t\../o experiments, one employing 1ow dose RSV(MV-l)
a:; the immunizing agent, and the other RAV-I, significant protect.ion, 36% and
:i; respectively, was obtained against tumor formation by SR-RSV. This
.s--ension of protection induced by subgroup A virus to challenge with
*,::group B virus has now been demonstraLed on 5 separaLe occasions. Overal1,
r:rtection against SR-RSV rarlges fuom 42-712, with MV-1 immunization
i::arently being more efficient in this regard than ISV (MV-l) . Homologous
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protection within subgroups has now been found for subgroup B viruses.
Birds i-mmunized with li-ve MV-6, a subgroup B leukosis virus, show pro-
tection against challenge with a subgroup B tumor virus, SR-RSV, at the rate
of 807.; moreover, MV-6 immunization can also protect against challenge with
the subgroup A virus RSV(MV-I) as evidenced by increased lag in tumor
induction, and by reducEion i-n incidence of tumor (43% versus 100% in
controls). The finding of both homologous and heterologous protection in
these two virus subgroups offers evidence for the concept that tumor-specific
transplantation antigens are involved in the natural Rous host system.

In all of the experiments described there is a high incidence of antibody
in prechallenge sera to the imrunizLr.g virus, while there is no antibody to
the heterologous challenge virus. This finding argues against the presence
of the heterologous virus in stocks as an explanation for cross-protection,
although other possibilities cannot be excluded at this time. An experiment
with a formali-n-killed preparation of RAV-1 was performed to attempt to
elucidate the role of antibody in protection in their system. A11 birdg
receiving this vaccine, even those injected with 6 doses in Freundrs complete
adjuvant, failed to resi"st challenge or produce antibody to RAV-I . Using a
model hamster tumor sysEem, attempts are being made to detect virus-induced
surface antigeq? through antibody-induced cytotoxic reactions, as measured
by release of --Cr. In an experiment with serum from SR-RSV tumor-bearing
inbred hamsters, the cytotoxic assay was carried out using syngeneic and
allogenic SR-RSV-transformed ce1ls and syngeneie SVr.,-transformed cells as
targets..,Two of the 3 sera showed cytotoxic effectS"againsE syngeneic (36%
and, L8Z "Cr release) and allogeneic SR-RSV-transformed cel1s (64% and 69% Cr
release) while the4g was no cytotoxicity against syngeneic SVon-transformed
cells (-1.0, L.5% "-Cr release). A control serum was devoid of aetivity
against any target ce1ls.

Significance to Biomedj.cal Researeh and the Program of the Institute:
Ihe overall goal of the SVCP is the control of cancer. From the
immunological viewpoint, it would be extremely important to elarify the
issue as to the possible existence of a transplanLation antigen and its role
in the disease process. Basic studies are also needed on imrnunity in
chickens in order to understand fully the irmunologic inplications in avian
tumors, and possible application to mammals.

Proposed Course: The following are the major areas of i-nvesti.gation for
next year: (1) Duration of imurunity induced by imunization with live virus.
(2) Expansion of the studies on specificity of the protective inmunity using
other subgroups of the leukosis system (heterologous combi.nations of
inmuni-zi-ng and challenge viruses). (3) Humoral factors other than
neutralizing antibody, such as the migration inhibition factor. (4) Ce1l-
mediated irnmunity in haosters and in chickens. In the former, a syngeneic
SVrn model already developed will serve as a point of reference for the
sttilies with the hamster Rous sarcoma system. In the latter, there is a
need for obtaini-ng basic information about the operation of cell-mediated
immunity. (5) Further investigations on killed virus using concentrated
virus.

Date Contract Initiated: June 23, L967
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IINIVERSITY OF MIAMI SCHOOL OF }EDICINE (NIH_70-22I1) MIAMI, FLORIDA

Title: Studies of the Rat Mauunary Tumor Derived Virus (RlfIDV or BV)

Victor V. BergsContractorrs Project Director: Dr.

Project Officer (NCI): Dr. Michael A. Chirigos

Objectives: To deLermine whether purified C-type particle preparations of
RMIDV will induce leukenla or other malignancies when administered to
conventional and germ-free rats under natural and j-uununologically altered
conditions of the host; and (2) to determine whether the 9H vi-rus (9HV),
previously isolated from rat leukemia, will exert a helper or inhibitory
effect upon co-infection with BMTDV in vivo and in vitro.
Hajor Findings: The growth kinetics of RMIDV in eel1s of the established
REL line of Sprague-Dawley rat embryo cel1s were determined. Following
iafection at a multiplicity of 1.0-0.01 TCrD<n per ce11, the peak gf the^
virus titer was reached by day 4 post-infectiSn. High-titered (10' - Lo'
ICID56/O.1 m1) RIfIDV is now bei-ug routinely prepared from infected REL roller
bottl6 cultures by sedimentation of the partially purified virus harvest at
78,000 x g. The virus is stored in 0.05M potassium citrate at -70 degrees
C. for future use. Storage in 0.05 ci"trate caused an apparent aggregation
cf the virions of RMIDV, which segregated upon dj-lution with culture medium
3t 37 degrees C. Appreciable aggregation did not seem to occur in culture,
a.d at the time the virus was harvested and sedimented, but only upon
storage in 0.05 ci-trate at -70 degrees C; however, storage of RMIDV under
:nese conditions is necessary to avoid marked loss of infectivity.
Infectious RMIDV banded at average buoyant densities of 1.L2 and, L.25 gm/ml
'n a potassium tartrate gradient. Virus banding at a density of 1.25 gnlaL
rePresented aggregated virions or virions attached to cellular components.
1HIDV centrifuged i.n a preformed gradient of 50% and 10% sucrose by means of
= Spinco SW 39 rotor at 381000 rpm for I80 urinutes, banded within a buoyant
:ensity range of 1.04 - 1.12 (average 1.08) gm/ml. If RIfIDV was deliberarely
'm-[-ed with the 9H virus (9HV) and the mixture centrifuged under these
;cnditions, RMTDV again banded within Ehe above range; whereas 9HV banded
'r a density of 1.15 - 1.21 (average 1.lB) gm/ml. The two viruses may

-erefore be separated by this method.

;rgh=titered (107 - 109 TCrDqn) RIflDV was i"noculated intraperitoneally into
several groups of newborn Wid[ar/Furth and Sprague-Dawley rats 3-5 months
i,Eo. To date no grossly detectable biological effects have been observed in
a.y of these anj-mals; however, an early disease developed within 15-32 days
= w/Fu rats inoculated at birth with a mixture of RMrDV and 9HV.
I:sto1ogieal1y, it was characterized by focal coagulative necrosis and fatty;ange in the lj-ver, accompanied by focal cell infiltrates whieh resembled
-eukemic ce1ls of the lymphocytic type. Such a response did not occur i-n
t'Fu rats inoculated with either RMIDV or 9HV alone. In one experiment,
+-imals inoculated with a potent preparation of 9HV combined with RMIDV,
r,eveloped typical peliosis hepatis within L2-L5 days, but none of the other
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changes. Control animals inoculated with 9HV alone also developed peliosis
hepatis, and the ones inoculated with RMIDV alone showed no response. It
appeared that in this case 9HV, because of its high potency, produced lethal
peliosis hepatis before an expression of the changes caused by RMIDV

occurred. Subsequent experiments showed-that (a) 9HV antiserum blocked all
the changes whj-ch may occur following a simultaneous inoculation of a
mixture of RMIDV and 9HV as described above, and (b) RMIDV could be isolaLed
from liver-spleen tissue extracts of animals that showed the focal necrosis,
fatty change and cell infiltrate in the liver and had been previously
inoculated with an RI'IIDV-9HV mixture. These extracEs, however, did not cause
any disease when inoculated into newborn rats, presumably due to the fact
thaE infectious 9HV was absent or at 1ow level as a result of high serum
9HV-antibody levels of the donor

The WF line of Wistar/Furth rat embryo cells was established in their
laboratory about 3 years ago. Recently cytopathological manifestations in
this cel1 line were observed. Upon examination with Ehe electron microseope,
many typical C-type particles were seen budding from the cell membrane.
Further investigations disclosed that lesions, consisting of transformed
fusiform and rounded cells, appeared 4-7 days after seeding in culture
vessels, provided the cultures were noL refed. If the ce11s were refed or
subeultured every 3-4 days no appreciable cytopathology could be detecEed.
Similarly, if a culture showing some lesions was subcultured, the cells
that grew out looked normal again, but such a culture again began to show
altered cells after the 4th day if not refed earlier. The WF cells were
higfufy malignant, since }O-LOO1Z of the inoculaEed suckling W/Fu rats
developed rapidly growing tumors within 4-5 weeks and displayed infiltration
of ce11s into vital organs. A group-specific murine leukemia anteserqm'
received from Huntingdon Research Center, Inc., failed to react significantly
with RMIDV grornm in REL cells in complement fixation tests. Sinee no
positive antigen control was available, the results are not conclusive.
These studies will be henceforth carried out in collaboration r^rith Dr. C.

Rickard.

Comparative titrations of RMIDV in [I-F cultures and in REL cultures previously
inoculated with rat C-type virus from the natural carrier eultures WF (rat
embryo cell line) or RMIL-9 (rat mamnary tumor cell line), suggested slight
interference to RMIDV. This was indicated by 0.5 - 1.0 logln lower virus
titers as compared to those in control REL eultures. REL cfiItures inoculated
with C-type virus of the RMIL-9 cell 1ine, produced 16 to 32-fold lower HA

titers of 9HV, upon challenge with the latter, than did cont.rol REL cultures.
In another study, fetal ealf serum was found to have some stimulatory effeet
upon the synthesis of RMIDV in REL cultures, resulting in a L-2 logto i1-

"i""". 
in titer. At the same time, it markedly protected the cultui6s from

Rl'flDV-induced ce1l alterations, thus obscuring the microscopical detection
.of RMIDV. This agrees with earlier findings in a collateral Project that
bovine amniotic fluid or estrogen stimulated the synthesis of RMIDV in WF

ce11 cultures; whereas progesterone had no effect. A rat inoculated with
high-titered RMIDV about 6-L/2 months ago developed an intraperitoneal
adenocarcinoma, which is being studied now. Attempts to proPagate RMIDV in
suspension cultures of two human leukemic ce1l lines and one nornal eel1
line have been unsuccessful to datel however, another line of normal human
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blood cells appeared to have yielded progeny RMIDV, but this will have to
be confirmed in repeat experiments.

-arge quantities of concentrated high-titered RMIDV stocks have been sent
:o Drs. L. Bustad and C. Rickard for RNA dependent DNA polymerase and gs-
antigen studies' respectively. Some of this virus was also used to initiate
.'reliminary i-nvestigations in germfree and SPF raEs in collaboration rui-thfr. J. Warren.

:

-J-though rats are highly susceptible to spontaneous cancers as rnre1l as to
-e induction of cancers by chemicals and irradiation, and C-type viruses
=j-nailar to those which cause cancers in other species have been found in
:ats by electron mi.croscopic studies, no such virus of rat origin has yet
:een proven to cause a cancer in this species. In addition to the important
::ssibility of having a nerr laboratory model in another species tor guidies
":proaches to the human vi-rus-cancer problem, the proposed studies would
:.-so provide an important test of the Huebner hypothesis that c-type-iaruses are the determinants of most cancer in all speeies, including rats
a:d humans for which oncogenic viruses have not yet been demonstrated.

l:cposed Course: (1) Complete identification studies on RMIDV. (2) Further
-: vivo _ald 1g vjrtro studies on co-infection with RMIDV and 9HV in regard to:*ire and dose relationships. (3) Attempts to potentiate RItIDV by frequent
-'erial transplants of leukemic cells and extraction of the resulti.ng
::rors for virus . (4) Attempts to potentiate the wF cel1 agent by serial:- vivo passage of the cel1s, accompanied by inoculation of rats with cell-::ee extracts of the tumors. (5) Characterization of the agent present in:-e WF cell line and developuent of a suitable host systeu for i-ts assay.
: I Further purification studies on RIfIDV and subsequent characterizationr: its nucleic acid. (7) Studies on the possible infectivity of the nucleic

a,:rd. of RMTDV. (B) completion of studies on RMrDV i.n human cel1s.

ii-r'r-.{RD IINMRSITY SCHOOL OF MEDICINE NrH 70-2178 WASHINGTON

'T::l-e: Iumunological Studies on Human Manrmary Tumors and Other Neoplasms

;,il.Eractor rs Pro-ject Director: Dr. Michael V. Viola

P:-:ect Officer (NCI): Dr. Paul Levine

tri'iiiu;ectlves: (1) Survey of neoplastic breast cancer tissue culture lines for
:::lllruf,r anti-gens using fluorescent antibody and complement fixation techniques.
,1,*:: vi1l be surveyed for tumor specifie antibodies, a1so. This work will
lIx* :one in collaboration with Dr. Robert Ting, Bionetics Research Labora-i-i-es. (2) Procurement of selected tumor specimens and establishment of

"-7las6is ti-ssue culture lines from selected cancer patients, particularly
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those with leuketnia, lymphoma and breast cancer. (3) Procurement of sera

specimens from patients with neoplast.ic and non-neoplastic diseases and

their fauilies. PaEients at Freedments Hospital as well as all inhabitants
of Quitman County, Mississippi (population 23r000) will have sera collected
and stored.

Major Findings: Specimens were procured and delivered Lo the following
invesLigators at the NIH: Dr. Harish Chopra: four breast carcinoma cell
lines, lymphoma cell line, Ewo rhabdomyosarcoma cell 1ines, one effusion
from BurkitE tumor, one pancreatic carcinoma cell line, one lung carcinoma

biopsy, one breast carcinoma biopsy, one Burkitt tumor biopsy, one effusion
from breast carcinomal Dr. B. naay: four lung carcinoma biopsies; Dr' P'

Levine: lymph node imprint.s from patient with Hodgkins Disease, and 50

sera specimens from patients with iodgkins Disease and matched controls;
Dr.P.Gerber:2lymphocyEepreparationson2patientswithHodgkins
Disease; Dr. Rapp: 1 lymphocyte preParation from a patient with chronic
lymphocytic feut<emia, and-l lymphicyl" pt.p.ration from a patient with breast
carcinoma; Dr. platai 2 tumor biopsies from patients with breast carcinoma'

I cell line derived from breast cancer patient with a pleural effusion, and

1 serum specimen from a patient with breast cancer; Dr. Ting: 35 specimens

from patients with breast cancer and controls for Levine line studies, 49

other sera from breast carcinoma patients, and 2 Large plasma specimens on

breast cancer patients with positive anti-belev titers; and 250 sera

specimens and clinical histories from patients with cancer'

Tumor specific immunity in humans with breast cancer and other malignancies

was invlstigated using a mixed lymphocyte-tumor ce1I culture technique'
Incorporation of tritiated thymidine into lymphocyte DNA was measured as an

indication of cellular immunity to tumor antigens. Cel1s from neoplasEic
effusions were used as the main source of tumor cells. Eighteen patients
have been studied; at present completed data have been obtained on the first
six patients studied. Lymphocyte stimulation by tumor cells in excess of
control cultures were obtained in the following patienEs:

Diagnosis

lymphosarcoma
breast carcinoma
lung carcinoma
non-neoplastic ef fusions

/fpos. / /l tesred

An Ameri-can patient with the clinical and histo-pathological characteristics
of Burkittts lymphoma was studied. No virus particles were found by electron
microscopic examination of tumor specimen and neoplastic effusion' EB virus
antibody titers ranged from 1:B to L:320. Indirect inmunofluorescence using

tte p.ti"ntfs acetone-fixed tumor cells and high-titered anti-EB sera (from a
patilnt with nasopharyngeal carcinoma) was negative; however' mixed

iyrnphocyte-lymphoiarcoma cell culture revealed stimulation of normal

ry*prro.ytes by neoplastic cells; therefore, it appears that this American

p"ti"ot-with burkiitts tunor has tumor specific antigens, probably unassoci-
ated with the EB virus.

L IL
L IL
T ILo 13

ts6



i- number of tissue culEure lines were established from tumor specimens: (1)-:e rhabdomyosarcoma monolayer ce1l line. (2) one lynphobrastlia cell line:=rived from lymph node of Ameriean patient with s,-rrlitt's rymphoma. (3) A-:ng term cel1 line has treen established from a human stomach carcinoua:;ecimen. The cel1 line is epithelioid, heteroploid, does not stain for
=:cin, and causes tumors when inoculated into the cheek pouch of corti.sonized--:lsters' The line is being assayed for the carcinoembryonic antigen by Dr.-:ld' (4) Two cell lines have been established from a pieural effusion::cm a patient with breast cancer, are being screened for virus particles:'- Dr' chopra, and have been supplied to nrl plata for i-nmunoiogicar studies.i=ce considerable tumor cell death occurs.in the mixed cultures, a method:: detect lymphocyte cytotoxicity using cr)I release from target solid tumor:"]1s, is being studied. A soluble meibrane preparation of the stomach:'rcinoma cell line is being prepared for i-n.ritro lymphocyte stj-mulation and-* vivo skin testing of patients

i:-:'dies have been continued on lyurphocyte function of patients with breast:'rcinoma and other_neoplasms. irr. a""r.ased lymphocyte response to pHA in;-:ients with b.c. (advanced) is due to a lyurphtcyte abnormaiity and not toi' serum factor that depresses lymphocyte funciion, as had been previousry:=:orted. sera from 5 patients with decreased .""por"u to pHA iia not-:::ibit blastic transformation of lymphocytes from normal individuals.r::ee of 15 patients studied have shown marked sti-mulation of their lympho-r;:es by autologous Eumor cells. one patient had lymphosarcoma and the:::-er troo had breasE careinoma. The pleural fluid i.our or,. patient with au-:-ignant breast effusion roas shown to stimulate lyurphocytes from threer::er patients with breast carcinoma. One control lymphtcyte suspensi_on::sted did not stimulate.

i:+ifig+n-ce tq Biomedical R"s."rch and th" program o_f the rnsti-tute:
:. th3 li8 

"rr";:= breast tumor patients (e.g., pleural effusions), incruaing t-type andris;i1er particles, and in view of the recent isolation of c-tyie partieles;: a spontaneous mammary tumor in a rhesus monkey, fo110w-up siudies onmli+ri-ary tumors in humans (and other species) currently reprlsents a highr::ority in the Special Virus Cancer program.

i::?osed cou-rser !t) Lymphocyte sensitivity to tumor antigens will bem:jied further using: (a) Additional patilnts with neoplastic and non-:.r*:-;lastic effusions, (b) Trypsinized solid tumors and nloplastic eell--es, (c) Ce11-free effusion fluid as a source of antigen. (2) rn patients*+:'-a"tt"ting positive in vitro lymphocyte response, membrane antigens will:''e isolated from tumor 
"efGG-a stored in tiquid nitrogen. This antigen&i::ce will be used for serial testing of patients throughout the courseri :heir disease. (3) Transfer factoi wili be isolared from lymphocytes:':--: patients I{ith positive response to isogeneic tumor cells. Unresponsive*;"u':aocytes from a patient with a tumor of the identical ce1l type will then:rrE sensitized with diaLyzable transfer factor from the responsivl patient.I-r;:Ej-ve in vitro transfer to tumor specific immunity by transfer factor

'wT 
"-d indi-catE common tumor antigens in tumors of the same cell type, and

'mr'"'d be the first step in the clinical evaluation of the usefulness ofi:::'-sfer factor. (4) Tumor specimens and sera from cancer patients wilr be
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collected for NIH and SVCP laboratories desiring specimens. (5) Additional
tumor specimens and cel1 lines derived from tunors wj.ll be supplied to Dr.
II. Chopra for electron microscopic screening.

Date Contract Initiated: April 27, L970

ALBERT EINSTEIN MEpTCAL COLLEGE (plr43-65-612) BRONX, NEW YORK

Title: Research on I qunological Factors i-n Susceptibility to Murine
Leukemia Viruses

Contractorfs Project Dj.rector: Dr. Frank Li11y

Project Officer (NCI): Dr. M. A. Chirigos (Acting)

Objectives: To determine the role of genetic and irnmunological factors in
susceptibility of certain animals to candidate murine and human leukemia
viruses specifically, the followi-ng studies were planned: (1) Examination
of a cross involving tail-kinks gene and Fv-2 gene to determine on which
side of dilute in linkage group 11 Fv-2 is situated. (2) Further studies to
determine wtrether Fv-1 and Fv-2 control separate viral components (SFEV and
LLV) in the Friend virus complex. (3) An experiment designed to clari-fy
the basis for the observed loss of FMR and certain H-2 complex anti.gens from
spleen cells during the course of the Friend disease. (4) Further studies
with the apparently rlehr virus line isolated by passaging F-B virus through
B10.D2 mice. (5) Studies on the immunological unresponsiveness of certain
straias of mice to the H-2.2 and to the fMR antigens. (6) Iuvestigation of
the genetic basis of the differential hematopoieti-c resporlse in BALB/c and
CrH mice to F-B virus,

Major Findings: (1) A conference-workshop orl "Genetic Factors in the Friend
Virus Disease" was held in Bethesda on 22 January L977, bringing together a
number of workers wi-th results which bear upon the interaction of virus
genome in determini.ng the outcoue of infection with murine leukemia vi-ruses.
A broad area of agreement exists concerning the property of N-, B-, or
NB-tropi-sm of the viruses and response to the virus in vivo and in vitro
as a function of the hostrs genotype at the Fv-1 locus. ft was recognized
that Fv-2, on lhe other hand, appears to influence the host response mainly
to the SFFV component of Friend virus, and probably not to the LLV component.
(2) Dr. Lillyrs contribution to the eorrelation of the NB system with the
Fv-1 system consisted in shor^ring that (a) the FV strains used in vivo to
define the Fv-l system differ in the NB system in vitro i-n the-naiIGf
predicted; (b) the congenic mouse strains used to define the Fv-1 system
in vivo respond to N- and B-tropic viruses in vitro in the manner predicted;
ana (iI all available data on susceptibility of various inbred mouse strains
to FV in vivo correlgted perfectly wit[ the results. (3) Comparison of the
congenfE ner,s/. (H-2") and sALr.B (II-2") mouse strains with rlspecr Lo rhe
guantitative expression of }}IR antigen on their spleen cel1s shows that the
antigen appears at the same time after virus infection and to almost the
same extent; however, thereafter the amount of FMR on BALB/c cel1s declines
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enormouslYi,_lhereas the amount on BALB.B cells deelines only slightly. (4)
310.BR (u-2rc; and c3H.0H (H-2o) mice are borh highly susceprible to GV
leukemogenesis; whereas their F1 hybrids are quite resistant. Analysis of
the F2 generation (N=194) of this cross implies that this phenomenon of
genetic non-complementation is due to two independent genes, neither of which
:s associated with H-2; however, further analysis shows that H-2 type
significantly modifies this response, but not in an all-or-none manner. This
is relevant to the recent findings that HL-A type is significantly but not
completely correlated with human leukemia occurrence. (5) Studies on skin
:umorigenesis by vacci.nia virus and methylcholanthrene (ttC) in a number of
'nbred mouse strains, and also in various crosses of the BALB/c and AKR
strains, indicate that MC painting may induce (a) skin tumors or (b)
*eukemia, but rarely both, and that, if it induces skin tumors, one might
:nfer that no covert infection with leukemia virus is present. (6) Abiorp-
:ion of FV by bone marrow cells of different genotypes. suspensions of
:emoral bone marrow cells from three strains of mi"ce were incubated with
aliquots of a preparation of F-S virus and the supernatants assayed for
:esidual virus activity in DBA/2 mice. By comparison wlth the unabsorbed
:cntrol virus preparation, bone marrow cells from BALB/e and, C57BL mice did
:ct 4bsorb significant amounts of virus, but ce1ls from C3L1 mice removed all
:etectable virus activity (i.e., a reduction of at least 100-fo1d, by
:omparison with the controls) . (7) Computer analysis of cytotoxic assays:
lonsiderable effort has gone into Ehe attempt to establish a computer
:rogram for the analysis of data obtained in the titration of isoantisera
:y the Cr5l-1abe1ing method. Initial observatj-ons usi.ng this system appear
:c indicate that the cytotoxic assay is perhaps a more reproducibly
:uantitative technique than previously considered to be. (s) since F-B
,arus always induces polycythemia in BALB mice but frequently induces anemia
:-' C3H mice, they have examined the hematocrits of miee of tire (C3H X BALB)
I C3H mice at various times after virus inoculation. There is a significant
"li f ference in the mean hematocrit values of homozygous H-2k /tt-Zt< mice and-eterozygous tt-2k/H-2d ruice of this population which d.evelops only during the
:::ird week after i.nfecEion, and at about 23 days. The kd mice show a mean
;a1ue at least l0 poi-nts higher than the kk mice in each--of two experiments.
I:us H-2 type is a factor in the polyqythernic response to FV, md this should
:rcve useful in arta1ryzlng the mechanism of the H-2 effect on leukemogenesis.
l) Although they had previously shown that intact FV particles do not

:lssess FMR antigen on their surfaces, they have now found that when the
,1rus Particle is disrupted, there is a great deal of FMR acti"vity detected.
:lcst of this activity is sti11 attached to fragments of the virus, because
-; is sedimentable by centrifugation at 1001000 G, but a portion of the
i:tivity is present in soluble form and can be recovered. from Sephadex G 150
::l-uurrs, mostly in large molecular form. Studies on the smaller molecular
::rn of the antigen (25-35 thousand MI.l) obtaj-ned from infected spleen
:rirogenates indicate that its isoelectric point is about 7.5-g.0; this is
urkedly different from that of the gs-l antigen, which r+as about 5.5-6.0 in
::blished studi_es.

l{B/c mice were inoculated with a mixture of (a) the N-tropic F-s vj_rus
a low dilution, so that by itself it produced no di-sease in any BALB mice),

"-d (b) the B-tropic B/T-L virus (which i.nduces the Gross type tf leukemia,
:aEher than the Friend type). This mixture i"nduced Friend disease in all
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recipients less than 2 monEhs of age, and two passage lJ-nes of virus from
Ehese animals have been establi-shed. TitraEion of these new strains of
virus, ca11ed F-T virus, shows high infectivity in BALB ar.dD2.RS mice and
low infectivity Ln DBA/2 mice. Thus the new virus strain has exactly the
opposite host range as the original Friend virus (F-S). Comparative
titration of F-B virus in the H-2-congenic pair of mouse strains, BALB/c
(E:4) and BALB.B (E:?L), gave a very similar titer in both kinds of mice
by the spleen focus assay method, but a significantly different titer (higher
in BALB/c by more than a 10-fo1d difference) by the spleen palpation method.
This confirms that the H-2 effect on leukemi-a virus susceptibility is
exerted at a late stage in the disease process, not at the early stage of
cellular infeitTon by the virus. Prelimi-nary findings indicate thaE cells
of a passaged solid tumor line, derived from the spleen of a late survivor
among BALB mice infected rtrith F-B virus, (a) have lost all detectable FI,IR-
tumor-specific antigen, but (b) now show a new antigen not present on FMR-
positive BALB spleen cells. Antibodies prepared by immunizing BALB mice
with this BAI-B solid tumor are cytotoxic for the solid tumor cells, but not
cytotoxic for BAI,B F-B-infected spleen cells. Paradoxically, the antiserum
i-s cytotoxic. for BALB normal spleen cells, but not for C57BL normal spleen
cells. These studi-es wlll be repeated and extended when a new batch of the
same antiserum is available. There will be available very soon data on
the cell surface mapping of the relati-ve positi-on on BALB F-B-infected
spleen cells of the FMR anEigen with respect to various H-2 antigens.

Significanee to Biomedical Research and the Program of the Institute:
One of the basic facts about tumor biology is that the genetic mechanisms
of the host exert strong control over the expression of oncogenicity. This
contract represents the only in-depth study being done on the genetics of
susceptibility to viral oncogenesi.s. The knowledge derived from this study
and the mouse strains developed will have broad applications both to the
SALES program and the general effort in virus-cancer problems.

Proposed Course: The following experiments are planned for next year: (1)
Comparison of further lmmunogenetic and viral parameters of infection by
Friend virus in BALB/c and BALB.B nice. (2) Further studies of the
polycythemia-anemia problem in BALB and C3H mice. (3) Absorption of F-S and
F-B viruses by spleen ce11s of various mouse sEralns. (4) Attempts at
final purificarion of the EMR antigen. (5) Mapping of the Fv-2 gene wirh
respect to theta, mdh and Trf. (6) Having shown that the leukemogenic,
B-tropic B/T-L virus can rescue SFFV in BALB mice and give rise to a B-
tropic Friend virus, they wish now to try the same experiment with some
naturally occurring B-tropic viruses (isolated by Dr. W. P. Rowe) whieh are
not leukemogenic in vivo, although they give a fai-r1-y high titer in the XC
ce1l assay.

Date Contract Initiated: May 13, 1965
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GERMFREE LIFE RESEARCH CM{TER PH43-65-95) Ff LAUDERDALE FLORIDA

Title: Germfree Research and Operation of a Collaborative Germfree Tumor

Vir"s Laboratory

Cont.ractorrs Project Director: Dr. Joel Warren

Proi ect Officer (NCI) : Dr. M. A. Chirigos

Objectives: The activities under this conEract are of three dlfferent
typ"s, .a.h involving the special germfree and environmentally controlled
SPF facilities and capabilities of the contractor: (l) Service type
activities in general support of SVCP and intramural research requiring
clean, defi.ned, animals and viral reagents; (2) Participation in
collaborative research primariLy of other groups, but in which germfree
and.fox rigid SPF environmental control are required for definitive results;
and (3) Research primarily by contractor scientists, but of mutual interest
to the SVCP or 

"o1l.botrtive 
with other SVCP groups where back*up in other

special disciplines are necessary. Specific objectives under (f) are: (a)

Production of tumors j-n germfree avian and rodent animals by chemical
carcinogens and propagation of such tumors by transplantaEion as a resource
:or studies of such tumors by other investigators. (b) Production of on-
eogenic vi-ruses in germfree anirfals as a source of ttreagent gradett virus for
use in SVCP research, including that in this contractorts facility. (c)

Supply of limited nurnber of germfree animals to other investigators where
:easible, as a spin-off from maintenance of the foundation colonies'

l1ajor Findings: Employing the helper-free, non-dependent RSV Beta-0 strain
,f;ir"";-they have completed a series of four replicate experiments
:esigned to correlate Ehe size of infecting dose r^rith level of extractable
-.1rus in the ensuing tumors. There is a marked correlation between
.xtractable virus and initiating dose. Regardless of the nature of the
:actors that might be essential for infectious virus replication within ce11s
(j-nctuding the cell-associated chf, and the virion-associated RNA-dependent
)\A polymerase, the possibility exists that provirus can be integrated at
:ultiple genetic loci-, and that the amount of virus produced is quantita-'
-ively reiated to the number of such parasitic viral genomes i-ncorporated

;er cell, as well as the number of cel1s embodying such productive
:ntergrations, both of which uright be expected to be related to input
::.r1tip1icity of virus.

:-ae amount of RSV in cell-free tumor extracts is highly dependent upon

;eether the host is germfree or not. Tobacco tar concentrate administered
:: a single dose will accelerate tumol formation wj-th an associated
':crease in virus yie1d. These same experiments have uncovered the
:rteresting observation that dimethylsulfoxide, administered into the breast
:usc1e prior to inoculation of Rous virus, markedly i-ncreases the
mltiplicity of infectious virus in such tumors. Whether this effect is
=-:rj-lar to that observed by others with DEAE remains to be established. A

=.mi1ar effect was found in vitro, where the presence of DMSO in monolayer
:::lEures markedly enhances focus formation by this virus. The infected foci-
ta DMSo-treated eultures are markedly different from those observed tn

I
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untreated controls.

To determine whether a chemical carcinogen, methylcholanthrene, was acgive
in a germfree, ttCttparticle-free host, a colony of Fischer rats was reared
germfree and certified as "C" particle-free by the NrH. when 18 of such
animals were inoculaEed with methylocholanthrene, all but one developed
large tumors in approximately 100 days. One of these tumors, transferred
through four generations in tissue culture, induced a sarcoma i-n conventional
Fischer rats 73 days 1ater. The cell-free extract of the culture is now on
test in this host. The biological properties of s-pontaneous leukemia in
germfree Fischer rats are being compared with those of a chemically-indueed
(Shay) and radiation-induced (Jones) leukemi-a.

Work has continued on a comparison of properties of host-helper and vi.rus-
helper dependent properties of RSV strains. Using the low-dose technique
of Bryan et al., they are investigating the A-variants of the Prague and
SchmidL-Ruppin strains in germfree quail to determine whether the laEter
behave similarly to helper dependent RSV strain. They are also attempting
to obtain the recently discovered MV-O agent by rapid passage of RSV tuslors
in quai1. Further experi-ments substantiate the finding that RSV-O multiplies
to higher levels in muscle tissue of conventional animals than in germfree.
Removal of birds from an isolator leads to rapid change in the host,
resulting in i-ncreased virus proliferation in muscle. Similar experiments
with non-helper-dependent RSV viruses are underway, as well as studies to
deterrnine whether the use of sterilized diets modifies the susceptibility
of conventional animals.

A colony of germfree rodents has now reached an age at which spontaneous
tunors are beginni-ng to appear at an i-ncreasing rate. These, as well as
MCA-induced neoplasns, are being studied in tissue culLure in an attempt to
isolate a transmissible agent.

Signifiganc? to Bi :
The study of many of the most important problenJ in the virus causation of
cancer in ani-mals requires the use of certified animal hosts free of
extraneous viruses and other pathogenic microorganisms, as well as skilled
technical operations within environmentally controlled facilities, including
completely germfree isolators for some purposes.

This contract is one of two established under the svcp for supporting
critical studies in such animals of interacti-ons €rmong viruses in dual
infeet.ions (e.g., interference, enhancement, Ithelpertr action), and co-
carcinogenic activity between viruses and chemical compounds, both of which
underli-e the development of knowledge and technology for the detection and
isolation of oncongenic viruses of man.

Future Course: To continue to develop, maintain, and distribute colonies of
germfree and sPF mice, rats, and hamsters as required by SVCp projects. To
conti-nue to serve as the nucleus colony for other contracts and i-ntramural
laboratories. To continue the production of "reagent grade" lots of the
VogE strain of RSV in germfree quail for use in research in this and other
SVCP contracts; appropriate bacteriological and histopathological monitoring
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Ili11 be continued. To continue the propagation of chemically induced tumors
-in germfree animals, investigate that, and supply either such tumors or the
tr.rmor-bearing animal to other participants in the SVCP. To continue to
ievelop instrumentation for gnotobiology on a time-available basis.
?articular attention is being gi.ven to aerosol and smoke chambers for
3ermfree rodents. To test GF and SPF derived tissues in vitro. To

=aintain SPF animals on GF diets. To conti"nue studies-on-EE-ermination of-ow dose response in DMSo-treated quail, and on the general usefulness of
l]1S0 for viral j.solation. To develop a pneumotropic strain of RSV-SR.

late Contract Initiated: April L6, L965

-rFE SCIENCES, rNC. (pH43-69-63) ST.,PETERSBURG, FLORIDA

]t1e: Studies on Marekrs Disease as a Model for Herpesvirus Associated
l:congenesis

-cntractorrs Project Director:

::ojecr Officer (NCI): Dr. M.

Dr. Jack Frankel

A. Chirigos

-:jectives: (1) To determine the exact nature of the role of the
-erpesvirus associated with Marekts disease in the etiology of thls disease,
:.e. whether it is direcL, or indirect (e.g. by interacting with some other
':ent, or by activating a covert vj-ral oncogene--the Huebner hypothesis) ;
l) ?o establish Marekts disease as a model system for herpesvirus

'.sociated oncogenesis, using reagent grade SPF avian hosEs (free of overt
-eukosis virus and other pathogens); and (3) To operate an avian virus
:esting laboratory for monltoring both hosts and viral materials used in
's:eriments f,or freedom from extraneous viruses, including infecti.ous
-=ukosis virus.

t-jor Findings: (1) Techniques for extraction of DMI1V in high titer from
:eather shaft base of MDHV infected chickens have been developed. (2>
letection of MDHV antigen in feather tips by agar ge1 double diffusion tests
::ler two weeks coincided with the initial appearance of infectious MDHV.
r) MDHV neutralizing antibodies in response to infection were deteeted'o:Lhin six to seven weeks, and infectious MDHV could no longer be isolated

r: this time. (4) Electron uricroscopy during the perlod of MDHV isolat,ion
::em feather shaft base consistently showed herpesvirus particles, inclusion
::,Cies and sma1l membranous particles to be present i-n the feather follicles.
j) 0ptimal conditions for assay of MDIIV infectivity are: dilution in

:-;ptose phosphate broth, absorption onto 48 hour old LSI-SPF ehick embryo
:-5roblast (CEF) cultures (prinary, secondary, tertiar|)r pretreatment with
: - ucg of diethylami-noethyl-dextran, and mainEenance with tissue culture
r-iium at an initial pH of 7.0. (6) cEF (103.7 rFu/nt) and chick kidney
-l:': FFu/ml) culrures and rhe cAM of LSr-spF embryonared chicken eggs'-a3'2 PFu/ml) were found equally susceprible. (7) Titrarion of MDHV in-:r-sPF chicks showed that the pool conlained L03.2 LD5g per n1. (8) IDHV

-:-iectivity was retained following filtration through a 0.45u Millipore
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filter. (9) MDHV has been stored at -70 degrees for eleven weeks without
infectivity 1oss. (10) Foci formatj-on and pocks on the CAM were
significantly reduced by serum derived from MD infecEed chickens. (11)
Prior infection of CEF cultures with MD cells (tumor and CEF passage 5)
significantly reduced plaque formation by influenza virus (strain I^ISN).
(12) A monocontaminated research farm facility is in operation and provides
an area for the housing of infected chickens and for studies involving
natural exposure to DMHV. (13) The biocontainment facility (LSI, Building
No. 3) containing eight Reyniers sEeel isolators, is available for studies
with MDHV and other viruses. (14) Ihe isolators prevented spread of a
virulent virus (Newcastle dlsease, strain Roakin), from infected LSI-SPF
chickens and quail to other birds in Ehe outside environment and to birds
housed in other isolators. (15) In the isolators, LSI-SPF and LSI
germfree chicks responded to IIDHV infection the same as LSI-SPF chicks
housed at the monocontami-nated research farm facility.

MDHV superinfection of primary cultures of LSI-SPF chicken embryo fibroblast
cells (CEF), infected with LOz - 104 TCID5g per m1 of RAV-2, resulted in an
87 - 94 percent reduction in MDHV foci as compared to control cultures
inoculated with MDHV a1one. Interference wiEh focus formation was MV-2
dose-dependent, since no inhibition of MDHV foci was observed in cultures
infected with relatively low coneentrations of MV-2 (fOO.5 - tOl TCID5g per
ml). Total inhibition of focus formation occurred in secondary cultures
infecEed with large doses of MV-2 (fOS - 105.5 ?CID50 per ml). Interference
with focus formation was evidenced when RAV-2 was added to cultures together
with or 48 hours after MDHV. Interference has also been observed with RAV-I,
RAV-50, and ALV. On the other hand, super-infection of primary and secondary
MV-2 infected cultures failed to inhibi-t plaque formation by herpes simplex
and vesicular stomatitis viruses. It is of particular interest thaL MDHV

superinfection of MV-2 infected cultures resulted in significant enhancement
in COFAL titers compared to cultures infected with RAV-2 alone. These
increases did not always para11el interference with MDHV focus formation.
RAV-50 and ALV interference with MDHV focus formation also resulted in
similar increases in COFAL titers; however, the latter response was not
observed with RAV-1.

Significance to Biomedical Research and the Program of the Institute:
No satisfactory animal model i.s currently available for studying the role
(i.e. whether direct or indirect) of herpes-type viruses in the induction of
neoplasia. Slnce herpes-type viruses are associated in very high frequency
with two types of human cancer, namely Burkittts lymphoma and post-nasal
carcinoma, an ani.mal model system for developing approaches to and guiding
studies on the human problem is urgently needed.

Since Marekrs di-sease of chickens is also associated with a herpes virus
(MDHV), and this virus can now be isolated and worked with sysEematically
in the laboratory, it seems like1y that this chicken disease can be
developed into the desired laboratory model.

Proposed Course: (a) A variety of methods will be explored to increase the
efficiency of extraction of MDHV from feather shaft bases and to stabili.ze
MDHV infectivity during handling and storage. (b) The optinal conditions
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for detection of MDHV infectivity in tissue cultures and. eggs will be
determined and complement fixation and fluorescent antibody Eechniques will
be developed. (c) Potent MDHV wirl be employed in interference and
enhancement studies with a varlety of viruses including viruses studied
previously with MD ce1ls. Studies with MDHV, herpes simplex and other
herpesviruses will be emphasized. (d) Thepathogenesis of l4arekts disear;e
in LSI-SPF chicks will be studi-ed by sequential changes i-n histopathology,
serology and virology. (e) Concentrated MDHV will be treated with formalin,
ethylene oxide and beta propiolactone to determine the efficacy of
inactivated vaccines to protect chickens agalnst this herpesvirus.

)ate Contract Ini.tiated: November 1, 1968

L-NIVERSITY OF PENNSYLVANIA PH43-65-1013 NEW tsOLTON

:itle: Research in Experimental and

lontractorrs Project Director: Dr.

PENNSYLVANIA

Natural Transmission of Bovine Leukemia

Robert Marshak

?roject Officer (NCI): Dr. M. A. Chirigos (Acting)

lb jectives: To deterur-i-ne the etiology of bovine leukemia. To attempt
experimental transmission of bovine leukemia through use of cell-free
:aterials prepared from selected leukenic milk and solid tissue. To
:evestigate natural transmission of the disease through reciprocal foster-ursing experiments.

Uajor Findings: Three experiments (differential centrifugation * sucrose
:ensity gradient centrifugation (SDGC); polyethleneglycol precipitatj.on *
SDGC; and rate zonaL centrifugation + SDGC) were conducted in an attempt to:solate, concentrate and purify the vlp in cell line NBC-6. rn all three
=xperiments, band three (3-5 banas were present in each preparat.ion) con-
:ained occasional C-type VLP. Thus far, none of the procedures is deemed:uitable for producing highly concentrated virus preparations, possibly
:ecause vLP appears to occur in large aggregates in the cel1 cultures.Iee presence of budding particles in PHA treated and untreated buffy coat
tsC) ce1ls from leukemic cow BFO44 is nor,rr routinely demonstrated. C-Eype

;articles were Present in BC ee1ls from 4/7 cows in their multiple-case
'erd and in 015 cows in a leukemic-free herd. rdentical buddini c-type
:articles have been shown Eo be present in 3 different leukemic bovine cel1
--lnes.

, 
elP?r Assa{=1!g Tissue Culture Sl"dies: Using the in vivo system described:t Si owed helper activity in five of six

:5-Eracts from PHA-treated BC cultures from BF044. Two untreated cultures-:ve given questionable results and helper activity was also preserrt in four:stracts of BC cultures from a normal cow (2 PHA-treated and two untreated).Ii'e greatest helper activity was observed in a cell-free extract prepared
:rou NBC-6 cel1s cultured 4B hours in E2OFCr. such cultures conLain:eplicating C-type virus. The presence of helper activity in the presr:mab1y
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virus-free preparations remains to be explained. In cooperative studi-es
with Dr. Bassin (NIH), attempts to demonstrate helper activity by candidate
bovine materials in the MSV system were unsuccessful.

In an attempg to find cul;ure conditions under which budding particles
might be detected in buffy coat (BC) cultures from cow BF044, the cells were

cultured with and without PHA in Eaglers MEM without fetal calf serum.

C-type VLP were present in both PIIA and control cultures at 6 hours.
listinct budding particles were seen in both cultures at L2 and 18 hours and

in the control culture at 24 and 48 hours. Enveloped A particles were

observed in some cultures and, surprisingly, as much or more virus was

present in the control culture as in the PHA-treated culture. In another
series of experiments in which BC cultures were grown in Eaglers MEM with
and without PHA, Ehe amount of virus in the untrealed culLures was at least
equal to that in the PHA-treated cultures. Budding particles were observed

as early as 3 hours in the PHA eultures, and at varying intervals thereafter
in both the treated and untreated cultures. In another experiment in which

different BVO44 BC cel1 concentrations were used, the results suggest that a

signifi-cantly higher total virus yield may be obtained from the culture
initiated at the higher cell concentration if the viability of the 2 cultures
is comparable. It was also found that the appearance of IF antigen(s) in
cell line NBC-6 parallels the appearance of the C-type virus.

Irnmunological Studies: Cell line NBC-6 was examined by indirect immuno-

fluorescence ,rsii[-acetone-fixed cell preparations. In the first series of
experiments, cells showing a granulat andfot diffuse brilliant fluorescence
in the cytoplasm were consistently found when tested with the serum from a

regression case of bovine leukemia (cow ll27-L25). The percentage of
fluorescent cells was significantly higher in the cultures maintained in
E2OFSI than in the cultures maintained in M2OHSI. Subsequent EM and IF
tests, performed in Ehe same cultures of NBC-6 ce1ls grown in E2OFSI or in
M2OHSi, confirmed the close correlation between ce1ls showing VLP and

fluorescent cells. Sera of normal eow (Bt 205) and of a normal calf from a

leukemia-free herd were negative. Preincubation of fixed NBC cells with the
serum or 6-globulin fraction of the regression case (27-L25) completely
blocked the fluorescence activiEy of FITC conjugated y-globulin from 27-L25.

No blocking activity was found in the serum or y-globulin from normal cow

BI-205. A preliminary serological survey showed the presence of fluorescent
antibodies to NBC-6 cells in the sera of 11 out of 13 leukemic animals
(12 cows and one calf). Ten additional sera from normal cows in a leukemia-
free herd were tested and none showed IF antibodies'

Studies o, Bovi - On the basis of Lr452 sexa
date, the following limited

conclusions are drawn: (a) The distribution of J-BSV infection varles
greatly from herd to herd regardless of the herd's leukemia sEatus; (b) There

ipp""r" to be a significantly greater rate of infection in multiple case

herds when compared to contact herds, and both of these show significantly
higher rates than the control herds tested so far; as yet, no relationship
between J-BSV infection and persistent lymphocytosis is aPparent'

Reciprocal Foster Nursi-ng Experiment - Oldest animals are 37 months old;
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youngest are L4 months. No leukemias have been detected so far. Though
too early for definitive analysis of the lymphocytosis sEatus of the various
categories of animals, as yet there have been no alterations in absolute
lymphocyte counts which can be related to the types of foster dams upon
i,,hich the calves nursed.

Studies on the Experimental Production of Leukemia - To date, no clinically
C"t."t"bfe f""k.*j-asttrave aevefop.a, U"t 

"off*ti".ly 
the cattle in the

gross filtrate, leukemi.c suspension culture ce1l line (CL) and the leukemic
thoracic duct lymph (TDL) transmission experiments have all shown signifi-
:ant1y elevated absolute lymphocyte counts (AfC). A signifj-cant drop in
rhe ALC of four out of five cattle in the leukemic cell line experiment may
:e significant because, in spontaneous cases, such a drop in ALC commonly
precedes the appearance of tumor masses. Chromosome studies in several
"aimals which recei-ved i.v. infusions of CL and TDL also suggests
:ransmissj-on of the disease. A new transmj-ssion experiment in which
:olostrum-deprived neonatal calves are receiving NBC-6 suspension culture
;el1 grown in Eaglets medium with 20% FCS (such cells are rich in budding
l-type virus) is underway.

Significance to Biomedical Research and the Program of the Institute:
Since there is a close associatj-on between cattle and their products, and
:an, the etiology of bovine leukemia is of utmost importance. This program
:rs been making progress, and there has been active collaboration with many
:cher investigators.

---roposed Cours!:: (1) Virus isolation and concentration experiments will be
=:<tended. (2) An j.nvestigati.on of the presence of RNA-dependent DNA
:olymerase will be conducted using virus preparations obtained from NBC eell
- ines and from short term BF044 BC cultures. The presence of the enzyme i-n
:e1ls from previous cultures as well as in lyurphocytes from leukemic and
-rn-leukemic caEtle will be determined. (3) Search for the gs-antigens of
-eukemia viruses in preparations from NBC ce11 lines and BC PHA treated
-ultures. (4) Attempt to transmit bovine C-type viruses to bovine ernbryo
:1brob1asts, NBC-10 cell 1ine, and other established ce1l lines. (5) Attempt
:: develop an in vitro infectivity assay for the bovine C-type viruses.

late Contract Initiated: June 18, 1965

liirr0NA], CENTER FoR prsEASE CONTROL (NCr-VCL-(68)-42) ATLANTA, GEORGTA

l't1e: Etiologic Studies of Leukemia and Related Diseases Occurring in
l:usual Epideniologic or Genetic Situations

-":etractorts Project Director: Dr. Clark W. Heath

::cject Officer (NCI): Dr. A. Gazdar

--:jecti-ves: This is a collaborative program of the National Center for
lisease Control (CDC) and the National Cancer Institute (NCI) in which
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epideniologic and virologic studies are conducted of leukemia and related
illnesses (cancer, congenital defects) occurring in unusual epidemiologic
or genetic circumstances: community case clusters, human-animal case
assoclationq and situations in which cases appear associated in farnilies.
In selected population areas, case surveillance programs are operated to
furnish accurate data on current leukemia incidence patterns, and to assist
j-n the prompt detection of unusual epidemiologic or genetic events. Each
unusual event i.s investigated in detail, ad when appropriate, specimens are
collected from patients, persons wj-Eh associated illnesses, family members
and possible case contacts. While such investigati-ons are pursued with a
wide range of etiologic possibilities i-n mind, they focus primari-ly on viral
oncongenesis. SpecJ-mens are examined both in the contractorrs laboratory and
in that of collaborating contractors, including bone marro\^7, serum, buffy
coat cells, and tissue biopsies.

a. Field Investigations: A total of. 37 field studies were pursued, 9 being
i,,ve@ina11yinearlieryearS.Sixteenconcernedcase
cluster situaEions, B cases associated with unusual ani.mal contacts (4 with
cats, 2 with dogs, and I each with horses and cows) , 4 multiple case
families, 3 leukemia in identical or like-sexed twins, ar.d 2 marital
leukemia.

In connection with these field studies, serum specimens were collecEed from
600 indivlduals, and blood and/or marrow cells for culture from 23. 0f the
serum speci-mens, 202 were obtained from a random sample of a high sehool
population in California as part. of an investigation of an apparent cluster
there of osteogenic sarcoma, ar.d 146 from a random sample of two grade school
populations j-n Middletown, Connecticut, as part of a study of a case cluster
of childhood leukemia in that town.

A cluster of three cases of lymphoma €mong children was found in the small
town of DuBois, Pennsylvania. A11 three were from one Catholic parish and
the two most recent cases were gehoolmates during one school year at that
parishrs parochial school. Their onset coincided with a sharp ouEbreak of
varicella that affected that school both sooner and more severely than other
schools in the area. The associ-ation of cases in thi-s town with a
partlcular church/school population segment is similar to earlier observa-
tions made i-n Ni1es, Illinois, Middletown, Connecticut, and Kendall Park,
New Jersey. Case reporting continued from seven areas in the United States
(Connecticut, Rhode Island, Utah, metropolitan Atlanta, Houston, Kansas City,
and Nassau County, New York). An additional surveillance project was begun
involving childhood leukemi-a and lymphoma in the stat.e of Colorado.

b. Laboratory Studies: Facili-ties at CDC for culturing cell specimens and
performing virologic and immunologic studies on these and related sera were
developed, starting in August 1970. Since that time 50 specimens of blood
or marrow ce1ls have been processed (preparation and storage of acetone
fixed slides, in vitro ti.ssue culture of ce1l materials), 6 in connection
with ongoing field investigations, L2 ot cultures received ftom Pfizer and
developed there in past years in connecti-on with earlier i-nvestigations, and
32 ftom patients with leukemia seen at local medical centers in Atlanta and
north Georgia. 0f these, 28 cell lines have been established and continued,
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each being built up for treezitg baek, for preparation of further acetone-
fixed slides and, in the near future, for virologic and immunologic testing
(fluorescent antibody and cyEotoxicity tesEing with paEient/contact sera,
electronmicroscopic screening, and immunologic screening against known

cncogenic agents (EBV, etc.). Cytogenegic analyses are being made of each

cell line being processed. Of Ehe 28 cell lines derived from blood or marrow

cf patj-ents wiih leukemia or their relat,ives , 22 have been screened with EM,

rive being found to contain EBV, and two a smaller as yet unj-denti-fied virus-
iike particle. Ten lines have been tested for i-mmunoglobulin production,
and two gave positive results. Thirteen have been cross-tested with
.orr."poading homologous sera, and absorption experiments are now in
;.ogr""". fight speci"mens have been cocultivated with human embryo and

)or^mrs syndrome fibroblasts, yielding no evidence of viral activity.
- aboratory work will largely focus on cross-absorption studies to delineate
ratterns of FA reacLivi-ty in collected cell lines and their related sera.

:arlier in the year 1l skin fibroblast cultures were developed from a large

=rltiple-case cancer family in California. These have been examined
:1'toglnetically and sent to the Melpar laboratories for transformation
sLudies. An analysis was made in collaboration with Dr. Don Morton, NCI, of
:re distribution of antibody titers against human sarcoma antigen in the 202

sera obtained from a high school population in Santa Clara County,

-alifornj-a. No patterns of titer distribution were found to account for the

.-air of cases of osteogenic sarcoma diagnosed during that same school year

-f t\./o classmates at the school .

:lgnificance to Biomedical Research and the Program of-the-Institute
ji-nce Ehis contr and genetic studies on cases of
:rrm41 leukemia, and attempts to ascertain and clarify the etiology of human

-eukemia through intensive investigations of selected cases, it is of direct

=d immediate relevance to the aims of the Special Virus Cancer Program.

l:oposed Course: Investigations of selected leukemia cases or cases of
t]iA"tfffi-related diseases will continue to be pursued ' and appropriate

=erologi-c specimens will be collected. In the CDC Laboratory, serologic

=d immunologic tests will be continued on collected specimens with
::Eention focused on: (a) search for oncogenic virus activi-ty and (b)

=ero-epidemiologic studies to help interpret individual family' corununity,
:r animal-related case clusters.

late Contract Initiated: July L, L967
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TTNIVERSITY OF NORTH DAKOTA (PH43-66-B) GRAND FORKS, NORTH DAKOTA

Title: Quantitative SEudies on the Transmi-ssion of Feline Oncogenic RNA
Viruses and Selected Herpesviruses by Certai-n Bloodsucking Arthropods

Contractorrs Project Director: Dr. Robert G. Fischer

Project Officer (NCI): Dr. George J. Burton

Objectives: To deEermine whether the following diseases induced by iertain
oncogenic viruses can be transmitted from infected animals to healthy
susceptible animals by bloodsucking arthropods with special reference to
virus quantitation: feline leukemia virus (FeLV), feline sarcoma vi-rus
(FSV), murine cytomegalovirus (Henson), and Marekrs disease virus(MDV).
specific objectives are: (1) To determj.ne oncogenic virus 1eve1s in
arthropods which have fed on experimentally infected donor animals of
known tj-ter (extrinsic incubation studies). (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
when taking a subsequent blood meal. (3) To determine the quantititative
distribution of the vj"rus in those arEhropods demonstrating suitably high
virus 1eve1s €mong various organs and tissues, including alimentary tract,
hemolymph or b1ood, salivary glands, and in any other organ where virus may
localize and urultiply. (4) To determine whether the disease caused by each
oncogenic virus can be transmitted mechanically through interrupted feeding,
or by transfer of the virus on the legs and body of the arthropod (especialy
j-n Marekrs disease).

Major Findings: It has been established that FLV could be transmitted by
several insect specles which had partially fed on an FlV-infected mouse and
subsequently completed their blood meal on a "normal" suckling BALB/c mouse.
The mitimum number of bites necessary to initiate infection by Aedes
t.rigeriatug, Culex pipiens qui.nquefasciatus or Stomoxys calcitrins is one,
while to date at least two bites by Anopheles quadrimaculatus have been
necessary to initiate a leukemic response. The initial attempt at

Aedes
or
and

establishing the laboratory transmission rate was made and reported in
lrigeriatus (5lLL4 or 4,34 percenr) , Anopheles quadrimaculatus (i.B/L52
2.56 percent), culex pipiens quinquefasCiarus (6lTu o, 5t*"rcenr),
Stomoxys calcitrans (LB/L52 or 11.84 percent).

In experiments involving Friend leukemia virus (FLV), several extrinsi.c
incubation studies (t.e., determination of FLV fate) have been-?onducted with
the b1"ck "aft marsfr mosquito Aedes taeniorhynchus, the malaria mosquito
Anopheles qqadrimaculatus, .rd-IEE-"@ felis. rn
currentstudies,theiewisnoindicationor@odaysin
any of the insects held at normal rearing temperatures (23 degrees C - 27
degrees c). rt was seen earlier that cooler insecLary temperatures
(particularly 13 degrees C) slowed Ehe rate of fLV decay but the overall
response was not affected. Collaborative effort with Drs. W. Turner and G.
Burton, N.I.H., has been i.nitiated to determine whether the FLV complex
ingested by Stomoxys calcitrans is altered with time in this fly, so that
subsequent introduction of this insect-virus mixture into an anirnal system
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results in an
formation of
feed directly
(6,000 flies)

occasional splenomegalic response without the concommitant
splenic foei. One group of 101000 flies has been allowed to
on intact viremic BALB/c mice; whereas the second group
was fed from sterile sponges soaked with FLV virus-spleen-

blood mixtures.

Ext.rinsic incubation studies of feline leukemia (lymphona/lymphosarcoma)
virus (FeLV) and feline fibrosarcoma virus (FSV) in the cat flea,
Ctenocephalides felis have been performed in collaboration with Dr. C.
Rickard, New York State Veterinary College at Cornell University and Dr. G.
Burton, N.I.H. Groups of fleas have been fed through membranes in vi-tro
on either FelV-human blood or FSV-hr:man blood mixtures on 9, 6,3, 1, and 0
days before dissection. Both FeLV and FSV were viable for at least 24 hours
in" the cat flea.
In additional experiments, fleas fed directly on FelV-virernic kittens in
'iiere noted to ingest larger blood volumes (3x; than those which fed
artificially through membranes. Groups fed on viremic kittens 9, 7, 3,
and 0 days earlier were used in additional studies.

vl_vo

1,

Arthropod transmission of Herpesvirus saimiri (HVS), which induces aslisulrrm
ce11 sarcoma i-n marmosetsr,is being investigated with the collaboration of
lr. F. Deinhardt, Presbyteri-an-St. Lukets, and Dr. G. Burton, N.r.H. They
i,ncluded initial extrinsi.c incubation studies of HVS in relation to the
stable fly, !lomo*y"_ calcitrans, and the malaria mosquito, Anopheles quadri-
:raculatus; as well as investigation of the possibility of transmisiion 

-:rom an infected marmoset to a susceptible recipient during interrupted
:eeding activity of the stable fly. HVS has been found to be viable in the
idgut of the stable f1y and malaria mosqui-to for 6-6.5 hours after feeding
in €In infected marmoset. An in-depth collaborative effort with Drs. W.
iurner and G. Burton, N.I.H, was performed to determine whether the Friend-eukemia virus (FLV) complex ingested by Stomoxys caleitrans is al;ered with
:j-me i-n this fly, so that subsequent introduction of this insect-virus mix-
:ure i.nto an animal system results in an occasional splenomegalic response-*i-thout the concommi-tant formation of splenic foci. Eight samples (L07"
s:leen homogenates) were prepared from rnice presenting wiEh varying degrees
:f splenomegaly (210 mg-617 mg). Results of this study are forthcoming
:ending the completion of the X-C testing by Dr. Turner.

l{arekrs disease transmission studies are being conducted with Ehe collab-
:ration of Drs. J. Frankel and v. Group6 of Life sciences, rnc., and Dr. G.
3ilrton, N.I.H. Two experiments have been conducted at St. Petersburg. They
::clude an initial extrinsic incubati"on study in Stomoxys calcitrans and
lcenocephalides feIis. In addition, two natural association experiments have
:een conducted in "germ-free" isolator units. Extrinsic incubation studies
:: mouse cytomegalovirus (ttenson) in relation to several mosquito species:re now in progress. They include studies at 0, 3, 4r 51 7r 8, 10, LL, L2,
-*, 15, L9, 22 and 26 days for Aedes aegypti; O, 4, 7, and 11 days for Aedes
:aenigrhynchusi or 41 7, and 11 days for Anopheles quadrimaculatus and or 4,-, and 11 days for culex pipiens quinquefaseiatus. An i""."tigation to
:etermine possible SFFV and/or LLV aCtiv:ity in certain insects is being
raducted in collaborati-on with Dr. R. Steeves, Roewell park Memorial Inst.
- regards ELV. In the EM laboratory of the subcontractor in Yonkers, N.Y. ,
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i.e. Boyce Thompson Institute, [V particles were deteeted in the
midgut of the mosquito Anopheles stephensi infected with Friend LV by
feeding on leukem:-c sALBT;-;ice;ith a tiGr of FLV 10-5.4snntg, following
post-feedi-ng peri-ods of 30 hours and 3 days. Various developmental stages
of FLV virions were found in engorged donor blood cells. Extracellular
viri.ons of tailed mature, as well as immature, forms were also observed in
the midgut lumen. The findings indicate that the lnsects may act as
potential carriers of this virus. Even if they remain unable to transmit it
by biting, they still may play a role in transmission if crushed, or
defecaEing.

Although extracellular FelV-like parti-c1es were observed in the midgut of
Ctenocephalides felis 4 hours after the virus acquisition, no virus particles
were detected in various organs of the f1eas, following post-feeding peri-ods
of l, 3r 6, and 9 days. Electron microscopic examination of the cat fleas
infected by a single feeding, as well as multiple feedings, on diseased
donors is now under way. Various organs of the mosquito Aedes taeniorhynchus
were excised 4 days after virus acqulsition on FSV donor kittens. EM

examination of the bonemarrow, b1ood, and sarcoma tissues of the donor
kiEtens is in progress.

Electron microscopy work with the Henson strain of mouse cytomegalovirus
(CMV) has been initiated. A group of adult fleas, C. felis, was fed for one
hour on CMV-infected mice following four addiEional multiple feedl-ngs at
a Z4-hour interval. Various organs of the insects were removed 8 days after
the initial vi-rus acquisition. The bonemarrow, b1ood, and salivary glands
of the donor mice were also removed. PreparaLions of the samples for the
electron microscopic examination are now under way. Studies of oncogenic
viruses 1n invertebrate cell cultures have been initiated. To date, a
standard method for the flea cell culture has been established, provlding
active cel1 growth in vi-tro from ovarian tissue fragments of the young adult
fleas.

Significance to Biomedj-cal Research an{ the Program of the Institute:
Arthropods have been investigated in relation Eo the transmission of human
diseases for many years. Viruses, which are obligate parasites, may be
transferred by arthropod vecEors, and such transmission may occur biologi-
cal1y or mechanically. Arthropods such as mosquitoes, biting f1ies, f1eas,
ticks and mites may suck blood from both man and from domestic animals
(including birds) closely associated with man. It is, therefore, important
to investigate whether leukemogenic viruses present in infected animals can
be transferred to humans. If such vector or vectors are found, then measures
can be taken to control the vector and to prevent contact between vector and
human or animal hosts.

Proposed Course: If positive transmissj-on results are obtained with herpes
saimiri vj-rus, then it is expected Ehat priority will be given to investiga-
tions utilizing arthropods feeding on marmosets infected with Ehis virus.
As many specles of common bloodsucking arthropods will be used as can be
procured and reared in large nurnbers. Further investigations on Marekrs
disease virus, murine cytomegalovirus (Henson) and feline oncogenic viruses
will depend on initial results. It is expected that this contract will be
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Eerminated at the end of 7971.

Date Contract Initiated: October 27, L965

ST JUDE CHILDRENIS RESEARCH HOSPITAI (NrH 71-2134) MEMPHTS TENNESSEE

r-itld: Studies on the Etiology of Selected Amphibian Tumors

Contractorts Project Director: Dr. A11an Granoff

?roject 0fficer (NCI): Dr. Gary Pearson

lbjectives: This project is aimed at determining Ehe etiologic role of
-.-j-ruses, particularly herpes*type virus, isolat,ed from the renal adenocar-
:inoma of Rana pipiens (i,uckd tumor). Both in vitro and in vivo host-virus
:elationships wilt 6J investigated using p.rti.,".rt Uiofogical, biochemical,--munologi-cal, and physical techniques. CharacluetLzati-on of the virions
;-i11 be made using physical and chemical methods to establish the possible
:e1ati-onship of these agents to oncogenic mammalian and avian viruses.
Sludies concerning natural transmission, epidemiology, and the role of
:evironment, particularly temperature, in tumor formation will be carried
:!t concurrenEly or subsequently, as applicable. studies will also be
:arried out on the possible viral etiology of the lymphosarcoma of the South
--irican toad, Xenopus laevis, if time permiEs.

llajor Findings: This contract was initiated on May 13, L97L, only L-L/z
r:onths prior to the end of FY I 71. During this time equipment and supplies
;,.-re ordered and the project was put into initial operation.

:-gnificance to Biomedical Research and the Program of the rnsEitute:
l::e role of herpes-type viruses in beni-gn and malignant diseases of man and
::imals has been under investigation, i.e., in Burkittrs lymphoma, cervical
:arclnoma, infectious monomucleosis, and Marekts disease. The ubiquitous
::stribution of HTV requires Lhat the relationship of this group of virus
:: cancer be r-rnequivocally established. Since it appears that temperature
::ts as an induci-ng factor i-n the case of the herpes-type frog virus, perhaps
::is may have more general applicati-on to other DNA virus-cancer systems.
I: Luckd tumor offers an experimental system for proving di-rectly that HTV-: an oncogen, rather than by sero-epideniology alone. The presence of other
;:ruses in the Luckd tumor suggests also that defecti.ve-helper virus may be
----;olved in the etiology of the tumor. Recent studies have shown that at
-:ast one antigen of the Burkitt herpesvirus is identic.al to an antigen
:: the herpesvirus present in the Luck6 tumor of frogs. The significance
:: this find has been under investigation. rt is possible that the
--:ormation to be obtai-ned by this contract will have some application in
-e etiology of human cancer.

l:cPosed Course: Rana pipiens whole embryo cell lines (RPE) and adult frog
,ildney cell lines (AKRP) will be used. Rate of herpes-type virus attachment,
:::-ect of temperature on attachment and the amount of cell-associated and
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released vj-rus will be ascertained. The temperature of virus replication
(4oC to 30'C) will be studied, since HTV infection in tumors in vivo appearsto be temperature-dependent. Development of HTV will be studied
concomitantly by electron microscopy. A variety of mammalian, avian, pisci-ne,
and amphibian ce1ls will be tested for susceptibility to transformation by
HTV aE low and high multipticities, at various t.emperatures for 4oC to 3lzc.
InfecEed cells will be transplanted into the anterior eye chamber of the frog
to test for growth of transformed cells. The number and function of
structural and vi-rus-induced antigens will be determined with i.n vi-tro cel1
systems and with naturally occurrlng Luek6 tumors free of detecfbG-i-i.rrs.
If tumor lnduction is accomplished by absence of virions, tumors will be
examined for virus-specific antigens. HybridizatLon experiments to detect
viral specific RNA will be performed using the methods of Gillespie and
Spiegelman and Green. Studies will be made on a papova-type virus isolated
from Luckd tumors. Attempts will be made to induce tumors in R. pipiens
embryos and adults utilizing HTV and PTV. If time permits 

"trdies will be
initiated in attempts to determine the possible viral etiology of
lymphosarcoma in the south Africa' toad Xenopus laevis.

Date Contract Initiated: May 13, 197L

REGERS NIWRSITY (NIH 71-2077) NEW BRWSWIffi, NEW JERSEY

Title: Test for Geneti-c Acquisition of Oncogenic Potential and Cell-
Transforming Capacity by RNA Animal- Viruses

Contractorrs Project Director: Dr. Robert Simpson

Project Officer (NCI): Dr. Willie Turner

Objectives: The objective of the contract is to determine whether a non-
oncogenic RNA animal virus can gain tumor-producing or cell-transforming
ability as a consequence of one or more of the following genetic events:

1. Host-induced genotypic modificatj-on of viral_ RNA.

2. Intracellular persistence of incomplete but functionally
active RNA vi_ral genomes.

3. Chemically-induced nuration(s).

Non-oncogenic RNA vi-ruses showing oncogenic potential after eonversion by
such genetic mechanisms would be investigated to determine the nature and
origin of the genetic information involved.

Majo{ J'indings: rnitiation of the cont,ract progr€rm on February L5, Lg7L,
was followed by efforts to procure all major items of equipm.nl, hir" project
personnel, and arrange for necessary physical alterat,ion of the research
facili-ties. A11 major items of eguipment have now been obtained. The
alteration of laboratory roons, including installati.on of a self-contai.ned
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cell culture module, should be completed by July 15, L97L. Project
personnel, with the exception of an animal caretaker, have been hired,
and their training has progressed very satisfactorily.

]lost of the research carried ouE thus far has been devoted to preparation
:f reagents, such as purified stocks of candidate viruses, development of
specialized cell lines to be used for bioassay, and preliminary experiments
:oncerning the intracellular persistence of incomplete viral genomes.
llilligram quantities of gradient-purified stocks of infl:uer.za WSN virus and
;esicular stomatitis virus (VSV) havebeen prepared and stored at -70o.
Substantial amounEs of hyper-immune sera against inactivated (beta-
:ropiolactone) VSV, have been prepared j-n rabbits and titrated for neutral-
:-zirg anti-body. ImmunizatLon Erials have also been started, using
'nfluenza virus as antigen. Wild-type stocks of influenza virus' VSV,
Srndbis virus, and specific conditional-letha1 muEants of these viruses,
:ave been cloned under conditions designed to eliminate adventitious
=gents such as avian leukosis virus or mycoplasma. A line of guinea pig
a=bryo cells, now in its 22nd consecutive passage, is being maintained as
: potential system for bioassay of oncogenie mutants. VSV, specifically
:ractivated with the compound Bayer A 139, is being used i-n attempts to
'"tegrate a non-infectious replicating genome into animal cells. Cells
:rus infected with inactivated virus are being monitored for production
:: virus-specific proteins and changes in growth characteristics.

ilgnificance to Biomedical Research and the Program of the Insti :

-1e genetic acquisition of oncogenic potential by RNA animal viruses
-s an i-ntriguing possibility and one of great importance, since it is
:"cssible that the tthr:man cancer virust' could be a member of an RNA

irus group which normally causes non-oncogenic diseases in man. Although
-.-rpporting evidence for this phenomenon in animal RNA virus is quite
slarce, there are persistent observations which suggest that normal
--r:1-oncogenic viruses may have oncogenic potential . Thus, a thorough
::vestigation of the capacity of non-oncogeni-c viruses to genetically
::quired oncogenic potential is warranted. These sEudies would fit well
-- the scope of the SVCP, since one of the specific aims of this program
:s to determj.ne the etiology of human cancer or uncover viruses with
::cogenic potential whieh could be possible candidates for an etiological
::le in human neoplasms.

l:oposed Course: Test viruses: Total emphasis will be put on the use
:: enveloped RNA viruses, based on the class properties of most of RNA

T:ruses. The Contractor has gathered a sizeabLe eollection of mutants
:: various enveloped RNA viruses whieh carry useful genetic markers.
laperature-sensitive (ts), host-restricLed (hr), thermostable, and drug
:esistant mutants as well as plaque-forming recombinants of representative
:ue:rbers of the myxovirus, arbovirus, rhabdovirus and reovirusgroupswill
:=* employed in these studies. Stock of the above viruses will be grown i-n
:ells recognized to yield maximum titer of infectious viruses. Large
;:lume of gradient purified virus wilt be prepared from ce1ls propagated
'-d mainLained in ro1ler bottle production units. Newborn and young adult
::a-inbred guinea pig (GP), secondary GP embryo fibroblast ce1l culture,
s well as a developed eontinuous ce1l line of GP kidney cells will be
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emPloyed in these studies. In addition, attempts will be made Eo establishcell lines from tumors induced in Gp by the ne\,r geneti_cally converted
oncogenic viruses. The GP was selected as the animal of choice in thesestudies because of the extremely 1ow incidence of spontaneous tumors inthese animals in_ age groups under 3 years. The Contractorpla1s to employ "Rif-free" embryonated eggs as a source of embryos forceli culture of whole embryos or specified tissue Ehereof, for Lse in thesestudies. In addition, cel1 culture derived from tissue from newly harchedchicks ("Rif-free" eggs), as well as newly hatched chlcks, will be employedin this investigati.on.

Human primary ce11 lines such as human embryonic kidney and fetal skin/
muscle cells and human continuous cell lines such as wr-3g, eEc., will be
employed to detect the newly acqulred oncogenic poEential of RNA animalvirus treated as described above. Other cell lines, both of human and
animal origiq r^iill be included in these studies; i.e. 3T3, FL, BIIK 21, etc.

Date Contract Initiated: February 15, L97L

DI]KE I]NIVERSITY (NIH 71-2132) DURHAM, NORTH CAROLINA

Title: Study and Production of Avian Leukosis Virus

Contractorrs Project Director: Dr. Joseph W. Beard

Project Officer (NCI): Dr. Michael A. Chirigos

objectiyes: The objectives of this project are: (1) to continue quantity
and quality production of BAI strain A avian tumor virus, (Z) to continueinvestigations on RNA avian leukosis viruses. The Contractor projects amonthly production of 15 gms wet weight of plasma and 30 gr" ,Lt weight oftissue culture grown BAI strain A avian tumor virus. They will investi.gatein in vivo (chickens) and cell culture systems other avian viruses whichi-nclude: sarcoma (without hematopoietic disease); erythroblastosis (and
associated growths); myeloblastosis (and associated growths); and
myelocytomatosis (and associaEed growths). Avian leukosis virus strains
BAIA, R, ES4, and yIC-29 will be employed in these studies. The Contractorwi-ll employ a multidisciplinary approach to the st.udies of avian tumorviruses including: biochemistry, tissue culture, virology, elect,ronmicroscopy, pathology, and immunology.

It€"t:i"a.P: rhe major work has been the production and distribution ofBAr.Strain A (nyeloblastosis) virus and leukemia myeloblast ce1ls. A totalof 451473 mg wet weight of plasma virus, and L4gr2\5 mg wet weight of tissueculture vj-rus has been supplied to other investigators: D. Baltimore, 1r040pv and 2rL31 tcv; B. Burmester, 31071 tcv; F. Deinhard,tr 256 pv; J. L.Eidinoff, 4,457 rev; Roberr Gal1o,5,gz7 pv,1,368 tcv;-o. caianer,1,156tcv; M. Green, 7rL72 tcv; S. E. Grossberg, 34 pv; J. I{urwitz, Lr605 pv, 51423tcv; K. Jenson, 1,056 tcv; walter Kel1er, 5Lz pv; F. portugal, 34 pv; irr.ir."Riekard, 879 tcv; R. Rutman, 554 pv; p. sarma, 2.030 tcv; A. ichrecker, 34 pv;
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M. M. Sigel, Bl2 tcv; S. Spiegelman, 24,702 pv, LL2,092 tcv; K. Stomberg,
1,034 pv; A. Tannenberg, Lr067 tcv; G. Todaro, 51736 pv; Robert Wel1s, 4,99L
tcv; R. Winzler, Lr556 tcv; Paul Zamecnik, 41105 pv. Dr. S. Spieglman has
also been sent 11227 m7 of washed, packed myeloblasts from leukemic chickens,
and Dr. R. Rutman, 40 m1 of the same. Dr. Spiegelman has received-4,8OO m1

cf labeled myeloblast tissue culture fluid with virus, *d- I x 1011 myelo:
:1ast cells. Dr. Ga1lo has received 1,895 ml and 4.6 x 1010 cells.

-ocalLzation of RNA-dependent DNA polymerase activity in fractions of BAI A

leukemia myeloblasEs was demonstrated in a large particle ("mi-tochondrial")
:raction, and was slight or absent in small particle ("microsomal") and

:oluble fractlons. Studies with use of non-ionic detergent suggested thaE
:ne enzyme was associated with a lipoprotein, probably membrane, structure.
-ee nuclear fraction has not yet been assayed accurately because of the
:verwhelming DNA-dependent DNA polyrnerase activity. The quanEitative
ispects of various kinds of detergent disruption of RNA tumor viruses are
:eing further investigated by changes in light scaEtering followed
=rectrophotometrically. The data will aid in Ehe selection of procedures
:i virus disruption for study of virus structure, and will aid in the
:stimate of virus mass.

j=ating of 605 RNA at different temperatures affected the physical propertsies,
--ffering from findings by others. Much work will be required to establish
::ie nature of Ehe changes induced by heati-ng, and to determine the importance
:- environmental influences. Contamination of BAI-A virus samples by
::11-derj-ved component.s may i-nterfere with purlficaElon of Ehe agent and

=-.-aluation of biochemical daEa. Efforts are being made to find the means

::r eliminating such components from both blood plasma and tissue culLure
',-:rus preparations. Comparison of the respective sensitivities of the CF

,-C agar ge1 precipitation testq for detection of gs*antigen wiEh RSV

.::iiserum from the pigeoq showed that the CF reacEion was 16 times as

.=esitive as the agar ge1 reaction. The gs-antigen analysis with pigeon
!:rum against disrupted AMV antigen by immunoelectrophoresis also gave
:aaisfactory results.

::gnificance to Biomedlcal Research and the Program of the Institute:
.irlan tumor vir@oproliferaLive and neoplastic diseases in
:-:estic chickens. One of the major functions of the SALES Segment of the
i, CP is to fully explore all important animal model systems for the
::*:ermination of the possible viral etiology of cancer in man. Avian tumor
:-ruses induce a variety of diseases similar to those which occur in man

=rythroblastosis, myeloblastosis, myelocytomatosis, reticuloendotheliosis,
.-: sarcomas); the causaEive viruses have been isolated and the disease can

:= induced in vivo under controlled eonditions which permit the study of
:--e immunofogy, virology, biochemistry and Eherapy of the tumor virus complex;
:,-= avian tumor viruses may be used as a prototype for a potential viral
-=:cine in the event that a virus causing cancer in man is isolated' A

-'-ited field trial of a Marekts disease vaccine is Presently in progress.
l -: recent reports showing t.hat certain animal tumor viruses contain a

,:-que enzyme, RNA-depenaent otlA polymerase ' 
has been largely based on the

.-e of the- BAi strain A avian tumor virus as a model system. Subsequent
;-cchemical and enzymatic studies will depend largely upon purified'
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Course
year t s

above

concentrated virus, which the Contnactor wJ.l1 supply.

the next
described

Since this report is based on only 2-l/z
work will be essentially a combination of

months r work,
activiti-es

Date Contract Initiated: April L9, L97L

ffiow LsowORIES, INC. (NIH 71-2341) ROCKVILLE, WyLND

Title: Aniual llolding Facility to Support Intramural Research on RNA Viruses
and Autoimmune Diseases

Contractorts, Project Director: Dr. Willian A. Knapp

Project Officer (NCI): Dr. John W. pearson

Objectives: The objective of this contract is to support ongoing activities
in the vi-rus and Disease Modification Section, vBB, NCr and the viral
Pathology Secti-on, VLLB, NCI. The nature of the above activities require
supportive services which this contract will provide. rn general, the
eontractor will receive and maintain mice, rats, hamsters and other small
animal species as required for the purpose of observation and experimentation
during the aging process for the following research studies: (a) Development
of autoimmune dlsease, (b) Relationship of autoimmune disease to oncogenic
viruses, (c) Development of spontaneous c€mcers and their modification to
chemo-immunotherapeutic agents, and (d) Inmunologic responsiveness to iurmuno-
enhancers and/or suppressors.

Maj"or -Findings: Since this contract was initiated only 15 days prior to the
end of trY '7L, a report of findings is not appli,cable at the present time.

significance to Biomedical Re"easch ardgtg_I.ggram of the rnstirute:
rfru r"jo viruses,(2) the preventi-on and control of virus-induced malignancies in man as well
as in anlmals associated with hin. Current in-house efforts are underway
to investigate the relationship of the aging process and autoimmune disease
states to sPontarleous and virus-induced malignancies. In addition, ongoing
investigation utilizir.g chemo-i.mmunotherapeutic 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 applica-
tion in studies on similar diseases in man.

d Course: It is intended to engage in inoculation, palpation, blood
smears, es!_ign, eye bleedi.ngs, autopsies, and harvesting and

New Zealand miee, (2) development of spontaneous caocer in AKR mice and. theirmodi-fication by chemo-immunother.apeutic agents, and (j) rrlnunological
responsiveness to inrmunoenhancers, i.e. BCG, Corynebacterium granulosum,

processing of tumors in-.rui-ce-l-ratar and harnsters, and to continuL maintenanceof these animal colonies for lonE-ielm--seu&ies on fl) srrroimmrrna ztiqocca inof these animal colonies for long-iE udies on (1) autoirnmune di.sease in
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interferon stimulators, and/or immune cell
with drug therapy in varj-ous mouse and rat

Date Contract Ini-tiated: June L5, L977

transfer alone
leukeurla tumor

or in combination
sys tems.
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Program Management Segnent
Dr. John B. Moloney, ASDVO, ET, NCI, Chairman

Dr. Louis R. Slba1, OASDVO, ET, NCI, Executive Secretary

AToMTC ENERGY COMMTSST0N (NCi-FS-13)

Title: Co - carcinogenesis Program

Contractors Pro j ect Di-rectors :

Project 0fficers (NCI) :

F. T. Kenney
G. D. Novelli
M. G. Hanna
E. S. Rogers
R. L. Tyndall
R. I,V. Tennant

James T. Duff
Timothy 0'Connor

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

Dr.
Dr.

Obj ectives: In January 1963 an interagency agreement was
es-ttETISIed between the National Cancer Institute and the
Oak Ridge National Laboratory for joint carcinogenesis studies.
During the past 2 yea'rs the agreement has been funded by both
the Carcinogenesis and Viral Oncology Program Areas. 0n1y
the Viral Carcinogenesis Program of the FS-15 agreement is
reported here. The broad objectives are (1) to study the inter-
action of RNA tumor viruses with the host immune mechanism
(Hanna) , (2) to conduct investigations on the biochemj-cal
mechanisms involved in the i-nitiation of cancer (Nove11i),
(3) provide fundamental understanding of the mechanisms by
which gene expression is regulated in mammalian ce11s (Kenney),
(4) to study ce11u1ar changes during carcinogenesis by the
Shope papilloma vj-rus, and the development of the use of pas-
senger viruses to transmit specific genetic information (Rogers),
(5) to investigate the commonality between embryogenesis and
oncogenesis and its possible significance in the control of
cancer (Tyndall), and (6) to study the functional and anti-
genic properties of ce1ls infected or transformed by murine
RNA tunor viruses, and the nature of the interactions between
ce1ls, viruses and carcinogens (Tennant) .

Ma j or Findings : Immunology of Viral Carcinoger-resis . Early
histologiC and ultrastructural changes in lymphatic tissue were
studied in adult BALB/c mice given Rauscher virus (RLV). It
was found that (1) endogenous C-type virus is 1ocali-zed as
antigen in antigen-retaining reticular ce1ls of germinal cen-
ters, (2) it is possible that some forms of virus destruction
occurs in these extracellular regions, (5) virus replicates in
the parenchymal immunoblast compartment of the germinal centers,
(4) anplification of this compartment by other antigens
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enhances RLV splenomegaLy, (5) maturation arrest in the immuno-
competent ce11 compartment correlates with RLV-induced immune
suppression, (6) viropexis of C-type virus between immunoblast
and hematopoietic ce11s of the spleen was found. In these ex-
periments it was also found that there rnay be a synergistic
effect of passenger lactic dehydrogenase virus (LDV) with the
LLV virus in causing the pathology associated with "Rauscher
Jisease. " LDV was found to replicate in the thymic dependent
area of the lymphatic tissue. LDV completely destroyed the
:hymus parenchyma 48 after injection directly into the thymus.

ln a collaborative study with J. H. Coggin (FS-7), it was
:ound that humoral antibodies, generated as a result of immuni-
:ation with isologous fetal tissue, depress the growth of RLV-
:nfected spleen ce11s and plasma ce1l tumors in BALB/c mice.
rhe data suggests the presence of an embryonic antigen which
:rossreacts with neoantigen of both the RNA virus=infected
-.c1een ce11s and the plasma ce11 ascites tumor. These embryonic
;ntigens can immunize adult animals, making them capable of
:uppressing RNA virus-induced tumor growth and pathogenesis.
.l.doptive transfer of fetal antigen-prined spleen ce11s can
:uppress RLV-induced splenome galy .

:fM nice have a 1ow spontaneous leukemia incidence but are quite
susceptible to radiati-on induced leukemia. In these mice anti-
iens of RNA turnor viruses can be detected in the thymus after
- weeks of age and reach a peak at 7 weeks of age. Detection
:f the virus in the spleen occurs between 4 and 5 weeks of age
:o11owed by a marked drop at 10 weeks. The appearance of virus
-:l the spleen correlates with the development of immune compe-
:ence and capacity to trap antigen. These results are inter-
::eted as an immune development to the virus and can be corre-
-ated with the development of glomerulosclerosis which occurs
-r these mice after 20 weeks of age; virus antigen and antibody
:an be detected in the kidney during this interval. When C7H/
:rf mice become immunologically mature they lose susceptibility
: -r Gross virus - induced thymoma. This susceptibi Lity is restored
iiter 1ow 1eve1s of irradiation. The incidence of thymomas in
::radiated adult C<H/Bif mice is markedly suppressed if the
;"::ima1s are inject6d with newborn thymus cells or with the
':css virus. These results clearly demonstrate that immune sup-
::ession is a factor in susceptibility of C3H/Bif mice to Gross
;:rus - induced thymona.

..rmfree mice, unlike their conventional counterparts, do not
t:re1op plasma ce11 tumors after mineral oi1 injection. An
*-r?eriment is underway to determine if this inability to develop
;-asma ce1l tumors is a result of the absence of target ce11s
-- Peyer's patches.
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Enzymology of Carcinogenesis. A study of changes in isoaccept-
ing tRNAs and embryonic fiisues was completed. A survey of
tyrolsyl- and aspartyl-tRNAs was carried out in 6 transplant-
able tumors, 5 spontaneously occurring primary tumors and 3
cultured tumor ce11 1ines. A11 of these tumors showed Z types
of aspartyl and tyrosyl tRNAs: the normal differentiated ce11
type, and the abnormal "stem" cel1 type, in various proportions
according to the individual tumor. The abundance of the abnor-
mal i'stem" ce1l type appeared to be proportional to the malig-
nancy of the tumor. These abnormal tRNAs are not, however,
unique to tumor tissue; they are also detected in embryonic
tissues.

A study was initiated of the host factors acting to regulate
expression of oncogenic viruses. In initial work the RNA
dependent DNA polymerase was used as an indicator of virus
expression. 'Template requirements, metal ion requirements, and
other parameters of polymerase activity in extracts of purified
RLV were carefully investigated to determine the optinal assay
conditions. The results of these studies su1;gest that chain
initiation is rate lirniting for this polymerase. Normal and
RLV infected mouse spleens were fractionated and the fractions
tested for capacity to inhibit or activate added RLV polymerase.
Several such components were found. A major inhibitory compon-
ent of the normal spleen is not present in the RLV-infected
spleen. These preliminary results suggest that there froy, in-
deed, be cellular host factors acting to regulate virus expres-
sion via controlling the RNA-dependent synthesis of DNA.

Biochemistry of Carcinogenesis. Two cancers arising from the
bits have been transplanted over

a period of many years. The Vx-7 cancer sti11 has virus and the
virus induced arginase after 115 transplant generations. The
Yx-2 cancer has lost both virus and arginase. Each has specific
and unusual amino acid requirements which may lead to metabolic
control of these cancers using specific antagonists and dialysis
against specific enzymes. Upon reintroduction of the virus into
Vx-Z amino acid requirements and compositions change to resemble
closely the Vx-7.

Specifica1-1-y hybridized Shope virus messenger RNA has been iso-
lated from papillomas and separated into 5 fractions by equi-
libriuin density centrifugation. The capacity of these RNAs to
code for lrginase or other virus proteins is -being examined
using an in vitro ribosomal system capable of appreciable and
precise proteln synthesis.

Cultured fibroblasts from children suffering from arginase
deficiency disease have been inoculated with the Shope virus.
Preliminary results indicate some induction of arginase in such
ce11s.
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. Carcinogenic agents apparentlyacr Dy rreelng from restraint TunI genes that are normitty t<eptrepressed within differentiated tislue. Evidence for such3erepression is found in the appearance of fetal and viralassociated antigens in differentiated ce11s transformed by:arcinogens. This activity concentrates on the molecular mecha-:.isms operating to regulate expression of specifii-g""", in:ammalian ce11s. As tlr" products of gene eipressioi, the:e11u1ar enzymes, can be iegulated in amount^by aegiiaativ" as
^e11 as synthetic processes; uotrr of these are'beiig studied.
--iepatoma ce11s (HS5) growing in culture provi_de the focus for:uch of this work. A-new effort was initiateJ ,rr"iein tecn-:iques and concepts developed in previous research on hormonalregulation of gene-expression are^being applied to the mechanisms:egulating expression of oncogenic viris components.
iqork on the mo{e1 regulatory system, tryosine transaminase
-rduction in HiS cel1s, continued with emphasis on the mech-::lism-by which steroid hormones effect the release of trans-:riptional..repressiol -to permit accelerated ry"irr"tii of-':ecif ic mRNA. specif ic stero id binding protbins were partirruea! a\- ,r^r\f1 . Dpes-Lr1c sEero 1Cl 

- 
Dlndlng proteins were parti a\7y;rified and results obtained which rrpfoit the conclusion thatinding.to nuclear receptors is, .r"c"irary prerequisite to:zyme induction. prelimi.nary fractionationi indicate that::e receptor 1s located in chromatin. The chromatin from

'teroid-treated ce11s has increased capacity to serve as:::'rplate for synthesis of RNA. synchrbnized. ce11s were found:: be^incapable, of respondi.ng to trre steroid inducer during:;th G2 and M phases oi the Iell- cycle" rt was found. that::ansaminase synthesis and degradation are both changed by high::ncentrations of L-1eucine. This effect is ind.epenient br::rmone action;,preli.minary evidence for a 1eucy1:tRNA species
':-i9h, requires !igl, concentrations of leucine for changi_irg,u-l-1 be examined iurther.
l--e enz-yme alanine transaminase, known to be inducible by::eroid treatment i3 vivg, was found to respond to hydrocorti-i:ne addition to cuTturEE- uss celIs in a colnparable ?ashion.
- -fferences between the response of this enzyme and that of::..-osine transaminase suggeit that there may'be ,"qr"rrtiu.r:-ther than coordinate effects of the steroid. on tianscription:rocesses. Factors r-egulating the activity of ornithine cecar-r:x1'1ase , dfl enzyme which und6rgoes large increases in r.e11si::r tissues stirnulated to rapid-growthr"rere examined in rat--"-er. A number of hormones were tested for effects on activity
-:r-e1s of this enzyme; results indicates that none of the hor-fir::es tested is acting directly to induce ornithine decar-l::rr'1ase.
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Studies of regulation of virus expression were initiated with
concentration on two immediate objectives: 1) development of
an experimental system in which expressi-on of oncogenic viruses
can be observed and can be manipulated experimentally and
2) development of a sensitive, precise and specific assay
for virus expression. Most of the initial effort was toward
the latter goal where it was asked whether the viral type
RNA-dependent polymerase might serve as an appropriate marker.
rn further work polymerase assays will be correlated to sero-
logic assays for gs antigen activity. It is hoped that the
sensitivity of the enzyme assay will be complemented by the
specificlty of immunological assay.

Vlra1 Carcinogenesis. Analogies between fetal and malignant
tissues prompted an investigation of the degree and specificity
of Gallium localization during ernbryogenesis. Isotope uptake
in embryos r.\ras determined directly and by autoradiography.
About midway during gestation, 67Ga uptake in embryonic tissues
was equivelent to or surpassed that previously detected in
leukemia tissues of adult mice. Uptake of 5U-thymidine was not
comparable to that of 67Ga, demonstrating that glffium uptake
is not a reflection of ce11 turnover. In vitro cytotoxicity of
fetal antigen-primed spleen cells was demonstrated against ce11s
infected with Moloney leukenia virus. The irradiated fetal tis-
sues used for immunization in these studies were negative for
leukemia virus antigens by several tests. The spleen cel1s from
immunized mice were found to incorporate thymidine upon exposure
to thymidine labeled target ce11s suggesting a true immune reac-
tion. These results suggest that ce1Is infected with MLV po-
ssess antigens similar to those of certain isologous embryonal
cel 1s .

Effects of fusion of permissive and nonpermissive ce11s on
leukemi.a virus synthesis have been examined. This approach is
based on the premise that susceptibility may be regulated intra-
cel1ularIy. Techniques have been developed for simultaneous
autoradiography and fluorescence microscopy, and ce11 fusion.
Preliminary results are suggestive that incorporation of a nu-
cleus from a human ce1l reduces the capacity of the recipient
ce11 for virus synthesis.
Proposed Course: Develop a concerted, interdisciplinary research
@entra1aspectsofbothchemica1andvira1car-
c]-nogenes].s.
Signi-ficance to Biomedical Research and the Progran of the
Institute: This effort focused on the phenomenon of carcino-
genesf5 per se, consi-dering this as a fundamental biological
problem with common features whether the carcinogenic stimulus
be a chemical, or radiation, or a virus. Special attention,
however, is given-to particular areas such as carcinogenesis pnd
cocarcinogenesis in the respiratory tract and the role of both

l
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C-type viruses and cel1u1ar control mechanisms in murine
leukemias.

)ate Contract Initiated: July
July

1,
1,

1965 (Vira1 Oncology Funding:
1e70)

IAK RrpGE NATToNAL LAB0RATORY MAN PRoGRAM (AEC-NCr FS-7)

Title: The Joint AEC-NCI Molecular Anatomy Cancer Program

-ontractoJ's Proj ect Director: Dr. Norman G. Anderson

?roject Co-Investigator: Dr. Josphs H. Coggin, Jr.
?roject 9fficer: Dr. Charles W. Boone

lbjectives: The NCI portion of this contract is divided into
:f\re proTTem areas--cancer biology and immunology lncluding
i) cancer prevention, Z) cancer detection, 3) cancer ce11
:1'ping, 4) cancer patient immune status monitoring, and 5)
:ancer immunotherapy.

:art I. Studies are oriented toward chemically defi-ning cancer
*eoantigens and describing the rnechanism for their activation
-ii a variety of cancer model studies in rodents. Methods for
-llterpreting viral and chemical carcinogenesis employing tumor
':ld fetal antigens are being exploited. Tumor-specific antigens
-iom model and autochthonous human tumors are being prepared
'ad tecnniques developed for the rapid detection and quanti-ta-
:ron of tumor related immune reactions.

:art II. The feasibility of typing human and rodent tumors
Irom pathological material using antisera developed against
::ltigenic extracts from tumors and fetal cel1s is being investi-
.ated.

Iart III. A program to monitor the immune reactivi-ty of cancer
::tients to their tumors employing techniques and information
::ri-ved from model tumor studies continues in progress.

::.rt IV. The pattern and character of immune responsiveness
:Ivfrafly-induced and transplanted tumors is being investigated
:r:tensively. The relat j-onship of antibody responses and the
i;tivation of ce11u1ar immunity have and will continue to be
:xamined in an effort to understand the reason for tumor pro-
i:ession and to develop mechanisms for promoting tumor rejection
:.' immunological stimulation or modification.
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Major Findings: rn hamster, mouse and human embryo tissues
@d mid gestation, there exist antig-enic com-
ponents capable of inducing antibody responses and trans-plantation rejection potential against two-virus stimulated
autochthonous tumors and against several other types oftumors. Male and female animals receiving irradiated fetal
vaccines show strong antibody responses to fetal tissues
(syngeneic and xenogenei-c) but only male animals develop
ce11-mediated immunity and tumor resistance. Antigen iio-
lation studies (preliminary) indicate that tumors and fetus
posses identical antigenic fractions. Irradiation of the
fetus is essential to permit antigenic expression adult
t issues .

significance to Biomedical Research and the Prosram of the
Institute: h
to-tfie]iluman cancer-problem including prevention, det^ettion,
typing, therapy monitoring, and immunotherapy.

Proposed Cqurse of Action: The contractor will: 1) check
spectrum of tumor antigen cross-reactive with fetal antigens
in other model systems and in human tumors, 2) develop
methods for immunizing against autochthonous cancer (chemically
induced and spontaneous) employing fetal antigens, 3) isolate
fetal and tumor antigens and prepare useful antibody prepara-
tions for detecting and quantification of these antigens,
4) establish a tumor and patient serum bank for use in evalua-
ting new tumor and fetal antigen assays, 5) develop a battery
of tests for routine early cancer detection, and 6) organize
and publish the Proceedings of the Second Conference and
Workshop on Embryonic and Fetal Antigens in Cancer on February
13-19,1972.

Date Contract Initiated: July L, 1962

BAYLOR COTTEGE 0F MEpICTNE (NIH 71-733)

Title: International Conference on Viroloqy, Budapest,
Hungary

Contractor I s Proj ect Director: Dr. Joseph Melnick

Proj ect Officer: (NIAID) Dr. Earl Chamberlayne

Obj ectives: To make
at an international

possible the attendance of U. S. scientists
conference on vi-ra1 oncology.

i86



Date Contract Initiated: March 1, 7971

3IONETTCS RESEARCH LABS., rNC. (NIH 69-2160)

fitle: Support Services for SVCP

-ontractorrs Proj ect Director: Dr. Robert Ting

?roj ect 0fficers (NCI ) : Dr. George Todaro
Dr. Paul Levine
Dr. Robert Bassin

.bjectives: To provide a laboratory that will co11ect, process
tidTEsT cancer specimens from human and animal sources sus-
:ected of containing virus associated antigens.

r'lajor Findings: EBV studies were carried out under the super-
ffiau1Levine.onestudyinitiatedandcomp1eted
:::ring this year was a seroepidemiological study comparing
-3V titers j-n Amer j-can patients with Burkittrs lymphoma and
:;e-and sex-matched patients with acute lyrnphocytic leukemia,
"r.irican Burkitt lymphoma, and non-malignant diseases. The
":rican Burkitt sera were significantly higher than the Amer-
-:an Burkitt sera (P<0.005) . The role of EBV in human lymphona
r rS evaluated by immunological techniques detecting humoral
i-d cellu1ar imrnunity to the virus. The importance of careful
:-inical evaluation was emphasrzed by a study of twenty Amer-
-:an patients with Burkittts lymphoma and age and sex matched
:::rtrols. Treatment and prognosis correlated with EBV titers
-- both lymphoma and leukemia patients, indicating that sero-
*:idemiological studies which include single samples on a
:.tient may be misleading. The studies clearly demonstrated
::-at American patients with Burkitt's lymphoma, although their
L-stopathology is indistinguishable from African patients, have
r.-:ferent immune patternS to EBV.

:--,-e individuals with low titers to EBV who were identified
rL an earlier study of Hodgkins disease were followed over
i '-hree year period. Half the patients developed high titers
,r1,:^1e the other half maintained 1ow titers.
* -.tudy of leukenia in identical twins was initiated to deter-
mr-::e whether an anti-gen could be detected in the ce1ls of a
-r:kenia twin which would not be i-dentified in his normal HLA
-l:;rtical twin. Leukemia-associated antigens were detected
-.x four of the seven families studied to date using the lynpho-
:i:3 cytotoxicity test. In the animal system, this test is
;r::itive only when the lymphocytes are presensitized by an
uum:-gen, So that the reactivity of the family members against
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the leukemic patient's ce11s but not against the normal twinrs
cel1s suggest that an environmental agent, perhaps a virus, is
present.

Sera from 43/102 (42"i) of breast cancer patients had antibodies
to Belev antigens. Sera from 29% of patientfs with sarcomas
had detectable antibodies, whereas , L3% of patients with benign
breast diseases and 3.6% of normal blood bank donors reacted.

Significance to Biorngdical Researqh and the PTogr?m of the
T'nititute: PioviZes opportunity for systematic, large-scale
eEfortTo- detect viruses or viral anti-gens in human or animal
materials using tissue culture, immunological, biochemical and
EM techniques. This is a major objective of the SVCP.

Proposed Course: Although this contract will continue to supply
necessary supp-ortive services to SVCP, the workscope has recently
been divided into three major areas, each being co-directed by
a senior investigator at Bionetics and an NCI project officer.
Drs. Rein and Todaro will attempt to isolate, characterLze,
and purify the factor(s) in serum which overcome contract inhi-
bition and regulate the growth of normal and transformed 3T3
cel1s in culture. Drs. Pienta and Bassin will attempt to rescue
and isolate a viral genome in undifferentiated sarcomas from
untreated patients by co-cultivati-on, hybr idt-zation , and other
techniques. Drs. Levine and Ting will continue studies to
detect tumor specific antigens in patients with leukemia, lym-
phoma and breast cancer. In the leukemia studies, special
emphasis will be placed on testing patients who have an iden-
tical twin; in the lymphoma studies, the serums of patients in
selected disease groups will be tested for antibodies to EBV.

Date Contract Ini-tiated: June 27 , 1969

MASSACHUSETTS TNSTITUTE 0F TECHN0LoGY (NrH 7L-2149)

Title: Studies on RNA-Dependent DNA Polymerase

Contractorrs project nir"ctor: Dr. David Baltimore

Project Officer (NCI): Dr. George Todaro

ives: To character ize DNA polymerase and its product,
reaction and formation of viral RNAy its mechanisrn of

dur ]-ng infect i on

0b ect
to stu
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Major Findings: None reported yet, this is a new contract.

Significance to Bionedical Research and its Program of the

EIe-SVCP; The results may provide very sensitive techniques
for finding cancer virus genetic information in human tumors.

Proposed Course: Continuation with addition of EM capability

f,ate Contract Initiated: May 1, L977
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I,IELOY LABORATORIEq2 INC. (NIH 7O-2047)

Title: Cell BiologY FacilitY

Contractor t s Proj ect Director: Dr ' John E ' Verna

Pro i e ct Of f iqere--(NE): Dr. George J. Todaro
Dr. Charles W. Boone

ob.iecLives: To provide research f acilities f or the ce11
Biology Section, Viral Biology Branch, NCI (Part A)' and

the Viral Leukemia and Lymphoma Branch, NCI (Part B)' in
support of the following Programs:

PartA:(1)Influenzavirusmediatedenhancementof
tumor immunity, (2) testing the carcinoembryonic antigen
hypothesis, (i) use of the paired label technique to
characte xize tumor surface antigens of AKR virus-induced
rat lymphoma ce11s, and (4) isolation of plasma membranes

of EB virus-infected ce1ls.

PartB:(1)Anexaminationofvirusesasetiologicagents
of human cancer, (2) genetic studies of SV40 virus and Sv40

DNA'(3)elucidationofthedifferencebetweennormaland
"transformation pronett human ce1ls, (4) development and

characte ti-zation of BALB l3T3 and BALB I3TLZ lines ' 
(5)

transformation of mouse and human celIs by RNA tumor viruses '
(6) extend studies of RNA dependent DNA polymerase' and

(7) examine serological relationship between RNA dependent
DNA polymerase r""o"iated with leukemia viruses of a

variety of species as well as host ce11 enzymes' 1U).
characterizationofhostcellandviralRNAdependentDNA
polymerases.

liajor Findings: Par! A: 
-(1) 

Ce11-free tumor homogenates

ordinarilynotcapableofinducingimmunityinBALB'/cmice
inducedi-mmunityirtheculturedtumorcells\^/erefirstin-
fected with infiuenza virus. This phenomenon qf influenza
virus-nediatedenhancementoftumorimmunitytlasalsopro-
ducedw.henformalininactivatedtumorhomogenatesinfected
with influenza virus were employed'

(2> In the mouse system, inoculation of large groups of

BALB mice with early embryonic tissue dj-d not induce tumor

immunity, a finding at variance with the generality of the

carcinoembryonic antigen hypothesis'
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(3) The den3ity and anribody binding affinity of cell
surface G anti.gen sites on rat AKR lymphoma ce11s was
determined using the paired labe1 antibody assay plus
certain titration teehniques.

(4) The main immunofluorescence antigen (K1ein in Burkitt
lymphoma ce11s containing EB virus may be a part of the
virus and not an integral part of the plasma membrane
(i. e. , a host-coded neoantigen) . Work cont.inues to con-
firm this point.

Part B: (1) The ability to infect and transform human
ce1Is with SV40 DNA is now well established. Different
forms of DNA are being tested to define the smallest
amount of viral genetic information required for biologic
aetivity. The potential applications of integrating
genetic information by means of j"ntroducing DNA into cel1s
are presently being investigated.

(2) tr'ollowing the initial discovery of an RNA dependent
DNA polymerase in Rauscher sarcoma and Rauscher leukemia
;iruses by Temin and Baltimore, similar activity was de-
cected in a large number of other sarcoma and leukemia
riruses as well as in MTV. Methods have been developed
rhich greatly increase the sensitivity of detection of the
',-ira1 RNA dependent DNA polymerase using synthetic templates
-*-ith manganese.

(3) Sera from animals with murine-virus induced tumors
*-ere found to contain an antibody to the murine viral
:olymerase. Antibody made in rabbits against the purified
;iral enzyme were showu to also inhibit the viral polymerase
:i several mammalian C-type RNA viruses. However, they do
:ot cross-react with the enzymes of the avian tumor viruses
-cr of MTV.

(4) MSV and MuLV releasing cel1 lines are being studied
:s model systems to learn more about human tumors. How
:!r.e viral information is carried in the MSV-transformed
:cuse ee11 is being studied in detail biochenically.
Iemperature-sensitive mutants are being characterized
:io1ogical1y and biochemically.
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Significance to Biomedical Research and t,he Program of
the Institute: Part A: The phenomenon of influenza
virus-mediated enhancement of tumor immunity has the
potential of use in the immunotherapy of human tumors.
Primary tumor tissue which is removed f rom 'the patient,
infected with influenza virus, homogenized, inactivated
with regard to infectivity and then inoculated back
into the patient could conceivably enhance the patientrs
immune resistance to residual tumor and to the develoP-
ment of metastases.

Part B: These studies offer the possibility of determining
the sequence of events that occur when a normal cel1 is
converted into a neoplastic cel1r suBgest a possible simple
test for tteancer pronenesstt in man which would permit recog-
nition o f a t,high risktt group f or cancer in the human popu-
lation and provide further information at the cellular
and molecular leve1 on the t'Oncogene Theorytt of cancer.

RNA dependent DNA polymerase activity was demonstrated in
normal and transformed ce1ls. Biochemical characterization
of the enzymes revealed differences between normal cellular
enzymes and virus-specifi c erlzymes. Using these techniques,
it should be possible to search for enzyme activity in
human cel1s; normal and malignant as a possible screening
for human cancer.

Prooosed Course of Action:

Contract activities will conLinue essentially along the
lines described above.

Date Contract Initiated: September 30, L965

;
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NATToNAL CENTER FoR HEALTH STATTSTICS (D.C.) (FS-3s)

Title: Childhood Death Certificates

Pro.iect Officer INCI) : Dr. Robert Mi11er

0bi ectives: To make available death certificates for ep idern-
VirusioIGIE-=Eudies on cancers of interest to the Special

Cancer Program.

Date Contract Initiated: July 1, L970

uNrvERSrrY 0F NEBRASKA MEpTCAL SCHOoL (71-2076)

Title: Studies on Temperature Sensitive Mutants of Oncogenic
Virus es

Contractorrs Proj ect Director: Dr. Giampiero di Mayorca

Obj ectives: The broad aim of this proposal is to identify viral
fnt-Eunefions which are necessary for malignant transformation.

lilaj or Findings: This is a new contract.

Sisnificance to Biomedical Research and the Program of the
S

6T-Tn-e investigation of possible viral etiology of human
tumors and to gain insight into the mechanisms of carcinogenesis
at the molecular leve1. The achievement for control of human
tumor viruses is a maj or goal of the SVCP.

)ate Contract Initi-ated: March L2, 7977

:iIT NEDERLANDS KANKERINSTITUT (71-678)

fitle: RNA Viruses and Host Genome in Oncogenesis

-ontractorts Project Director: Dr. L. M. Boot

?roiect Officer (NCI): Dr. Louis R. Sibal

lbjectives: To make possible the attendance of U. S. scientists
at an-fnternational conference on viral oncology.

I
i
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RUTGERS, THE STATE UNTVERSTTY (PH 45-68-1025)

Title: Cross Protection Studies Among Murine Leukemia Viruses

Contractorrs @: Dr. Nicholas C. Palczuk

Proiect Officer INCI): Dr. Louis R. Sibal

Objectives: (1) To immunize BALB/c mice with killed murine
leifiemla virus vaccine prepared from avallable representative
strains and to determine whether mice are protected from
leukemia following challenge by virus from the strain used for
immuni zatron as well as each of the other strains. (2) To
determine whether a susceptible strain of mice (C BL/K) can
be protected from radiation induced leukemia by the adrninistra-
tion of a killed virus vaccine before x-irradiation. (3) To
determine whether a strain of high leukemic mice (AKR) can be
protected from spontaneous leukernia by the administration of
a tiffed vaccine prepared from virus isolated from this or other
strains.

Maj or Findings: The data have indicated that: (a) mice immun-
iZ?tA wltE-Eauscher leukemia virus are protected only against
Rauscher and Friend leukemia virus challenge; (b) mice immunized
with Friend,virus are protected only against Friend and Rauscher
virus challenge; (c) mice immunized with Moloney virus are par-
trai-1-y protected against Friend and Rauscher virus challenge;
(d) mice immunized with Gross leukemia virus were not protected
against Rauscher, Friend, Moloney, Buffet, Breyere-Moloney, or
Gross virus challenge; (e) mice immunized with Breyere-Moloney
virus are currently partrally protected against Breyere-Moloney
virus challenge; (f) mice immunized with Buffet leukemia virus
currently are-partially protected against Friend and Buffet
virus challenge.

Immunization of female AKR mice with a killed Gross virus vac-
cine succeeded in delaying the leukemic time-to-death.

Sisnificance to Biomedical Research and the Program of the
v=t

SVCP is to control- leukenia
In nan efther by the use of vaccines or other methods. Several
techniques used to approach this goal have resulted from labora-
tory experimentation with murine leukemia viruses. The develop-
ment of an effective vaccine against murine leukemia would thus
serve as a model for a human vaccine at a time when this becomes
feas ible .

Proposed Course: The work on this contract has been completed
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Date Contract Initiated: June 24, 1968

Current Contract Level: $22,676

}lioRlp CoMMTTTEE FoR COMPAMTIVE LEUKEMTA RESEARCH (71-1053)

Title: Vth International Leukemia Symposium at Padua , Italy

Contractorrs Project Officer: Dr. R. Dutcher

Projegt Officer (NCI): Mr. Thomas Lewin

Objectives: To make possible the attendance of U

at an international conference on viral oncology.

Date Contract Initiated: June 10, L97l

scientists
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RESOURCES AND LOGISTICS SEGITTENT

Dr. Robert Holdenried, VLLB, VO, ET, Chairman
Dr. George J. Todaro, VLLB, VO, ET, Vice Chairman

UNIVERSITY OT CALIFORNIA AT SAN DIEGO (NIH 70-2202}

Tit1e: Development and Operation of a Breeding Colony of
Domestic Cats

Contractor's Project Director: Dr. AIexis J. Kniazeff

Project officers (NCr): Dr. Robert Holdenried and Miss Marie
Purdy

objectives: To develop and operate a permanent breeding corony
of cats which will suppry bred offspring for cancer research.
Major Findings: An outdoor type of colony has been developed
with only enough solid walls and roofs to provide shelter from
sun, rain and wind. The population consists of 200 adult
females , 2L breeding males, and approximatery 150 imnature
kittens. chorionic gonadotropin has successfully stimurated
estrus in about 50 cats. rn the last six months, breeding suc-
cess has been relatively good.

Significance to Biomedical Research and the Pro ram of the
Institute: The colony wiIl supply bred cats to Program for
use in the cat leukemia-sarcoma studies.

Proposed course: continue operation to provide pregnant cats
to cancer research laboratories from an open colony of pound-
derived cats, and to build a "closed co1ony.,'

Date Contract Initiated: June 25, 1969

UNIVERSITY OF COLORADO !,IEDICAL CEN?ER (UrN 69-2080

TitIe: Collection of pediatric Tumor Specimens

Dr. tfit-liam E. Hathaway

H. Levine

l*.placed Dr. Robert H. Depue, Jr. in February I9Zl.

Contractorrs Project Director:

Project Officer (NCI); Dr. paul

l
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Objectives: To obtain
atric oncology patients
studies with the SVCP.

tissues and serum specimens from pedi-
and suitable controls for collaborative

Major Findings: Tissue, sera, and appropriate clinical infor-
mition were provided to investigators at NCIi Pflzer & Company,
Inc., Bionetics Research Laboratories, Maryland; and Meloy
Laboratories, Virginia. Leukemic cells and pediatric solid
tumors were useful for tissue culture, immunological work, and
polymerase studies. PolIow-up samples from patients and family
members provided suitable material for a variety of investiga-
tors. Since this contract has been oPerating primarily as a

resource, the major findings are being reported under other
annual reports.

Specimens from 33 patients were provided in the last trimester
to investigators within the Special Virus Cancer Program, in-
cluding Dr. Robert Ga11o, Dr. William FeIfer, Dr. George Todaro
and contract investigators at Meloy Laboratories and Bionetics
Research Laboratories. Fu11 clinical forms ldere sent with
each speciman. The quality of materials has been excellent and
the variety of diagnoses included in the patient material have
been neuroblastoma, osteogenic sarcoma, acute lymphocytic
leukemia, Hodgkin's disease, WiImrs tumor, astrocytoma,
rhabdomyosarcoma (three cdses) r glioblastoma and Ewingrs
sarcoma. The contractor has added a second clinical fellow
during this contract period, which is partly responsible for
the increase in the number and quality of the specimens pro-
vided to the SVCP investigators.

Significance to Biomedical Research and the Program of the
Institute: This is a major pediatric research contract in the
United States, which provides specimens to NCI and East Coast
laboratories. Specimens obtained from this contract are being
investigated by a number of NCI and SVCP laboratory workers.

Froposed Course: Continue to collect serum and tumor specimens
as in the past. Immunological investigations, using fresh
3-ymphocytes and tissues, will be initiated by the contractor.
Additional personDel are being made available to collect
specimens from adults with cancer, as well as children. In
addition, individuals with high risk to neoplasms wilI be in-
vestigated for host factors which increase the possibility of
developing cancer. Materials will be sent to NIH for virol-
ogical and immunological studies.

Aate Contract Initiated: June 18, 1969
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UNMRSITY OF CONNECTICUT (t'tlH 69-521

Title: Development and Maintenance of a Specific Pathogen Free
Flock of White Leghorn Chickens

Contractor's Projgct Director: Dr. Roy E. tuqinbuhl

Project officers (NCI): Drs. Robert Holdenried and Roy Kinard

Objectives: Establish and maintain a flock of chickens free
of specified pathogens, incl.uding avian leukosis viruses, and
to provide eggs for research use.

l,tajor Findings: Approximately 14 TOOO eggs or ce11 cultures
were proviaea tci cancer research. A few of the recipients
were Drs. J. Beard, l,!. Green, H. llorgan, F. Deinhardt, P.
Sarma, and G. S. Beaudreau.

lhere is no serologic evidence of the foLlowing organisms or
diseases in the SPF f locks: ttlycoplasma gallisepticum and
synoviae, Salmonella pullorug, Newcastle disease, avian in-
fectious laryngotracheitis, avian encephalornyelitis, CELO
virus, and the three serotypes of RSV. There have been no
clinical cases of llarek's disease (l,tD) ; however, uD-associated
herpesvirus (uDHv) antibodies have been detected using the agar
ge1 precipitin test. Clinical ttD has not been detected. Thirty-
six birds of one flock have been identified as gs antigen
negative and nine as qs antigen positive, and separate flocks
have been reproduced from these identified birds. In third
generation of selected birds, 9Ot appear to be gs.negative.

Significance to Biouredical Research and the Proqram of the
Institute: The methods being developed indicate that eggs
;r-Tpecffied infectious organisms can be produced. A signi
cant portion of the avian leukosis research in the United
States is dependent on the continued availabil.ity of this
highly controlled and monitored flock.

Proposed Course: Continued maintenance of the flockr uith
development of genetic lines of chickens characterized for
susceptibility of their embryos to leukosis virus. Flocks
of MD virus and gs liver antigen are being established.

Date Contract Initiated: June 18, L962

free
fi-

the
free
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ELEC?RO-NUCLEONICS LABORATORIES (nru 7L-2253)

Title: Development of Propagation Procedures, Purification and

cfrETfcterization of Viruses

Contractorts Project Director: Irlr. Irving Toplin

project Officers (NCI) ! Drs. George Todaro, Stuart Aaronson
and Robert Bassin

objectivgs: To develop propagation procedures to produce high

"iruF-yTEfas of cell cultures, purify, determine particle count
per ml and otherwise characte rLze the produced virus.

I{ajor Findings: Several ce11 Iines are being ProPagated and
viruses harvested.

Sicrnificance to Biomedical Research aq!-the Prosragl of the
i evidence of viral etiology of human

""r*""r includes studies of viruses present in animals including
human cell- cultures. Large amounts of these well characterized
and purified viruses are used for preparation of specific anti-
sera and for biochemical, immunological, and epidemiological
investigations.

Proposed Course: To continue the propagation of cell lines and
hanrest virui as directed by the Project Officer.

Date Contract Initiated: tilay 26, 1971

EtitORY UNMRSITY (xru 7L-22561

Title: Maintenance of Irradiated ltonkey Colony

Contractorrs project Director: Dr- HaroId McC1ure

Froject officer (NCI): Dr. Roy Kinard

Sbjectives: To determine the incidence of tumors in a unique
EroupErradiated aging rhesus monkeys and to supply tissue
f,ron tumors for transplantation, tissue culture and virus
isolation to SVCP collaborators.

liajor Findings: A group of 68 rhesus monkeys with adults rang-
lng in aga from 12 to 18 years remain from an earlier study on
the effects of irradiation. Forty-six animals received ir-
radiation in 1956-1958, and LZ are non-irradiated controls.
The remainder are non-irradiated offspring born in the last
four years.
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Significance to Biomedical Research and_the program of thg
rnstitute: The svcP conducts colraborative projects roi Etre
study of relationship between etiology of tumors of prirnates,
including of course, humans. This project wirl provide useful
information and tumor tissues to interested svcp projects. rf
viruses can be isolated it may mean that these or similar
viruses are responsible for human cancer.

Proposed course: To continue maintaining and monitoring the
colony for tumors.

Date Contract Initiated: llay I, L97 L

Ftow LABORATORIES, INC. (pH43-65-101_2)

Title: Maintenance of a Repository for storage and Distribu-
ffi--or Reagents and Tissue specimens

Contractorrs Project Director: Mr. Jack W. Walker

Project Officer (NCI): lIiss Marie E . Purdy

a centrally located low
center for viral reagents

Objectives: To provide for the SVCP
temperature storage and distribution
and tissues.

Major Findings: In L97O there !{as a decrease from 1969 in out-going shipments from 349 to 3]-2i receipts dropped fron 49 to
31. The number of items dropped from L6 r4sg to Lo r22o outgoing
and from 38r370 to 26r2oo incoming. The heat probLem generated
by the large number of mechanical freezers has been corrected
by installation of air conditioning.

lisll f i f ance,, to of the
rnstitute: An ef ficient research progiam mnaahave readily
accessibre adequately characterized resource materials. The
storage and shipping facilities operated under this contract
enable the scientist to have access to a large inventory of
special research materiaLs rrithout the burden of procurement,
storage, inaentoryr and distribution.

Proposed course: I{e anticipate that the repository activities
will remain at about this yearrs level.

Date Contraet Initiated: June 22, 1965
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HOSPITAL FOR SICK CITILDREN (PH43-65-97)

TitIe: Human Leukemic and Normal Tissue Collection and
P re s e rvati on

Contractorts Project Director: Dr

Project Officer (NCI): Dr. PauI H

Peter McClure

Levine

Objectivesr To obtain serum and plasma specimens for a wide
variety of research purposes from pediatric leukemics, rela-
tives of such patients, and non-leukemic controls.

l{ajor Findings: In the past contract yearr s€rutn collection
was broadened to pediatric patients with other solid tumors,
in response to demands from SVCP investigators. The major
contribution of the contract, however, was the identification
of three Ieukemia patients who had clinically normal identical
twins. The families were investigated at the Hospital for
Sick Children, where establishment of identity was confirmed,
using fingerprinting, teeth moldingsT and mixed leukocyte
cultures. The families were also admitted to NCI for thorough
virological and immunological studies. Leukemia-associated
antigens, possibly virus-related, \rere identified in two of
the three leukemic twins. The one set of twins studied during
a trdo-year remission showed no evidence of leukernia-associated
antigens. The contractor has also identified three patients
with concurrent infectious mononucleosis and acute Leukemia,
rlhich has provided additional evidence immunologically for a
distinct etiology for the two diseases.

Significance to Biomedigal Research and the Program of the
Institute: As the largest pediatric hospital in North America,
this contractor can respond rapidly to a variety of SVCP needs.
Although the shipment of certain specimens is made difficult
by problems with customs, by referring patients to NCI for
study and by collecting serum samples in which 24 to 48 hour
delays are not critical, the contract provides a valuable
service to SVCP.

Froposed Course: To continue the virological and immunological
studies on the twin families already identified. The contrac-
t.or will continue to look for other patients of interest, and
ui11 continue to collect serial specimens from pediatric cancer
patients and family members.

Date Contract Initiated: February 3, 1965
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HUNTINGDON RESEARCH CENTER (UTH 69-54)

Title: Development of oncogenic virus Diagnostic Reagents and
Services

Contractor's Project Director: Dr. Roger

Project Officers: Drs. Robert Holdenried
(NCI), and WaIIace P. Rowe (NIAID)

E. Wilsnack

and DanieI J. Rubin

Objectives: To develop, produce, and characterLze special
diagnostic reagents for use in the SVCP, primarily antisera
and antisera conjugates to viruses, gs antigens, globulins of
various animal species, and to T-antigens of polyoma and sv40
in tumored hamsters.

l{ajor Findings: The anti-MSV(M) sera from tumored rats pro-
duced by this contractor renains, as in the former year, the
most widely issued reagent. The anti-AKRv sera from tumored
rats has shown inhibitory activity against polymerase. The
anti-!lSV(14) sera are reactive against interspec antigen and
murine leukemias. These reagents are experiencing expanded
application in cancer research.

Three host species--goat, rabbit and guinea pig--!rere immunized
with Rauscher virus (human ce11 origin) intact, T!f,een-ether
disrupted (ether and aqueous phases), cat leukemia virus intact
and ether and aqueous phases of Tween-ether disrupted virus,
lloloney reukemia virus--intact virus, enzyme treated, sodium
dodecyle sulfate (SDS) disrupted, and Tween-ether (aqueous
phase) disrupted virus. The antisera was characterized and
evaluated in tests against groups of antigens to serected sera
with antibody to group and type specific reukemic antigens and
contaminating host ce11 and, media anti.gens. Tests incruded
immunodiffusion, counterelectrophoresis, complement tixation,direct and indirect inmunofluorescence and neutrarization.
Test results have been tabulated for inclusion with shipments
of antisera to research laboratories.

In general the following patterns \rere observed,:

1. None of the sera are as satisfactory for cF tests as tumorbearing rat serum,

2. Goat antisera are the most satisfactory for counter-
electrophoresis, imnunodiffusion and inmunofluorescence tests.
3. Guinea Pigs are most sensitive immunologically tothe calf
serum contaminating antigen.
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4. Rabbit and guinea pig sera react poorly to tumor extract
antigens in counterelectrophoresis and immunodiffusion tests.

5. Selected sera from any of the test species neutralize
virus but goat sera are freguently toxic to mouse and feline
embryo cell cultures.

Antisera produced and shipped:

Tumored Fischer rat anti !4SV(l{) serum: 547 ml to 38
investigators.

Tumored Fischer rat anti AKRV serum:
investigators.

283 ml to 9

Antisera to cat leukemia virus: I59 mI to 13 investigators.

Antisera to human Rauscher virus z L28 mI to 15 investigators.

A variety of anti species globulin and special reagents to
a large number of investigators.

Rhodamine contrast stain; L15 ml to 18 investigators.

Significance to Biomedical Research and the Program of tltq
institute r The reagents and test systems developed provide
toffiaincancerresearch.Theprojectfunctionsinc1ose
collaboration with SVCP research Projects and the Laboratory
of Viral Biology, NIAID.

Proposed Course: Continue development, production, and
eharacterization of serological test systems.

Date Contract Initiated: June 2, 1963

JOHNS HOPKINS UNIVERSITY (UTg 69-2008)

Eitle: Maintenance of a Flock of RIF-Free Chickens

Contractor's Project Director: Dr. Frederik B. Bang

Project Officer (NCf ): Dr. t{. Ray Bryan

Objectives: To maintain the
free White Leghorn chickens
avian tumor virus studies.

small "closed" fIock of leukosis-
to supply ferti}e eggs for use in
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Major_Findings: The eleventh generation of the original flock
ffiroduction.Chicksforthetwe1fth9eneration
are hatched. About fj-ve dozen eggs per week are shipped to
Life Sciences, Inc., St. Petersburg, Florida, for use in Marek's
disease studies on Contract PH43-69-63. Additional eggs are
used in ceII culture and avian tumor virus studies at Johns
Hopkins University.

Recent expansion of the contract covers the study and mainte-
nance of a continuous chicken embryo celI culture. Continuous
chicken cell lines are very rare and would be useful in avian
tumor studies. lhe chicken embryo culture in its second to
third year of continUous culture seems to carry Mycoplasma as
a contaminate. The addition of tylosin to the culture medium
prevents ceIl degeneration presumably by inhibition of Myco-
plasna multiplication.

Significance to Biomedical Research and the Program of the
institute: This flock supplied the birds used by Dr. Bang in
[Fimpo;tant studies on avian tumor viruses. The genetic
heritage must be maintained to permit the continued definitive
research with this hiqhly characterized flock.

Proposed Course: Indefinite

Date Contract Initiated: March 24, L969

LITE SCIENCES, INC. (PH43-68-7TT)

Title: Production of Germfree
Pathogen-Eree Animals

Contractor's Project Director,

and Reagent Grade Specific-

Dr. Wendall M. Farrow

Project Officers !NCI) : Mr. John P. Kvedar and Dr. w. Ray Bryan

Objectives: To produce animals for research, both germfree and
specific-pathogen-free (sPF) derived therefrom. The latter are
maintained under environmentally controlled conditions which
preclude intercurrent infection by pathogenic microorganisms
or infestation by parasites and are referred to as "reagent
grade" hosts (RG-SPE.).

!{ajor Findings:

(1) An inbred germfree colony of BALB/c mice is maintained as
a foundation colony to furnish breeders for replacement of re-
tired breeders of the SPF production colonies.
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(2) RG-SPF colonies of BALB/c mice, derived from germfree
foundation colonies, have been established in separate en-
vironmental control cubicles as follows:

a. Inbred RG-SPE'
mice for research

colony for producing pedigreed

b. Random bred RG-SPF (non-pedigreed but derived
from BALB/c foundation stock) produce mice for
general purpose use such as assays, virus passaqes,
produetion of reagent grade virus for research, etc
in SVCP.

Both colonies have been tested and certified free of all common
murine viruses tested fot, except Ieukemia virus which is trans-
rnitted vertically and is inherent in all known mouse stocks.

(3) A SPE. colony of NIH mice (Swiss) is maintained as insurance
for the preservation of this important stock. Limited numbers
of animals are supplied to intramural scientists of NCI.

(4) A RG-SPF laying flock of Japanese guail (Coturnix coturnix)
has been established from initially germfree s6-k=?ffi fs now-
producing eggs for research and hatching at a rate of about
700 per week. This flock provides eggs for germfree hatches
used in limited numbers by SVCP programs.

(5) A foundation colony of leukosis-virus free White Leghorn
chickens (LSI-C) derived from the University of Connecticut
(Luginbuhl) stock now in the third generation since establish-
nent from germfree chicks. It is maintained by pedigreed
(random bred) pairs of males and females behind a tertiary
barrier for environmental control. All birds in the foundation
coLony are monitored periodicalLy both for l-eukosis virus and
extraneous viruses, and embryos from this pedigreed source are
continuously monitored for freedom from leukosis virus expres-
sion. Only fertile eggs from certified virus free pairs are
used for maintenance of the expansion and production colonies
vhich supply eggs and chicks for research.

(6) Secondary-barriers protect the expansion and production of
chicken flocks. AlL available fertile eggs and chicks are used
for the Marekrs disease research under another contract (PH43-
69-63). The production rate is at about 350 eggs (or chicks)
per week.

(7) A viral testing laboratory monitors the foundation and
production colonies of chickens.

significance to Blomedicat Research and the program of the
Institute: The use of the well genetically and microbiologicalty
defined laboratory animals permits experiments with an increased

il
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number of parameters under the control of the investigator.
virus can be produced in animals and derived cerl rines free
of contaminating adventitious viruses. The Marekrs disease
research can be performed in chickens with a known and con-
trolled viral fIora.

Proposed course: This service type contract for the production
of germfree and reagent grade spF animars will be continued,
with the flexibility of being reoriented as rapidLy as possible
to meet changing needs of SVCP activities as they occur.

Date Contract Initiated: February 8, 1968

UNIVERSITY OI. LOUISVILLE (PH43-66-902)

Tit1e: Preparation of Simian Foamy Virus Reagents and Antisera

Contractorrs Project Director: Dr. paul B. Johnston

Project Officer (NCI) : Dr. Robert Holdenried

Objectives: To prepare and test reference reagents (virus and
corresponding antisera) for the simian foamy viruses, types
L-7, and foamy virus from other laboratory species.

Major Findings: The seven types of simian foamy viruses have
been prepared and packaged. These are being tested for homo-geneity, potencyr and purity by Dr. Johnston. He aLso iden-
tifies, and if needed will prepare reagents for foany virus
from species of cancer research animals other than primates.
None of the seven simian foarry virus anti.sera neutralized the
cat syncytium-forming virus.

lignificance to Biomedicar Research and the program of the
rnstitute: The simian foamy virus reagents will te usea in the
fientification of viruses and viral antibodies in primates used
for cancer research, The indigenous viruses of laboratory
primates pose husbandry problens, in addition to contaminating
test systems and complicating the attempts to recover oncogenic
virus from tissues and tissue extracts. The specific antisera
may arso be usefur in suppressing the growth of these adventi-
tious viruses in primate tissue curtures. The identity of cat
syncytial virus isolated is being determined.

Proposed course: The packaged foamy virus reagents now in row
temperature storage wirl be checked for titer stability at
selected time intervals. This laboratory wirl arso assist inthe detection of foamy virus contaminates on a referral basis.

?06



Date Contract Initiated: June I3, 1966

TIAKERERE UNMRSTTY (PH43-67 -47 I

Ti tle : Epiderniologic Study of Burkitt's Lymphoma

Contractor's Project Director: Dr

Pro'iect officer (tlCr): Dr. Robert

Objectives: To conduct studies on
re#e, ana transmission of Burkitt
reference to the etiologic role of

. George Kafuko

H. Depue, Jr.

the natural historY, occur-
's lymphoma (BL) , with special
Epstein-Barr virus (EBv).

ltajor Findings: A pilot study for a large scale prospective
@ogic study of EBV and BL in the west Nile region
of Uganda has been completed. This pilot study demonstrated
that the immunofluorescent titers to EBV are stable in chil-
dren, and the cooperation of the population is sufficient to
embark on the large scale studies proposed by the International
Agency for Research on Cancer.

Siqni ficance to Biomedical Research and the Program of the
Institute:
lhe l'rge
de termine
continued

Ftre SvCp conducts many laboratory studies o EBV.
scale sero-epidemiologic project is designed to help
whether this virus is etiologic for BL and whether
Iaboratory studies are indicated.

Froposed Course: This contract will
large study to determine the possible
EBV necessary to development of BL.

cooperate in the proposed
effect of co-factors with

Date Contract Initiated: September 26, 1966

Current Annual Level: $12,ooo

!(ARQUETTE UNTVERSTTY (PH43-68-IOlO)

llitle: Eff ect of Husran Pregnancy llormones on Breast Cancer
CeIIs In Vitro

Contractor's Project Director: Dr. Ronald Pattillo

?roject Officer (NCI): Dr. Robert H. Depue, Jr.
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Objectives: To test the effect
secreting human choriocarcinoma
lines in an attempt to increase
in human breast cancer.

of co-cultivation of hormone-
ceIl lines with breast cancer
the yield of a virus detected

Major Findings: The contractor has estabrished in vitro cell
lines from rruman choriocarcinoma cases. These rfr'eGrete
in vitro human chorionic aonadotropin, ractogenic hormone,
estrogen, and progesterone. one of these lines (BeI{o) is being
co-cultivated with the Levine 3 human breast cancer line
(isolated by another contractor). No increase in the virus
yierd of Levine 3 has been detected by erectron microscopy as
yet; however, the morphology and culture characteristics of the
line do change. Not all combinations of hormone yield have
been tested yet. A test more sensitive to virus production
than electron microscopy wilI be instituted as soon as feasible
since EM is a srow and inefficient way to monitor these exper-
iments. Bewo will be used to help isolate new breast cancer
cell lines in an attempt to find one that yields more virus.

gignlficance to Biomedicar Research and the program of the
rnstitute: The virus present in Levine 3 is the prime cinai-
date for a human breast cancer virus, but it has not been
isolated in sufficient quantity to use as an antigen to deter-
mine its significance and distribution. Therefore, methods to
increase the yields are vital to further progress in this area.

Proposed course: To continue co-cultivation studies, and to
attempt establishnent of new breast cancer Iines.

Date Contract Initiated: September 19, 1963

uNrVERSrTy oF urcHlG4N (pH43-65-639)

Title: Collection of Leukemi a-Lynphoma Specimens

contractorrs Project Director: Dr. chris J. D. zarafonetis
Project Officer (NCI): Dr. Paul H. Levine

objectives: To collect and distribute specimens and informa-
tion from patients with leukemia or 1ymphoma.

Major Findings: corlection of specimens from this contractor
has provided vaLuabre support for svcp virqrogy studies. six
units of leukocytes from two patients with acute leukemia pro-vided valuable information and source material for porymerase
studies carried out by Dr. stuart Aaronson and Dr. Robert
Gal,1o (NCI), and Dr. S. Spiegelman (Columbia). Buffy coat and

i
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rhite cell rich plasma from six other patients with high
counts have also been provided for polymerase studies.
of 3r704 serum samples have been collected. Sera, skin
sies, lymph nodes, and other tissues were distributed to
number of SVCP investigators.

white
A total
b iop-

a

A major effort was placed on the computerization of the serum
bank under the auspices of Dr. Deward waggoner. A total of
1r335 sera have been added in the past five months and when
this bank is computerized, it will become a far more valuable
resource. serum is still being used for antibody studies and
439 sera have been utilized for RNA virus studies. The con-
tractor is arso screening patients for EBV in order to build
up a bank of EBV negative and high titered EBV positive serum
for the SVCP serum bank.

signifiqqnce to Biomedical Research and the prosram of the
rnstitute: Availability of cliniatl E eciWt
information on the cases is paramount in the achievement of a
aajor goal of the svcP, i.e., to identify, rescue, characterize,
and propagate a candidate human cancer virus. Large volumes
of leukemic ce1ls are necessary for the biochemical character-
ization of the polymerases present in these cerls, and a number
of clinicar contracts will be necessary to keep up with the
biochemical demand. rn addition to herping meet this need, the
contractor is also collecting a large number of sera for the
svcP serum bank and has been able to meet ner,e requests for avariety of specimens for SVCP investigators.

Froposed Course: Continuation

Date Contract Initiated: June

as described.

2L, 1965

f,ICROBIOLOGI CAL ASSOCIATES rNc. (PH43-67-700)

Title: Development of Murine virus Diagnostic Reagents and
Servi ces

lontractorrs Project Director: Dr. John C. parker

Project Officers: Drs. Robert Holdenried (NCI) and WaLtace P.
nose (NIATD)

Sbjectives: To deveLop reaqents and tests for the detection
of, ururine and other laboratory rodent and cat viruses; to
rpply these and other tools in the determination of the inpor-
t.ance of the indigenous viruses in experimental systems t to
Itudy means for elimination of viruses from laboratory animal
q:,opulations.
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l.tajor Findings: This contract pro ject provides to the Ncr a
heavily used, highly skilled murine virus diagnostic Iaboratory.
rn the year ending January 31, 1971, 5r355 serorogicar specimens
were tested for an average of 8 virar antibodies per speciman.
From February through May, 12,OO0 tests were completed. In
addition, indirect tests (mouse antibody production) were per-
formed on 94 specimens. In the last trimester, 49 specimens
were processed by MAP. The laboratory has the capability of
performing serological tests detecting infection with 34 known
viruses or closely related groups of viruses. All serorogical
procedures remain under evaluation with a spectrophotometric
technique being developed to assist in reading complement
titrations. This technigue will increase the reproducibility
of complement fixation tests. Complement fixation antigens
have been prepared for L4 apparently distinct cat picorna-
viruses. Monotypic antisera is being prepared in germfree
rats and hysterectomy derived and sterilely reared kittens.
Tests and reagent development proceed for additional cat
viruses. Four cat colonies are being systematically tested
by serology for viral antibodies.

One technician from an animal diagnostic laboratory received a
week of training in serological technigues.

The large spectrum of viruses encompassed in the virus detection
work requires the production of a large and complex battery of
viral reagents, control celIs, and viral seed stocks. These
materials are available to the scientific community on request
through sVCP Resources. Research conti.nues on the evaluation
of the importance of various viral infections in laboratory
animars to cancer research, both directly to cancer research
work and in influencing the supply of healthy animals.

significance to Biomedical Research and the program of the
rnstitute: The virus diagnostic capabirities provide the NCr
ffieabi1itytouronitorl.aboratoryrodentandcatco1onies
and laboratory animal produced viral reagents and tumors which
have resulted in the production of highly characterized systems
for cancer research. This contract provides assistance and
guidance of particular importance for the detection of LCl,l in
rodent systems. LcM virus, in addition to being infectious for

s, is difficult to detect. Significant contributions are
being g natural history of severalindigenous viruses of 1aboratory iri

--ii--..--:!:-
Proposed course: continue the rodent virus serodialn-o1s-t-i_c
service and develop a similar service for cat viruses. fmpfove
the sensitivity and reliabirity of the tests. Apply the infor-mation developed to reduce and contror viral infections inlaboratory animal colonies and materials derived from animals.
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Date Contract Initiated: Aprit 1O, 1961

Current AnnuaI LeveIr $4OOTOOO

Titre: Establish and operate a BAtB/c Mouse colony

: Mr. Wilbur Athey
Project Officer (NCI): Mr. Samuel t{. poi}ey
cbjectives: To provide BALB/cAn mice for laboratory investiga-tions supported by the svcp, primarily for virus bioassays onContract 43-67-697.

Hljof ril-dings: The contractor has provided the maximum numberscf mice that can be produced in z,5oo cages. A1r- regurations of:"he rnstitute for Laboratory Animar Resources are followed:arefully. Requests for animals based on i9€r sex, weight,
'"uckling litters, or breeders, etc. have been consistently met.

=:ignificance -to Biomedicar Research and the program of the:nslitlte t ity BALB /cAn mice for:iologicar assays of murine tumor viruses is important to thegoal of understanding the role of viruses in orrlog"r.sis.
?roposgd- course: Mouse production wirr be continued at the:urrent 1eve1.

]ete Contract Initiated: June L6, 1966

ritle: study of rmmunodeficieney Diseases and cancer

: Dr. John Kersey
iroject officers(NCr): Dr. George Todaro and Dr. lfade parks
ls jeclives: The contractor sees a largre number of patientsryith immunological problems who are at higher than normaL risk:o the development of nalignancies. He wirl utirize the:atients to determine susceptibility of cultures of theirskin fibrobrast to viral and chemicir transformation. Heu:11 study the patient to evaluate cerl nediated and humoral

i{ICROB IOLOGICAL ASSOCI ATES PH43-66-914 )

:NIVERSITY OF MINNESOTA (NIH 7I-2261
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factors in protection against tumors, search for
viruses in patients wit.h premalignant disease and
immunosuppressive therapy. fhe patients will be
determine the role of genetic factors revealed in
transformation assaYS .

on cogenl c
those on

studied to
in vitro

Major Findings: In the brief period since initiation of the
ffiave begun collecting clinical data on six new

patients with immunodeficiency syndrornes and explanted skin
Liopsies from all of these patients. SV4O transformation ex-
periments with fibroblasts from immunodeficiency patients are
progr""sing with Dr. Todaro. Explants of tumors from three

".r,..r 
patients have been started and will soon be ready for

virologic anaIYsis.

Equipment purchasing and personnel hiring are proceeding ac-
cording to pIan.

Siqnificance to Biomedical
r"; noloqical caPabilitY of
[uffins ana their response to viral oncogenes and to viral
induced tumor antigens is of great importance to the develop-
ment of effective means of human cancer control. This contract
provides information and materials from carefully selected
patients suffering from immunodeficiency diseases.

Prgposed Course: Continue present work.

Date Contract Initiated: May 13, 1971

MONTREAL CHILDREN. S HOSPITAL PH43-65-1020)

Title: Procurement of Serum from Human Childhood Leukemia

Contracto r's Pro ject Direc-tor: Dr. Ronald L. Denton

tevineProiect officer (NCI) : Dr. Paul H.

objectives: To obtain serum from a variety of pediatric
A;"l"Sy patients, family members, and controls for virologic
studyi to identify special cases for mo.re extended workup.

Major Findings: The contractor has provided sera for a variety
ffiigators.Theresu1tsofoneseroIogica1study,
using samples from Montreal Children's Hospital, l{ere reported
in a publication in J.N.C.I. One of these studies by Syracuse
University investigators indicated that antibodies to avian
leukosis virus r^rere not present in sera from patients with acute
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leukemia" Tvro other studies, one involving other animal
leukemia viruses and another involving Australia antigen, are
sti1l under r,ray. Samples f rom a patient with probabte pro-
gressive multifocal leukoencepholopathy \ilere provided to Dr.
George Todaro to determine whether the virus-like particles
identified in similar cases could be isolated and characterized.
The contractor participated in a publication indicating that
infectious mononucleosis tdas associated with a favorable clinical
course when occurring in the course of acute leukemia.

Significance to Biomedical Research and the Program of the
Institute: This is a resource contract for the supply of serum
and tunor specimens from pediatric oncology patienls ind suit-
able controls. An increasing need for tissues and blood samples
from pediatric oncology patients requires a number of resource
contracts to meet SVCP needs.

Proposed Course: Continue to collect serum specimens, espe-
cially from serected reukemia patients, for identification of
host factors associated with long-term survival.

Date Contract Initiated: September 24, 1965

NEW YORK STATE VETERINARY COLLEGE AT CORNELL UNIVERSITY
(NrH 70-2224)

Ti tle : FeIine Tumor Viral Diagnostic Laboratory

Contractor:s Project Director: Dr. James H. Gillespie

Project Officer (NCI): Dr. James T, Duff

objectives: To complete production and evaruation of cat and
dog viral reagents; to monitor cat cel1 cultures and other
uaterials associated with cat tumors fot indigenous cat yiruses
and other microorganisms.

,l{ajor Findings: The contractor has established a ferine tumor
virar diagnostic laboratory and has available alr known in-
aigenous viruses of the cat. The feline reagents (virus seed
stock and antisera) include 16 viruses. The contractor has
'"ested the final packaged reagents for purity, potency, homo-
genicity, and comprete reciprocal neutralization. Arthough the
;ackaged viruses have undergone a drop in titer of about thro
-ogs, these reagents are satisfactory for distribution to other
:nvestigators.
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Cross neutralization tests for 10 of the 14 cat picornaviruses
have been conpleted and results reported. Neutralization
titers for the previously prepared reagents of panleukopenia
and herpesviruses are reported. Additional vj.rus characteriza-tion information compreted in the report period include thechloroform sensitivity of eight of the picornavirus strains
and the resistance to chloroform treatment of the cat herpes-virus. The herpesvirus hemagglutinatinq activity is beingutilized in devel_opment of an HAI test.
rn the microneutralization technique, a procedure of addingcel1 culture suspensions to serum and virus mixtures in thewelIs was compared and found equalty sensitive to the previousLy
used method of inoculating the virus-serum mixtures on monolayers.
The addition of the cells to the mixture wil} be used routinelysince there is a saving in both time and material.
The service of monitoring cat tumors and cel1 derivatives foradventitious viruses has been established.

Siqnificance to Biomedical Research and the program of thefnstitute: An evaluation wilI be completed of ieaqents pre-pared for the feline viruses since these materials will be madeavailable to Ncr intramural and colraborating scientists aswell as to the scientific community. The contract provides acentral laboratory where materials isolated from neoplastic ornormal cats can be sent to determine whether or not they con-tain indigenous feline agents, and/or for viraL identification.

lr$osed Course: (1) f nitiation of a pathogenesis study offeline syncytial agent(s) in the domestic cat; (21 Monitoringof NCr-corneIl specific pathogen-Free cat corony for ferinesyncytiar agent(s); (3) study a feline syncytial agent and afeline adenolike virus in vitro for their oncogenicity ,'switch-
on" effect on type c palEiilEf ana (4) Continue the operationof a feline virus diagnostic Laboratory.

Date contract Initiated: June 25, I97O

UNIVERSTTY OF PADUA (PH43-68-I389)

Title: Collection of Human Tissue Specimens

contractorr s project Direct-or: professor Giovanni Dogro

Project Officer (NCI): Dr. Robert H. Depue, Jr.
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o_ljSSg!""": To procure and ship human tumor and other tissue
specimens to NCI for use in research programs.

Major Findings: skin biopsi-es have been obtained from inbred
and isolated populations in the Dolomite Mountains in ftaly and
have now been grown in tissue culture. some specimens have
shown a high virus-transformation susceptibility. Genealogical
information on the donors is being analyzed to deternine if the
susceptibility to oncogrenic transformation has a genetic cor-
relation. These eell lines wirl be emproyed in a human onco-genic virus detection program organized by NCI.

Siqnificance to Biomedical Research and the Program of the
fns ti tute: The skin biopsies will be used in a project to

to determine the
oncogenesis.

detect human oncogenic viruses in vitro and
significance of the transformatfon-EE to

Proposed course: To collect and culture human skin biopsies
as previously, along with genealogies.

)ate Contract Initiated: October 27, L964

;OUTHWEST TOUNDATION TOR RESEARCH AND EDUCATION (NIH 69-93

Title: The Production of Simian Viruses
Inti sera

and Homologous

!ontractorrs Project Directore Dr.

iroject Offi-cer (NCf ): Dr. James T-

Seymour S

Duf f

Kalter

--tbiectives: To determine the quality of simian virus referencereagents (seed materiar and antisera) packaged for NCr by
another contractor. rn addition, the laboratory serves as a::.agnostic laboratory in a lirnited capacity for viral isolates:iat may emerge from studies done by other svcp contractors,
!!a jor Findings: The simian foamyvirus (F'V) reagents tr.ere ex-:ensively tested and an attempt was made to determine whether
a relationship exi.sts between the Mason-Pfizer monkey virus and::'xe foamyviruses. Assistance was given NCr personnel in the:dentif ication -of 1g-r!,e.!virus- saimiri, a woo1ly monkey virusa::d in the study of other viruses itorated froir priurate neo-
;lastic tissues.

Il'1 seven FV types grew at least on one of a variety of celr
-lnes indicating viability of the ampouled stocks. secondary:abbit kidney cel1 cultures supported the growth of alt seyen
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types and working pools are in preparation on these ce1ls.
The Baboon Submaxillary Lymph Node ce11 (SUI,U) culture has
proven most useful in working with all the types except 5.
This is a diploid culture now in its lOth subpassage. Cyto-
pathology on these cells is rapid (5-8 days), reaching a
maximum in two weeks and is easy to.read because of the
uniformity in appearance of the ce11 sheet. Working pools
of types 1., 2, 4, 6 and 7 have been prepared on S!,iLN cells
with titers of 2.
most susceptible
FV 1, 2, 3r 6 and

o-3
to
7.

. O logs/O.1 mI. Vero cells hrere next
foamyvirus infection, producing CPE with

Cross neutraLization testing
2-7 cross reaction and FV 6

Proposed Course: Certify
and serve as a diagnostic
to SWFRE by,NCI.

Date Contract Initiated:

unanticipated EV
to be 'ris1abe11ed."

indicated an
and 7 appear

There appears to be no serologic relationship between M-P!{V
and F.V 1, 2, 3, 4, 6, 7.

Siqnificance to Biomedical Research and the Proqram of the
Institute: These reagents will be useful to investigators in
characterizing viruses isolated from neoplastic diseases
(natural or induced) that occur in primates, and for monitoring
primate colonies.

the packaged simian virus reagents
Iaboratory for viral isolates referred

June 15, 1965

SOUTHWEST FOUNDATION FOR RESEARCH AND EDUCATION (NIH 59-2OI1)

Title: Housing and Maintenance of a Chimpanzee Colony

Contractor's Project Director: Dr. Seymour S, Kalter

Project, Officer (NCI) : Dr. Roy F. Kinard

young chimpanzees to SVCP investigators.Objectives: To supply

Major Findings: Four infants were born this year. Two were
sent to Dr. J. Melnick and two await shipment until he has
suitable i.nocu1a. No abortions or stillbirths occurred this
year. A11 six proven females are pregnant or being rebred.
In May 1971, the colony consisted of 3 breeding age males,6
breeding age fernales, I juvenile male, 3 juvenile females, 2
infant males, I infant female--for a total of 16 animals.
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Siqnificance to Biomedical Research and the program of theInsti tute: The chimpanzee now appears to be tire faUoratory
animal most
cally. This
svcP.

similar to humans, biochemically and immunologi-
is the only source of newborn chimpanzees for

Proposed course: continuation with no significant change.

Date Contract Initiated: April- 25, L969

uI]vERSITy LABORATORIES, rNC. (pH43-66-1133)

Title: Production of oncogenic Viruses and Antisera
contractor' s Plejss!__p,ilector: Dr. Eugene H. Bernstein

Project Officer (NCI): Dr. Robert Holdenried

objectives: Production of reukemia and sarcoma viruses and
antisera.

!{a j or Findings:

Virus Production

!{sv(M)-r rn the report year the contractor produced slightlyover 2000 mLs of MSV(M) virus extract from BALBy'c mouse tumors.virus titer of the last several months r production increasedfollowing passage of virus in suckling mice prior to inoculationinto the $reanling mice. Production of mouse antisera to I.rSV(M)yas completed with the harvest of 3g ml with a neutraLizingtiter of 3.5 1og FFUr/nL of MSVIM).

!{LV: Ten percent celt free spreen extracts yielded r20o mr ofvirus suspension. The virus is intended primariJ.y f or ,,he1per',
virus for assays. Titer of virus varies frorn 7,3 to 7.g 1ogrFulml. Production of mouse antisera to MLV with high titer
and high specificity continues.

FeLV production lras initiated the last part of May.

Bsv (Carr-Zilber) production as extracts from chicken tumorsvas completed early september 1970. chicken antisera to Rsv{Catt-zilber) uas also produced and is available for distribu-t,ion.

R'sv ( RAv-L ) propagated in tissue culture was shipped to Dr.spiegerman and Dr. Jokrik at Duke university, nav-r propagatedin tissue culture was supplied directry to Drs. spiegerman,Joklik and Frankel at Life Sciences.
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Significance to Biomedical Research and the Program of the
Institute: The supply of highly standardized oncogenic viruses
and antisera has been extensively used by the SVCP and the
research community.

Proposed Course: The contractor is in the process of convert-
ing to large scale cel1 culture propagation of oncogenic
viruses. Propagation of cat leukemia virus should commence by
April 1971, and Schuridt-Ruppin RSV should be underway by July
1971. Other virus produetion will be adjusted to meet SVCP
requirements.

Date Contract Initiated: June 4, ;..962

ZOOTOGICAL SOCIETY OF SAN DIEGO (PH43-63.56)

Iitle! Experimental Breeding of Small Primate Species

Contractor's Project Director: Dr. Robert 91. Cooper

Project officer(s) (NCI): Drs. Roy F. Kinard and Robert
Holdenried

Objectives: ?o breed several selected small primate species
and supply offspring to svcP investigators r. to develop anti-
lymphocyte sera for these species i to develop and use tissue
cultures in selected in vitro virus experiments or assays.

ltajor Findingg: Newborn animals were supplied to Drs. I..
otintrarat, Melendez, Valerio, John l{oore (NIEHS) , and A.
Hendrick, (Nationa} Primate Center, Davis, California). Anti-
thymocyte globulins (squirrel rnonkey and talapoin) were pre-
pared and sent to Dr. Deinhardt. Extract of woolly monkey
fibrosarcoma t as also sent to Dr. Deinhardt, and this extract
riras inoculated into six squirrel monkeys, causing two nodules.
A ce1} line from a squirrel monkey tumor induced by FSV was
developed and is available. ltalignant sarcomas occurred in
talapoins inoculated with Rous virus and squirreL monkeys with
Rous and FSV. Six galagoes inoculated intratracheally with
benzpyrene developed bronchogenic carcinoma-

Siqnificance to Biomedical Research and the Proqram of the
rnilitute: These s6slL primate species are cheaper, easier,

chimpanzees, and
shown susceptible

tffi to use than rhesus , baboons, and
at Ieast squirrels and talapoins have been
to virus cancer.
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Proposed Course: Because of certain
contract will be discontinued on May
be continued at another location if
be worked out soon.

Date Contract Initiated: August 8,

EEO requirements, this
31, 1971. The work may

contractual details can

L962
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Otrio State Universitv (PH43-65-1001)

$!lg, Biohazard Control and Containment

Contractorrs Prgject Director: Dr. R. A.

Project Officer (NCI): Dr. A. I{el1man
Dr. A. K. Fowler

in Oncogenic Virus Research

Griesemer

obiectives:

-

The purpose of this research program is to elucidate the hazards
to man and experimental animals from exposure to oncogenic viral agents
and nucleic acids currently used in laboratortr investigations. The
primary aim of research in progress during this report period is to
evaluate the potential hazards from oncogeni.c viraL nucleic acids
through studies that define the transmissibilitv, oncogenicitv and host
range of viral nucleic acids. A second series of investigations in
progress deal with the biohazards associated rtrith feline leukemia and
garcoma viruses.

:

Oncogenic viral DNAsr Thus far, three tumors have appear€dr aLl in a
group of thymectomized hamsters that had been exposed at 3 weeks of
age to 107.88 TCD5O of an aerosol of infectious nucleic acid. Three
weeks after aerosol exposure, 2 hamsters developed subcutaneous tumors
which histopathologically are undifferented sarcomas with minimal
central necrosis and hemorrhage. Serum from the one hamster examined
thus far contained T-antibody but we were unable to demonstrate T-
antigen in the tumor celIs. Five weeks after exposure a third hamster
developed a subcutaneous tumor. During the past 3 weeks the tumor has
slowly enlarged and now measures 3 cm. in diameter. Continuing efforts
will be made to relate tumor production to the aerosol exposure.

Fe1ine Leukemia Transmission: One contact-e:rposed gmotobiotic cat died
of maligrnant lymphoma at 330 days of age. The cat had been housed with
two littermates that nere inoculated intraperitoneally with feli.ne
Ieukemia virus on the day of birth and died from malignant ltrmphoma
105 and 120 days later. Attempts to demonstrate viral and gs antigens
will be performed during the next report period. I.Ie consider this
presurptive evidence that horizontal transmission to neonatal cats is
possible. Presentlyl there are 9 additional gmotobiotic cats ranging
in age from 35 to 95 days which have been contact-exposed since birth
to fellne leukemia virus-infected cats.

Feline Serology: Standardization of FeLV and FeSV serologic tests are
in progress. Hyperlmmune goat and rabbit anti-FeLv serum have been
prepared to purified Theilen FeLV. Serologic activity and specificity
of the reagents have been conf,irmed by complement fixationl immuno-
diff,usionl tanned cell hemagglutinationl PRILOTI and by indirect
j.mmurofluorescence. Rabbit and goat anti-FelV serum, after extensive

i
I
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adsorptions
were used in
Labeling and

with fetar calf serum and ferine embryo celr hemoganates,
the cFt rmmunodiffusionl Tanned cerr Hrl paired rodine
fndi-rect fmmunofluoresence tests.

These tests rdll be used individualry or in groups to monitor
9.s.-3r for mi.cro quantities of feline reukovirar antigen and forlocalization of antigen.

rmTunP ReactiYity,of the cat: Progress is being made in the purification
and characterization of feline inmunoglobulins. peline reg hls beenpurified from cats inununized with sheep erythrocytes. The protein wasisolated by DEAE ion excharrge chromotography. rt has the electrophoreticproperties of IgG of other speci.es and causes hemagglutination of sheeperythrocytes, thus satisfying one functional test for specific antibody.Specific antlserum to this Lmmunogglobulin has been produced in rabbits.
r9A and rgM separation procedures using isoelectric locusing and
sephadex G200 column chromatography are presentlv in progr."". The
humoral and cellular imnune responses of non-Ieukemic cats of various
ages is under study. These efforts will be expanded during the nextreport period to evaruate the irunune reactivity of pre-leukemic and
Leukemic cats and will also serve as the baseline for evaluation ofanti-viral vaccines.

Proqosg.d course of Fhe pro'iect: rn order to develop a model system tostudy the susceptibility of a host to concurrent infection and cross:Lnfection, the cat moder wiLr be deveroped. we ptan to study thls
ianimal as one would humans on chsnotherapy, in order to determine hiscapacity for antibody synthesisl response to chemotherapy, enhancementof maligmancy by iurmunosuppression and look at the stgnilicance of
sormonal imbarance in the deveropment of mali.gnancy. Both cellular
and humorar immunologic responses will be investigated.

late Contract Initiatedr June 22, 1965
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lhe oow Chemical Corapanv (PH43-65-1045)

Titlel Research and Development of Biohazards Containment Facilities

Contractor's Proiect Director: Mr. Cyril B. Henke

Project officer (NCI): Mr. W. Emrnett Barklev

gissig,
The objectives of this contract are to evaluate possible hazards to
personnel conducting research in the virus-cancer field, studv the
state-of-the-art of agent control and containment from the standpoint
of personnel protection and increasing the vaLidity of experimental
studiesl assist in the planning, construction and evaluation performance
of new concepts for facilities and programs involving hazardous agents.

More specifically, the current contract effort is being directed to the
following program areasr

1. Applied research and development studies on biohazards control
and containment.

2. The continued implementatj.on and further development of an
environmental monitoring progr;rm for Building 41.

3. The continued evaluation of the performance of environmental
control features incorporated in Building 41 and into the prototrye
laboratory units.

4. Related operational activities in Building 41.

5. Consultation for the Special Virus Cancer Progran with special
emphasis on providing assistance to NeI contractors through a site
visit program.

Sicrnificance to Biomedical Research and the Prosram of the Institute:

The data collected in this progr.rm indicates that the facilitv svstems
and operational procedures are very effective in maintaining low
contamination levels and minimizing cross contamination within the
facility. Dor^' personnel continue to provide operational engineering
analysis support to the NcI virus containment facilitv to improve
the operation and maintenance of the primary and secondary barrier
systens.

A theoretical analysis has been completed in which equations were
developed to describe the removal of airborne contaninants from a room
utilizing various combinations of air filtration, building ventilation
systens and air recirculation devices. It has been concluded that
while such devices are impractical for controlling room air pressuf,€s1
they are highly effective in improving room air quality. A sigmificant
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part of the work effort during this contract period has been gi_ven to
the NCI safety and environrnental control site visit and consultation
program. site visits have been made to the follorving facilities:

Bionetics, Kensi-ngton, Mar:/land
Microbiological Associates, Bethesda, t,taryland
Universit], Laboratories, Highland park, Ilew .Tersev
Flow Laboratories, Rockville, l,laryLand
Albert Einstein College of Medicinel Bronx, New york

Pronosed course of the Proiectr Experiments are being prepared tor
1) obtain comparative data between theory and operation of air
recirculation unit(s) wlthin a typical research laboratorv, 2)
determi.ne the unit size required to obtain an equivalent hiqh air
change rate and 3) determine how unit location and air distribution
can most effectively minimize high concentrations of contaminants
at specific locations within the laboratory.

pqqe Contract Initiatedr June 251 1965
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Naval Bioloqical Laboratorv (rS-57)

$tle! Studies of Environmental
Virus-Host r+ith Action

ContractorI s -Project Diqectors :

and Phvsiological Factors Influencing

Dr. R. L. Irimmick
l4r. l{. A. Chatignv

Pro'iect ojFficers: Dr. A. Hellrnan
r)r. A. K. Fowler
Mr. I,tr. E. Barklev

Objectives: This contract has four objectivesl thev are:

I. Virus laboratorrr hazards evaluation. The objective of this
sectionor@luatetheextentofpossib1ehazards
involved in biochemical and biophysical procedures used in virus-
tissue culture laboratories.

2. studies on environmental effects,on phvsical. and biological
characteri@ The objective of this section of

al data of both "model" and oncogenic
viruses as related to environmental parameters (e.9. temperature, RH,

31-1 changesl nnd trace chemicals - decontaminants) for use in Section 1;
and to evaluate the importance of end-spectrum (0.1 to 0.5 un)
(5 to 15 un) particles on virus-host interaction considering both the
hazard to humans and animals and the potential for cross contamination.

3. Host-virus interactions. The objective of this section is
toeva1uat@tedstresssituations(phvsioIogica1
as by hormonal imbalance, irnmunological as bv concurrent infection
or biochemical, as b1' exposure to injurious chemical vapors of
aerosols) on induction of viral disease or cancerous trauma, and to
evaluate the role airborne particle size miqht plav in such interactions.

4. Evaluation of disinfectants and decontamination procedures
for select@iCtive of this section is to conduct
ffitaminationefficiencvofse1ecteddisinfectants
on the vj.ruses selected from Section 2 with the purpose of recommending
optimal procedures.

Date Contract Initiated; llarch 1, 1971
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Southwest Foundat for Research and Education rr-71-2348)

Title: Study of Latent virus Infection

9ontractorrs Proiect Director: Dr. S.

Project Officer (WCf) I Dr. A. Hellman

and Transmi.ssion

S. Kalter

9Eisglir:
1. Determine the inactivation by heat and ultraviolet liqht of
selected oncogenic and non-oncogenic viruses in the cerl-free
and intracellular states.

2. Determine the persistence of viral activity in air dried
cells under normal laboratorv conditions.

3. Attempt to initiate and quantitate solid tumors in
experimentar aninars by exposure to infected cells, tumor cells,
or transformed cerls via the respiratory and subcutaneous routes.

4. cultivate various organs from nonhuman primates and test for
the presence of virus by observation for cytopathologl, in living
and stained cells. overt virus infections will be tested for in
these same organs. sera from the animats wilr be tested for the
presence of antibody against such viruses in order to determlne
what relationship this may have to the state of virus infection.

5. rnvestigate the ratent virar flora of cell lines to be used for
tumor vaccine production.

Date Contract Initiated: June 3, L97L

-
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University of Texas (NIH-7I-2135)

lillgr Biohazards Information

Cont1ia_cto-rr s Project Directors I

Project Officers (NCI): Dr. A.
Mr. W.

Gathering Center

Dr. S. E. Su1kin
Dr. R. M. Pike

Hellman
E. Barkley

Ei.."ti".s,
1. To gather information concerning J-aboratorv-acquired
infections and accidents by the use of questionaires and
personal contact.

2. To make available to laboratory personnel thru the office
of Biohazard, vo, Et., NCI; information concerning the hazards
of working with infectious agents.

3. To assemble information concerning techniques and
equipment which would tend to minimize this hazard.

4. To prepare a continually updated guide for dealing with
various aspects of this probleml to be pubLished bv the NCf,
NrH, PHS.

Date con_tract_'lnitiatear April 6, L}TL
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SOLID TUMOR-VIRUS PROGRAM SEGMENT

Dr. Robert J, Huebner, VCB, Eti-ology Area, Chairman
Dr. James T, ouff, VCB, Etiology Area, Vice Chairman

CALIFORNIA STATE DEPARTMENT OF PUBLIC HEALTH (PH43-68_997)

Title: Role of Oncogenic Viruses in the Causation of Cancer
in Man and his Domestic Animals

Con_tractor's Prgject Directgrg: Dr. Edwin H. Lennette
Dr. John Riggs

Projegt officer l[CI): Dr. James T. Duff

Objectives: To apply the newer knowledge of the nature of
RNA-vlruses affecting murine species to the study of neoplasms
of other specj-es, namely domestic cats, dogs, and man'

uajor Findi.ngg: Utilizing the indirect fluorescent antibody
proEeAure,the infectious titer of feline leukemia viruses
(FeLV) was determined and stocks of virus prepared for use
in viral genome rescue studies of non-virus producing cel1
cultures derived from tumors of cats, dogs, and- humans. This
--echnique has also been used to determine the neutralizing
ability of serum against FeLV.

A survey was made of normal cat sera and the sera of cats with
'rarious types of malignancies for the presence of antibody
agaj-nst FeLV. Preliminary results indicate that approximately
52 of normal cats and 302 of cats with malignancies have
antibodies to FeLV as determined by the indirect fluorescent
antibody technique.

Studies with serum obtained from veterinarians utilizing the
indirect fluorescent antibody procedure to detect antibodj-es
=:c FeLV were completed on 698 sera obtained. Only one serum
:ou1d be interpreted as positive using a human ce1l line
infected with FeLV as the test antigen and the uninfected
:e11 line as the normal control. A subsequent serum sample
=rom this individual was negative in the test. It is thus
evident that this "high risk" group do not produce antibodies
against FeLV as determined by this technique. Samples of these
sera have been submitted to NCI laboratories for complement
iixati-on studies.

le1l cultures have been establ-ished from varlous histological
:ypes of tumors from dogs. Attempts are currently under way
--o rescue a focus-forming viral gienome from these ce11 l-ines
:y superinfecting the ce1ls with various strains of feline
leukemia viruses. By utilizing the fluorescent antibody
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technique we can determine if a productive infection has takenpIace. once infection is established, tests for focus-forming ability are carried out using primary feline embryocelIs and a line of beagre embryo cerli in tire test system.To date no foci have been produced by the ce11 lines trrat havebeen tested.

Rapidly passaged beagle embryo ce11s continue to give sati_s-factory results in titrations of feline sarcoma virus stocksby focus-formation with both the GA and sr strains of fe]ine
sarcoma virus. sera from 2 dogs and 1 cat hyperimmunizedwith GA-FSV tumor preparations completety neulra;-Lze at least2 log dilutions of GA virus. one nnormaL,' cat serum obtainedfrom the municipal animar pound and positive by the indirect
FA test parti-al1y neutralized the same stock oi virus.
Coll-aborative experiments with Stanford University laboratories(Nru 69-2053).utilizing the stanbridge technj_qu" 6r ireatingmice with anti-thlzmocyte serum to suppress their immune
response resul-ted in the demonstration of a high degree oftumorigenicity of tissue culture celrs deri_ved from 1 ferinecarcinoma, 1 dog osteosarcoma and t human rhabdomyosarcoma.

rn vitro infection of normal cat ce11 lines with felineLeuffi- viruses and subsequently reacting them in theferritin-labered antibody techni[ue showed that the membraneantigen noted before on estabrished ce11 lines carrying c-typevirus particles was infection-mediated. This exclu&es theoossibility that the membrane-tagging observed in this studyis a characteristic of transformea cerrs having nothing todo with viral infection.
rn a series of cats examined for the presence of c-typeparticles; 22 of 33 cats with.marignant lymphoma ,.rL'positive(668), 72 of 35 cats with various 5ther mitig.rarrcies werepositive (34u ), and 10 of 33 cats with .,o evidence of amalignancy were positive (308).

f.I"Bp:"d 9"]lg?9t (1) to continue utilizing these techniquesto determine if an immunological relationsfrip exists j-n tumorsof different animars and diiferent species. (z) ro continueto establish ce1I cultures from tumois of different animalsand attempt to rescue a defective viral genome from suchcultures.

significance to Biomedical Research and the program of the
-Fffi:rierd program on the etiology of cancer being carriedout as a collaborative effort between the Viral CarclnogenesisBranch, NCr, the carifornia state Department of public Health(NrH 69-87) , the university of calif6rnia (Naval BiomedicalResearch Laboratory, pH43-63-13), the University of
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Southern California (pH43-68-1030), the Los Angeles
children's Hospital and the Los Angeles county Hearth
Department. To a large extentr the success of these programs
depends on the_ acquisition of fresh human and animal tpetlcancer materials and tissue cultures derived from donois of
these species having varying genetic backgrounds.

Date Contract rnitiated: June 24, 1968

CAIIFORNIA STATE DEPARTMENT OF PUBLIC HEALTH (NIH 69-87)

Title: Human-Feline Cancer Household Study

Co+grastor.r s Pfoj,e-ct, D,-jrrec_to,r: Dr. Robert Schneider

Pr,g,ject 9ffi.cer.,,(]r9I): Dr. James T. ouff
objgctives: The purpose of this study is to determine if an
association exists between human and feline cancer. Theprimary study is a retrospective one, utilizing personal
interviews of case and control households initially identified
in the Animal Neoplasm Registry (ANR). Case households are
those in which a malignant cancer has been di-agnosed in acat. control househol-ds are of two types: the first containscats that have not had cancer and the second comprises non-
pet-owning ones for at least 5 years prior to interview. otherrelated epidemiological studies also are being carried out
from data available in the ANR, the Arameda county TumorRegistry (Human) and the household interviews.
ua jgr 

-.. 

r,indings: preliminary analyses have been completed on
the 675 case and contror households as to whether there was
increased human, canine r ot second cat cancers in households
contai-ning index cats with cancer. No evidence for trans-
mission of feline oncogenic agents to man and dogs or
between cats was found. cani-ne tumor numbers were 30 and 33
in case and control groups, respectively. There was no
pattern of dog tumors with the feline leukemia-sarcoma complex;
many different types of canine tumors occurred. Human
varified tumor numbers of 75 and 57 in case and control
households, respectively, did not differ sj-gnificantry after
adjustments were made for human population age difference
in the two groups. As with the dogs, the overall human
tumor numbers in the case group were proportionately dis-
tributed among the various cat cancer types. There were nine
human leukemia-lymphomas of various types and one sarcoma
diagnosed in association with cat cancers; however, there was
no pattern wi-th these occurrences. rn 27 of the 6i5 case
households, two or more cats had confirmed tumors during a
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6 year period. Malignant lymphoma was the cancer found
most often, either in both cats in the same househol_d or in
association with other tumors. The high prevalence of
malignant lymphoma was found due to it being the principle
cancer of cats and its occurrence in high frequency in young
cats. Testing the eight observed two-cat combinations of the
leukemj-a-llzmphoma group indicated that the number was not
significantly different from the 6.6 expected. Other tests
carried out on this data reinforced these negative results.
Proposed Cou.rse: The epidemiological survey will continue
in order to foll-ow the occurrence of cancer in households
that have been identified and to follow any leads that come
from the initial study.

Significance to Biomedical Research and the program of the

iffiffiin the wor1d, at present. rt has been functioning
since July 1963. A11 cases are histopathorogically confirmed.
A case record is present for each animal_, which in addition
to animal and tumor data, contains the owner's name and
address. Thus, human contacts for specific animal cancers
can be identified and sera can be obtained from such persons
for serorogical testing. rn ad.dition the ANR obtains fresh
animal ti-ssues, animal fetuses, and live cancerous animals
for the other contracts within the NCI Special Virus Cancer
Program. This epj-demiological study is extremely relevant
to determining the relationship of the cat leukemia virus to
human cancer and also for determining the role of horizontal
spread of virus from cat to cat and from cat to dog.

Date Contract Initiated: June 79, 7969

CAf,IFORNIA, UNIVERSITY OF (PH43-63-13 and NCI-FS-8)

Title: Development and Evaluation of CeII Substrates for
the Study of Cancer Viruses

gontractorls PTojggt DirectJ?Is: Dr. Stewart Madin
Dr. Neylan Vedros
Dr. Adeline Hackett
Dr. Walter Nelson-Rees

projecl Off*geg- (NCr) : Dr. James T. Duff

Objectives: The CeIl Culture Laboratory (CCL) is physically
located at the Naval Biomedical Research Laboratory (NBRL),
in Oakland. The program of the CCL is funded by a contract
(43-63-13) between the University of California and the NCI.
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In addition, maintenance and operating expenses generated
by the CCL are repaid to NBRL by an interagency transfer
of funds (FS-B) between NCI and NBRL. The research studies
include the development and evaluation of cell substrates
for the study of cancer viruses, development of large
quantities of specifi-c ce1l substratesr karotyping of cel1
cultures, and performing biophysical, virological, and
cytogenetic research.

Major Findings: From June l, 1970, to May 31, 197L,
ffither animal-derived cell cultures from
normal and tumor tissues were distributed to BI recipients
primari-ly within the Special Virus Cancer Program.

The latest catalogue (June 1, l-97L) lists l-254 cell sub-
strates initiated or propagated and stored in this laboratory
for distribution following antibiotic-free cultivation,
characterization and assurance of species specificity and
freedom from microbial contamination.

Survey for presence of C-type virus in cell culture continues.
Two hundred eighty-two cultures were examined by electron
microscopy (eU1 and 685 by isotope labeling (DIPIC).
Particularly, a strain of Ke ce1ls in long-term cultivation,
as welf as one of a harbor seal, gave positive results and
are being analyzed extensively.

Several human breast tumor culLures have revealed herpes-
like virus by EM and/or RNA "packaging" by DIPIC.

Feline whole embryo cultures examined by DIPIC indicate high
incj-dence of C-type virus. The virus appears to be
concentrated in the thlrmus. Murine (Nrg Swiss) ceI1 lines
from embryos and mothers of multiparous birth reveal C-type
virus in embryos, but not in the maternal reproductive system.

Newer methods of fixation of cultured cells for EM is re-
vealing definitive differences between A, B and C type virus
particles.

The characterization and transmission studies of the M-PM
virus continues utilizing EM and biophysical techniques as
well as a newly developed chimpanzee ce11 line.

llouse mammary tumor-derived cell lines continue to be studied
for their production of A, 3 and C type virus particles'

A variety of human and other animal-derived. cell lines are
in long-term cultivation with and without hormones.

Effects of rifampj-cin and its derivatives on virus-infected
mouse cel1s has revealed inhibition of transformation with
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dose 1evels which do not reduce ce11 replication.

Chromosome monitoring of ceIl cultures continues for in-house
production and experimentation, and in collaboratj-ve efforts,
as well as for karyotype reference.

g.ropoged .Course: Continue to develop cell reagents as
substiaEes tor human carcinogenesis; attempt to isolate and
characterize viral agents from human tumor cel1s; continue
a reference laboratory karology of cells in culture; study
oncogenic viral antigens during embryogenesis'-and continue
basic research in the biology of tumor viruses.

Significance to Biomedical Research and the Program of the
Institutej The contrEctol hEs developed an excelfent tissue
ffiaci1ityandissupptyingce11cu1turesforcancer
research studies to NCI investigators and SVCP contract
laboratories. These studies are oriented toward a study of
the fundamental biology of tumor ce1ls, and the interaction
between tumor cel1s and viruses of oncogenic importance.

Date Contract tnitiated: October L, L962

CALIFORNIA SCHOOL OF MEDICINE UNIVERSITY OF (NIH 7I-2L47)

Title: Role of Virion-associated DNA Pol)zmerase in
Malignant Transformation by Avian Tumor Viruses

Contractor's Project Director: Dr. J. Michael Bishop

Project offi-g (NCI) : Dr. James T. Duff

ob ectives: Conduct i-nvestigations on the molecular biology
viruses, particularly with respect to
DNA polymerase and characterization

EEil affan leukosis

l
j

l

1

the
of

virion-associated
the enzyme itself.

Mgj.qr lindings: This is a new contract and major findings
have not been reported.

Siqnlficance to Biomedical Research and the Program of the

Tn*ffimechanism by which RNA tumor viruses bring about
malignant transformation, and perhaps will lead to
significant advances in the understanding of the causation
and control of human neoplastj-c disease.
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Date Contract Initiated: June L971

cSqrEORN_rAr uNrxERS-rTY, OF (NrtI 71_21731

Titfe: Studies on the Structure and Replication of Viruses
and Mechanism of Regulation

Co,r],tr,actgf*lp ProjegF.Piregtgr.?: Dr. Howard K- Schachman
Dr. Peter Duesberg

g:oject Offiqers-(NCI): Dr. Robert J. Huebner
Dr. James T. Duff

Obiectives: Research on the structure of viruses includes
siffis on th tructure
and viral subunits of RNA tumor viruses, and the nucleic
acids of various mutant viruses such as the radiation or
chemically induced variants of Rous virus. Research on
the repliLaELon of., RNL ,tJ:.mor viruses includeFffiIffin the
FNFG! T enzymes of these
viruses, and the analysis of temperature sensitive mutants
of Rous sarcoma virus. Research on the mechanisms of
regulation include trans lite
il?us;nA-factors controlling the growth of mammalian cells
in culture.
Major Findings: This is a new contract and major findings
have not been reported.

Siqnificance to Biomedical Research and the Program of the

ffiEo-ffiilmechanism by which RNA tumor viruses bring about
malignant transformation, and perhaps will lead to
significant advances in the understanding of the causation
and control of human neoplastic disease.

Date Contract Initiated: June L977

FLOW LABORATORTES rNC. (NrH 7L-2097)

Title: Virus Laboratory for Cancer Research

Conlracto.r' s Prg j,es}_Direcjtor: Dr. Ralmond V. Gilden

pro'i,ect Officeq .(NlI),: Dr. Robert J. Huebner
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Ob-iectives: In addition to the gs-1 and gs-3 antigenic
ffiEffiEIEies localized on the major polypeptide of
mammalian RNA tumor viruses, an additional "gs" reactivity
has been identified using sera from rats immunized with tttsV
transplant tumors. This antigen is localized in electrofocus
separations clearly distinct from the major gs antigen.
Guinea pig antisera to the MSV (RaLV) gs antigen have been
prepared. These appear species specific in ge1 diffusion
but are not yet suitable for CF purposes. Sensitive
radioimmunoassays are being developed for gs antlgen and
antibody using both agar ge1 and test tube methodology. Such
tests will be available for routine use relatively soon.
In addition, fluorescent antibody (FA) and other cytological
methods for gs antigen detection are being developed for
application to tissue sections. Studies using the FA technique
have confirmed the species specificity of gs antisera
prepared in guinea pigs and the cross-reactivity of sera from
rats immunized with MSV tumors. Antibody to the DNA
dependent DNA polymerase from cat C-type virus was prepared
in a single rat. This Frum inhibited activity of the mammalian
C-type polymerases but not MTV or viper virus. RNA dependent
activity was not inhibited suggesti-ng separation of the two
enzyme activities. Preliminary attempts to purify envelope
antigen based on glucosamine labeling have allowed the recovery
of labeled material on acrylamide gels; however, the
recovered peaks did not possess serum blocking activity.

The 3' OH terminus of 70S RNA from several mammalian and the
viper virus was determined by periodate oxidation and reductive
tritiation with sodium borohydride. Uridine was found to be
the predomj-nant 3' termin4l base in each virus. Molecular
weigi:ts of about 2.5 x l-06 were calculated for the viral
RNA based on the tritiation reaction.

Using autoradiographi-c techniques, synthesis of cytoplasmic
DNA was demonstrated in mouse ce11s infected with several
murine RNA tumor viruses (in collaboration wi-th T. Kakefuda).
This new DNA presumably represents the product of virion
polymerases and is thus the previously hypothetical DNA
intermediate. Chronically j-nfected ce11s did not show
cytoplasmic DNA synthesis.

Experiments using cel1 hybridization techniques have revealed
the following: Hybrids of mouse cells infected with Rauscher
leukemia virus and the hamster cell line (HT-I) carrying
the defective MSV genome yield initially sarcoma virus,
howeverr orr passage differences in yields from clonal lines
became apparent and even one completely negative line has
been obtained. Fusion of HT-l with normal mouse or human
leukemi-c cel-ls has not yet resulted in activation of
potential latent leukemia virus.
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Immunological studies by immunoferritin of the herpes-Iike
virus (HLV) associated with Burkitt lymphomas have been
augmented by the development of a method for obtai-ning high
yields of HLV positive ceI1s. This technique will allow
more definitive i-dentification of anti-virion antibodies
in sera from tumor (Burkltt and post-nasal carcinoma) and
non-tumor patients.

Contracts NIH 70-20L5, PH43-67-1396 | and NIH 69-97 were
combined into a single contract on February L, L971.

Proposed Course: (1) Structural analysis of the gs proteins
from viruses of mouse, cat, hamster, and rat origin.
(2) Search for simil-ar proteins in other species.
(3) Purification and characterization of virion pol)rmerases.
4) Characterization of polymerase activity in tumor cel-Is.
5) Extension of hybrid ce1l techniques to human ce1l systems.
6) Continued definition of Herpesviruses (especially HLV)

reagents.

Significance to Biomedical Research and the Program of the
m

effiTE-Ga with aeteimining whether viruses recovered from
man, and which may be oncogenic for laboratory animals,
are also oncogenic in man. A main emphasis of the Viral
Oncology Program is to detect, j-solate and identify viruses
from human cancer patients. Since man will not be used as
an experimental recipient, it is necessary to gain proof
of oncogenicity by other means including seroepidemiological
surveys for virus, virus antigen, and/or specific antibody.
The detection of a common antJ-gen among known mammalian
C-type vi-ruses would provide a powerful incentive to look for
similar antigens in human material-.

Date contract Initiated: February 1, l97l

MAIMONIDES HOSPITAL (NIH 71-2046)

fitle: Viral Transformation and Chromosome Abnormalities
in Human Tumors

Contractorrs ,lroj,eql_Li.rgctof : Dr. Harvey Dosik

Projqct off ice,r_(NCI) : Dr. George J. Todaro

Oljectiyes: Conduct systematic investigations including
clinical, epidemiologic and cytogenetic studies on
individuals possessing various disorders. These studies are
to include patients and relati-ves of patients with
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chromosome abnormal-ities, patients with a known increased
risk of malignancy and patients with established malignant
disorders before and after treatment with anti-neoplastic
agents.

Major pindings: Skin fibroblast cuftures have been initiated
ffidividuals with chromosome abnormalities
and/or genetic diseases associated with a high risk of cancer.
Age and sex match cul-ture biopsies for each sample have also
been obtained. These are being studied in collaboration with
Dr. Todaro to determine the extent to whj-ch genetic and
chromosomal factors contribute to cellular susceptibility
to transformation by both oncogenic RNA and oncogenic DNA
viruses. An additional 12 families with chromosomal
abnormalities have been identified and cel-l lines are being
initiated from them.

Normal- and leukemic spleens and normal and tumor tissues of
various organs have been provided to the Special Virus
Cancer Program for comparative study of the polymerases and
other enzymes found in these organs. Chromosome analysis
is performed on these tissues as well as on the skin
fibroblasts described above.

Proposed Course: Continue to
ffiividuals with
requested by NCI for on-going
the SVCP.

supply normal and neoplastic
chromosome abnormalities as
cancer virus studies within

natural occurrence of leukemia
genomes utilizing inbred, hybrid

Significance to Biomedical Research and the lregrem_gf the
e,

6ffidersca1e,there1ationshipbetweenchromosome
anomalies (particularly those which involve an excess of
genetic mateiial), susceptibility to celluIar transformation
by oncogenic agents and an increased incidence of malignancy.

Date Contract Initiated: October 7, 1970

rHE- .rASs,sgN LABg_q3,ro.RY lPH4 3-q7 -7 43 I

Title: Natural Occurrence of RNA Tumor Viruses (Genomes)
and Host-Gene Control of Their Expressions

ggntragtorr.g Pqgjec.t Di=:g_tor: Dr. Hans Meier

Project officer (lrcr1: Dr. Robert J. Huebner

Objectives:
anEffia

To determine the
viruses and viral
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and recombinant mouse strains to more precisely define the
genetic mechanisms underlying mutations, differential
leukemogenic responses, and regulation of cell- turnover
in vivo. studies are designed to determine the relationship
66twEEfr'the c-type RNA virus and host genes associated with
spontaneous and carcinogen-induced tumors, and the rol_e of
the C-type genome in embryo development and definition of
the kinetics of growth of embryonic cultures.
Major Findings: The program to date has played a fundamental.-.--:__'-=_.:r-rol-e in defining the naturar history of the c-type RNA virus
and viral g'enomer contributing significantly to the develop-
ment of new concepts and approaches in the Viral Carcinogenesis
Branch program effort. Specifically, in large measure as
a resul-t of this contract effort, it has been established
that (1) the C-type virus gienome is universal in all mice
and very likely in rabbits as well i Q) the presence of in-
fectious leukemogenic or sarcomagenic viruses is a rare
event in most mouse strains, and probably appears only as the
result of intense inbreeding reflecting a "throwback" to its
early genesis; (3) that when it is present, infectious virus
is most frequently symbiotic and does not threaten species
survival. fn addition, there is no apparent horizontal
spread of virus.

Dr. Mej-er and his group have defined a number of gienes
associated with enhance oncogenicity and have evidence that
host susceptibility to neoplasia is very likely attrj-butable
to combination of particular alleles at several loci.

ProPosed Coufse: In additj-on to ongoing studies, efforts
are now-Eng Tocused on converting hl-gh cancer susceptibre
mouse strains to resistant strainsr dS well as the reverse,
through genetic manipulation. Experiments are being designed
to determj-ne the number, mod.e of inheritance (dominant or
recessive) linkage rel-atj-onships and location of host genes
iuhich serve as oncogenic determinants.

Siqnificance to Biomedical Research and the program of the
rnstlLu€e.- r ant]ffiffi'lmuch of lt e-basic data on the genetic determinants
cf oncogenesis and the natural expressions of the endogenous
C-type RNA viruses and viral genomes. It has pointed up
the overwhelming influence of genetic predisposition in the
development of natural cancer and in suscepti_bility to
environmental carcinogens. contractor is well on the way to
defining and locating some of the genes and loci involved in
:ncogenesis and viral replication. rnformation derived from
--his research bears direct relevance to the human cancer
problem and, in additionr frdy well provide important leads to
:he autoimmune phenomenon and the role of the C-type genome-n normal mammalian growth and development.
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Date Contract fnitiated: May 2 | 1967

MICROBIOLOGICAL ASSOCIATES INC. PH4 3-6 7 -697)

Title: Detection, Characterization and Assay of Animal
Tumor Viruses

Co+lractor's, Proiecl ._DiJectgs: Dr. Robert M. Nims

PIoje_ct Offlcg,r (N.Cr) : Dr. W. Ray Bryan
Dr. Robert J. Huebner

Objectives: The contract provides essential service type
activities, including in riyq bioassays of leukemogenic
and other RNA tumor viFrises, fristopathology, inventory and
storage of human and animal specimen materials, and other
services involved in various intramural and extramural
col1aborative SVCP activities. In addition, in vitro
methods are util-ized for detection and assay ffi ffi'urine
C-type RNA virus and viral genomes in spontaneously occurring
tumors and leukemias as well as in normal and embryonic tissues
of mice, to determine the possible role of the C-type genome
in normal growth and development as well as its association
with the neoplastic process.

Major rindj-ngs: Original spleen antigen test (SPAT)
ffiV tested in vitro were Bc-E tropic regardless
of whether the ori-ginal EnilSecimen was normal or
neoplastic. The original specimen yielded both B,/c-E and
NIH-E tropic virus in CoMuL tests. Although viruses of both
tropisms were present in the original tissue, there was
preferential growth of the B/c-E tropic virus over the NIH-E
tropic virus in the spleen of BALB/c mice.

The reactivity of gs anti-gen in the uterus was examined in
ovariectomized and non-ovariectomized mice at various stages
of sexual maturity. In young mice, prior to breeding, ovari-
ectomy decreased the amount of antigenic expressionr drr
effect not noted in older, multiparous mice. This was
possibly due to extra-ovarian sources of estrogen or
infectious virus. Study of the effect of ether treatment on
uterine gs anti-gen following ovariectomy disclosed relative
resistance of gs antigen to ether treatment, especially when
tested vs MSV 25.

Attempts to cultivate spontaneous carcinomas from Fischer
rats and BALB/c mi-ce are being made. The use of hydrocorti-
sone and insulin to elicit selective isolation and growth
of epithelial cell-s is being attempted. Neutralizing anti-
body was produced against a C-type virus isolated from a
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transplantable spontaneous rat leukemia.

Large scale production of MSV antibody using transplantabl_e
MSV rat tumors was initiated. Timed pregnancies in BALB,/c
mice using hormonally stimufated females were supplied to
different laboratories.

A11 human tumor specimens j-n refrigerated storage were
physically inventoried and an updated list of specimens
furnished to PAC-NCT.

Inhibitors i-solated from cell culture and normal tissues were
assayed both in vivo and in vitro. These inhibitors wj-I1 be
further ,charaEefrEa

9..

Levels of rieutralizing antibody to MuLV in various strains
of mice are being studied. No neutralizing antibody was
found in 3MC tumored or non-tumored C57BL/6 Cum mice.

Sera fror"n NZB mice with low levels of proteinuria exhibited
more neuti'alizi-ng antibody against AKR-LV than did mice with
elevated 1eve1s of proteinuria. A relatively high per-
centagie (59 .42 ) of retired NZB breeders had sera with
neutral j- z i-ng antibody.

P.roposed Cours_e: Long-term longi-tudinal studies will continue
ffihe role of the c-type RNA genome in normal
growth and in naturally occurring cancer. In addition, more
definitive studies on the influence of gonadotropic hormones
on genome expression will be undertaken.

This facility will also provide the animals and experienced
personnel to help isolate and test postulated natural i_n-
hibitors and,/or repressors of the RNAvirus oncogene, and
also of such synthetic or exogenous anti-neoplastic agents
that may become available.

S:gniE&ance to Biomedical Research and the Program of the
Institute: T
ffi11aboratoryfaci1itiesforgroupswhoneedthe
services of bioassay systems for oncogenic RNA viruses and
histopathology, thus saving an enormous amount of time,
space, and job positions. In addition, in vitro detection
and assay systems applicable to the humat'-cffiE problem are
being developed. The demonstration of a C-type virus genome
present in all cells with an apparent role in the developing
embryo reveals the cancer process to be a natural biological
event. The ability of the host to repress expression of
the genome during most of its lifetime and the factors
influencing expression and repression represents a promising
approach for the control of cancer, and the BALB/c strain
would appear to be a particularly appropriate model for such
studies.
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Date Contract Initiated: November 15, 196l

MrcRoBroloqrqAl ASSgc.rrAIES,_rNC:- (I{r4 70-2 068)

Title: The Roles of Viruses and Chemicals in the Etiology
of Cancer

Cgnlrerctor5,p,{gjgc! oifeqtg{: Dr.

Project Officer (NCI): Dr. Robert

Ob-iectives: proiect A - Dr. Johnq S. Rhim and Project B

Ri-1ey Housewright

,f . Huebner

Dr. Aaron E. Ereeman. ese projects are concerned w
luation, standardization and application

of in vitro assay systems for studies of carcinogenic agents
fouffi iffiE'e environment. Test systems include rat, mouse,
hamster, and human tissue cultures at advanced 1eve1s of
subculture, both uninfected and infected with various C-type
RNA viruses. Materials under study will include known and
suspected environmental carcinogens, and their noncarcinogenic
analogs, and DNA tumor viruses.

The focus of Project B is to define the mechanisms of
chemical and viril carcinogenesis in v4rc, and. to correlate
these findings with in vivo studieiloflEated programs'
The ultimate objectiffi iffio develop sensitive in vitro
systems for environmental carcinogens.

Pro-iect C Dr. Padman S. Sarma. Development and utilization
tems for field studies of the

prevalence and'-f5ffiEor of the feline leukemia and sarcoma
iriruses in cat, dog, and human cells, including the focus-
forming, neutralizition and complement fixation (COCAL) tests.
nmphasis is focused on trans-species rescue of known and
po;tulated defective Sarcoma virus genomes from murine,
ivian, canine, and human tumor, using the feline leukemia
virus as helper; and on isolation and characterization of
endogenous avian, feline, and rat C-type RNA viruses/genomes.

Proiect D - Dr. Carrie E. Whitmire. To a large extent, this
rojects A and B. Studies

lre-designed to test RNA virus genome derepression by car-
cinogens in.vivo, leading to gs antigen, infectious virus or
tumoi indffitffi The animal systems used include a variety
of high and 1ow leukemic incidence strains of mice, hamsters,
and rats, including those straj-ns from which tissue cultures
were derived for Projects A and B.
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Projqq.t.E_-_Dr. .M. lee Y,ernon. This project is a continuing
ron microscoPY of high resolution

capability to a search for the presence of C-type virus
particles and other viruses and virus-1ike structures in
normal and cancerous tissues and cultured cells. Candidate
specimens eminate largely from contract l-aboratories at
trlicrobiological Associates (NIH 70-2068 and PH43-67-697) | and
from the Project Officer.

Projec! F - Dr. John C. Parker. This laboratory
to the contract and

(PH43-67 -697) programs.

provides the
related

Major Findings: Project A. Several in vit_ro systems were
@senFi-EiTE-![antitative assay of chemical car-
cinogens. Findings: Rauscher leukemia virus (RLV) -infected
rat embryo cells rapidly transformed by as little as 0.01 ug
of DMBA produced tumors in newborn homologous hostsi control
ce1ls failed to show evidence of transformation and produced
no tumors,

One of the more promising in yit{o methods developed for
assaying the relative effecEs'of various environmental car-
cinogens was the AKR-infected NIH Swiss mouse embryo ceIl
system. This system proved even more sensitive than rat
and hamster systems for assaying various experimental
carcinogens, and is now being used to test smogl and tobacco
fractions.

Uninfected and untreated normal rat embryo ce1l lines
exhibited morphological alteration after 65 subcultures and
produced tumors in homologous hosts. Concomitantly, a new
antigen having the properties of gs antj-gen, was switched on'
Since the antig€nr which is one shared with the MSV-induced
rat tumor system, was switched on much earlier by ce11s trans-
formed by polyoma virus, RlV-infected rat ce1ls responded
-,,'ith marfeaty accelerated transformation when treated with
colyoma virus. It therefore appears that cell transformation
ry polyoma virusr ds has been shown with SV40, may be
rediated by endogenous or added C-type RNA genomes.

?rojec,! B. DI.. I.reeman and hi_s group developed several in
1IEo systems for assay of the tiansiorming ef,fects of
5enzTa)pyrene, 3-methylcholanthrene, cigarette smoke con-
d.ensates and smog components. Transformation of a variety
cf rat and hamster embryo cel1s with diethylnitrosamine and
3-methylcholanthrene in combination with leukemia viruses,
and wilh city smog by itself and in combination with leukemia
';iruses, were recently published. Other recent important
cbservations include the following:
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When uninfected hamster embryo ceI1 cultures treated with
3-methylchol-anthrene or cigarette smoke condensates were
transformed and produced tumors in hamsters, 5 of 6 yielded
i-nfectious hamster leukemia virus (HaLV) , thus indicating
that the chemicals activated an endogenous latent HaLV.

Chemical carcinoglens on human (WI-38) cells infected with
feline leukemia virus (FeLV) have not led to transformations.
Howeverr the FelV-infected, chemJ-ca1ly treated W1-38 ce11s
have continued to replicate at normal rates for many sub-
cultures beyond the terminal stages of the untreated con-
trol cultures.

Project C. Several new tests for assay of feline tumor
viruses were developed by Dr. Sarma and his groupr ds follows:
(1) A quantitative assay for feline leukemia infectious
virus and viral antigen, the COCAL test, modeled after the
COFAL test for avian l-eukosis; and (2) a viral interference
test, analogous to the RIF test of Rubin's (avian system),
and to a previous test developed by Dr. garma for murine
leukemia viruses. Preliminary observations have revealed
differential interference patterns analogous to those
described by Vogt and Ishizaki for the avian leukosis-
sarcoma complex. Feline leukemj-a virus (FeLV) strains and
FeLV pseudotypes of MSV derived from these strains can now
provi-sionally be placed in three subgroups: A, B, and C.
Unlike the COCAL test, the FeLV viral interference test
is based on the detection of type-specific rather than
group-specific antigens; its usefulness therefore will
probably be confined to studies of viral envelope antigens.

Utilizing the new methodology it has been ascertained that
the three distinct strains of the feline sarcoma virus falI
under subgroup B of the feline leukemia-sarcoma complex.

Dr. Sarma and his group recently isolated a non-cytopathogenic
rat-ceIl-specific C-type virus from stocks of MSV(O). It
appears from studies by Dr. S4rma and Dr. Aaronson (Vf,f,n1
that this isolate is a rat leukemia virus and that MSV(O),
described by Ting in 1968, can be characterized as a rat
pseudotype of the Moloney murine sarcoma virus.
A new technique for demonstrating avian leukosis viral genome
was also developed during the contract year. A serial tissue
culture line of hamster tumor cel1s derived from a Rous
sarcoma virus-induced hamster tumor was found to contain
avian C-type virus which proved to be defective. Upon
co-cultivation of the hamster tumor cells with cultures of
avian embryos positive for avian leukosis gs antigen, the
hamster-derived virus acquired the property of oncogenicity
for quails. These preliminary studies suggest that the
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hamster virus is defective requiring a helper viru5,
supplied in this instance by the vertically transmitted avian
Ieukosis viral genome present in SPAFAS and "clean"
University of Connecticut chickens.

Previous studies established and described the prevalence
of a vertically transmitted avian C-type viral genome in
normal chicken embryos expressed in the form of gs antS-gen.
Follow up studies revealed this antigen to be demonstrable
in virtually a1I embryos at all stages of development,
implying not only natural inheritance of the C-type genome,
but also that the genome and the gs antigen may play a
critical role in avian growth and development.

Projqc! D. studies initiated in L7 strains of mice during
ffi@1rear to determine the effects of endogenous C-type
nua viral genome on tumor induction with 3-methylcholanthrene
were completed. Histological studies showed that most of the
tumors induced subcutaneous fibrosarcomas at the site of
infection. Of most interest was the finding that the majority
of tumors were positive for gs antigen in the complement fix-
ation test, furnishing evidence that the carcinogenic chemicals
"switched on" on the RNA tumor virus genome in the induced
tumors. In addition to pointing up differences in tumor/
vi-rus/antigen expression, determined by the genotypes of
ihe inbred mice studied, it is not suprising to note that
variations in response between the inbred strains was gireater
than j-n non-inbred mouse lines, thus reflecting the com-
paratively greater influence of gene segregations in the
iormer which are not observed in the presurnably more stable
gene pools of continuously outbred strains. (An interesting
but not unexpected disparity was noted in the high leukemic
strains which are programmed for thlrmic llzmphoma and hence
are resistant to induction of fibrosarcomas by hydrocarbons.
The mutual exclusiveness between llrmphomas and sarcomas
induced by chemicals in these studies was similar to that
cbserved in the HRS/J strain studied by Drs. Meier and Myers
at the Jackson Laboratory).

The results in these studies have established baselines for
developing sensitive in vivo assay systems for measuring !h"
carcinoge.ri" potentiaf-oF-ffie environmental carcinogens also
under test in vitro in Projects A and B.

P:oject E. More than 1r000 specimens were received' for
eGEron microscopic study from the programs on this contract
and related collaborating groups (Viral Carcinogenesis
Sranch, PH43-67-697 | and PH43-67-744) . The most important
:ontrolled study done consisted of a systematic survey for
3-type and other "viral" particles in embryo tissues from a
:rumber of strains of mice at various gestational periods.
lhe results indicated widespread distributions of budding
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forms of C-type RNA vlruses in prenatal tissues, findings
which correlate with results J-n complement fixation. rhe
particles were associated principally with rapidly growi_ng
tissues such as the hematopoietic organs. These data con-
firmed previous evidence that the c-type RNA virar genome
is part of natural i-nheriLance in mice and may play a reg-
ulatory role during embryogenesis.

Paralle1 studies of uterine ti-ssue to determine the influence
a9€, gestational stage, number of pregnancies, coitis and
conception on the distribution of C-type particles have shown
a widespread distribution, again suggesting a regulatory role
in rapidly growing tissues.

Recently i-nitiated studies of mouse ova and the preimplantation
stages of mouse embryos by comprement fixation and electron
microscopy represent an area of increasing effort. Irr addition,
studies patterned after those conducted in the mouse are being
extended to selected strains of other species, including the
chicken, guinea pi9, rabbit, and hamster.

P5ojegt. F. The serodiagnostj-c laboratory has been in operati_on
for almost a year. This laboratory primarily services project
D of this contract and contract pH43-67-697 and has a
capacj-ty of approximately 2,000 tests per week.

Propgsed Cgurqe: Pfojscts A and B. studies will be continued
on the mecFaniEm o@ in vitlo, particularly
(1) activation of endogenous C-typeTiTf,lenomesi e) chemical
activation of viral oncogenes; and (3) the effect of a variety
of DNA oncogenic viruses in transforming cells uninfected and
infected with RNA tumor vi-ruses. The ultimate objective is
to develop reliable, sensitive and rapid assay systems for
environmental carcinoqens.

Project C. The development and refinement of tests for
detection of endogenous mammalian oncogenes for eventual
application in the human system will be continued.

Proje,ct D. With the establishment of baselines of C-type
Rm-Vffi and viral genome expression in selected mouse- strains,
large scale in vivo assays of a variety of known and suspected
environmental-cl?dnog.rr-" will be undeitaken; these tests will
be run j-n para11e1 with materials to be tested and cel1 lines
utilized in Projects A and B.

Pro:iec.!..E. Electron microscopy studies of various tissues
associated with rapid cell replicatj-on (embryos, ova, etc.)
will be expanded; preriminary studies of human cancer tissue
wi-1l be continued at an increased 1eveI.
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pr_gject F. The serodiagnostic laboratory will be utilized to
ffiI capacity, and will likely service additional contract
and inhouse operations in the near future.

This contract program is an integral part of the viral
Carcinogenesis Branch research effort.

Date Contract Initiated: February l, 1970
L, L970, the following contracts

were combined into the existing contract:
PH43-64-94L, Pfi43-68-705, and pu43-68-706) '

PRINCETON I.iNIVERSITY (NTU 7I-2372)

Titl-e: Studies on Surface Alterations in RNA Tumor Virus
Transformed Cel1s

Co,ntraclqr's .Proj.ec! D,i,rgs.Ior: Dr. Max M. Burger

Project officer (uqrl: Dr. James T. Duff

Objectives: Using a phytagglutin isolated and purified from
ffiE germ, it has been possible to show that DNA virus trans-
formed cells reacted either exclusively or to a much higher
degree with the agglutinin as compared with untransformed
or normal cells. -Several 

RNA virus transformed tumor ceII
lines will be screened for agglutinin ability with pure wheat
Eerrn agglutinin, concanavalin A and soy bean agglutinin
(semiquantitative). For any line that has been found to
interJct, exact titers will be determined (quantitative).
ior any line found to interact, hapten inhibition studies will
oe carried out, which should answer the question whether the
immunologic determinant for the agglutinin is similar or
identical for the particular agglutinin (qualitative).

Uajor Eindings: This is a new contract and major findings
:tave not been reported.

Siqnificance to Biomedical Research and the Programrcf the
Institute: T
ffisandinunderstandingthechangesthatoccurinthe:olecular architecture of the ce1l surface after transformation-
?referential loss of surface contact in transformed ce1ls
after exposure to plant agglutinins could be used as a general
:nethod for detection or quantitation of transformed cells.
Ihe surface alterations of the virus transformed cells could
:e related to physi-cal changes of the cell surface or to
specific chemical changes induced by the viral genome. These
sludies may shed light. on these phenomena, particularly from
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the comparison
receptor sites

the chemical structures of
the cell lines before and

the agglutinin
after transformation.

l

of
of

Date Contract Initiated: June l97L

sArNT LOqTS rrN.rVLRS,rTI,(pH43-.67-69?)

Titre: search for vi-raI-specific Genetic Material in Human
Cancers and Studies on the Mechanism of Oncogenesis
by RNA and DNA Tumor Viruses

C.ont-.ractor'.s PLojqct Pirect.or: Dr. Maurice Green

Projec! Offic.er. (NCf ).: Dr. Robert J. Huebner

Objectives: To conduct studies
Viffioncogenesis with both DNA
the relationship between these

of the basic mechanisms of
and RNA tumor viruses and of

viruses and human cancer.

Major Eind.ngs: The RNA dependent DNA pollrmerase (RDDP) of

-

murine sarcoma virus (MSV) and the avian myeloblastosis virus
(aUV) transcribed the whole viral genome in vitro. The
virion enzymes have been purified and thel? ffillates speci-
ficity studied in order to distinguish between RDDP and DNA
polymerase (DDDP) activities in cells. A detailed study was
made of the DNA polymerase activities of mammalian cel1s.
Five enzyme fractions were isolated from 18 different normal,
human, rat, mouse, virus infected, transformed and cancer
ce1ls. These fractions have been partially characterized
and analyzed with regard to RDDP and DDDP activities. RDDP
was only found consistently in cel-1s replicating RNA tumor
viruses.

The mechanism of viral RNA synthesis in cells transformed by
RNA tumor viruses was investigated. The whole viral genome
is transcribed in transformed cells which produce MSV; not as
a'10 S viral RNA moIecule, but in the form of viral RNA sub-
units. In contrast, cryptically transformed hamster cells
are missing one RNA subunit.

specific inhibitors of RDDP and DDDP activities of RNA tumor
vi-ruses and celIs were investigated. Of 141 inhibitors
analyzed thus far, seven were very active against purified
RDDP, disrupted virions, and focus formation by MSV in mouse
and rat cells. These derivatives also show specifi-c inhibition
of some ce1l DNA polymerases. Based on our increasing
knowledge of gene replication and gene expression in normal,
virus infected, and transformed mammalian cellsr w€ propose
that a rational approach to the chemotherapy of viral diseases
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and cancer may be based on the design of inhibitors specific
f or dif f erent cell- and vi::al polymeiases.

over 200 human cancer RNA specimens were anaryzed and foundto contain less than 1r000 virar mRNA molecules specific forAd 2t 7, and 12.

The summer adenocarcinoma of the frog, which contains nodetectable herpes-1ike particles transcribes herpesvirus
specific RNA, thus providing strong evidence for the viraletiology of this tumor.

Proposed Course: A comprehensive program studying RNA tumorffius on tlur major areas: (l_1 piop6rties andbi-o1ogica1 function of the nNA dependent DNA pollzmerase ofthe leukemia-sarcoma virus. (z) The mechaniim of RNA tumorvirus replication and ceIl transformation, (3) The
-properties and function of gs antigen in virus infected,i-ransformedr and embryo cells, and (4) the application ofcasic information on RNA tumor virus replicalion and cerl'*ransformation to the analysis of human cancers. specificinhibitors of the RNA tumor virus RNA dependent DNA polymerase
;r'i11 be studied and evaluated as to theii usefulness for arational chemotherapy of virus diseases and cancer. rnaddj-tion temperature sensitive mutants of MSV and adenoviruses,;i11 be used to analyze viral gene functions involved in celltransformation.

sign,iF.icange, to Biomedical Research and the program of the:
=Emffil scientific aciivities, which must be conducted:rior to the development of a means for the prevention of;irus-induced neoplasia in man, include (a) detection of the;irus or virus product in human materials, (b) identificationof the virus as a known or new agent, (c) selected biochemical:haracterization of the agent, and (d) verification of:ncogenicity for man. The basic research on the molecular:iology of normal and virus infected ce11s may provide the:asis for understanding the mechanism of animal-virus i-nfection
=nd carcinogenesis. These studies provide the basis for:eveloping a rational chemotherapy ior viral diseases and
:ancer.

late Contract Initiated: March 20, L967
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SALK INST]TUTE (PH43-67-1147)

Title: Characterization of Temperature-Sensitive Mutants of
Polyoma Virus, and Interaction Between Polyoma Virus
and C-type RNA Viruses

9oglrgcto,rrq Pr,oject Pirector: Dr. Walter Eckhart

Project Officer (NCf1: Dr. George J. Todaro

Objectives: To conduct studies on the characterization of
temperature-sensitive mutants of polyoma virus that are
defective in functions required for ce1l transformation.
Interactions between polyoma virus and C-type RNA viruses
are being studied to determine whether any polyoma virus
function can activate the expression of a C-type RNA virus
genome. Initiate studies on the isolation of cells
transformed by murine sarcoma virus that are temperature-
sensitive in their transformed phenotype.

{ajgr_qilqingst Studies have continued on temperature-
ffits of polyoma virus to identify the viral
functions required for transformation. Studies with these
mutants have identified two viral gene functions required
for transformation. One is required transiently to
initiate or stabilize the transformation, the other is
required continuously to maintain certain aspects of the
transformed phenotype, particularly, ceI1 surface alterations
that affect ce11 growth control.
The majority these studies are concerned with the ts3
mutant, which is defective in a gene function required for
induction of cell-ular DNA synthesis in resting ealb/3t3
cells, and for initiating and maintaining surface alterations
detected by agglutination of infected or transformed cells
by wheat geltn agglutinin or concanavalin A. ft was found
that the ts3 mutant neither relieves the cel1s of a serum
factor requirement, nor alters the surface in such a way as
to break contact between cells to allow expression of virus
ind.uced DNA synthesis. It is possible that the ts3 gene
function may act directly on the DNA synthesizing machj-nery
of the cel1. Several kinds of ts3 transformed ce1ls have
been selected to test specific ideas about the chemistry of
surface changes and stabilization of viral genes j-n
transformed cells. Attempts are being made to clarify the
genetic relation between mutants defective in functions
required for transformation and other mutants of polyoma,
such as host range mutants.
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Proposed Course: (1) Determine whether more than two viral
ffied in transformation. (z) rdentify the
surface alterations of transformed ce1ls that are important
for cel-1 growth control. (:) Characterize the "activation"
function of polyoma that is responsible for induction of
cell-ular DNA synthesis after infection and that appears to
be involved somehow in the cell- surface changes and ce1l
growth alterations that take place after infection.
(4) Determine whether any of the ts mutants of polyoma virus
affects the expression of antigens associated with the
C-type RNA viruses and attempt to relate the functions of the
two different kinds of viruses.

Sig,ni,ficance to Biomedical Research and the Program-of the
SC

ffiToTe stably transformed so that their phenotype
resembles, in many respects, that of tumor ce11s. It should
De possible to define the genome of these viruses, including
those glenes responsible for the establishment and maintenance
cf transformation, by isolating temperature-sensitive mutants.
An understanding of the molecular mechanisms of virus
lransformation should al-so throw light on the essential
differences between normal and cancerous cell-s.

late Contract Initiated: June 5, 1967

SOUTHERN CALIFORNIA SCHOOL OF MEDICINE UNIVERSITY OF and
]HI S HOSPIT OF LOS AN LES (PH

A Comprehensive Field and Laboratory Research Program
on the Etiology and Epidemiology of Human Cancer

lcntfac,tor,' s, Lrgjgc!,, Dir,ec.tors: Dr. Murray B. Gardner (USC)
and Dr. Robert M. McAllister
(Children's Hospital)

?roject offigg,r (NC,I).: Dr. Robert J. Huebner

lcjectiyes: A multifaceted, highly interrelated effort to
3ffiE_theactuatingandcontributingro1esofviruses,
p:lysical and chemical carci-nogens, as well as other factors
=ssociated with cancer development, both indivi-dualIy and
-:i concert, to the etiology of human and animal cancer in a
-atural urban ecology.

Area I - Proiect A (uSC): The collection, distribution,
;r fied human and animal cancer and
:cntrol materials, as well as tissues derived from genetically
iefective indivj-duals and spontaneous and therapeutic
a:ortions.

^ rtre:
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AreaI-ProiectB(Children'sHospital):Invitrostudies
in canEer lEEients,
as well i= those whose genetic deficiencies are associated
with a high incidence of cancer. Primary emphasis i:
focused on transformation of human cultures in an effort
to rescue the human C-type virus genome-

Area II - EpideT.iolggy-: studies of the incidence and
pr y cancers in relation to (a) exposure
to environmental pollutanls; (b) possible genetic_or.ethnic
influences; (c) dletary and other cultural and individual
patterns, which are suipected to have possible cancer-inducing
iroperties (coffee and tea, smoking, incense, hormone
Lf,"i.py (the pi1l), immunosuppressants, etc); (d) development
and oiganization oi frospital based registries; and (e) com-
puterization of data for USC and NCI use.

Area fII - Environmental and Ecological Studies: Studies to
me ants on a

residential and occupational basis, and as determined by
lea,ils developed in areas I and fI of the program. Materials
collected are characterized and disseminated for study in
animal and tissue culture systems at the USC and other
collaborating laboratories (VCB, NIH 70-2068) '

Area IV - Co-carcinogenesis Studies: Studies to determine
ef ental carcinogens in
various animal species, with particular emphasis on free-
living animals (iifa mice, cats, etc.), which share man's
ecology.

Major Findings: Area I - @ B. Resources'
ffint ses
(from spontaneously and therapeutic abortions) were obtained
and processed in the period July 1, 1970, to March 15, L971-
rursols included 24 sarcomas, 5 lymphomas' 155 carcinomas and
44'benign conditions. Five non-tumor specimens of interest
(i.e., iejected transplanted kidney) were processed for
study as well. (thirteen specimens, not included in the
totals, comprised muscle and nerve biopsies perfollmed for
diagnostic purposes.) Sera was obtained on 91 patients
(38%) and normal tissue from 79 (33%).

In other categories 83 field cats and four dogs, carrying a

variety of tumors, were referred by agreement with loca}
veterinarians.

In addition to on-site serological, immunological, biochemical,
and electron microscopy studi-es, human and fel-ine tissue
extracts were sent to the Viral Carcinogenesis Branch, NCI
for serology; and selected tissues were sent for culture and
study to ttre Naval Biomedical Research Laboratory (PH43-63-13),
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the California State Department of Public Health (PH43-68-997),
Flow Laboratories (NIH 71--2097) , and other contract and
collaborating laboratoriesr dS appropriate.

Ser,ofJrgy and Immunology. Positive complement fixation
reactions in a large number of human tumor and fetal tissue
extracts with several MSV rat sera pools suggest the presence
in these tissues of an interspecies cross-reacting gs antigenic
component. Comparable CF reaction with one human cancer
sera suggest a possible break in irrnunologic tolerance in
this patient to this particular antJ-gen.

Several human tumor culture supernatants showed H3 uridine
uptake at 1.16 density in a sucrose gradient. Evidence of
virus particles or virus activity in the primary tumors or
gradient bands has, however, not yet been demonstrated.
Study of C-type virions shed from human RD sarcoma cel1s
following in vitro infection with FeLV and., on occasion,
following transplantation into fetal cats, continues in an
effort to demonstrate possible rescue or activation of a
ruman sarcoma genome, either by producing sarcoma in cat
ietuses, producing transformed focj- in cat, dog, and human
ce11 cul-tures r oy showing different electrophoretic
robili-ties of the denatured virion RNA compared to the input
IeLV RNA dependent DNA pollzmerase activity was demonstrated
-n the virions shed from the RD ce11s and the DNA product
:f the viral genome was hybridized with specific RNA from the
leLV infected human RD sarcoma ceIIs.
:roadly reactive MSV rat sera pool 2L and FSV dog antisera
;enerally react in CE with tissues from those feline
:cnditions most commonly associated with C-type viruses,
::amely spontaneous lymphomao infectious peritonitis and
=::emia, and experimental FSV sarcoma. We have been
-:rsuccessfulr So far, in isolati-ng additional feline RNA
:'Jmor viruses by inoculation of cat fetuses with several
::atura11y occurring feline sarcomas and carcinomas, some
:cntaining demonstrable C-type particles. The DNA pollrmerase
'ctivities of FeLV and FSV using natural and synthetic
:emplates were studied. The DNA directed enzlzme activity
:i FSV with a synthetic duplex required simultaneous copyinE
:' both template strands of a homopolymeric duplex. Nearesi
eighbor analyses of DNA products of representative feline,

:;ian and murine RNA tumor viruses suggest interspecies
;ariation in the nucleotide sequence of the RNA genome
:cpied 19 Ii!_ro.

Feline Studies: Studies of spontaneously occurring cancer
::ffievealed an unusual predilection for oral
:ancer, which i-n view of feline grooming habits, raises
--r:e question of possible carcj-nogen induction (i.e. r smog
;articulates collected on the coat and transported via
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Iicking to the mouth and tongue).

Serological tests indicate there is good correlation between
tissues containing C-type particles and positive reactions
in the complement fixation test.

Studies to determine possible horizontal transmi-ssion of
feline cancer ce1ls or leukemia viruses by the common cat
flea have proved negative, although it has been ascertained
that cell-s could technically be transferred from one cat
host to another. In addition examination of two of seven
modified live vaccine products grown in feline embryo tissue
cultures for oossible contaminalion with the feline leukemia
virus proved negative for infectious virus and in the electron
microscope

A cat breeding progiram at a nearby reformatory has been very
successful a.a pro*ises to provide the bulk of cats needed
by the program.

Area II. -.Epidemig]ogy a3d cancer surveillance Program:
The Cancer surveillance Pr ilize
a rapid reporting system from hospital pathology and hematology
laboiatories. Pilot efforts are now under way in three large
hospital centers--university of southern California Medical
Center, UCLA Medical Centerl and the Queen of Angels Hospital'
Cases being referred will be utilized initially to study the
realtionshi.p of several factors including (a) maternal and
paternal ag; of cancer patient, (b) birth order, (c) family
i.i=tory of cancer, alleigic conditions, diabetes, an6
.o.rg..r-it"1 abnormalities, and (d) ethnic background to the
risk of cancer. A questionnaire is being devised and will
be field tested shortlY.

Area III - Environmental Studies: Four sampling trailers,
fo g areas/ are now in fuII
-peration and a comptehensive fractionation has been started
o" an annual composite of organic extracts of airborne
particulate mattlr, When separations are complete, fractions
*irr be distributed for biological testing. crude fractions
have already been tested in vitro under another contract
(NIH 70-2068) and were toffiaE-Eroduce cell transformation.

Area IV - Co-carcinogenesis (in vlvo)_: using broadly
t" nic exPression has
been commonly detected in different tissues from freshly
trapped untreated wild house mice never housed in the
laboratory. c-type and intracisternal A-type particles are
also seen on occ;;ion in many of these tissues. This
indicates that the C- and A-type viral genomes must, indeed,
be ubiquitous in this natural feral species. However,
infectious C-type virus has not yet been isolated from any
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source despite a11 the more recent virus isolation procedures.
B-type virus particles were seen in breast tissue from two
normal lactating wild mice never housed in the laboratory.
A polyoma virus infected ecology of wild mice has been aefineA
and wirl be studied for RNA tumor virus expression with
aging in comparison with poryoma free mice. Attempts toactivate infectious virus by uv irradiation from a Ki-MSV
transformed non-productive rat cell line and monocelrular
clones and from spontaneous transformed foci of rat ce1ls
were unsuccessful-.

Propgsed corJTsg: ArSa l: pfojects A and B. rn addition to
ongoing studfEs, a rojects A and B)
has been expanded to include two biochemical units, which will
focus on the following problems: (1) the role of the C-type
RNA viral genome and the RNA-dependent DNA polymerase in
normal and cancer ce1I replication, as well as in normal
embryonic ce11 growth and differentiation, (2) to determine
the presence or absence of double-stranded virar RNA and the
RNA-dependent DNA porymerase or their products in human
and animal cancer celI lines, (3) attempt to isolate and
characterLze possibre inhibitors or repressors of RNA
tumor virus expressions, (4) attempts to characterize virus
derepressing mechanisms of chemical carcinogens, and
{5) determine whether components of a human sarcoma virus
lenome are incorporated into human sarcoma cell lines infected;ith animal C-type viruses and utilize animal model system
:e11 hybridization techniques in efforts to detect and rescue
:omponents of the human c-type RNA genome and its associated
Polymerase.

-he serological uni-t is being expanded to accommodate the
:ncreased specimen load. An immunology unit has been
=stablished; its initial focus will be directed to isolating
:-uman C-type RNA particles or viral genomes utilizing
::nmunological procedures, which proved successful in-
::rmaskingf covert animal cancer viruses. Methods to be
:nployed include (1) screening of a variety of tissues from
;enetically susceptible individual-s with leukemia, stimulating
::re l-eukemic lymphocytes with phytohemagglutinin (pHA) inefforts to detect the human C-type genome, (2) performing
;ara1Ie1 studies in human and animal tissues from a variety
:f age groups, (3) combining hydrocarbon carcinogens with pHA
::r efforts to "activate" viruses and transform lymphocytes,
1) esLabli-shing long-term lymphocyte cultures fiom selected

;atients, and (5) culturing animal tumor viruses in long-
:erm and PHA-treated human lymphocyte cultures.

Are.a II - Epidemiologl: The epidemlology program, designed--c e contemporary occurrence of cancerlr:thin several defined subenvironments of Los Angeles county:s being expanded to provide back-up service and training for
a proposed county-wide cancer surveillance registry. when
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ful1y implemented, it is estimated that Project Directors
wilt have access to most of the major hospitals in the
Los Angeles area, covering 70-80% of all cancer patients
includi"ng their physiciani and families and thei-r medical,
residential, and occupational histories.

Area III - Environmental studies: At the present time
ta ablY distinct areas of
Los Angeles County in terms of air pollution are in full
operation. Smog ipecimens are collected, concentrated,
ana disseminated for in vivo and in vitEo studies at USC

and in related contraEE 6ffi- ZO-2064)--am NCr laboratories '
characterization of components has been expanded from
benzopyrene and various gases to a number of additional
hydrocarbon and tar constituents.

Area IV - Co-carcinogenesis: Proposed studies are in line
wi EFTS-&Plore the interaction of
chemical carcinolens with the b-type viral genome, particularly
in the cat and feral mouse. Atmospheric residues, demon-
s1y'ated by Freeman, et. a1, to be carcinogenic it E!t"
(coltected and distributed by Area III air sampfinfl]?5gram)
will be utilized to determine their effects in vivo and in
vitro under a variety of host, host cel1, anZl-ei?ifonmenffi11y
a ed circumstances.

Sionificance to Biomedical Research aq@f the

Cr-clr 5r causes of humanr Pet, and other animal cancers
in a natural diversifi-ed eco1o9Y, utilizing (l) the
technology developed in experimental animal cancer systems
(2) the iirrormatiln developed on genetic influences, cell
susceptibilities, etc., (3) relevant chemical and physical
carciirogenesis studies, and (4) epidemiological approaches
designed to exploit Los Angeles resources, and to obtain

" p.6tite of "irr""r 
incidence in humans and animals,

which share their ecology, in relation to exposure, to
known and suspected environment carcinogiens'

In addition the USC program continues aS a prime resource
for supplying human and-animal materials to the svcP in-house
and contract programs, in general, but particult=lY to VCB

contract g=oo-p" (t"ticrofiological Associates--NIH 70-2068,
Flow Laboiatoiies--Nfg 7J--2A97, St. Louis University--
pH43-67-692, Naval Biomedical Research Laboratories--
PH43-63-13r drld the California State Department of Public
Health--PH4 3-6 B-997) .

Date Contract Initiated: June 26, 1968
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STANFORD I,]NIVERSTTY (Nru 69.2053)

Title: Procurement, Processing, Storage, Distribution and
Study of Human Tumor CeI1 Cultures and Operation of
a Central Mycoplasma Diagnostic Laboratory

gon,tractor's Proje,g! Di-gtor: Dr. Leonard Hayflick
Project Officer. -.!l\iS_I): Dr. James T. Duff

Objeclives: Part A is for the procurement, processing,
d-iffion and study of human tumor cell- cultures, serum
samples and skin punch biopsy material will be collected from
the patient and wilr be availabre to recipients of the tumor
material, if necessary. rn addition to the characterization
and distribution of these materiars, research studies will
be directed toward the detection of a viral genome in these
ceIls. The human trxror material is obtained primarily from
hospitals in the San Francisco Bay Area and other collaborating
contractors in the Special Virus Cancer program.

Part B serves as a central diagnostic facility for the
detection and identification of mycoplasma contamj-nation in
virus preparations, sera cell cultures and cl-inical materials
submi-tted by other svcP contractors. upon request, virorogical
identification of isolates is made as to species and mycoplasma
antigens are distributed to those investigators requiring these
raterials.

ltajor Findings: Thirty-eight human tumours have been
ffi11viab1ecui.tureswerephotographedandfrom
3 to 11 ampoules of 6 tumours have been stored in liquidritrogen. A11 tumour curture data, patient history and cerl
storage data is now being organized for deposition in our
:omputer.

rhe compound cytocholasin B, which produces multinucleation
::ld at high concentration causes enucleation of ceIls, is
b,eing studied for use in virus genome rescue experiments.

T:re use of antilymphocyte serum treated mice in assessing
:he malignancy of human tumour ce1ls is continuing with very
;romising results.
S+-udies are proceeding with efforts to produce malignant
:=ansformation of normal human cells in vitro using chemical
:arcinogens and/or certain oncornavirGet*-
S,'ne hundred and fifty-five samples were received (feb. t
uay 30) from SVCP laboratories to be tested for mycoplasma
rcntamination. one hundred thirty-two have been found to be
Fositive. This represents the largest number of mycoplasma
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samples received in any 4-month period since the inceptj-on
of the contract seven Years ago.

Studies continue in an effort to understand the interaction
of mycoplasmas with cells cultured in vitro and the effects
of n6w irycoplasma inhibitors.

Cotlaborative studies were undertaken with Drs. Todaro and
Aaronson on isotope 1abe11ing and density gradient separation
of mycoplasma contaminants in ce11 cultures. A1I species,

"*".pt S.F3livarium, can be detected by this method'
Quantitm@s are now under study. Studies were
completed on tha sterol reguirements of the T-mycoplasmas.
Proof of a sterol requirement for the T-mycoplasmas and
several other ploperaies of these unusual micro-organisms
suggests they be regarded as a new grenus in the class
Mollicutes.

Propo.sed .C.ou,rse: (1) Continuation and expansion of 
- 
collection,

EuIEFftfA-ffi' characterization of human tumor ceI1s.
(2) Baking of human tumor cells in LN2. (3) Attempts to
transform normal human ce11s with RNA tumor viruses.
(4) Continuation of studies on (a) effects of various
chemical carcinoglens on normal human ce11s in vitJsl,
(b) quantitation of isotope 1abel1ing techniQue for mycoplasma
detection and identification, and (c) discrimination by
animals treated with antillzmphocytic sera (ALS) between
human normal and cancer cel1s, (5) Initiation of studies
on cell fusion, hybridization and keterokaryon formation
in vi-tro, and (6)-detection of 9s antigen in human embryonic
EsG-and tumor ce11s.

Significance to Biomedicql- Research and the qlegram of the
#and monitoring service available to all- SVCP contractors
and Viral Oncology intramural staff. A11 of the most important
viral specimensr-ce]l cultures/ sera, etc.f used in the Viral
Oncolog! Program are sent to this facility for PPLO testing
and many of Lfre SVCp contractors are dependent upon this
facilit! for this service or as a check on their own techniques'
In addition the contractor is growing human tumor ceIls
in vitro as a resource for other SVCP contractors and for
ilireffiose of his own research on the detection and/or
isolation of a human cancer virus or oncogene'

;

i

I

Date Contract lnitiated: June 19, 1969
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wAglr,rNcror-{, uNryEjs+qy or-, (.N.TF 71-2171)

Ti-tl-e: Studies on Tumor Specif ic Transplantatid:r Antigen

Co,ntraqtoJ I s P_Tg,j e ct-. Di rect-oJ.l? :

Prgisgt Of.fice.r: Dr. Charles W.

Objectives: The objective of this contract is to detect
affi cFaracLerize tuior-specific antigensr and serum-
nediated and cell-mediated immune responses to these tumor-
specific antigens, in human tumors.

I'taj.orjindings: Two extremely significant facts were
established in over 200 patients with a variety of histologic
:ypes of cancer: a) hll4en tumors of the same histologic
--yps 4ave common anti er

wn tumor cells in tisiue culture
and also tumor cells of other patients of the same histologi-c
--ype, but not of different hisLologic types; b) hum*4 tumols
of the same hr_glq_lqg1c type have common blocking anETEoTlIes.
lhe serum from a giVen -peE -
-ve effect of his own lymphocytes for his own tumor and also
ior tumors of the same histologic type from other patients.
Six publications occurred. in the contract year on blocking
:rd nonblocking serum effects of cellular immunity to both
:rimal and human tumors. Ce1l-mediated immunity against
a:itigens common to human colon carcinoma and fetal gut epi-
:relium was demonstrated by the colony inhibition assay.

?roposed Course: WiIl continue screening human tumors for
ffigin to analyze the tumor patients immune
:3sponses in relation to conventional forms of therapy.

Jignifrlca+ce !gFi-o+e,.9i,c,al Rspearch and the program of the
-:rstitgte i -ef analogy
-:i'stems of viral carcinogenesis, those human neoplasms
;ctentially caused by viruses should be the ones most like1y
--c exhibit cross-reacting antigens. The discovery of cross-
:eacting antigens. The discovery of cross-reacting antigens
.pecific for different morphological types of tumor by the
;rincipal investigator is of some significance in relation
:c possible viral etiology.

late Contract fnitiated: April 14, L969

Dr. Karl Erik Hellstrom
Dr. Ingegerd Hell-strdm

Boone
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WElZMANN INSTITUTE OF SCIENCE Nrrr 69-20L4)

Title: Study of Virus-Induced Tumor-Specific Transplantation
Antigens

Cont,ractortsjroject Pirector: Dr. Leo Sachs

Proj.ect O.ff_icer (NCL) : Dr. Charles W. Boone

Oljectives: (1) To investigate the differences between the
FEIucffi-of the surface membranes of normal ceIls and of
ce11s transformed by viral and non-viral carcinogens;
(2) to determine oncogenic vj-rus-specific changes in the
structure of ce1l surface membrane by studying the binding
of amino acid co-polymers and carbohydrate binding agglutinins.

Maror Findinqs: It was shown that a certain plant glycoprotein

-

ffiuse, rat, and human ceII lines transformed by
on-ogenic viruses but not normal ce1ls from which the
traniformed cel1s were derived. The agglutination was
specifically inhibited by a number of saccharides. The
binding sites of the glycoprotein were found to exist in
cryptic form in normal cel1s and could be exposed by treatment
wilfr trypsin. The size and conformation of the binding site
was studieC. In addition ornithine-leucine co-polymer was
found to produce a specific aggregation of SV40 transformed
ce1Is.

Siqni-ficance to Biomedical Research and the Program of the

-

fnstitute: Current research in tumor l-mlnun9l6gy nas Snown
EEeE-tErge number of human cancers have tumor-specific
antigens against which the cancer pati-ent has mounted an
immune response" This contract is aimed at understanding
and character:-zing virus-induced tumor-specific transplantation
antigens similar in nature to those found in humans. Infor-
mation derir,,ed from these studies will be useful in determining
how human tumor specific antigens can be used both diagnosti-
ca11y and therapeuticallY.

Propoe{ggrrser The research will continue to be concerned
ffipurifiedcarbohydrate-bindingproteinSand
glycoproteins and synthetic polyamino acids in order to
investigate the structural difference in the surface membrane
between normal cells and transformed cel1s, with particular
reference to virus-induced transformation.

Date Contract fnitiated: April 22, 1969

i
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WISTAR TNSTTTUIE OF ANA,TOMY ANp BroLOGy (xrs 7t_20g2)

Title: Extraction and characterization of virus-rnduced
Transplantation Antigen from sarcomas and Leukemias

Coltractor' s project Director: Dr. Anthony J. Girardi
Pfojegt ,gfflce,r (NC! :

Objectives: To extract
--+--specl_t l_c transplantation
tumor viruses.

Major Findilgs: oncorna virus study. (a) rhe prevention ofs-ffior@tion of the program
was i-nitiated during the current reporting period. Firr"histologic types of tumors are bein! studleh in high-incidence strai-ns: mammary tumor, primary lung tumor, hepa-toma, reticulum celr sarcoi-ra, and' lizmphocyti-c ieukemia.rmmunization is proceeding arong seizeiat l_ines, but in arlstudies the mice will- receive viccines during it " latentperiod before the appearance of spontaneous tumors, Fiveof the 11 strains of mice required for this study are being
gsgd at present and two of the five types of malignancies arebeing actively investigated. (b) rmfiirnization alainstneoprasia induced by known laboratory strains of 5ncornaviruses. The agents selected for this portion of the stud.yinclude murine sarcoma virus (MSV), Rauicher leukemia virus(RLV), and more recently, Gross r-eukemia virus. A part oftl" past year was spent in obtaining and preparing i-r"""=saryvirus poo1s, reagents, etc. and immunization- studies havebeen performed with two of the the three agents mentioned.
The MSV was used in BALB/c mice previously immunized with fivedifferent ce11 lines (non-virus- or low-virus-shedding lines)with 1itt1e evidence of immunity except with one ."ir l_ine.However, by altering the immunization procedure we were ableto demonstrate resistance to Msv challenge. This consistedof immunizing adult female mice with MSV; mating them, andchallenging the offspring with Msv. The various cell lineswill be reevaluated with this method to determine whethernon-virus-shedding r .MSV genome-carrying cel1s express Msvtransplantation antigen.

Eflfaction gf" tfetspl?3t.ati-glr *ntisen. SV40 hamsrer rumorceras were treated with neuiaminldase and the supernatantfluid was concentrated by different methods as a prelude tofurther purification and characterizati-on. High-'speeacentrifugation, vacuum dialysis and Diafro mem6ranl concen-tration techniques were satlsfactory for this purpose, whereas'batch-type" treatment with dry sephadex gel wis inusable.concentrated preparati-ons were fractionatea through sephadex
G200 columns and are being tested for immunogeniclty in vivo.

Dr. George J. Todaro

and characterize induced tumor-
antigens of selected DNA and RNA
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During the course of this study the "nonactive" supernatant
fluid obtained after L45t000 x g centrifugati-on was found
to enhance tumor formation, A recent study now in progress
seems to be confirming this finding.

Signific+nce. to Biome4i,gal_ Research and the Program of the

E6'5t Tlrman tumors have tumor-specif ic antigens which induce
a cellular immune response in the host. Understanding and
utilizing this immune cancer involves the isolation and
characterization of tumor-specific transplantation antigens.

PT,.gposed Course: (l) Continue studies on the preparation of
ce-1I memltranes -and extracts from immunogenic, SV40 virus-
induced tumor development, (2) continue investi-gations on
presence of immunogenically significant transplantation
antigen in RNA virus-induced malignancies, and. (3) to
determine whether murine and feline leukemia are related
to human leukemia as determined by shared transplantation
antigens.

Date Contract Initiated: February 1, L97L

THE WORCESTER FOI]NDATION FOR EXPERIMENTAL BIOLOGY (UTH 69-2007)

title: Isolation and Purification of Tumor-Specific
Transplantation Antigens

Contractor' s Prg.:j3.gg ji,rgctgI: Dr. Donald F. H. Wallach

Froj.ecl_gfficgr (NCT): Dr. Charles W. Boone

Objectives: To investigate the biochemical and antigenic
En*'ges wE'ich occur in the plasma membranes of cells during
and after transformation by oncogenic viruses.

Majgr Findings.: During the last year VERO, MA-134, and four
oEheacelf -Iines were tested for optimum growth of SV40
virus. Culture methods for easily growing large quantities
of mammalian cells are in operation. Specialized electro-
phoretic techniques using both gel slabs and gradient gels
were developed. Most significantly, a "neoprotein" was
found to be present in the membranes of cel1s permissively
infected with SV40 virus. Specialized methods for isolating
purified plasma membranes of virus-infected ce11s on sucrose
gradients were developed.
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Significance to Biomedical- Research and the program of the
Institute: The characteri at
prop-e?fr-s of tumor ceI1 membranes using virus-induced tumor
antl-gens as a model, promotes the development of powerful
biochemieal and immunological tools for the diagnosis and
treatment of human tumors.

Propgssd Course: At the instigation of the project Officer,
the present technical capability which has been built up
is in the process of bei-ng reorganized and will be intensivery
focused on the isolation and characterization of cel-lular anti-
gen from AKR virus infected cel1s.

Dr. Grant Fairbanks will replace Dr. Wallach as principal
Investigator.

Date Contract Initiated: March 12, 1969
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BREAST CANCER VIRUS SEGMENT
Dr. W. Ray Bryan, 0SD, Etiology, NCI, Ohairman

Dr. Robert Depue, OSD, Etiology, NCI, Vice Chairman

PFIf_ER rNC: (Pt43-67-r r 7q)

Title: Electron Microscopy Related to Viral Studies of Human and Animal
Breast Cancer

Contractor's Iroisct D'irector: Dr. J. J. 0leson

Principal- Invest'iqator: Mr. George Schidlovsky

Prqieq! QfIieeL(NqI): Dr. W. Ray Bryan

Obje!ti ves :

This 'is a professional services contract established to prov'ide electron
microscopjc monitoring and collaborative research in support of v'irolog'ica1
research on human and an'imal breast cancer conducted by other investigators
and contractors participating in programs of the Breast Cancer Task Force
and Specia'l Virus Cancer Program of the NCI.

A. Studies on Human Breast Cancer

The search for viruses in association with human breast cancer involves
a close collaboration between this contractor and Georgetown University
(Contract PH43-65-53), Dr. hJ. F. Feller, Principal Investigator). Clini-
cal and pathologica'l studies as well as procurement and processing of
specimens used'in the v'irus search are performed by the latter contractor.
Preparation of materials for electron microscopy and the EM study of
specimens are conducted by this contractor.

B. Studjss o.n Anima'1._Ble.ast- Cancer

Electron microscopic studies similar to those on human materials are
also made on various animal tumors, and EM back-up is provided for
virological stud'ies of any viruses isolated, in collaboration with
participants 'in the Special Virus Cancer Program and Breast Cancer
Task Force.

Maior F.lJd-i_ngs:

A. Human Studies

A cell line derived from human breast cancer (established by Dr. L.Old,
Sloan-Kettering Institute) was found in collaborative studies with
Dr. Feller to produce small amounts of v'irus-like particles resembling
the C-type oncogenic viruses of anjmals. The particles continue to be
produced by th'is culture at a 1ow, constant level. Efforts to increase
the'ir I evel by co-culti vati on wi th a hormone-produci nq human cel 1 1 i ne,
Be Wo, ('in collaboration with Dr. Pattillo PH43-68-10.l0), or by
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B.

treatment of cultures
Dr. Feller) thus far

Animal Studies

wjth hormones or blastogens (in collaboration with
have not succeeded.

As prev'iously reported, efforts under the EM guidance of this contract
have resulted in the isolation and successful laboratory propagation of
two new C-type animal viruses: (l) tfre Mason-Pfizer monkey virus (M-PMV)
isolated from a breast cancer of a Rhesus monkey; and (Z) tne R-35 rat
virus, isolated from a transplant of a malignant breast tumor which
arose spontaneously in a Sprague-Dawley rat.

Further stud'ies supported under this contract and in collaboration with
scientists under another contract with this same contractor (XIH 70-2080)
have resulted in the following important new findings:

l. Specific antigens of the Mason-Pfizer monkey v'irus have been found
in 2 of 5 normal Rhesus monkey embryos thus far investigated.
Particles typical of the M-PMV were found by EM in one of the
antigenically positive embryos. This could indicate that the M-PMV
i s transmi tted verti ca'l 'ly.

2. After an extensive search for a susceptible substrate cell in which
the R-35 rat virus might propagate a suitable substrate was found
to be primary cultures of lactating normal rat mammary glands. The
R-35 virus transforms such normal cultures to produce foci of cells
resembling those of the origina'l line of rat breast cancer now
carried in tissue culture as a source of the v'irus. Budding C-type
particles are prominent in the foci. This development promises to
yield in vitro methods both for more efficient propagation of the
virus TFor proauction) and for its biological assay (prev'iously
entirely lacking by any method).

Signif_icanre to. B-iomedicjrl Researq!. and l_he Proqram of the IJSt'itute:

The collaborative studies involving this and other contracts were set up
under the Breast Cancer Task Force and Special Virus Cancer Program, to
determine whether suffic'ient evidence could be found for an association of
virus with human breast cancer to justify a broader program effort on the
viral approach to this human disease. The stud'ies on animal breast cancers
not now known to be caused by viruses, are for the purpose of guiding the
human studies. The candidate human and animal viruses found have alreadyjustified a major increase in the program effort on the viral etiology of
breast cancer.

Propgsei Course:

.n addition to continuation of the exploratory type EM back-up studies which
rave led to ident'ification and isolation of the present candidate agents, it
is anticipated that this contract will be expanded to perm'it systematic

"'irological 
studies of the 2 new animal viruses (tul-pNV and R-35) already

:ropagatable in sufficient quantities to support such research. In particular,
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the important new leads reported above will be vigorous'ly pursued.

Date Contract Init'iated: 6/28/67

GEORGETOI^IN UNIVERSITY SCHOOL OF MEDICINE PH43-65-53

Title: Human Breast Cancer Studies

ConlrBctof '-s .Proi.ect D'il"ector: Dr. l,{il liam F. Fel ler

Projec-t Off icer (NCI ): Dr. hI. Ray Bryan

Obiecli ves :

(l ) Cont'inuation of studies to determ'ine whether v'iral etiologica'l agents
are assoc'iated with human breast cancer.

(2) fissue culture studies in attempts to propagate virus-like particles
found 'in human milk and breast cancer cells.

Maj-or- Fin!ings: (Joint studies 'in collaboration with Contract PH43-67-1176
and intramural scientists of NCI)

As previously reported, milk specimens procured from a total of l6 women who
have had breast cancer (l breast removed) were fractionated by density gradient
centrifugation, and the fractions expected to contain viruses were separated
and further concentrated. Examination by thin section electron microscopy
revealed virus-like particles definitely resembling the known RNA tumor
viruses of animals in 6 (37.5%) of the specimens. A few additional specimens
showed less definite but possible virus-like entities.

Simjlar virus-like particles have now been observed, with 1ow frequency, in
a continuous line of cells in tissue culture (the Levine 3 line derived from
human breast cancer and supplied by Dr.0ld of the Sloan-Kettering Institute),
and in 4 of approximately 40 explants of breast cancer tissue that could be
maintained in vitro for 60 days or more.

Extensive efforts to increase the amount of particles being produced by the
Levine 3 line through stimulation with hormones and blastogens were made
during the year but were discontinued because of lack of signifjcant progress.

In continuation of studies on milk from women of high- and low-breast-cancer-
risk groups, d collaborat'ive investigation to comelate particles detected
by EM (with Dr. Chopra, NCI), and the newly discovered enzyme, reverse trans-
criptase (with Dr. Todaro, NCI), were initiated. Results already obtained
show the enzyme to be present more frequently in mjlk of women with a family
history of breast cancer (see Dr. Todaro's report).
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Signil_i_c.al_q_e_ to Biomed'ica_] Resea.rch and t-he. lrograLot the In_s.titute:

One of the major programs of the NCI concerns the study of v'iruses'in relation
to the causation of human cancer. The detection by electron microscopy (both
under this collaborative project and under another related project--see con-
tract PH43-68-.l000) of entities which could represent a virus, in frequent
association with human breast cancer, 1ed to the initiation during the year
of a more comprehensive program effort on breast cancer under the SVCP.

Proposed Course:

This contract was recently supplemented to increase the tissue effort by
adding a ful I time t'issue cul ture v'irologist and research and techn'ical
assi stants .

Major emphasis is nour bejng placed on: (l) the procurement of a large number
of milk specimens from women with a history of breast cancer, as well as
larger volumes of milk from each; (2) attempts to establish new cell l'ines
from breast cancer which may elaborate more of the particles spontaneously;
and (3) attempts to propagate the particles from milk in tissue culture
substrates.

Date Contract Initiated: 11 /19/64

TNSTTTUE FOR MEpTCAL RESEARCH (.pH43-68-1.000)

Title: Studies of Human M'ilk and Mammary Tumors

Contrac.tor's Project Director: Dr. Dan H. Moore

Proigqt 0ffic-el (NCI): Dr. hl. Ray Bryan

Objecti ves :

To explore human milk and breast cancer tissue in search of a virus that
might be etiologically related to the disease.

Maior Findings:

Methodology developed'in studies with the mouse mammary tumor virus model
system has been applied in the study of human mi'lk specimens. Large virus
particles having the size and ultrastructura'l characteristics of the mouse
mammary tumor virus have been observed in 7 (4.5%) of 156 specimens from
normal women of the generai popu'lation in the Philadelphia area. When
present, they were found consistently in repeated studies on different
samplqs of the same specimens. Similar particles have also been observedjn 6 (60%) of miik specimens from l0 normal women belonging to "high breast
cancer" famil'ies and whose mothers and/or grandmothers had had breast cancer.
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Joint studies with the Tata Memorial Cancer Center of Bombay, India, (sup-
ported under PL 480 funds) tor the study of milk from women of the inbred
Pars'i community of Bombay, have shown similar particles to be present in lB
(39%) of 46 milk specimens from normal women of this high'ly inbred sect.

In collaborative studies on some of the same milk specimens (wjth Doctors
Schlom and Spiegeiman--NIH 70-2049) a perfect comelation of the presence
or absence of reverse transcriptase and the presence or absence of virus-
like particles was found among 13 samples tested.

Signif icance.to Biornedical_ R_esearch and the Proqram o-f the Institute:

This was one of three projects in'itia11y set up to determ'ine whether suffi-
cient evidence could be found for an association of virus with human breast
cancer to justify a broader formal program on the virus approach to the
etiology of the human d'isease. The results of stud'ies under this and the
other ietatea contracts (see also PH43-65-53 and PH43-67-.l.l76) led to an
expansion of programmed activities on breast cancer during the year.

Proposed Course:

This contract was recently supplemented to create a full-scale systematic
research effort on breast cancer viruses, as compared with the small
"exploratory" type effort that had been supported previous'ly. This is part
of a general expans'ion of program activities on breast cancer now under wayn

and toward which thjs contractor has been a key contributor.

Specia'l population groups having both high and low risk to breast cancer
will be studied on a larger scale and efforts will be made to procure larger
volumes of positive milk specimens to permit further characterization of the
virus-like particles.

A new tissue culture laboratory has been established and extensjve efforts
will be made both to propagate the milk particles in tissue culture and to
isolate simjlar paiticles from breast cancer explants 'in tissue culture.

Date Contract initiated: 6/28/68

MAS0L .3E_s_ElBgH r NSTrrurE_( N I H. 70- 2204 )

Title: Hormonal Influences on the induction of Breast Cancer in Specific
Virus Infected Animals

Conlrac_tgl's Pro.Le_c! D-irector: Dr. Marcus M. Mason

ContracJor'q ?_f_i_ncipjrl_ Invest'iqator: Dr. Arthur E. Bogden

Projec_t.-0f_fice.r LNCI): Dr. l,rl. Ray Bryan
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Objecti ves :

(l) Bv studies of the hormone profiles of blood and urine of experimental
animals during normal physiolog'ica'l cycles and during different regimens
of hormone treatment, to determine the hormone dosages, comb'inations,
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 (M-PMV)'isolated from a breast cancer of a Rhesus monkey at the
contractor's'institution;, and (b) the R-35 v'irus'isolated from a trans-
plant of a spontaneous breast cancer of a Sprague-Dawley rat, also at
the contractor's institution.

Major F.i ndi ngs:

The required specimens for determining hormone profiles (objective l) have
been taken and the hormone assays are well a'long. The estrogen profiles
have been largely completed and hormone regimens have been eitablished for
inducjng lactation in non-pregnant female monkeys.

The observations on monkeys 'inoculated neonatally with M-PMV have detected
no tumors thus far in the'oldest group, now about 8 months old.

One breast tumor (a papillary adenocarcinoma) appeared at .l21 
days in one

9f the first group of rats to be inoculated neonatally with the R-35 virus.
Additional breast tumors will have to follow before this preliminary result
can be considered of significance with respect to tumor induction Oy this
cand'idate vi rus .

Si gjnl f_i canc_e t_o B'iolledi c.al Res-e-a_rch a.nd_ _t]ne 
proqram of_.ths IJ_sti tute:

At the-present time, breast cancer is known to be caused by a virus in only
one ani.mal species, the mouse. This project, involving biological testing
of candidate v'iruses for oncogenicity, is part of a broader piogram activity
for determining whether v'iruses are related to breast cancer in-animals othLr
than mice. Such animal studies are necessary for developing technology and
approaches to the study of the human breast cancer virus problem.

Prop_osS.4 Cgu-f se:

The experiments under way wi'11 be continued unt'il the planned numbers of
experimental animals have been inoculated with virus (50 monkeys,2000 rats,
and several hundred each of mice and hamsters, all inoculated ls newborns).-
0bservations for tumorinduction will be continued for the lifetimes of the
rodents, and for 3-5 years in the case of monkeys. If oncogenicity is demon-
strated for any candidate virus, systemat'ic follow-up studies will-be'introduced.
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Date Contract In'itiated: 6/9/70

MTcHTGAN CANCER FOUNDATI0N (NIH 71-2421)

Ti tl e: Phase I. Collect'ion of

Contractor's Prqiect Director: Dr. Michael J. Brennan

Project _OJf icer (NCI): Dr. Harry J. Clausen

Objecti ves :

phase I of thjs contract is a feasib'i1ity study to determ'ine whether suffi-
cient quantities of the "B" type particles be'ing observed in milk of women

with a high risk to breast cancer can be obtained from this natural source
to supporl further research on, and viral characterization of the particles.
The piimary purpose is to'increase the supply of milk specimens from lactat'ing
women of designated high risk popu'lations, but selected controls having a

negative famiiy history for breast cancer will also be studied.

i,lajor find'ings:

This contract was negotiated very recently and is st'ill 'in the early stages
of impl ementati on at th'is wri ti ng.

Sionificance to Biomedical Research and the Proqram of the Institute:

The "B" particles observed'in human milk cannot now be grown'in tissue
culture and procurement from a natural source (lactating women of hjgh r]sl1
popuiations) constitutes the only procedure ava'ilable for procuring.sufficient
quantit'ies of the agent for further characterizat'ion and invest'igation of its
role jn causing the greater risk among members of "high-breast-cancer-
famil-ies".

Studies in High Breast Cancer Families:
"B" Part'icl e Mi I ks.

Prop_ose-d lourse:

If this feas'ib'il'ity study (Phase I) proves successful allarger milk procure-
ment operation will be set up and systematic stud'ies will be init'iated on the
relat'ibn of the "B" particles to frigh-risk to breast cancer (Phase iI).
Date Contract Initiated: 6/20/71
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MEMO_R.rA.L H.0SPJ.TAL..-( NIH 7t :2t 94)

Title: Procurement of Human Serum Specimens from Defined Population Groups
for Immuno-epidemiological Studies.

Contractor' s Proj.e_ct_ _Dj regtor: Dr. Herbert F. Oettgen

Prqiec.[ iffiqel$Cl): Dr. Hamy J. Clausen

Objecti ves :

Procurement of serum specimens from the following defined popu'lation groups
as part of a collaborative effort to determine whether candidate viruses
'isolated from human or animal sources are related etiologically to human
breast cancer.

Basic defined popul-at'ion: Women entering Memorial Hospital, New York
of any breast disease.

Test group: Women whose lesions prove to be malignant as determined
by biopsy.

Contrg]_groups:
a. Women whose les'ions are

reactions or reactions

b. Women whose I es'ions are

found on biopsy to be benign proliferative
suspected as being pre-neop'lastic in nature.

considered to be unrelated to neoplasia.

Major Fj ndi ngs:

Th'is recently negotiated contract is still in the early stages of implementa-
tion at this writing.

S'iqni f i.gan_ce_ -t_o_ 
Bi olneji cal-.3ese.a.rt and the_ P_r.gslary .of Lhg l_nsti tute:

Since viral agents suspected of causing cancer in man cannot be tested directly
in human subjects, it is necessary to establish etiological rt:lationsh'ip
indirectly through immuno-epidemiological studies. Th'is contract is for pro-
curing 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.

Prolo.sed Course:
It is anticipated that a sufficiently large bank of specimens for the proposed
sero-epidemiolog'ica1 studies can be acquired under this contract within a
period of 2 to 3 years.

Date Contract Initiated: 6/28/67
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MELOY LAB0RATORIES (PH 43-66-458) formerly Me1-Labs, Inc

Title: Murine Mammary Tumor Virus Studies

Contractorrs Proj ect Director: Dr. John E. Verna

SibalProject Officer (NCI): Dr. Louis R.

0bjectives: Part A is a continuation of the present contract
to propagate, purify and provide murine mammary tumor virus
(MTV) suitable for collaborating investigators; to perform
immunological and biological assays for the detection and quanti
tation of MTV; to develop improved methods for the propagation
and detection of MTV and MTV antlgens; to conduct studiei on
the control of neoplasia in the susceptible murine host by
vaccination with inactivated virus. The ultimate objective of
this part is to apply information to the study of the possible
viral etiology of breast cancer in man.

Part B. rncreased production of MTV positive-mouse milk to pi'e-
pare purified virus for inhouse and contract laboratories.

Yajor Findings: CgH milk production has been increased signif-
@se5fprogrimmedSucIoSedensitygrad.ientsInthe rate-zonal step of virus purification has reiulted in better
separation of the virus band from high and 1ow density protein
bands. Greater yields of purified virus have resulted from
the use of these new gradients.

Hemagglutination, hemagglutinati-on inhibition, immunoduffusion
and indirect fluorescent antibody assays have become re1iab1e,
reproducible, and sensitive testing procedures for viral anti-
gens and/or antibodies to MTV.

A series of experiments to determine whether vaccination of CSH
with purified, formalin-inactivated MTV has been initiated.
Immunized mouse groups showed humoral antibodies to MTV; rni-1ks
collected from various females will be assayed for viral antigen.
Data relating to protection from tumor development are expected
soon.

rnvestigations to establish in culture, a ce11 rine which pro-
duces significant amounts of MTV in vitro and to develop an
in vivo assay system for MTV have-TeeE--Initiated. To date,
many tumor ce11 suspensions have been established in tissue
culture. of these, 10 lines were free of mycoplasma and bac-
teria and are positive for MTV antigens by immunofluorescence.
Ce11s growing in the absence of hormonal stinulati-on are almost
entirely fibroblastic; ce11s growing in the presence of insulin
hydrocortisone and prolactin at a finar concentration of l0 ug/
ml are eplthelial in nature. 0n the basis of serological and-

i

I

i

I
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I
electron microscopic tests, it is very 1ike1y

itro by hormoneantigens were synthe sized in v

9ignlf icanc_e_to Biomedical 
_ 
Research 

_ and the progr.am of the
Institute: Breast cancer i
cancer among women. The recent finding of a virus, resembling
a Type B RNA oncogenic virus of mice, in the milk of a signifi-
cant number of women from high-risk breast cancer faniliei
strongly suggests a possible viral etiology for this disease.
A major effort of the Special virus cancer program will be
directed to determine the relationship of viruies to human
breast cancer. This contract was established for the purpose
of obtaining correlative information on the detection,- isolation,
and propagation of a murine mammary tumor virus, because this
is the only ava),lab1e animal model system in which approaches
to !h" study of viruses as a cause of breast cancer in man may
be developed.

Proposed course: The biological and immunological methods
@is1aboratorywi11beusedinIystematicstudiesto 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
tEat tEe information gained from these studies will be, applied
to human breast cancer studies within the newly-created Breast
Cancer Virus Segment.

Date Contract Initiated: December 30 ,1965

that MTV or MTV
stimulated ce11s.
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SUMMARY OF THE INOCULATION PROGRM

The following review summarizes simian studies at Bionetics Research
Laboratories under contracts PH 43-62-4?, PH 43-67-661 and NIH 71-?025.
The report period extends from May, 

.l962 
through June, .l97.l. Inoculat'ion of

simi ans and thei r general protoco'ls are reviewed.

Since 1962, a total of 2,274 primates have been inoculated at Bionetics.
The majority of these have been ot lhe Macaca sp. (90%), while Paiio sp.,
Pan sp.. Galaoo crassicaudatus. Aotus trivirqatus. Cercopithecus aethiops.
and Saguinus sp. have also been utilized in the program. 0ver 70 investiga-
tors in 50 different laboratories throughout the world have provided inocula.
These inocula are accepted with the understanding that they contain specific
viruses, virus-like particles or viral express'ion'that may have an associa-
tion with the neoplastic process. The most nurnerous inocula fall into two
categories--viruses and tissues or cel'ls. The two categories are further
defined as follows.

1 . Vi ruses: Rous sarcoma vi rus, Moloney sarcoma vi rus, Herpes
type 1 and 2, Herpesvirus saimiri, EBV, Adeno 12, SV-40,
Echo 9, Reo I and 3 and rubella.

2. Tissues or cells from patients with myelogenous leukemia,
lymphocytic leukemia, Hodgkin's disease, Burkitt's lymphoma,
polycythemia, rhabdomyosarcoma, epidernpid carcinoma,
papi 'l I oma and i nfecti ous mononucl eos i s .

The number of inoculated animals currently being held (as of July 1,
1971) is 1,190. At least 60% of these animals are maintained as part of
our long-term holding procedures for expression of the neop'lastic process;
approximately 40% are involved in short-term, more intensive studies. The
remainder of the inoculated animals (t,084) are dead or have been transferued.
Animals are transferued upon request by and/or consent of the Proiect 0fficer
and the Principal Investigator, to various institutions or primate centers.
Studies utilizing these animals are complete at the tine of their shipment
and are considered negative for tumor growth.

At Bionetics, complete necropsies are performed by veterinary board-
qualified patho'logists and a histopathologic examination is made as required
by the investigator or as dictated by suspicious Ies'ions. Complete histo-
pathology reports are sent to the investigator for review. Dup'licate records
of pathological findings are maintained on file.

Since the maior portion of this program has been devoted to col-
laborative studies, the results of experiments must be interpreted by
individual investigators and associated study groups, primarily those out-
side Bionetics. Implementation of protocols des'ignated by the investigator
and collection of data thus generated are handled by Bionetics. Upon
release to the invest'igator, details concerning evaluation of these data
become privileged informat'ion and are within the province of the invest'iga-
tor rather than the contractor.
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AIthough-we are not in a position to scient'ifical1y evaluate the
program's results in their entirety, several studies havL yielded positive
results in the form of neoplasia. These findings are relaied below. All
other animals within this program should be coniidered negative for neo-
p'lasia to date.

One of the init'ial attempts to produce neoplas'ia in monkeys was
accomplished using Rous sarcoma virus (schm'idt-Ruppin strain). A fibro-
sarcoma was induced in rhesus and cynomolgus monkeys which proved
regressive in nature. The feline fibrosarcoma virus (Snyder-Theilen) has
also been ut'ilized to induce tumors'in the macaque. s'ightttcant'ly, it
has been thjs single strain of the agent which ytetas positive relults.

In a study by Innes, Stewart and Landon a hamster passaged cell-free
extract of Burkitt's lymphoma induced a panencephalitis 'in monkeys. This
type of encephalit'is is pathologically identical to the herpetic type of
necrotizing encephalitis found in humans. The herpes-type virus which is
related to Burkitt's'lymphoma has been linked to the panencephal'itis in
monkeys .

In another study, an animal inoculated with a Burk'itt tissue culture
preparation and treated wjth a co-carcinogen (benzoIa]pyrene) developed a
myxofibrosarcoma. Pathological findings indicated a npre direct cauial
relationship with the co-carcinogen than with the Burkitt preparation.
This animal is part of an intensive study (MK-SVLP).

More recently, Herpesvirus lglmrri, a virus isolated from the squime'l
monkey, has caused the lnfircTTon oT rnaTTgnant lymphoma with a type of 

'

lymphocytic leukemia in the owl monkey. 
-To 

date,'attempts to induce neo-
plasms in'0ld Wo'rld mbnkeys other than those mentioned above have proven
unsuccessful .

Vari ous techn'iq ues have been emp'loyed as adj uncts to vi ral i nocul ati on .
Immunosuppression, co-carci nogens, and surgi cal manipul ation (e.g. ,
thynrectomies, splenectomies, j! utero inoculation) are sorrrc of tfie considera-tions. Serologica'l studies arE pFormed to determ'ine the immunological
status of the animal prior to inoculation. More recently, stringeni
procedures for hematologica'l npnitoring have been introduced to evaluate
the effects of the inoculum. t,'lithin the past several years, the trend has
changed from one of basic'tumor induction to studying the underlying
rechanisms which may accompany the process. The miteiials inoculitei are
bging more closely evaluated for their oncogenic potential, a consideration
that has developed with the state of the ar[. 0ther positive results within
the experinrental aspects of the program include: establishment of effective
inmunosuppressive regimens; maintenance of chronic malaria in simians; and
:lse of marker antigens to elicit predictable responses in the simian immune
sys tem
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FORMAT OF THE REPORT

This review is divided into five types
The studies are:

of studies plus an Addendum.

A. Major Studies
B. Special Studies
C. 0ther Active Studies
D. Long-term Holding Studies
E. Terminated Studies

A major study is the product of an.ad hoc committee formed within the
Special Virus Leukemia Program to 'investigate areas of significance. These
are major group or collaborative efforts with emphasis on-inoculation of
human material and subsequent long-term holding. These stud'ies extend from
August 1964 to May 1967.

The special studies program was formally initiated in June 
.|969,

.qltftoy.Sh procedures of this type had been empioyed since September 1968.
With the shift in emphasis from gross tumor hevLtopment to more sophis-
ticated procedures involving inoiulation and detection, a new type'of
program was developed. The objectives were to provide for experi'menta'l
manipulation, c'lose observation and monitoring bt a limited number of
selected animals. These studies proceed accoiding to more formal protocols
which i.1v91ve greater varieties of inoculation ptdcedures, possiblb animal
pi'econdi tioning such as inmunosuppression, or surgical manipulation,
de]ayed hypersensitivity and more extensive and diverse monitor.ing.

section c consists of current studies not of a special nature.
These are programs with specified time limits for review, evaluation and
subsequent implementing of decisions. Many of these may be considered
preliminary investigations into previously- undefined arLas.

Section D includes those animals being maintained for extended timeperiods. The rationale is based on known iong'latent periods in primary
animal tumor systems. In most of these, the inocula wbre human lbukemit
or tumor materials inoculated between 1962 and I965.

Section E Iists aIl completed studies.

The Addendum contains reports on two uninoculated groups:

1. Spontaneous neoplasfa in the primate breeding colony;?. Incidence of neoplasia in animals experimentally
manipulated elsewhere and held at Bionetics.

Under Sections A through E, the studies are arranged alphabetically
by^investigator. Various codes are used to make the tables containing t-he
information more meaningful. Origin of material is a capital letter
(1..v ].a) and is associited with ihe disease type, whicli'is 'also coded
(key I.b). Information relative to source--tha'type of material used--is
coded by nuneral (key I.c). The number inoculatei'and the number dead or
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transferred are real numbers. The dates present in the tabulations refer
to the time the animals were placed on study.

l. Material inoculated

a. Ori gi n

A
B

C

E

F

G

H

M

0
R

S

b. Di agnosi s

At 2540
A2S4O
AdzP
Ad7
AL
ALL
ALL I
ALL PI
AM BL
AML

AM MOL

AMOL

Arbo
AT MON

Au Ag
Bac Agt
BL
BOL
CA

CCHy
CF

C-H
Chondr
CLL
CML

CMV

CSCL
DC

D Enc
Echo 9
EL

av'ian
bovi ne
chem'ical
eq ui ne
fel i ne
guinea pi g
human
muri ne
ovi ne
rabbi t
si mi an

Adenov'i rus l2 + SV-40
Adenovirus 2 + SV-40
Adenovirus 2 + parainfluenza
Adenovi rus 7
Acute leukemi a
Acute lymphocytic leukemia
Acute lymphocytic Ieukemia + influenza
Acute 'lymphocyti c I eukemi 6 + parai nf'l uenza
American Burkitt's lymphoma
Acute mye'logenous I eukemi a
Acute myel ogenous I eukem'ia
Acute monocytic leukemia
Arthropod-borne vi rus
Atypical monocytosis
Austral ia antigen
Bacteri al agent
Burki tt's lymphoma
Bovine leukemia

+ monocytic leukemia

Condyloma acuminatum
Congeni ta1 cerebral hyperp'lasi a
Control familial
Chedi ak-Hi gashi
Chondrosarcoma
Chronic lymphocytic leukemia
Chroni c myelogenous leukemia
Cytomegai ovi rus
Congenita'l stem cell leukemia
D'isease control
Dawson's encephalitis
Echovi rus 9
Erythroid leukemia
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Eos i np
Fi bro
GB

H-t
Herp/G
Herp/S
HD

HV

I
IM
Kuru
L
Li posar
L lymph
LRL
LS

Lymph
Mamm T
Meni ng
MH

M'isc L

Misc V

ML

MM

MSV

MSV AV

MSV L
MSV MT

0steo S

P

PI
PIA C

Plyctm
PPLO
R

Rau Vi
RCS

Reo I
Reo 3
Rhabd L
Rhabdo
RTC

S

s20s40
SA7
SCL
Sqs
SV-5
SV.2O
SV-40
T

arbov'irus
I eukemi a
monkey tumor

cul ture

Eosinophilia
Fib rbsarcoma
Gl i obl astoma
H -l v'i rus
H. geni ta'li s
H. simplex
Hodgkin's disease
Herpesvi rus
Infl uenza
Infecti ous mononucl eosi s
Kuru
Leukemi a
L'iposarcoma
Lymphocytic leukem'ia
Leukemoid react'ion of the l'iver
Lymphos a rcoma
Lymphoma
Mammary tumor
Meni ngi ti s
Ma1 i gnant hi st'i ocytosi s
Mi scel I aneous I eukemi a
Miscellaneous virus
Ma1 i gnant lymphoma
Multiple myeioma
Moloney sarcoma virus
Moloney sarcoma virus +
Moloney sarcoma virus +
Moloney sarcoma virus +

0s teos arcoma
Papi 1 1 oma
Parai nfl uenza
P'ia mater control cel I
Po'lycythemi a
Mycopl asma
Rubel I a
Rauscher vi rus
Ret'icul um cel I sarcoma
Reovi rus I
Reovi rus 3
Rhabdomyosarcoma + I eukemi a
Rh ab domyos a rcoma
Rous transformed cells
Sarcoma
sv-20 + SV-40
Simian agent 7
Stem cell leukemia
Squamous ce1 i sarcoma
Simian v'irus 5
Simian virus 20
Simian virus 40
th rombocytopeni a
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Trn Ce Transformed cells
Undi ag Undi agnosed
W Tumr Wilm's tumor
Yaba Yabavi rus

c. Source--coded as follows.

tissue cul ture
bI ood
p'lasma/serum
tissue mince
buffy coat
chemi cal
as ci tes
milk
sp'ina'l fl ui d
bone marrow
cul ture

Number of an'imal s i nocul ated.
Number of animals dead or transferred.

SUMMARY OF STUDIES*

A. Major Studies

t. BFKMRS, 10/65-3/66

This study was established under the Special Virus Leukemia
Program of the NCI to'investigate human leukemic materials, human papilloma
and infectious mononucleosis in conjunction with the co-carcinogens
benzoIa]pyrene and benzanthracene. The program was a product oi the study
group that included Drs. Bryan, Fa1k, Kotin, Manaker, Rauscher and
Stevenson. This study has recent'ly been terminated and the rema'ining animals
are in the process of being transferred.

Inocul um Source No. i nocul ated Dead or trans femed

HP 1

HL 1

HIM I
Control

I
2
3
4
5
6
7
B

9
10
lt

2.
3.

6
3
3
2

I
5

I
9

*Some studies summarized are in the process
may not be reflected in the total numbers.
final'ization of reports on selected studies.

of being terminated and this
Th'is is due to 'lag times in
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2. Fink-Malmgren-Rauscher, g/64 _ g/65

h,,--- .,^..Ili: prograT was desiqned to investigate the abilitynuman reukem'rc materials, as well as cultured and manipulateiproducts, to induce simiiar neoplasia in ir,.-n.ruo.n ,6nr.v.-

of fresh
cel I

I nocul um Source No. inoculated Dead or transfemed

HAML 2
HALL 2HEL 2
HCML 2

Inocul um lpgtqe No. inoculated Dead or transferred

6
II

5
2

5
9
5

I

3. I rradi ati on Study., Z/ 67 - 5/67

. T!.^ major emphasis of this study was to determine the sup-pressive effects of radiation_upon primaiei inJ-tn. iror.qr.nt inrrancementor creation of a more favorable'environment ior neoptastii alteration.The program was under the direction ot ori. n.isingir-ind-eowsJr, withDrs. Rauscher, Landon. stewart, Mo1on.y, F;.;, ind-Hart cotiauorating.

H BL+Irr. * I
H BL+Irr.+

BSA
H L+Irr. Z
H S+Irr. 3
M S+lrr. 4
S LEI ,2+lrr.1
A S-R+Irr. I
Im.
I rr.+BSA

*I rradi ati on

HBL
H Lymph
HL
Hsqs
Control

I
I
'l

I

5
2
3
2
2
I

12
3

t6

8
8
4
3
4
5

35
17

4. MK-SVLP, 2/66 _ 3/67

This study was initiated b.y Drs. Manaker and Kotin in col_laboration with an ad hoc cornmittee of the iv[p. ih; ili*; o'ujictivewas the induction oT-neoplasia in primates ;;ir; Burkitt and otherlymphoma material in conjunction witrr ir,e co-ciic'inogens n.nrinl,.aceneand benzo[a]pyrene.

Inoculum source No. inoculated Dead or transferred
.l05

33
t8
I3

6

il
5
3
0
I
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5. Perry-Rauscher, 7 /66-10/68

This program was initiated by Dr. Rauscher in collaboration with
Dr. Perry of NCI and Dr. Landon of Bionetics. Fresh whole blood from
leukemic patients was inoculated directly into monkeys using mu'ltiple sites
and volumes as large as possible.

Inoculum Source No. inoculated Dead or transferred

HCML Z

HAML 2
HLS Z

HALL 2
HCLL ?
HRCS 2
HHD 2
HATMON 2
HML ?
HC-H 2
HBL Z

H Lymph 2

26
12

4
l8

6
I
3
2
2
4
1

I

6
0
0
0
0
0
1

I
0
2
0
0

6. PSG-Melnick, 9/65-1/68

Th'is study was a product of the Primate Study Group headed by
Dr. J. Melnick. The primary objective was the investigation of the pos-
s'ibIe oncogenicity of selected human prototype viruses in primates in
conjunction w'ith the use of co-carcinogens. This study is in the process
of being terminated w"ith the remaining animals being transferred to
Dr. Melni ck.

Inoculum Source No. inoculated Dead or transfemed

H Herp/S
H Ad2P
H&S A2S4O
HR
H Echo 9
C

HReoI
HReo3

+BL
H CMV

HP

6
15

5
1

7
I
I
?
5
0

9
l5

12
I

12
12
12
l2
1?
I
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B. Special Studies (active)

0
3
7

l. Ablashi , 10/70
?. Bryan-Jensen, 1 /69
3. Levine, 6/69
4. Melendez , 3/70
5. Pearson, 3/71
6. Ri ckard , 6/69
7. Theilen, 6/69
8. Wi tter , 7 /70

Dunkel , 7/70
Landon , 7 /70
Landon-LaFontai ne ,
7/70
Si bi novi c-U'l 1and,
B/70

Adamson, 5/68
B1 umberg-London ,
3/68
Gerber,4/64

Feller, 7/66-11/66
Fischinger-0'Connor,
816s
Ke11y , 6/67-4/68

Landon-0'Gara,
6/70-7 /70
Landon- Rauscher-
BRAF, 12167
Manaker, 8164-10/69

Manaker-Landon, 5/67
Manaker-Landon-
Rauscher, 2/67

Inocul um Source
S; H'l-HInn:ri --l--
S; Mamm T I
H; BL I
S; H. saimi ri I
H; BL I
F; Lymph I
F. Fi bro I
A; HV of turkeys I
A; Marek's d'isease I

No. Dead or
Inoc. Transferredz-____3.-
208
388
t6 5

t6 0Is
13 0
80
BO

37

I
l6

2
12

t.
?.
3.

4.

t.
?.

3.

t.
?.

3.

Special Studies (terminated)

H; BL
S&H; Misc V

F; S

C; Dilantin

C. 0ther Active Studies

C; MCA-Cu chelate

H; Mamm T

F; Lymph
C; MCA

C; Benzo[a]pyrene

S; Misc L

S&M; Rhab L
H; BL
H; L
H; S

H; Rau Vi
S&M; Misc L

H; ALL

H: BL

1

I
37
?6

3

6

37
t0

3

6

26

7
16

0
4

Ag

Misc V

D. Long-term Holding Studies

H; Au
H; BL
H; BL

0&s;

6

3
3r5
7

2

4.

5.

6.

8

I
6
6

4

4
1

?
I
1

1

I

7
t3

I
I
0
2
0

6
3

10

5

17
l6
I
B

8
9
I7.

8.
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9.

10.

Manaker-Rauscher,
6/66-7 /67
Manaker-Stevens,
6/67-12/68

Inocul um
H; R6-
H; BL
H; BL
H&S; BL + Mal ari a
H&S; BL + Reo +

Mal ari a
S; Mal ari a
H; AL
H; IM
H; ALL
H; P

H; Herp/G
H; Reo I
H; Ad2P
H; Herp/S
H&S; Adeno+SV-40
M; L lymph
H; ALT
H; CLt
H; MOt

Control
H; CSCL
H; AMt
H; Ls
H; HD

H; SCL
H; CF
H; CML

H; MM

H; P

H; BL
M;S
H; RCS

M; MSV

M; MSv

H; BL
H&M; ALL PI
H&M; ALL I
H; Rhabdo
H; 0steo S

S; 0steo S

S; Rhabdo
H; ML

H; Bt
S; Mening
M; AL
H; HD

No. Dead or
Inoc. Transferred-T--_T-

30
lt 2

120
3

t9
6

t3
21

5
44

3
4
4
3

12
23

5
I

?3
3

20
4
I
7
5

20
I
1

14
2
2
I
4

Source

2
2
3
I
I
4
I
1

I
I
I
I
I
3
3

3
3
I
3
I
3
I
3
I
7
4
3
4
4

I
I
I
I
I
I
I
1

7

4
3
I

,Z

ll. Melnick, 12/63-
6/68

12. Moloney , 4/62-
?/6e

0
14

6
9

t5
5

I
3,l
I
2
8

?1

5
I

t3
2

l5
I
0
4
2

t6
I
I
5
2
?
I
2

0
3
3
0
0
0
2
3
0
2
3
0

2
3
3
3
3
2
2
4

I3
?
4
I

13. Mol oney- Rei s i nger-
Bowser,5/67
Moore, 9/69
0'Connor, 4/65-
e/67

01d,9/67-12/69

Raus che r-Landon ,
1?/66-2/7A

14.
15.

.l6.

17.
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18. Rauscher-Reisinger-
Bowser, 4/67-5/67

Sarma-Huebner,9/69
Shachat-Mol oney,
8/65-11/66
Stewart, 4/62-
6/68

Ai senberg-Zamecni k ,
s/64-6/64
Bl umberg-Mol oney,
6/66-10/66
Chi ri gos, 5/66-
3/6e

Dreyer, 9/64
Gajdusek, 1/67
Gaj dusek-Gi bbs ,
4/66-s/66
Gazdar-Mol oney,
7 /69-8/6e
Grace , 2/64-8/64

Grace-Ho ros cew'i cz ,
5/67
Gross, 5/62-4/63

Inocul um

H; Ef---
I rradi ati on

H; CML

F; Fibro
M&S; MSV MI
M; Rhabdo
H; ALL
H; AML

A;S
H; GB

H; BL
H; CML

H; HD

H; Liposar
H; D Enc
H; Undi ag
S; SV-5

Dead or
Trans fe rred-__T-

I
0
0
2
8

24
6

23
?

31

2
9
4
3
2
3

Source--l--
2

I
4
I
I
I
I
I
I
1

I

2

4
I
6
I
I
I
I
?
I
3

2
2
2
1

4

4

No.
Inoc.
-T4-

I
I
3
2

l0
56

6
32

2
5t

?
9
4
3
2
3

19.
20.

21.

E. Terminated Studies

1. H; HD

M; Rhabdo
M; MSV L
c; pI:c
M; S

M; Arbo
M; MSV AV

M; MSV

H; AL
H; BL
R; ALS

Control
H; ML
H; CLL
H; EL
H; ML

H; D Enc

H; Kuru

F; Fibro
H; MyL
H; Al"lL
H; ALL

BL
L lymph

8

I
2
8
6
2
?
2
6
3
7

?
2
2
2
2
4

5

I
2
7
6
2
2
I
5
3
6
?
0
0
0
2
3

2.

3.

4. Cohen , 3/68-1/69

5.
6.
7.

B.

o

4

0
I
8
I

5
7

10.

lt.

4
I
I
I

1

4
H;
lvi;

3
I

10
2

6
1?

?86



12.

13.

.l5.

16.

14.

Howard-Notki ns ,
s/67-1/68
Huebner-Coates,
8/64-3/68

Johnson-Hul'l ,
B/65-3/67
Ki nard- Raus cher,
3/67-9/67
Koprowski -Jensen,
4/66-6166

17. Landon, T/65-
5/70

18. Landon-Daruow-
Stewart, l/68

1 9. Landon-Rauscher,
2/68-7 /6820. Landon-Valerio, 8/67

21. Manaker-Landon-
Darrow, 6/68-7/68

??. Manaker-0'Connor,
3/66

23. Moloney-Herbert,
4/67

24. Moloney-Manaker,
4/67

25. Moloney-Stewart,
s/63-7 /63

26. Morgan , 3/65
27. Morris, 9/65-5/66

28. Morton, 6/68-
el69

29 . Nadel -Rauscher,
1/6s-2/6s

Inocul um Source
H; Gamrna g-fobulin 

--

S&H; Al2540
S; SV-20
S; SA 7

A;S

Ad7
Non-i nf
Control
Rhabdo
Rhabdo

S; CCHY

S; P'lyctm
S; LRL

Skin graft

H; BL
M;L
M; L lymph

CF

H; BL
H; DC

H; ALL
H; CLL
H; CA

S; SV-20
S; S20S40
H; 0steo S

H; Liposar
Control

H; Trn Ce

H I Chondr
E; ALS
S; Bact Agt

G; SCL

No. Dead or
Inoc. Transfemed_T6----m_-

H; Ad 7
H; Ad 12
A;S
M;S

H;
B;

S;
S;

I
I
I
I
1

I
1

3

I
2

I
4

I
4
4

I
I
3
4

3
4
2
3
0
3

IO

l8

2
9

I4
7
9

2

6
?

6

3
6
3
4
2

4
'10

t8

2
14
t6

7

t8

B

2
?
4

1

t
1

1

4
I
I
1

t

2
2
3
2
2
2
I
I
3
7
1

1Z
15

8
4
I
4
I

2
2
3
2
0
2
I
I
3
7
1

6
9
6
2
0
3
0
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30. Rabotti , 6/64-
4/66

3l . Rauscher, 4/62-
1 169

32. Rauscher-Davenport-
Jensen , 11 /65-1 166

33. Rauscher-Azarowicz,
8163

34. Rauscher-Landon-
Darrow, 1/69

35. Rauscher-Moore-
Jensen , 1 /63

36. Rauscher-Reisinger,
5167

37. Rauscher-Switzer,
3/67

38. Sinkov'ics-Rauscher,
6/64-7 /65

39. K. Smith, 1 168-4/69
40. Smith, 10/65-1166
41. Stevens, 11/68
4?. Stewart-Rabson, 2/63
43. Stewart-Reisinger-

Bowser, 4/67
44. Theilen, 11/64-1A/69

45. Toolan, 3/64-5/66
46. Trentin, 2/63-8/66
47. Viola, 4/68-5/68
48. Yohn, I l/63
49. Zeve, U68-5/68

Immunosuppressi on
BLI
AM BL IO
Control
BLI
PPLO 1 1

No. Dead or
Inoc. TransferredT__=E-

21
l0 l0
22

14 14
tl
tl
1l
2?
22
10
Z2
33
21
22

A;
H;
S;
S;
M;
H;
H;
H;
H;
C;
H;
H;

H;
B;

Inocul umR-sr-
AL
RTC

PIA C

L lymph
CML

ALL
AM MOL

AML

Source

2
t

1

3
I
5
5

H; P

S; Eosinp

H; AML

H; BL

S; T
H; ALL
H; AM MOL

H; AMOL

H; HD

H; MH

H; [,J Tumr
S; PPLO
H; BL
S; SV-40

H; S

B; BOL
B; LS

H; H-]
H; Ad 12
H; CLL
S; Yaba
S; AL

I

2

t0

I

2
I
I
I
I
I
I

t1
1

1

;

3

4

2

I

2
3
2
2
I
?
1

3
3
5

3
13

2
21

9
2
I
9

2
3
2
2
I
2
I
3
3
9

4
13

2
21

14
5
2
9

I
8
3
I
I
4
t
4

2BB



F. Addendum

I . Spontaneous neopl asi a

The fol'lowing are cases of spontaneous neoplasia 'in membersof the primate breeding colony.

a. 1967 - granulosa cell tumor, ovary, rhesus monkey,
with recurrence in 3-1 /2 years

b. .I969 - pleochromocytoma of adrenal gIand, benign
cystic teratoma, ovary, rhesus monkeyc. 1970 - granulosa theca cell tumor, ovary, with
coelomic spread, rhesus monkey
1971 - basal cell tumor, skin, rhesus monkey
1971 - fibroleiomyoma, cervix, rhesus monkey
1971 - papillary cystadenoma of possible
mammary origin, Galago crassicaudatus

?. Animals manipulated elsewhere

In .1965, twelve rhesus monkeys were transferred from Brooks Air
Force Base to Bionetics for continued maintenance and observation. These
animals had undergone irradiation treatments from .I957 to .l960. In 1966,
one animal developed sarcoma of the femur, basal cell carcinoma of the sliin,
and lwg kidney turnors. In another member of this group, a seminoma of onetesticle, a meningiomao and a kidney tumor were found.

d.
e.
f.
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