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APPEND I X " A" 

cONTWLCTOR: UNIVERSITY OF TENNESSEE 

For the contract  period: 

ARTICLE A-I. 

CONTRACT BO.: AT-(40-1)-3646 

July 1, 194 through June 30, 1975 

RESEARCH TO BE PERFORMED BY ColTTRAC~R 

The Contractor will conduct an inves t iga t ion  of the* ' 

molecular events Involved in rad ia t ion  enhancement-. . 
of v i r a l  oncogeneei~ i n  rnmmaI.8 and mammalian cel la .  

The Principal  Investigator,  D r .  J. H. Coggin, Jr., 
expects t o  devote approximately l5& of h i s  time 
or e f fo r t  t o  the proiect.  

& ,m. 

M I C L B  A-11. WAYS AND MEANS OF PERFORMANCE 

(a) Item included In t o t a l  estimated cost: 

(1) Salar ies  and wages: $ 6,637 

by the Contractor: $ 3,760 
(2) Equipment t o  be purchased or  fabricated 

- a Equipment estimated t o  cost le68 
than $l,OOO: 

Animal 'Holding Equipment 

. .. : ... . .  

b - Equipent  estimated t o  cost  in 
excess of $1,OOo: 



CONTRACTOR: UNIVERSITY OF TENNESSEE 
CONTRAC. NO.: AT-(40-1)-3646 

(3)  Travel :  $ 1,OOo 

Domestic-------- 11,OoQ 
Foreign--------- 0 

(4)  Other d i r e c t  c o s t s :  $16,437 

( 5 )  I n d i r e c t  c o s t s  (based on a predetermined 
r a t e  of 64.3 $ of s a l a r i e s  and wages): $ 4,268 

( b )  It-, if any, s i g n i f i c a n t  to t h e  performance 
of t h i s  con t r ac t ,  b u t  excloded fran canguta t ion  
of support  cos t  and from cons ide ra t ion  in 
propor t ion ing  cos ts :  

(1) Items t o  be con t r ibu ted  by t h e  Contractor :  

None 

(2) Items t o  be con t r ibu ted  by t h e  Government: 

None 

( c )  Time or  e f f o r t  of P r i n c i p a l  I n v e s t i g a t o r ( 6 )  
con t r ibu ted  by Contrac tor ,  b u t  excluded from 
computation of support  c o s t  and from consider-  
a t i o n  i n  propor t ion ing  cos ts :  

All c o s t s  inc luding  salary, f r i n g e  b e n e f i t s  and 
r e l a t e d  overhead. 

ARTICLE A-111. The t o t a l  es t imated c o s t  of items under A - I 1  (a) above 
for  t h e  c o n t r a c t  pe r iod  s t a t e d  i n  t h i s  Appendix "A" is 

; t h e  Commission will pay 100 $ of the 
a c t u a l  c o s t s  of t h e s e  items Incurred  during t h e  c o n t r a c t  
seriod stated i n  t h i s  Appendix "A", s u b j e c t  t o  t h e  
p r o v i s i &  of A r t i c l e  111 and A r t i c l e  B-XXM. The es- -- '.'. . : 
timated AEC Support Cost for t h e  c o n t r a c t  per iod  s t a t e d  

' $  32,102 

in t h i s  Appendix "A" is $ 32,102 * .  , 



The estimated AEK! Support Cost i s  funded as follows: 

(a) Estimated unexpended balance fram the 
prior period( 8): $ 0  

$PJ@ 9 y - c  . .  (b) New funds for the current period: 

The new f'unds being added in A-I11 (b) constitute the 
basis for advance payments provided under Article B - n .  

. '. 

- - " '-- - .  

A-3 

i. . -, - ' 



UNITED STATES 
ATOMIC ENERGY COMMISS!ON 

OAK R I D G E  OPERATIONS 
P O .  BOX E 

O A K  RIDGE, TENNESSEE 37830 

We are submitting for your review and appropriate action the following 
information ,concerning the contract which Xi11 expire on 6j30,74. 

1, Renewal Proposal 
2. Frogress Report 
3 .  Financial Statement (4) 
4, 200-Word Sunnnary ( 3 )  

We shall appreciate your advising us of your declsion 60 that we may 
proceed with the necessary contract action at the earliest possible 
date. 

ACR Uf 

Enclosures : 
As stated above 

and Reports Brhnch 
Contract Division 

bee: I?, S. Zschry, w j h . O g  wt (2) Form '$27 
Tickler, w/Ren Prop & Fin Stmt 
Pink 
File, w/encls. . Reading 

RCPm BR 
MEDLEY: e jb 
4-4-74 

- .  . .  . . , C.. 
_. 

F' 
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SI€ NO. 

* 

AEC CONTRACT NO 
- 1 )  36 q c -  

NOTICE OF RESEARCH PROJECT 
SCIENCE INFORMATION EXCHANGE PUBLIC AT  I ON 

BY AEC 
SMITHSONI AN INSTITUTION 

US. ATOMIC ENERGY COMMISSION 

, SI.51€:78r 

SUPPORTING DIV OR OFF ICE. 
NAME & ADDRESS OF CONTRACTOR OR INSTITUTION 
or other, wi th *meh this prqwt should bd Identifhd.) 

(State the dnirion. d-artment, of prolmional school. medical. giaduete 

The Univetsltp of Taunaseee 
Department of Microbiology 
K n O w f l l O ,  T - S ~  37916 

TITLE OF PROJECT 

A CarPparatlve Study of Radiatim, C&adcal, and Aging Zffect, an V i t a l  
rr6m6fotmation, 

NAMES, DEPARTMENT, AND OFFICIAL TITLES OF PRINCIPAL INVESTIGATORS AND OfHER PROFESSIONAL X l E N T l F l C  
PERSONNEL. (not tncludlng graduate fludent$) engaged on the project, a d  I rw t ion  of man.year devoted to the prqtct by eech p e m n  

J0S-b He Caprein, Jr.8 PrLocipd 0 1.5 Ma?, 

NO. OF GRADUATE STUDENl5 ON PROJECT: NO. OF GRADUATE STUDENT MAN-YEARS: - 
SUMMARY OF PROPOSED WORK: 1200300 words. omit Conlidenrial Datal. SumrnarieS are e x c h m  with Wernment  and private 
agencies supporting research. are supplied to i nvn t iw tan  upon requm, and m a y  be published in AEC documents. M8ke summaries sub 
stanlive. giving initielly and for ouch annual revision the following: OBJECTIVE; SCIENTIFIC BACKGROUND FOR STUDY; PRO- 
POSED PROCEDURE; TEST OBJECTS AND AGENTS. 

This contract is a b e d  at disclo8ing h w  luu-levd (SO=S.!iOB) X-ray expomire 
or exposure t o  rad(naramntic cbewkds potgarfats sv40 tmcogenesio fn &tau rad 
ha V b .  
mechanism(e) by which oncogenic virusw trigger retroepaasive change8 in adult 
target cells leading t o  hmtura, fetal-like plasma &ranas in ttu ttaaeformed 
cellar 
virwr induced canCerb 
b a g  wed to detect ths earliest: m6mbrane 8mnife8tath of neoplastic change, 
Biochezdcal assays of changes in sialoglycoprotefn diemibution are being correlated 
with hmrmlogic ch8ngea in radiatiw sensitized cell@ undergoing W40 bducad 
transformation, Stdfw are coadwtetd i n  hamst6uar 

The key t o  thfa work is the dwcriptlon of the mlemrtrr and binlogtcel 

Thase a t d i e s  focw on the role of wblethal irradiation in stimulating 
'bmnunalogic amjayo of ambrpnic antigen cxpreseion are 

PROGRAM CATEGORY NO. 
BUDGET 
PRIMARY 
SECONDARY 

INVESTIGATOR - DO NOT USk THIS SPACE 

1033983 



Financial Statement 

April 2, 1974 

AT-(40-1)3646 

Title of Project: A Comparative Study of Radiation, Chemical, and Aging Effects on Viral 
Transformation. 

(1) Total actual project cost to date for the current period $19, 444 

$16, 884 (2) Estimated total cost for remainder of period 

(3) Total actual and estimated cost chargeable to AEC for current 
period based on percentage of cost agreed upon as contained In 
A-111 of Appendix "A" to Contract $36,  328 

(4) Accumulated costs chargeable to AEC (includecosts reported in 
certified statement for  preceding period(s) and the costs 
stated in Item (3)  above $113, 042 

( 5 )  Accumulated AEC Support Ceiling as stated in Article I11 of 
Con t ra c t $113, 042 

(6) Total estimated AEC funds remaining under Contract (subcontract 
Item (4) from (5) which may be used to reduce amount of new 
funds required from AEC for proposed renewal period $ None 

Mr. Roy A.  Dean, Administrative Assistant 

1 0 3 3 9 8 4  
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Renewal Proposal 

Eighth Year 

Contract 

AT ( 4  0-1) 3 64 6 

The University of Tennessee 

Department of Microbiology 

Knoxville, Tennessee 37916 

Joseph H. Coggin, Jr., Ph.D. 

Principal Investigator 

Professor of Microbiology 

April 1, 1974 

\ 



1. T i t l e  of Project 

A Comparative Study of Radiation, Chemical, and 

Aging Effects  on Viral Transformation. 

2, Institution 

The University of Tennessee 

Department of Microbiology 

Knoxville, Tennessee 37916 

Telephone: 615-974-2356 

103398b 



3. Project Abstract. 

The c u r r e n t  focus of t h i s  p roposa l  is  t o  con t inue  ongoing e f f o r t s  t o  

d i s c o v e r  how tumor v i r u s e s  r e g u l a t e  and c o n t r o l  t h e  expres s ion  of embryo- 

a s s o c i a t e d  c e l l u l a r  products a s  an  i n t e g r a l  a c t i v i t y  i n  t ransforming normal 

ce l l s .  These s t u d i e s  a r e  f e a s i b l e  because exposure of normal t a r g e t  c e l l s  t o  

s u b l e t h a l  X - i r r a d i a t i o n  g r e a t l y  s e n s i t i z e s  t h e  cel ls  t o  v i r a l  oncogenesis.  We 

have observed t h a t  coord ina te  wi th  t h e  induc t ion  of n e o p l a s t i c  c h a r a c t e r i s t i c s  

i n  v i r a l  transformed c e l l s ,  embryonic moie t i e s  (EA) appear i n  t h e  plasma membrane 

of t h e  tumor cel ls  and a c t  as au toan t igens .  Rad ia t ion  (25 t o  350R) alone does 

. not cause  t r a n s f o r m a t i o n  of normal hamster o r  human c e l l s  in vit ro,  however, 

t h e s e  l e v e l s  o r  exposure do promote 50 t o  1000-fold i n c r e a s e s i n  v i r a l  oncogenesis 

induced by oncodnaviruses.  Under suppor t  from t h i s  c o n t r a c t  w e  have success fu l ly  

demonstrated t h a t  e a r l y  embryo t i s s u e  of t h e  hamster,  mouse, and human possess 

a n t i g e n s  (EA) which are  i d e n t i c a l  t o  t hose  occur r ing  on v i r a l  transformed c e l l s .  

' During t h e  t e r m i n a l  s t a g e s  of embryonic o r  f e t a l  development in vivo t hese  

a n t i g e n i c  e n t i t i e s  a r e  masked by biochemical  p rocesses  a s s o c i a t e d  wi th  membrane 

m a t y r a t i o n  and subsequent ly  r e s i d e  c r y p t i c a l l y ,  i n s o f a r  as w e  can t e l l ,  i n  a d u l t  

c e l l  membrane. Vi ra l  oncogenesis s e r v e s  t o  cause  d e f e c t i v e  b i o s y n t h e s i s  and 

r e s u l t s  i n  t h e  r eexpres s ion  of EA. 

d i s c o v e r  (1) whether w e  can s u c c e s s f u l l y  use embryonic markers expressed a t  t h e  

c e l l  s u r f a c e  t o  r e l i a b l y  detect t h e  earliest s t a g e s  of v i r a l  induced n e o p l a s t i c  

traits i n  t h e  tumor cells ,  (2) t o  determine t h e  biochemical  e v e n t s  r e l a t e d  t o  

membrane m a t u r a t i o n  involved i n  t h e  c o n t r o l  and expres s ion  of EA in f e t a l  devel- 

opment and i n  cancer  i nduc t ion  and , (3) t o  determine how low-level r a d i a t i o n  

s e r v e s  t o  p o t e n t i a t e  t h i s  v i rus -hos t  ce l l  i n t e r a c t i o n .  I f  w e  are success fu l  i n  

developing a r e l i a b l e  a s say  f o r  f e t a l  marker e x p r e s s i o n  (EA) a s s o c i a t e d  with t h e  

The c e n t r a l  problem i n  our  c u r r e n t  work is t o  

v e r y  e a r l y  e v e n t s  i n  neop las i a ,  a v a l u a b l e  t o o l  f o r  d e t e c t i n g  r a d i a t i o n  po ten t i a t ed  

oncogenesis  w i l l  b e  a v a i l a b l e  f o r  understanding and ana lyz ing  t h e  cancer induction. 

2 



4. Sc ien t i f i c  Background. 

A. H i s t o r i c a l  Survey of Th i s  Contract .  

T h i s  p r o j e c t  was i n i t i a t e d  e i g h t  years  ago i n  an  e f f o r t  t o  d i scove r  whether 

exposure t o  s u b l e t h a l  l e v e l s  of r a d i a t i o n ,  pyrimidine ana logues ,  o r  ce l l  "aging" 

p r o c e s s e s  i n  v i t r o  se rved  t o  p o t e n t i a t e  oncodnavirus oncogenesis .  

r e q u i r e s  a b r i e f  h i s t o r i c a l  review and accounting. 

work w e  have r e p o r t e d  t h a t  r a d i a t i o n  and radiomimetic. chemicals  markedly p o t e n t i a t e  

v i r a l  oncogenesis i n  primary c e l l  c u l t u r e  systems i n  v i t r o  and i n  animals t r e a t e d  

l o c a l l y  wi th  X-ray b e f o r e  i n f e c t i o n  wi th  tumor v i r u s e s .  Recall t h a t  i n  t h i s  work 

t h e  t a r g e t  c e l l s ,  n o t  t h e  t ransforming v i r u s ,  a r e  p r e s e n s i t i z e d  by i r r a d i a t i o n .  

I n  t h e  t i m e  s i n c e  t h e s e  i n i t i a l  r e p o r t s ,  research on t h i s  p r o j e c t  has s e t t l e d  i n t o  

a s t u d y  of t h e  mo lecu la r  mechanisms by which "low-level" r a d i a t i o n  of normal t a r g e t  

cel ls  l e a d s  t o  i n c r e a s e d  v i r a l  oncogenesis i n  vi tro.  

This  program 

S i n c e  t h e  i n i t i a t i o n  of t h i s  

More r e c e n t l y  o u r  e f f o r t s  were focused on determining whether X-irradiat ion 

se rved  t o  p o t e n t i a t e  SV40 oncogenesis by inducing "break and repa i r ' '  r e a c t i o n s  which 

f a c i l i t a t e d  t h e  i n t e g r a t i o n  of t h e  transforming v i r u s  genome i n t o  c e l l u l a r  DNA. 

DNA:DNA h y b r i d i z a t i o n  techniques were adapted and developed t o  determine t h e  

r e l a t i o n s h i p  between r a d i a t i o n  d o s e  (used t o  p r e s e n s i t i z e  t h e  cel ls  p r i o r  t o  

i n f e c t i o n )  and t h e  number of v i r a l  genome equ iva len t s  i n c o r p o r a t e d  i n t o  a given 

tumor clone. 

g e n e r a l  conclusion t h a t  an  a b s o l u t e  l i n e a r  r e l a t i o n s h i p  d i d  n o t  e x i s t  between 

i n c r e a s i n g  r a d i a t i o n  doses  and inc reased  number of v i r a l  e q u i v a l e n t s  p re sen t  i n  

a tumor clone;  however a g e n e r a l  i n c r e a s e  i n  t h e  number o f  v i r a l  equ iva len t s  w a s  

found cova len t ly - l inked  i n  a s s o c i a t i o n  wi th  transformed ce l l  DNA i n  r a d i a t i o n  

p r e s e n s i t i z e d  cells  a t  exposure l e v e l s  exceeding lOOR when compared t o  u n i r r a d i a t e d ,  

The r e s u l t s  of t h e s e  experiments have been pub l i shed  wi th  the  

SV40 transformed c l o n e s .  

t o  cause  a g r e a t e r  n d e r  

an SV40 genome l e a d i n g  t o  

1 0 3 3 9 8 8  

B r i e f l y  s t a t e d ,  X-ray p r e t r e a t m e n t  of t a r g e t  c e l l s  seemed 

of i n f e c t e d  t a r g e t  cel ls  t o  "accept" and incorporate  

s t a b l e  t ransformation.  

3 



Three years ago, as a "spin-off" from this project, we discovered that 

embryonic antigens were almost universally expressed in virally and chemically 

induced tumor cells. This new observation from rodent model system studies was 

quickly recognized t o  relate to human cancer since studies in many laboratories 

now show quite unequivocally that human cancers carry histologically related, 

cross-reacting antigens. Many of these antigenic determinants are recognized to 

be embryonic in character and the possibility stands that all are embryonic 

antigens (EA). 

contract (J.H.C.) have reviewed the central problems associated with retrogenic 

Norman Anderson at ORNL and the principal investigator of this 
- 

expression in neoplasia this past year and reprints or preprints of several 

reviews" are included in the 1974 Progress Report fo r  your perusal, 

Last year, in our proposal for an additional three years support from the 

A.E.C. to study the relationship of radiation damage to viral oncogenesis and 

retrogenesis in neoplasia, we outlined a series of new objectives aimed at 

discovering the interrelatedness of EA expression with radiation-stimulated 

oncogenesis. Our central theme was then and continues to be to develop immunologic 

and molecular tools for discerning the earZiest  events in viral oncogenesis, 

potentiated by radiation, which can be used as "markers" of neoplastic conversion 

leading to the malignant state. We have worked hard these past 12 months to 

*Cancer, Differentiation, and Embryonic Antigens:Some Central Problems. 

Cancer Res., 19:105, 1974. 

Proposed Mechanisms by Which Autochthonous Neoplasms Escape Immune Rejection. 

Cancer Res., 1974. (In press,) 

An Evaluation of the Isotopic Antislobulin Assay and the Cytostatic Assay for 

Detecting SV40 Tumor Immunity. 

Relationships. June, 1974. (In press). 

Adv. <n 

Imno tog ica t  Parameters of Host-Twnor 

1033989 . i. . 
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develop reliable assays for embryonic antigens and we feel that we are on the 

right track and that our ideas were correct and experimentally testable. 

made available for this work through the A . E . C .  support only graduate student 

Funds 

research. 

Specifically, we have developed both a radioimmunoassay procedure for the 

detection of small quantities of embryonic antigen and a quantitative immuno- 

fluorescence assay for detecting the very early expression of EA at the surface 

of "normal" cells undergoing transformation in v i t ro .  

experimentally feasible because low-level sublethal X-irradiation presensitized 

cells to oncogenesis by oncodnavirus and yields large populations of transformed 

cells in v i t ro  in a given test population. 

this contract, we have been examining the biochemical events associated with the 

expression and regulation of embryonic antigens (EA) in the plasma membrane of 

the developing fetus (hamster and nouse). Biochemical studies have, so far, 

supported the concept that EA expression in the fetal cell membrane is silenced 

at the 11th day of gestation 

The studies are made 

Simultaneously, under support from 

because of maturation processes associated "adult" 

membrane formation. 

situ in the ovary and EA expression continues through.gamete fusion and the first 

ten days of gestational development,* 

submitted in detail last year, seeking to delineate specific biochemical and 

regulatory changes associated with the reexpression of cryptic EA residing in 

adult cell membrane as an essential function in cellular transformation. 

EA'S are now known to be present on unfertilized eggs in 

Thus we will remain with our research plan, 

B. 

Papovaviruses are the best characterized tumor viruses particularly when 

Relationship of This Study to Other Work in Viral Oncogenesis. 

we consider the wealth of information now available regarding the molecular 

*Cancer, Differentiation, and Embryonic Antigens:Some Central Problems. 

Cancer Res.. 19:105, 1974. 

Adv. in 
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interactions between these viruses and their transformed cell hosts. These 

viruses have been particularly amenable to study because they possess a small 

DNA genome which has a limited gene complement and many of the unique viral 

coded proteins have been identified. 

tumor induction seems restricted to one or two genes. Intranuclear tumor or T 

Viral genetic information responsible for 

antigen is now recognized to be coded for from the viral genome since T antigen 

expression occurs in cells lytically infected with SV40 and only mutations in 

the viral genome effect the synthesis of this antigen (see Robb, J .  A . ,  J. Viroz., 

12:1187, 1973). 

required for maintaining some manifestation of the transformed state. 

Recent reports have shown that at least one c e l l u h r  gene is 

These 

characteristics of transformation include atypical cellular DNA synthesis, excess 

cell saturation density, lack of growth factor requirements, and agglutinin 

binding receptors on tumor cells. Thus, at least one viral gene and one cellular 

gene are essential for regulating the induction of transformation, In the work 

we are doing we seek to add a quantitative parameter to indicate transformation, 

specifically by developing a reliable assay for EA expression using objective assays. 

Portugal and his colleagues (J. ViroZ., 12:1616, 1973) recently showed that a 

number of new isoaccepting tRNA species (leucyl-, isoleucyl-, phenylalanyl-, 

and threonyl- tRNA's) thougkoriginally to be associated with viral gene activity 

are now recognized to be identica2 to tRNA alterations accompanying dif ferent idion 

of developing normal cells. 

Renger and Basicilco reported this past May (J. ViroZ., 11:702, 1973) that 

c e Z Z u h  rather than viral genes are responsible for the maintenance of the 

neoplastic state in SV40 transformed cells. 

studies using SV40 transformed cell lines which were temperature sensitive, 

exhibiting neoplastic traits at 32' but losing these characteristics at 39'C. 

These data were obtained from elegant 

Infection of these S V 4 0  transformed cells with wi ld - t ype  SV40 (non-ts mutants) 

does not alter this control pattern suggesting clearly that cellular rather than 
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v i r a l  genes a re  u l t i m a t e l y  r e s p o n s i b l e  f o r  ma in ta in ing  t h e  transformed s t a t e .  

Our o b s e r v a t i o n  t h a t  tumor r e j e c t i o n  a n t i g e n s  p r e s e n t  on SV40 tumor c e l l s  

were embryonic i n  cha rac t e r  r a t h e r  t han  v i r a l  s p e c i f i c  has  been confirmed i n  many 

tumor s y s t e m s  i n  t h e  pas t  24 months (Table 1). 

a major a c t i o n  of oncogenic v i r u s e s  is t o  actuate r e g u l a t o r y  s h i f t s  i n  c e l l s  

which cause t h e  plasma membranes t o  r e v e r t  t o  a n  immature form. 

These data too f i t  t h e  idea t h a t  

I n  summary t h e  mounting ev idence  s u g g e s t s  t h a t  oncogenic v i r u s e s  cause 

neop las i a  by becoming h e r i t a b l y  a s s o c i a t e d  w i t h  t h e  c e l l u l a r  genome and by producing 

some key r e g u l a t o r y  substances which causes  t h e  ce l l  t o  undergo d e d i f f e r e n t i a t i o n  

processes .  

tumor c e l l s  are r e l a t e d  t o  cell-coded a c t i v i t i e s  whose r eexpres s ion  is under v i r a l  

r e g u l a t i o n .  

Many of t h e  n e o p l a s t i c  c h a r a c t e r i s t i c s  which are now a s s o c i a t e d  with 
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5 .  Scient i f ic  Scope. 

A. Overa l l  Ob jec t ives .  

(1) Charac te r i ze  t h e  biochemical  e v e n t s  l ead ing  t o  t h e  product ion of 

immature plasma membranes exposing embryonic a n t i g e n  i n  r ad ia t ion - s t imu la t ed  

SV40 oncogenesis.  

(2) Evaluate  t h e  ear ly  e v e n t s  of  n e o p l a s t i c  t ransformat ion  us ing  embryonic 

a n t i g e n  markers as i n d i c e s  of v i r u s  s t i m u l a t e d  r e t rogenes i s .  

The cu r ren t  r e s e a r c h  e f f o r t  is fo l lowing  c l o s e l y  t h e  workscope presented 

last year.  

months and have narrowed our  focus  t o  two project areas which now seem most  

promising. 

embryonic an t igens  a t  t h e  surface of tumor cel ls .  

published*, showed t h a t  t h e  radioimmunoassay f o r  c e l l  s u r f a c e  a n t i g e n  (IAT 

method) measured c r o s s - r e a c t i n g  (EA) a n t i g e n s  r a t h e r  than tumor s p e c i f i c  t r ans -  

p l a n t a t i o n  a n t i g e n  (Burdick e t  aZ., In t .  J. Cancer, 72:474, 1973) and t h i s  assay 

is most s u i t a b l e  f o r  our  purpose i n  d e t e c t i n g  t h e  e a r l y  expres s ion  of EA a t  t h e  

s u r f a c e  of c e l l s  undergoing SV40 t r ans fo rma t ion .  

We have achieved s e v e r a l  of t h e  proposed o b j e c t i v e s  i n  t h e  pas t  12  

We have eva lua ted  s e v e r a l  assays f o r  q u a n t i t a t i n g  t h e  presence of 

The resul ts ,  c u r r e n t l y  be ing  

We reviewed t h e  h i s t o r i c a l  and t h e o r e t i c a l  b a s i s  f o r  t h e s e  biochemical and 

immunological s t u d i e s  l a s t  y e a r  i n  t h e  l a r g e  proposal .  Hopefully i t  w i l l  be  

s u f f i c i e n t  t o  say  h e r e  t h a t  t h e  o v e r a l l  o b j e c t i v e  i s  t o  c o r r e l a t e  biochemical changes 

i n  plasma membrane induced by SV40 i n  normal a d u l t  c e l l s  w i t h  t h e  development of 

c e l l  s u r f a c e  a n t i g e n s  of t h e  embryonic type  and t h e  onse t  of t h e  transformed state. 

B. S p e c i f i c  P r o j e c t s .  

- (1). Biochemical S tud ie s .  (see page 19-23, 1973 proposa l  f o r  p ro toco l s  and de ta i  
c1 
W 
W 
&3 

*An Evaluat ion of t h e  I s o t o p i c  A n t i g l o b u l i n  Assay and the  C y t o s t a t i c  Assay f o r  

a 
&= 

Detec t ing  SV40 Tumor Immunity. In: Inomuzozogica~ Parameters of Host-honor ReZatwn- 

sh ips .  June, 1974. (Ed,) David Weiss, Academic P res s ,  New York. ( In  press ) .  
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Biochemical and molecular studies of the early events of transformation 

would be severely limited if our studies were dependent upon the normal efficiency 

of transformation (1 transformant per 1000 infected cells), 

established that radiation potentiates transformation markedly (150R of X-ray 

administered prior to infection permits the appearance an average of 33 trans- 

formants per 100 infected cells). The availability of this many transformants 

in the total population makes many of the planned studies plausible using m s s  

cuzture. We are able to proceed with the following specific studies: 

Fortunately, we have 

a. 

b. 

C .  

d .  

To characterize the biochemical events leading to the production of 

immature plasma membranes and fetal antigen reexpression in radiation- 

stimulated oncogenesis. 

sialyglycoprotein into membranes of tumor cells compared to synthesis 

and incorporation into normal control cell membranes will be investigated. 

Employing purification procedures developed in our laboratory fetal, 

phase-specific mRNA's will be isolated and tested for their identity 

to "tumor-specific" mRNA. 

being used. 

The role of cyclic AMP concentration, synthesis and degradation in 

retrogenesis induced by SV40 virus will be investigated. 

The "masking" of fetal antigen in the normal developing hamster fetus 

will be evaluated. Such studies provide not only specific parameters 

to measure when viruses st-imulate retrogressive or dedifferentiative 

changes in normal cells leading to neoplasia but also  are more suitable 

for evaluating subtle changes in fetal development which radiation 

exposure might introduce. 

Sialic acid synthesis and incorporation of 

The competitive hybridization procedure is 

(2) Immunological Studies. 

These studies are ongoing and are being conducted with the basic format 

described last year with certain specific revisions. We have developed a suitable 

10 



quantitative system for detecting extremely low quantities of EA at the surface 

of tumor cells during transformation using the isotopic antiglobulin test (IAT), 

a modified radioimmunoassay. 

IAT Procedure: 

The isotopic antiglobulin assay (Harder and McKhann, 1968) as modified for 

use with monolayer tissue culture cells has been previously described (Burdick 

- et a t . ,  1973). Target, 14 day fetal cell suspensions (EA' cells) with or without 

irradiation and infection were plated one day before use in the individual wells 

of Microtest-I1 plates (Falcon Plastics, Los Angeles, Calif., USA) in RPMI 1640 

plus,20% FCS, and for the test, the adherent monolayers were incubated for 30 

min, appropriately diluted,washed five times, then incubated for 30 rnin with anti- 

globulin diluted in RPMI & 10% FCS and then washed six times. The wells were 

sprayed with Aeroplast (Parke-Davis and Co., Detroit, Mich., USA), cut apart on 

a bandsaw and counted in Packard Auto-Ganma counter. Antiglobulin controls (AGC) 

were performed by adding medium + 10% FCS for the first incubation and antiglobulin 
for the second. Results were expressed as counts per rnin (CPM) and as: 

the absorption ratio = 

= CPM in wells with Immune or Pregnant Serum 
CPW in wells with Control Serum 

There are some biological variables inherent to the tissue culture techniques 

employed which cannot be totally controlled. Therefore, the results are not 

exactly quantitatively reproducible from day to day, and inferences of exact 

amounts of globulin bound to the cell would be unreliable (Burdick e t  aZ., 1973) 

in comparing percentage values from one day's results with those of another run. 

Comparison of the AR between different radiation doses and virus concentrations 

will provide a ranking, but quantitative comparison of the antigenic content of 

various cell lines requires parallel absorptions of the same serum run on the 

same day. 



Absorption 

Absorption of sera prior to use in the isotopic antiglobulin assay was 

performed in a standard fashion (Ting and Herberman, 1971). Cells to be used 

for absorption were removed from tissue culture flasks by trypsinization (0.2% 

trypsin - 0.1 EDTA), suspended and maintained overnight in spinner culture flasks. 

Aliquots containing the indicated number of cells were centrifuged at 800 x g 

for 10 min, the supernatant was aspirated, and 0.2 m l  of the serum to be absorbed 
+ 

was added. After incubation for 60 min at 37OC and 5% GO2 with frequent agitation, 

the samples were centrifuged first at 800 x g then the supernatant was aspirated 

and centrifuged at 2,000 x g for 10 min and this supernatant was employed in the 

isotopic antiglobulin test. Single-cell suspensions of various fetuses of 10-15 

days gestation are prepared by extensive mincing, then used €or absorption as 

described above. 

S e m  fractionakwn and iodination 

Fractionation of an anti-hamster gamma globulin (AG), was performed by 

ammonium sulfate precipitation, and then separation on G-200 Sephadex, using 

0.2M Tris-NaC1-HCZ buffer at pH 8.0. 

of the antiglobulin were labeled with '*'I (New England Nuclear, Boston, Nass., USA) 

Aliquots containing 1 mg of the 7s fraction 

by the modified chloramine-T method (McConahev and Dickson, 1966). The molar 

iodine: gamma-globulin ratio was always below 0.25:l. The 7s fraction was 

suspended in RPMI 1640 with 109. FCS and tested in the isotopic antiglobulin assay 

a s  described above. 

Sera for detecting EA are derived from pregnant, multiparous, inbred hamsters 
0 

0 
u 
w Experimental Design: 
.s 
s 
c 

primed on 5 occasions with 10 day gestation hamster embryo cells. 

Fourteen day fetal cells (EA-) in primary culture are exposed to radiation 

levels between 0 R and 150R and infected with SV40 virus (1 PFU/cell). Uninfected 

cells and non-infected, non-irradiated cells serve as controls. High titer SV40 

12 



antiserum is added following virus adsorption. Samples plates are washed at 

selected times post-infection ( 2 4 ,  23, and 72 hours post-infection) and target 

cells are harvested by aspiration and exposed to either fetal antibody or IgG 

from hyperimmune serum from hamsters immunized against SV40 tumors. 

and/or virgin serum serves as control sera. 

Normal serum 

Following adsorption and washing 

.. highly specific 1251-tagged anti-hamster IgG is added, incubated with target 

cells and washed. The wells are collected as described and scored. Xmmuno- 

fluorescence studies run in parallel are being conducted as described last year. 

These data reflect the changes in cell surface or plasma membrane indicatixg 

the unmasking of fetal antigen. Challenge studies with graded doses of these 

cells reflect relative oncogenic potential of the cell population. 

The U T  results and the fluorescent labeling procedure indicate the 

population f rac t ion  (estimated number of transformants) which has undergone 

membrane change sufficient to react with test immunoglobulin. Parallel plates 

are overlaid with agar and stained at 12 days post-infection to confirm morphologic 

transformation and relative frequency by this standard procedure. 

Titrations of radiation dose, cell target levels transformation frequency 

and other parameters are nearly completed. The ultimate application of this 

approach is to determine how early EA expression is noted and how the quantitative 

distribution of EA correlates with transformation frequency in the sample 

population. Biochemical changes in the transforming cell population (sialic 

acid synthesis, eg.) will subsequently be correlated with the expression of EA. 

1033948 
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I n  a d d i t i o n ,  t h i s  c o n t r a c t  s u p p o r t s  two p redoc to ra l  t r a i n e e s ,  who devote 

t h e i r  f u l l  r e sea rch  time t o  t h e  o b j e c t i v e s  of t h i s  proposa l .  Curren t  A.E.C. 

a s s i s t a n t s h i p s  are held by Cleo Babeley and Korin Hearne. 

7. O t h e r  Personne I 

2 Laboratory Aides - Dennis Ragsdale  - 502 time 

Barbara Bellomy - SOX time 

8 .  Other FinancCaZ Asshkznce: 

A . E . C .  a lone  sponsors  our s tudy  of  v i r u s  t ransformat ion  LLscribe,  here .  

We cannot  over emphasize the importance of cont inued A.E.C. suppor t  a t  t h i s  

c r i t i c a l  phase of our  research .  N . C . I .  suppor t  l i s t e d  below cannot  be  used t o  

fund b a s i c  research  as descr ibed  here .  The above personnel  are permit ted t o  assist 

i n  t h i s  r e sea rch  only i f  t h i s  A.E.C. c o n t r a c t  i s  i n  f o r c e  a s  a c o l l a b o r a t i v e  

ven tu re .  

A new c o n t r a c t  w i th  Union Carbide (MAN Program) under subcon t rac t  No. 3379 

t o  s t u d y  "Immune React ions i n  Virus-Induced Tunor Reject ion" has  been i n  progress  

s i n c e  J u l y ,  1970 and is  funded a t  t h e  p r e s e n t  l e v e l  of $143,000 per  year .  This  

program is  sponsored by t h e  Nat iona l  Cancer I n s t i t u t e  as a segment of c o n t r a c t  

CP 73-210 which i s  te rmina t ing  a t  ORNL e f f e c t i v e  J u l y ,  1974.  The o b j e c t i v e s  of 

t h i s  r e sea rch  a r e  t o  develop immunotherapeutic techniques f o r  c o n t r o l l i n g  human 

cance r ,  N .C . I .  funds cannot b e  used,  t o  perform these  b a s i c  s t u d i e s  s i n c e  they 

are  n o t  d i r e c t l y  mission o r i e n t e d  p r o j e c t s .  

The Univers i ty  provides  $1500 i n  s u p p l i e s  and s e r v i c e s  t o  the A.E.C. p r o j e c t .  

9 .  Premkes, Facit.ities, Equipment, and Materials. 

The Virology-Immunology Laboratory a v a i l a b l e  f o r  t h i s  p r o j e c t  i n  t h e  

Department of Microbiology, Un ive r s i ty  of Tennessee,  Knoxvil le ,  c o n s i s t s  of 

t h r e e  cont iguous,  l a r g e  l a b o r a t o r i e s  occupying some 3500 squa re  f e e t  of u seab le  

space.  

s t o r a g e ,  etc.) i s  a v a i l a b l e .  

I n  add i t ion ,  1,200 square  f e e t  of suppor t  space (washroom, prep, area, 

Animal f a c i l i t i e s  have been upgraded and a l l  hamsters 
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a r e  kept  i n  two contuinment u n i t s  separa ted  completely from o t h e r  rodents  

(1,500 square  f e e t ) ,  A s e p a r a t e  animal  holding room (SO0 s q u a r e  f e e t )  is 

a v a i l a b l e  f o r  breeding t h e  l a r g e  numbers of pregnant hamsters  needed f o r  

f e t a l  t i s s u e .  The l a r g e s t  s u p p l i e r  of pregnant roden t s  i n  t h e  country cannot  

provide s u f f i c i e n t  inbred  hamsters  o r  mice on a time-mated b a s i s ,  hence we 

breed our  own animals  a t  a cons ide rab le  c o s t  savings. 

t o  accomodate 6-7,000 hamsters  i n  neu f a c i l i t i e s  and some 3-500 breeders .  Mice 

w i l l  be housed a t  Oak Ridge Nat iona l  Laboratory i n  e x c e l l e n t  b a r r i e r  f a c i l i t i e s  

made a v a i l a b l e  through t h e  Molecular Anatomy Program, O R N L ,  on a "pay as needed 

We c u r r e n t l y  have space 

b a s  is". 

We have e x c e l l e n t  t i s sue  c u l t u r e  f a c i l i t i e s  con ta in ing  some 60 l i n e a r  f e e t  

of Laminar flow work s u r f a c e  i n  e i g h t  u n i t s ,  walk-in i n c u b a t o r s  and e s s e n t i a l  

co ld  s t o r a g e  and f r e e z e r  space.  A l l  major items of equipment f o r  conducting 

t h e  work inc lud ing  Cytof luorograf ,  Cytograf,  s c i n t i l l a t i o n  systems,  p r e p a r a t i v e  

u l t r a - c e n t r i f u g e s  and t h e  l i k e  are  a v a i l a b l e  i n  our own l a b o r a t o r y .  Add i t iona l  

f a c i l i t i e s  o r  equipment w e  r e q u i r e  from the  Molecular Anatomy Program are 

a v a i l a b l e  t o  our personnel  on a cont inuing  b a s i s .  

assembl ies  f o r  l a r g e  s c a l e  t issue product ion,  purchased under  t h e  previous 

In te ragency  agreement (AEC-NCI) are a v a i l a b l e .  

T i s s u e  c u l t u r e  r o l l e r  

1 0 3 4 0 0 b  
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10. COST ESTIMATE 

,@ma 1974 t o  ,, 1975 

AEC Cont rac t  AT-(40-1)3646 

*/ 

Estimated Requirements 

Eighth Year Ninth Year 

1. S a l a r i e s  and Wages $6,854.00 $6,854.00 

P r i n c i p a l  I n v e s t i g a t o r  - 15% t ime 
2 Graduate Students  - 50% tine 
Fringe Benef i t s  

2. Equipment 

Animal Holding Equipment 

3 .  Trave l  

4. Other Di rec t  Costs 

Supp l i e s  
Pub 1 i c a  t i o n s  
Other  

N / C  N/C 
6,637.00 6,637.00 

217.00 217.00 

$3,7 60.00 $3,760.00 

3,760.00 3,760.00 

$1,000.00 $1,000.00 

$16,220.00 $18,220.00 

11,043.00 13,043.00 
240.00 240.00 

4,937.00 4,937.00 

5. I n d i r e c t  Cos ts  $4,2 68.00 . .. *$4,268.00 

64.3% of $6,637.00 

T o t a l  P ro jec t  Costs $32,102.00 $34,102.00 

P r i n c i p a l  I n v e s t i g a t o r  agrees  t o  spend 15% of academic year  on p r o j e c t  and the 
Univers i ty  a g r e e s  t o  cos t  sha re  i n  accordance w i t h  t h e i r  normal p o l i c y ,  
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11. Authentication 

Principal Investigator 

For The University 

f 0 3 w 8  

A .r . 

Joseph H. Coggin, Y r  
Professor 

Hilton A. Smith, Ph.D. . 
Vice Chancellor for Graduate Studies 
and Research 
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F i n a n c i a l  Statement 

A p r i l  2 ,  1974 

AT- (40-1) 3646 

T i t l e  of P r o j e c t :  A Comparative Study of Rad ia t ion ,  Chemical, and Aging E f f e c t s  on V i r a l  
Transformation. 

T o t a l  a c t u a l  p r o j e c t  'cost  t o  d a t e  f o r  t h e  c u r r e n t  p e r i o d  

Estimated t o t a l  c o s t  for remainder of pe r iod  

T o t a l  a c t u a l  and es t ima ted  c o s t  c h a r g e a b l e  t o  AEC f o r  c u r r e n t  
per iod based on percentage of c o s t  ag reed  upon as  contained i n  
A - 1 1 1  of Appendix "A" t o  Con t rac t  

Accumulated c o s t s  chargeable  t o  AEC ( i n c l u d e c o s t s  r epor t ed  i n  
c e r t i f i e d  s t a t e m e n t  for preceding p e r i o d ( s )  and t h e  c o s t s  
s t a t e d  i n  I t e m  (3) above 

Accumulated AEC Support C e i l i n g  as s t a t e d  i n  Ar t ic le  I11 of 
Contract  

T o t a l  e s t i m a t e d  AEC funds remaining under Contract . (subcontract  
Item ( 4 )  from (5) which may be used t o  r educe  amount of new 
funds r e q u i r e d  from AEC f o r  proposed renewal pe r iod  

M r .  Roy A .  Dean, A d m i n i s t r a t i v e  A s s i s t a n t  

$19, 444 

$16, 884 

$36, 328 

$113, 042 

$113, 042 

S None 

. 
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1. Title of Project 

A Comparative Study of Radiation, Chemical, and 

Aging Effects on Viral Transformation. 

2. Institution 

The University of Tennessee 

Department of Microbiology 

Knoxville, Tennessee 37916 

Telephone: 615-974-2356 



3. Project Abstract. 

The current focus of this proposal is to continue ongoing efforts to 

discover how tumor viruses regulate and control the expression of embryo- 

associated cellular products as an integral activity in transforming normal 

cells. These studies are feasible because exposure of normal target cells to 

sublethal X-irradiation greatly sensitizes the cells to viral oncogenesis. We 

have observed that coordinate with the induction of neoplastic characteristics 

in viral transformed cells, embryonic moieties (EA) appear in the plasma membrane 

of the tumor cells and act as autoantigens, Radiation (25 to 350R) alone does 

not cause transformation of normal hamster or human cells in V<tro, however, 

these levels o r  exposure do promote 50 to 1000-fold increasesin viral oncogenesis 

induced by oncodnaviruses. Under support from this contract we have successfully 

demonstrated that early embryo tissue of the hamster, mouse, and human possess 

antigens (EA) which are identical to those occurring on viral transformed cells. 

During the terminal stages of embryonic or fetal development in v i v o  these 

antigenic entities are masked by biochemical processes associated with membrane 

maturation and subsequently reside cryptically, insofar as we can tell, in adult 

cell membrane. Viral oncogenesis serves to cause defective biosynthesis and 

results in the reexpression of EA. 

discover (1) whether we can successfully use embryonic markers expressed at the 

cell surface to reliably detect the earliest stages of viral induced neoplastic 

traits in the tumor cells, (2) to determine the biochemical events related to 

The central problem in our current work is to 

membrane maturation involved in the control and expression of EA in fetal devel- 

opment and in cancer induction and , (3)  to determine how low-level radiation 

serves to potentiate this virus-host cell interaction. If we are successful in 

developing a reliable assay for fetal marker expression (EA) associated with the 

very early events in neoplasia, a valuable tool for detecting radiation potentiated 

oncogenesis will be available for understanding and analyzing the cancer induction. 

1 0 3 4 0 1 2  
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4. Scientific Background. 

A. Historical Survey of This Contract. 

This project was initiated eight years ago in an effort to discover whether 

exposure to sublethal levels of radiation, pyrimidine analogues, or cell "aging" 

processes in v i t ro  served to potentiate oncodnavirus oncogenesis. 

requires a brief historical review and accounting. 

work we have reported that radiation and radiomimetic chemicals markedly potentiate 

viral oncogenesis in primary cell culture systems in vitro and in animals treated 

locally with X-ray before infection with tumor viruses. Recall that in this work 

the target cells, not the transforming virus, are presensitized by irradiation. 

In the time since these initial reports, research on this project has settled into 

a study of the molecular mechanisms by which "low-level" radiation of normal target 

cells leads to increased viral oncogenesis in vitro. 

This program 

Since the initiation of this 

More recently our efforts were focused on determining whether X-irradiation 

served to potentiate SV40 oncogenesis by inducing "break and repair" reactions which 

facilitated the integration of the transforming virus genome into cellular DNA. 

DNA:DNA hybridization techniques were adapted and developed to determine the 

relationship between radiation dose (used to presensitize the cells prior to 

infection) and the number of viral genome equivalents incorporated into a given 

tumor clone. 

general conclusion that an absolute linear relationship did not exist between 

increasing radiation doses and increased number of viral equivalents present in 

a tumor clone; however a general increase in the number of viral equivalents was 

found covalently-linked in association with transformed cell DNA in radiation 

presensitized cells at exposure levels exceeding lOOR when compared t o  unirradiated, 

The results of these experiments have been published with the 

SV40 transformed clones. 

to cause a greater number 

an SV40 genome leading t o  

Briefly stated, X-ray pretreatment of target cells seemed 

of infected target cells to "accept" and incorporate 

stable transformation. 
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Three years ago, as a "spin-off" from this project, we discovered that 

embryonic antigens were almost universally expressed in virally and chemically 

induced tumor cells. This new observation from rodent model system studies was 

quickly recognized to relate to human cancer since studies in many laboratories 

now show quite unequivocally that human cancers carry histologically related, 

cross-reacting antigens. 

be embryonic in character and the possibility stands that all are embryonic 

antigens (EA). 

contract (J.H.C.) have reviewed the central problems associated with retrogenic 

expression in neoplasia this past year and reprints or preprints of several 

reviews* are included in the 1974 Progress Report for your perusal. 

Hany of these antigenic determinants are recognized to 

Norman Anderson at ORNL and the principal investigator of this 

Last year, in our proposal for an additional three years support from the 

A.E.C. to study the relationship of radiation damage to viral oncogenesis and 

retrogenesis in neoplasia, we outlined a series of new objectives aimed at 

discovering the interrelatedness of EA expression with radiation-stimulated 

oncogenesis. Our central theme was then and continues to be to develop inmunologic 

and molecular tools for discerning the earliest events in viral oncogenesis, 

potentiated by radiation, which can be used as "markers" of neoplastic conversion 

leading to the malignant state. We have worked hard these past 12 months to 

_.  

*Cancer, Differentiation, and Embryonic Antigens:Some Central Problems. ddv. i n  

Cancer Res., 19:105, 1974. 

Proposed Mechanisms by Which Autochthonous Neoplasms Escape Immune Rejection. 

Cancer Res., 1974. (In press.) 

An Evaluation 05 the Isotopic Antizlobulin Assay and the Cytostatic Assay for 
.. 

De t ec t ing SV4 0 Tumor Immunity . Ii~gmmo b g k a  1 Pararne ters' b f Ros t -haor 

ReZationships. June, 1974. (In press). 
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develop reliable assays for embryonic antigens and we feel that we are on the 

right 'track and that our ideas were correct and experimentally testable. Funds 

made available for this work through the A.E.C. support only graduate student 

research. 

Specifically, we have developed both a radioimmunoassay procedure for the 

detection of small quantities of embryonic antigen and a quantitative immuno- 

fluorescence assay for detecting the very early expression of EA at the surface 
+ 

of "normal" cells undergoing transformation in t d t r o .  

experimentally feasible because low-level sublethal X-irradiation presensitized 

The studies are made 

cells to oncogenesis by oncodnavirus and yields large populations of transformed 

cells in vitro in a given test population. Simultaneously, under support from 

t h i s  contract, we have been examining the biochemical events associated with the 

expression and regulation of embryonic antigens (EA) in the plasma membrane of 

the developing fetus (hamster and nouse). Biochemical studies have, so far, 

supported the concept that EA expression in the fetal cell membrane is silenced 

at the 11th day of gestation because of maturation processes associated "adult" 

membrane fornation. EA'S are now known to be present on unfertilized eggs in 

situ in the ovary and EA expression continues through gamete fusion and the first 

ten days of gestational development.* Thus we will remain with our research plan, 

submitted in detail last year, seeking to delineate specific biochemical and 

regulatory changes associated with the reexpression of cryptic FA residing in 

adult cell membrane as an essential function in cellular transformation. 

- B. Relationship of This Study to Other Work in Viral Oncogenesis. 
Q 
w = 
c") 

Papovaviruses are the best characterized tumor viruses particularly when 

we consider the wealth of information now available regarding the molecular 

CPI 

*Cancer, Differentiation, and Embryonic Antigens:Some Central Problems. 

Cancer Res., 19:105, 1974. 

Adv. Cn 
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i n t e r a c t i o n s  between t h e s e  v i r u s e s  and t h e i r  t ransformed c e l l  hosts .  These 

v i r u s e s  have been p a r t i c u l a r l y  amenable t o  s t u d y  because they posses s  a sma l l  

DNA genome which has a l i m i t e d  gene complement and many of t h e  unique v i r a l  

coded p r o t e i n s  have been i d e n t i f i e d .  

tumor induc t ion  seems r e s t r i c t e d  t o  one o r  two genes.  I n t r a n u c l e a r  tumor o r  T 

. a n t i g e n  is now recognized t o  b e  coded f o r  from the v i r a l  genome s i n c e  T a n t i g e n  

expression occurs  i n  c e l l s  l y t i c a l l y  i n f e c t e d  w i t h  SV40 and only mutat ions i n  

t h e  v i r a l  genome e f f e c t  t h e  s y n t h e s i s  of t h i s  a n t i g e n  (see Robb, J. A., J. Viroi!,, 

12:1187, 1973). 

r e q u i r e d  f o r  maintaining some m a n i f e s t a t i o n  of t h e  transformed state. 

c h a r a c t e r i s t i c s  of t r ans fo rma t ion  i n c l u d e  a t y p i c a l  cellular DNA s y n t h e s i s ,  excess  

ce l l  s a t u r a t i o n  d e n s i t y ,  l a c k  of growth f a c t o r  requirements ,  and a g g l u t i n i n  

b ind ing  r e c e p t o r s  on tumor cel ls .  Thus, a t  least one v i r a l  gene and one c e l l u l a r  

gene are  e s s e n t i a l  f o r  r e g u l a t i n g  t h e  &duction of t ransformation.  

w e  are doing w e  seek t o  add a q u a n t i t a t i v e  parameter  t o  i n d i c a t e  t r ans fo rma t ion ,  

Viral  g e n e t i c  information r e s p o n s i b l e  f o r  

Recent r e p o r t s  have shown t h a t  a t  l e a s t  one ceZZukr gene i s  

These 

I n  t h e  work 

s p e c i f i c a l l y  by deve'loping a r e l i a b l e  a s s a y  for EA expression us ing  o b j e c t i v e  assays.  

P o r t u g a l  and h i s  co l l eagues  (J. ViroZ., 72:1616, 1973) r e c e n t l y  showed t h a t  a 

number of new i soaccep t ing  tRNA s p e c i e s  ( l eucy l - ,  i so l eucy l - ,  phenylalanyl-, 

and threonyl-  tRNA's) t h o u g t t o r i g i n a l l y  t o  b e  a s s o c i a t e d  wi th  v i r a l  gene act ivi ty  

are now recognized t o  b e  ident ical  t o  tRNA a l t e r a t i o n s  accompanying differentiation 

of developing nornal cells. 

Renger and B a s i c i l c o  r epor t ed  t h i s  p a s t  May (J. Virot., 11:702, 1973) t h a t  

- 
0 
W 
E 

c e t t u b  r a t h e r  t han  v i r a l  genes are r e s p o n s i b l e  fo r  t h e  maintenance of t h e  

n e o p l a s t i c  state i n  SV40 transformed cells. These d a t a  were ob ta ined  from e legan t  

s t u d i e s  us ing  SV40 transformed c e l l  l i n e s  which were temperature s e n s i t i v e ,  - 
e x h i b i t i n g  n e o p l a s t i c  t ra i t s  a t  32' b u t  l o s i n g  t h e s e  c h a r a c t e r i s t i c s  a t  39'C. 

I n f e c t i o n  of t h e s e  SV40 transformed cel ls  w i t h  d u - t y p e  SV40 (non-ts mutants) 

does not al ter  t h i s  c o n t r o l  p a t t e r n  s u g g e s t i n g  c l e a r l y  t h a t  c e l l u l a r  r a t h e r  t han  

6 



viral genes are ultimately responslble for maintaining the transformed state. 

Our observation that tumor rejection antigens present on SV40 tumor cells 

were embryonic in character rather than viral specific has been confirmed in many 

tumor systems in the past 24 months (Table 1). These data too fit the idea that 

a major action of oncogenic viruses is t o  actuate regulatory shifts in cells . 

which cause the plasma membranes to revert to an immature.form. + 

In summary the mounting evidence suggests that oncogenic viruses cause 

neoplasia by becoming heritably associated with the cellular genome and by producing 

some key regulatory substances which causes the cell to undergo dedifferentiation 

processes. 

tumor cells are related to cell-coded activities whose reexpression is under viral 

Many of the neoplastic characteristics which are now associated with 

regulation. 

1 0 3 4 0 1 1  
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5 .  Scientif ic Scope. 

A. 

(1) Characterize the biochemical events leading to the production of 

Overall Ob j ect ives . 

immature plasma membranes exposing embryonic antigen in radiation-stinulated 

SV40 oncogenesis. 

(2) Evaluate the early events of neoplastic transformation using embryonic 

antigen markers as indices of virus stimulated retrogenesis. 

The current research effort is following closely the workscope presented 

last year. We have achieved several of the proposed objectives in the past 12 

months and have narrowed our focus to tu0 project areas which now seem most 

promising. We have evaluated several assays for quantitating the presence of 

embryonic antigens at the surface of tumor cells. 

published*, showed that the radioimmunoassay for cell surface antigen (IAT 

method) measured cross-reacting (EA) antigens rather than tumor specific trans- 

plantation antigen (Burdick e t  aZ., Int .  J. Cancer, 12:474, 1973) and this assay 

is most suitable for our purpose in detecting the early expression of EA at the 

surface of cells undergoing SV40 transformation. 

The results, currently being 

We reviewed the historical and theoretical basis for these biochemical and 

imunological studies last year in the large proposal. Hopefully it w i l l  be 

sufficient to say here that the overall objective i s  to correlate biochemical changes 

in plasma membrane induced by SV40 in normal adult cells with the development of 

cell surface antigens of the embryonic type and the onset of the transformed state. 

B. Specific Projects. - = 
W 

(1). Biochemical Studies. (see page 19-23, 1973 proposal for protocols and deta: 
c 

- 
.s) 

*h Evaluation of the Isotopic Antiglobulin Assay and the Cytostatic Assay for 

Detecting SV4Q Tumor Immunity. In: Invnunobg$cal Parameters of Host-kor ReZntwn- 

s h i p s .  June, 1974. (Ed.) David Weiss, Academic Press, New York. (In press). ' 



Biochemical and molecular studies of the emZy events of transformation 

would be severely limited if our studies were dependent upon the n o m 1  efficiency. 

of transformation (1 transformant per 1000 infected cells). Fortunately, we have 

established that radiation potentiates transformation markedly (1SOR of X-ray 

administered prior to infection permits the appearance an average of 33 trans- 

formants per 100 infected cells), The availability of this many transformants 

in the total population makes many of the planned studies'plausible using t"LZ8S 

cutture. We are able to proceed with the following specific studies: 

a. 

T 

b. 

C. 

d. 

To characterize the biochemical events leading to the production of 

immature plasma membranes and fetal antigen reexpression in radiation- 

stimulated oncogenesis, 

sialyglycoprotein into membranes of tumor cells compared to synthesis 

and incorporation into normal control cell membranes will be investigated. 

Employing purification procedures developed in our labbratory fetal, 

phase-specific mF?NA's will be isolated and tested for their identity 

t o  "tumor-specific" mRNA. 

being used. 

The role of cyclic ATIP concentration, synthesis and degradation in 

retrogenesis induced by SV40 virus will be investigated. 

The "masking" of fetal antigen in the normal developing hamster fetus 

will be evaluated, Such studies provide not only specific parameters 

t o  measure when viruses stimulate retrogressive or dedifferentiative 

changes in normal cells leading to neoplasia but also are more suitable 

for evaluating subtle changes in fetal development which radiation 

exposure might introduce. 

Sialic acid synthesis and incorporation of 

The competitive hybridization procedure is 

(2) Inmunological Studies. 

These studies are ongoing and are being conducted with the basic format 

described last year with certain specific revisions, We have developed a suitable 

I034020 
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quantitative system for detecting extremely low quantities of EX at the surface 

of tumor cells during transformation using the isotopic antiglobulin t e s t  ( IAT) ,  

a modified radioimmunoassay. 

' 

IAT Procedure : 

The isotopic antiglobulin assay (Harder and McIChann, 1968) as modified for 

use with monolayer tissue culture cells has been previously described (Burdick 

e t  aZ., 1973). 

irradiation and infection were plated one day before use in the individual wells 

of Microtest-I1 plates (Falcon Plastics, Los Angeles, Calif., USA) in RPMI 1640 

Target, 14 day fetal cell suspensions (EA' cells) with or without 

. plus 20% FCS, and for the test, the adherent monolayers were incubated.for 30 

min, appropriately diluted,washed five times, then incubated for 30 min with anti- 

globulin diluted in RPMI 5 10% FCS and then washed six times. 

sprayed with Aeroplast (Parke-Davis and Co., Detroit, Mich., USA), cut apart on 

a bandsaw and counted in Packard Auto-Garsna counter. 

were performed by adding medium + 10% FCS for the first incubation and antiglobulin 
for the second. 

the absorption ratio = 

The wells were 

Antiglobulin controls (AGC) 

Results were expressed as counts per min (CPH) and as: 

AR = CPM in wells with Immune o r  Pregnant Serum 
LPM in wells with Control Serum 

There are some biological variables inherent to the tissue culture techniques 

employed which cannot be totally controlled. Therefore, the results are not  

exactly quantitatively reproducible from day to day, and inferences of exact 

amounts of globulin bound to the cell would be unreliable (Burdick e t  at., 1973) 

in comparing percentage values from one day's results with those of another run. 

Comparison of the AR between different radiation doses and virus concentrations 

will provide a ranking, but quantitative comparison of the antigenic content of 

various cell lines requires parallel absorptions of the same serum run on the ' 

same day. 

1 0 3 4 0 2 1  
11 



, 

- 
0 
W 
c 
m 
h;) 
hl 

Absorption 

Absorption of sera p r i o r  t o  u s e  I n  t h e  i s o t o p i c ' a n t i g l o b u l i n  assay was 

performed i n  a s tandard f a s h i o n  (Ting and Herberman, 1971).  

f o r  a b s o r p t i o n  were removed from t issue c u l t u r e  f l a s k s  by t r y p s i n i z a t i o n  (0.25% 

t r y p s i n  - 0.1 EDTA), suspended and maintained ove rn igh t  i n  s p i n n e r  c u l t u r e  f l a s k s .  

A l iquo t s  con ta in ing  t h e  i n d i c a t e d  number of cells were c e n t r i f u g e d  a t  800 x g 

Cells t o  be used 

f o r  

was 

t h e  

and 

10  min, t h e  supe rna tan t  was a , sp i r a t ed ,  and 0 . 2  ml of t h e  serum t o  be absorbed 

added. Af t e r  i n c u b a t i o n  f o r  60 rnin a t  37OC and 5% C02 w i t h  f r e q u e n t  a g i t a t i o n ,  

samples were c e n t r i f u g e d  f i r s t  a t  800 x g then  t h e  s u p e r n a t a n t  was a s p i r a t e d  

c e n t r i f u g e d  a t  2,000 x g f o r  10  min and t h i s  s u p e r n a t a n t  was employed i n  t h e  

i s o t o p i c  a n t i g l o b u l i n  test. 

days g e s t a t i o n  a r e  prepared by e x t e n s i v e  mincing, then used f o r  a b s o r p t i o n  as 

desc r ibed  above. 

S i n g l e - c e l l  suspens ions  of v a r i o u s  f e t u s e s  of 10-15 

Serwn fractionation and iodination 

F r a c t i o n a t i o n  of an ant i -hamster  gamma g l o b u l i n  (AG), was performed by 

ammonium s u l f a t e  p r e c i p i t a t i o n ,  and then  s e p a r a t i o n  on G-200 Sephadex, u s ing  

0.2M Tris-NaC1-HCI b u f f e r  a t  pH 8.0. 

of t h e  a n t i g l o b u l i n  were l a b e l e d  wi th  1251 (New England Nuclear,  Boston, Mass., USA) 

by t h e  n o d i f i e d  chloramine-T method (McConahev and Dickson, 1966). 

A l iquo t s  con ta in ing  1 mg of t h e  7s f r a c t i o n  

The molar 

i od ine :  gamma-globulin r a t i o  was always below 0.25:l. 

suspended i n  RPMI 1640 w i t h  10% FCS and t e s t e d  i n  t h e  i s o t o p i c  a n t i g l o b u l i n  assay 

as desc r ibed  above. 

The 75 f r a c t i o n  was 

S e r a  f o r  d e t e c t i n g  EA are de r ived  from pregnant ,  mu l t ipa rous ,  i nb red  hamsters  

primed on 5 occasions w i t h  1 0  day g e s t a t i o n  hamster embryo cells. 

Exp er imen t a1 D e  s i g n  : 

Four t een  day f e t a l  cells (EA-) i n  primary c u l t u r e  are exposed t o  r a d i a t i o n  

l e v e l s  between 0 R and 150R and i n f e c t e d  w i t h  SV40 v i r u s  (1 PFU/cell). 

cells and non-infected,  non- i r r ad ia t ed  cells  serve as c o n t r o l s .  

Uninfected 

High t i ter  SV40 
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antiserum is added following virus adsorption. 

selected times post-infection (24, 25, and 72 hours post-infection) and target 

Samples plates are washed a t  

cells are harvested by aspiration and exposed t o  either fetal antibody or IgG 

from hyperimmune serum from hamsters immunized against SV40 tumors. Normal serum 

and/or virgin serum serves as control sera. 

highly specific l*%-tagged anti-hamster IgG is added, incubated with target 

cells and washed. The wells are collected as described and scored. Immuno- 

Following adsorption and washing 

fluorescence studies,run in parallel are being conducted as described last year. 

These data reflect the changes in cell surface or plasma membrane indicating 

the unmasking of fetal antigen. Challenge studies with graded doses of these 

cells'reflect relative oncogenic potential of the cell population. 

The U T  results and the fluorescent labeling procedure indicate the 

popuZatwn fraction (estimated number of transformants) which has undergone 

membrane change sufficient to react with test immunoglobulin. Parallel plates 

are overlaid with agar and stained at 12 days post-infection to confirm morphologic 

transformation and relative frequency by this standard procedure. 

Titrations of radiation dose, cell target levels transformation frequency 

and other parameters are nearly completed. 

approach is to deternine how early EA expression is noted and how the quantitative 

distribution of EA correlates with transformation frequency in the sample 

population. 

acid synthesis, eg.) will subsequently be correlated with the  expression of EA. 

The ultimate application of this 

Biochemical changes in the transforming cell population (sialic 

1 0 3 4 0 2 3  
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I n  a d d i t i o n ,  t h i s  c o n t r a c t  s u p p o r t s  two p r e d o c t o r a l  t r a i n e e s ,  who devote  

t h e i r  full r e s e a r c h  time t o  t h e  o b j e c t i v e s  of t h i s  proposal .  

a s s i s t a n t s h i p s  are  he ld  by Cleo Babeley and Korin Hearne. 

7. Other Personnel. 

Cur ren t  A.E.C. 

2 Laboratory Aides - Dennis Ragsdale - 50% t i m e  

Barbara Bellomy - 50% t i m e  

8. Other F i n a n c k l  Assistance:  

A.E.C. a lone  sponsors  o u r  s t u d y  of v i r u s  t r ans fo rma t ion  d e s c r i b e d  here.  

We cannot over emphasize t h e  importance of cont inued A.E.C. suppor t  a t  t h i s  

c r i t i ca l  phase of our  r e sea rch .  N.C. I .  suppor t  l i s t e d  below cannot  b e  used t o  

fund b a s i c  r e sea rch  as d e s c r i b e d  h e r e ,  

i n  t h i s  r e sea rch  only i f  t h i s  A.E.C. c o n t r a c t  is i n  f o r c e  as a c o l l a b o r a t i v e  

The above pe r sonne l  are  pe rmi t t ed  t o  assist 

venture.  

A new c o n t r a c t  w i t h  Union Carbide (MAN Program) under s u b c o n t r a c t  No. 3379 

t o  s tudy "Immune React ions i n  Virus-Induced Tumor Reject ion" has  been i n  progress  

s i n c e  J u l y ,  1970 and is  funded a t  t h e  p re sen t  l e v e l  of $143,000 p e r  year .  This  

program is sponsored by t h e  N a t i o n a l  Cancer I n s t i t u t e  as a segment of c o n t r a c t  

CP 73-210 which is t e rmina t ing  a t  O W  e f f e c t i v e  J u l y ,  1974. The o b j e c t i v e s  of 

t h i s  r e sea rch  are t o  develop immunotherapeutic t echn iques  f o r  c o n t r o l l i n g  human 

cancer.  H.C.I. funds cannot b e  used,  t o  perform t h e s e  b a s i c  s t u d i e s  s i n c e  they 

are no t  d i r e c t l y  mission o r i e n t e d  p r o j e c t s .  

The Un ive r s i ty  p rov ides  $1500 i n  s u p p l i e s  and services t o  t h e  A.E.C. p r o j e c t .  

9 .  Premises, Facil i t ies ,  E q u i p m e n t ,  and M a t e e h .  

- 
h 
W Department of Microbiology, U n i v e r s i t y  of Tennessee,  Knoxvil le ,  c o n s i s t s  of 
f 

The Virology-Immunology Labora to ry  a v a i l a b l e  for  this p r o j e c t  i n  t h e  

t h r e e  contiguous,  l a r g e  l a b o r a t o r i e s  occupying some 3500 s q u a r e  f e e t  of u seab le  u 
space. I n  a d d i t i o n ,  1,200 s q u a r e  feet of suppor t  space (washroom, prep. area, 

s t o r a g e ,  etc.) is  a v a i l a b l e .  Animal f a c i l i t i e s  have been upgraded and a l l  hamsters 
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In a d d i t i o n ,  t h i s  c o n t r a c t  suppor t s  two p redoc to ra l  t r a i n e e s ,  who devote 

t h e i r  f u l l  r e sea rch  t i m e  t o  t h e  o b j e c t i v e s  o f  t h i s  proposal.  Curren t  A.E.C. 
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Barbara Bellomy - ' S O X  time 

8. Other FinunckrZ Assistance: 

A.E.C.  a lone  sponsors  our  s tudy  of v i r u s  t ransformat ion  desc r ibed  here.  

We cannot  over  emphasize t h e  importance of cont inued A.E.C.  suppor t  a t  t h i s  

c r i t i c a l  phase of  ou r  research .  

fund b a s i c  r e sea rch  as  descr ibed  he re .  

N.C. I .  suppor t  l i s t e d  below cannot  b e  used t o  

The above personnel are permi t ted  t o  assist 

i n  t h i s  r e sea rch  on ly  i f  t h i s  A.E.C. c o n t r a c t  i s  i n  force  as a c o l l a b o r a t i v e  

venture .  

A new c o n t r a c t  w i th  Union Carbide (MAN Program) under subcon t rac t  No. 3379 

t o  s tudy  "Immune Reac t ions  i n  Virus-Induced Tunor Rejection" has  been in progress  

s i n c e  J u l y ,  1970 and is funded a t  t h e  p r e s e n t  level of $143,000 p e r  year .  

program i s  sponsored by t h e  Na t iona l  Cancer I n s t i t u t e  a s  a segment of con t r ac t  

CP 73-210 which is t e rmina t ing  a t  ORNL e f f e c t i v e  Ju ly ,  1974. The o b j e c t i v e s  of 

this r e sea rch  are t o  develop immunotherapeutic techniques f o r  c o n t r o l l i n g  human 

cancer ,  N.C.I .  f unds  cannot  b e  used,  t o  perform these  basic s t u d i e s  s i n c e  they 

- .  are no t  d i r e c t l y  miss ion  o r i en ted  p r o j e c t s .  

This  

The Un ive r s i ty  provides  $1500 i n  s u p p l i e s  and s e r v i c e s  t o  the A.E.C. p r o j e c t .  

9 .  ~ e ? m k e s ,  Fatdt i t ies ,  Equipment, ond M a t e h t s .  

The Virology-Immunology Labora tory  a v a i l a b l e  for t h i s  p r o j e c t  i n  t h e  - 
A 
w 
E 
u 
W 

Department of I f icrobiology,  Un ive r s i ty  of Tenn'essee, Knoxville,  c o n s i s t s  of 

t h r e e  cont iguous,  l a r g e  l a b o r a t o r i e s  occupying some 3500 squa re  f e e t  of  useable  

space.  I n  a d d i t i o n ,  1 ,200 squa re  feet  of suppor t  space (washroom, prep. area, 

s t o r a g e ,  e t c . )  is  a v a i l a b l e .  

- 
Animal f a c i l i t i e s  have been upgraded and a l l  hamsters 
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. are  kept  in two cmtainmerrt unit: separa ted  completely from o t h e r  rodents  

A separate animal holding room (500 square  f e e t )  is (1,500 square  f e e t ) .  

a v a i l a b l e  f o r  b reed ing  the  l a r g e  numbers of pregnant hamsters needed for 

f e t a l  t issue.  

provide  s u f f i c i e n t  inbred hamsters or  mice on a time-mated b a s i s ,  hence w e  

breed our own animals  a t  a cons iderable  c o s t  savings.  

The l a r g e s t  s u p p l i e r  of pregnant rodents  i n  t h e  country cannot 

We c u r r e n t l y  have space 
r, 

t o  accomodate 6-7,000 hamsters i n  nm f a c i l i t i e s  and some 3-500 breeders .  Mice 

w i l l  be housed a t  Oak Ridge Nat iona l  Laboratory i n  exce l l en t  b a r r i e r  f a c i l i t i e s  

made a v a i l a b l e  through the Molecular Anatomy Program, ORNL, on a "pay as needed 

basis". 

We have e x c e l l e n t  t i s s u e  c u l t u r e  f a c i l i t i e s  conta in ing  some 60 l i n e a r  f e e t  

of Laminar flow work s u r f a c e  i n  e i g h t  u n i t s ,  walk-in incubators  and e s s e n t i a l  

cold s t o r a g e  and f r e e z e r  space. 

t h e  work inc lud ing  Cytof luorograf ,  Cytograf ,  s c i n t i l l a t i o n  sys t ems ,  p repa ra t ive  

All major items of equipment for conducting 

u l t r a - c e n t r i f u g e s  

f ac i l i t i e s  o r  equipment we r e q u i r e  from t h e  Molecular Anatomy Program are 

a v a i l a b l e  t o  our  personnel  on a con t inu ing  bas i s .  

assembl ies  for  l a r g e  s c a l e  t i s s u e  product ion ,  purchased under the  previous 

In te ragency  agreement (AEC-NCI) are a v a i l a b l e .  

and t h e  l i k e  are a v a i l a b l e  i n  our own l abora tory .  Addi t iona l  

T i s s u e  c u l t u r e  r o l l e r  

1034032 
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. . .* 

10. COST ESTIMATE 

BUDGET, 

f&, 1974 tov s, 1975 

AEC Contract AT- (40-1) 3646 

Estimated Requirements 

1. Salaries and Wages 

Principal Investigator - 15% time 
2 Graduate Students - 50% tine 
Fringe Benefits 

2. Equipment 

Animal Holding Equipment 

3. Travel 

4. Other Direct Costs 

Supplies 
Publicat ions 
Other 

5.  Indirect Costs 

64.32 of $6,637.00 

Total Project Costs 

Ninth Year 

$6,854.00 $6,854.00 

Eighth Year 

N/C N/C 
6,637.00 6,637.00 
217.00 217.00 

$3,760.00 $3,760.00 

3,760.00 3,760.00 

$1,000.00 $1,000.00 

$16,220.00 $18,220.00 

11 , 043.00 13,043.00 
240.00 240.00 

4,937.00 4,937.00 

$4,268.00 $4,268.00 

$32,102.00 $34,102.00 

Principal Investigator agrees to spend 15% of academic year on project and the 
University agrees to cost share in accordance with their normal policy. 

I O 3 4 0 3 3  
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11. Authentication 

Principal Investigator 

For The University 

1034034 

Hilton A. Smith, Ph.D. 
Vice Chancellor for Graduate Studies 
and Research 

... 
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