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CL1 

~ n c l o s e d  for your consldetatqon am SIX copies of the subject research 
ptvposrl, prepared by the DOE'S Oak Ridge HitloRaI lrborrtorjr (ORHL), 
A l s o  enclosed 8re a~ axtcutad 6rrnt  C e r t l f l c l t l m  rnd bn executed Cost 
Sharlng Agrtemnt I n  the foraat of HEU fom 480. The research objectlre 
will be t e  dcrrtw e serler o f  arrays, uslrrg h w n  tttrtoru cells for 
the l d t n t i t i u t l o n  o f  chsaiul crrclnogent whlch m y  l a l t t i t e  or ptoaotc 
tr;crot famation I n  oxper lnnta l  rnia.alt and humans;. 

The pto~orrl requests 8 ftvc-year perioC of pcrfomncc b e g l n n l y  
Cctobtr  1, 1921, 
S l 9 , S G C  for  d l n c t  carts. 

Your favorable considerrtion of the rtoposrl should be reflect@ i n  a 
fupdln;  authorization t o  thlr of f ice .  
C I - . t  t c  ptocee$ b l t h  the rcsr'brth 7rc:cct. 
rccanpllrhed by StrnCl td  Fore! lO&l t o  relcbune the DOE appvoprlrtioo 
for rcturl  cost incurrtd. 

The l n l t l a t  twelve mnth fundlnr; r l t l  rqufre 

Upon Its n c c l p t ,  we r?ll authcrizt 
" c r , t ~ l ~ -  till1n;s r117 
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Cer t i f ica t ion  Required by PHS: 7-515-40B 

f o r  

Chemical Mutagenesis and  Differentiation i n  Human Cells 

To Be Performed By 

The Department of Energy's Oak Ridge National Laboratory 

I c e r t i fy  that:  

1 .  The Department of Energy has the s t a t u t o r y  authority t o  carry 
out the research s tudy  s e t  forth i n  the proposal fo r  the research 
project w i t h  the above t i t l e .  

2.  The Department of Energy will be legal ly ,  f inancial ly  a n d  . 
administratively responsible for the conduct o f  the research 
project w i t h  the above t i t l e  i f  a research g r a n t  i s  awarded 
to  Oak  Ridge Operations o f  the Department of Energy f o r  th i s  
purpose. 

3 .  Or. William R .  B i b b ,  Director, Research Division, Oak Ridge 
Operations, i s  delegated by me t o  administer the g r a n t  for 
the Department o f  Energy. 

w n a g e r  
Oak Ridge  Opera t i  ons 
Department o f  Energy 
OCT 2 3 1980 
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OAK RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

OFFICE OF THE DIRECTOR 

POST OFFICE BOX X 

OAK RIDGE, TENNESSEE 37830 

October 22, 1980 

Department of Energy 
Oak Ridge Operat ions 
A t t e n t i o n :  Mr. J. A. Lenhard, A s s i s t a n t  Manager 

Pos t  O f f i c e  Box E 
Oak Ridge, Tennessee 37830 

f o r  Energy Research and Development 

Gentlemen: 

Research Grant  Proposal t o  the  N I H  (DOE 40-1141-80), "Chemical Mutagenesis 
and D i f f e r e n t i a t i o n  i n  Human Cells" 

Enclosed f o r  your review and approval  i s  a r e s e a r c h  g ran t  proposal being 
submi t t ed  t o  t h e  Nat ional  I n s t i t u t e s  of Health.  The proposal  r eques t s  a 
f ive-year  pe r iod  of performance beginning October  1 ,  1981, and a t o t a l  
d i r e c t  funding of $994,550. The i n i t i a l  twelve-month funding will r e q u i r e  
$169,500 p l u s  i n d i r e c t  c o s t s  of approx ima te ly  $52,550. 

The r e s e a r c h  o b j e c t i v e  w i l l  be to develop a series of assays, using humn 
teratoma ce l l s  f o r  the  i d e n t i f i c a t i o n  of chemical  carcinogens which may 
i n i t i a t e  o r  promote tumor formation i n  expe r imen ta l  animals and hunrans. 

The fo l lowing  information i s  provided t o  a s s i s t  i n  your review and approval 
of t h i s  proposal :  

a. Th i s  r e sea rch  e f f o r t  i s  desc r ibed  i n  t h e  approved ORNL 
I n s t i t u t i o n a l  Plan on page 52, 'Work for Others (Excluding NRC)." 
The personnel  r equ i r ed  f o r  t h i s  r e s e a r c h  are included i n  the  direct 
FTE's i n  the  "Sumary of Resources" on page 53. 

b. E. Huberman w i l l  serve as t h e  p r i n c i p a l  i n v e s t i g a t o r  devoting 25% 
of h i s  e f f o r t  t o  t h i s  r e sea rch .  Dr. Huberman's remaining e f f o r t  
w i l l  be d i s t r i b u t e d  as fo l lows :  252 t o  N C I  (40-1142-80) and 50% t o  
€PA( 40-740-78). 

c. E x i s t i n g  space and r e sources  are a v a i l a b l e  t o  conduct t h i s  r e sea rch  
wi thou t  i n t e r f e r i n g  wi th  e x i s t i n g  DOE e f f o r t s .  \ 

'\ 



DOE, Mr. J. A. Imnhard 2 October  2 2 ,  1980 

d. This r e sea rch  w l l l  s e r v e  t h e  DOE r e l a t e d  o b j e c t i v e s  i n  A c t i v i t y  
HA 0 2  02 01 0, "Health E f f e c t s  Research i n  Biomedical Systems - 
Carcinogenesis .  " Based upon t h i s  programmatic r e l a t i o n ,  i t  is 
r eques t ed  t h a t  t h i s  r e s e a r c h  be conducted on an a c t u a l  c o s t  b a s i s ,  
d e p r e c i a t i o n  and DOE added c o s t  f a c t o r  waived. 

After your approval  and approval  of t h e  O f f i c e  of Hea l th  and Environmental  
Research,  p l e a s e  forward six ( 6 )  cop ie s  t o  the  D i v i s i o n  of Research 
Grants ,  Nat ional  I n s t i t u t e s  of Hea l th ,  Bethesda, Maryland 20205. 

I f  you have any q u e s t i o n s  concerning t h i s  p r o p o s a l ,  p l e a s e  c o n t a c t  
C. R Richmond, a t .  4-4332. 

S i n c e r e l y  yours ,  
n 

HP:TV:egp 

Enc losu re  

cc: J. E. Carr W. R Ragland 
R. J. M. Fry C. R Richmond 
R. A. Griesemer F i l e  - RC 

E. Huberman 
J. N. Yladdox, DOE-GTN 

R. F. Hibbs 



I l l  

FOLlU APPROVED 
0 W 8 .  N O  68-RO249 

D E P A R T M E N T  O F  H E A L T H ,  EDUCATION, AND WELFARE 
P U B L I C  H E A L T H  SERVICE 

L E A V E  BLANK 
1 NUMBER 

I 
T Y P E  A C T I V I T Y  

GRANT APPLICATION 
I 

REVIEW GROUP F O  RM E R LY  

COUNCIL,BOARD (Month, ycorJ 

FOLLOW INSTRUCTIONS CAREFULLY 

3. PRINCIPAL I N V E S T l t A T O R / P R O C R A M  D I R E C T O R  

D A T E  R E C E I V E D  

30. N A M E  ILost, first, mrddrJ 

3 ~ .  MAILING ADDRESS (Srrw,  city, s t d q  zfp codd 

3b. SOCIAL SECURITY N U M B E R  

Hubeman, Eliezer 
13d.  POSITION T I T L E  

31. T E L E P H O N E  (Ar ro  a r d c  nunbw m d  extonsion) 

6 15-5 74 -0698 
4. H U M A N  SUBJECTS, D E R I V E D  M A T E R I A L S  OR D A T A  I N V O L V E D  

r n N 0  YES 111 "YES," lorn HEW 596 r r p u i d J  

Oak Ridge National Laboratory 
Biology Division 
P. 0. Box Y 
Oak Ridge, TN 37830 

39. MAJOR SUBDIVISION 

None 
5. RECOMBINANT DNA RESEARCH SUBJECT TO N l H  GUIDELINES 

N O  YES 

Group Leader, Carcinogenesis Program 

7. T O T A L  D I R E C T  COSTS RE-  
OUESTED F O R  PROJECT 
PERIOD (frwn pope Y 

30. DEPARTMENT,  SERVICE, L A B O R A T O R Y  OR E Q U I V A L E N T  

Biology Division 

8. D I R E C T  COSTS REQUESTED FOR 
FIRST 12440NTH B U D G E T  
PERIOD ffmm p o p .  4 

SIGNATURE O F  PERSON NAMED I N  30 fln ink. 
"Per" signature mt o c c w t a b l d  

DATE 

I s 994,550 I s 169,500 
9. PERFORMANCE SITES (Olponizotions ond o d d r r s s r d  I IO. INVENTIONS (~or rpet ing  eontinuation cpplicotion only) 

Biology Division 
Oak Ridge National Laboratory 
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

12. ORGANIZATIONAL COMPONENT T D  R E C E I V E  CREDIT FOR 
I N S T I T U T I O N A L  GRANT IS- instructions) 

Code Doscriptlon: 

IS. O F F I C I A L  IN BUSINESS O F F I C E  T O  B E  N O T I F I E D  I F  AN 
A W A R D  I S  MADE ( N a m ,  tirlq oddress a d  t d w h o n o  numbrr.1 

William R. Bibb 
Director, Research Division 
Department of Energy - Oak J:idge, Tennessee 37830 

0 FTS 626-0727; (615) 576-0727 
2 

17. PRINCIPAL INVESTlGATORz PROGRAM DIRECTOR ASSURANCE: I 09- 
to occept reaponsibilitr for the aclmtific conduct of h e  proloct ond to po- 
vido che roquirod popress repons i f  o q a t  i s  orordod os o result ol h i s  c33 

,J opplicotion. 

F3 
18. CERTIFICATION AND ACCEPTANCE: I Cor t i11  h o t  the stowmmts hemin 

ore two ond complen to the b s t  of my knowlodge, a d  occept the obligo- 
tion to comply rilh Public Hwlrh Service tams a d  conditions i f  o gront 
i s  oworded oa the result of chis opplicotion. A w i l l f u l l y  folre certilicotion 
i s  o criminol o f f m r r  (U.S. Code, Tit le 18, kct ion 1001.) 

Were ony inventlonr concoived or reduced to practice durlnp tho course 
o f  the project? 

0 YES - Previously reported N O  

YES - Not previourly roportod 

I 
11. A P P L I C A N T  O R G A N I Z A T I O N  (Name, oddrrss, a d  c o n p r r r s i o n d  

district)  

Oak Ridge National Laboratory 
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

I 

SIGNA N R E  O F  PERSON NAMED IN 16 ( In  ink. I DATE 

PHS-398 
Rev. lOn9 



PRlNCl PAL lNVESflCATOR/PROGRAM DIRECTUR.  El l ezer  Hube man 

DETACH AND CLIP TO THE SIGNED FACE PAGE OF THE APPLICATION 

PERSONAL DATA ON 

PRINCIPAL INVESTIGATORIPROGRAM DIRECTOR 

The Public Health Service has a continuing commitment to monitoring the operation of i t s  review and 
oward processes to detect-and cbal appropriately with-any instances of  real or apparent inequities 
wi th respect to age, sex, race, or ethnicity of the proposed principal investigator/program director. 

To provide the PHS with the information i t  needs for th i s  important task, the principal investigator/ 
program director i s  requested to complete the form below and attoch o single copy to the signed face 
page of the application. 

'# 

Upon receipt and assignment of the application by the PHS, this form w i l l  be detached from the applica- 
tion. I t  w i l l  NOT be duplicated and w i l l  NOT k o part of the review process. Data w i l l  be confidential, 
ond w i l l  be maintained in Privacy Act record system 09-250036, "Grants: IMPAC (Grant Contract In- 
formation)." A l l  onalyser conducted on the data w i l l  report aggregate stat ist ical findings only and w i l l  
not identify individuols. 

If you decline to provide this information, it w i l l  in no way affect consideration of  your application. 

Your cooperation wi I I be appreciated. 

Sex: Female Male 

Roce and/or Ethnic Origin: 

Chock on.: 0 American Indian or Alaskan Native 

0 Asian or Pacif ic Islander 

Block, not of  Hispanic origin 

0 Hispanic 

White, not of Hispanic origin 

NOTE: The category h a t  most closely ref lects the individual's recognition i n  the community should be 
used for purposes of reporting mixed racial and/or ethnic origins. Definit ions are on the bock of 
form. 



LL i 8 L A N K  

P R O J E C T  N U M B E R  

DEPARTYEMT OF HEALTH. E 4TlOH. AND W E L F A R t  
PUBLIC HEALT, .  A R V I C E  

ABSTRACT OF RESEARCH PLAN 

N A M E  A N D  ADDRESS OF A P P L I C A N T  O R G A N I Z A T I O N  ( S ~ O  OS It- 11, pop. 1 )  
Oak Ridge National Laboratory, P. 0. Box Y, Oak Ridge, Tennessee 37830 

T I T L E  OF A P P L I C A T I O N  ( S a c  os Itom 1, pope 1) 
Chemical mutagenesis and differentiation in human cells. 

Name, T ~ t l a  ond Deportment of  0 1 1  professional personnel engaged on protect, beginnanp w i t h  Prtncepal Inresttgotor.  Proprom D ~ ~ O C I O ~  

Eliezer Huberman, Group Leader, Cancer & Toxicology Program, Biology Division 
Bruce S. Hass, Research Associate, Cancer & Toxicology Program, Biology Division 
Carol A .  Jones, Research Associate, Cancer & Toxicology Program, Biology Division 

ABSTRACT OF RESEARCH P L A N .  
tho sc ient i f ic  dtScip1in.s Involved and the hrolth-relatedness of the protect. The obrtroct should be ~ ~ I f - c o n t o i n e d  so thot i t  can s m i i e  a s  o succinct 
and aCeUrate doscription of tho applicotion when seporoted from I t .  D O  NOT E X C E E D  THE SPACE P R O V I D E D .  

Concisely descrlbo tho opplicotion's Dpocltlc oimr, methodology and long-term ob~oct ives,  moktng ref.rence to 

rJe propose, by using an epithelial human teratoma cell line (P3), to develop a set of 
systems for the study of environmental chemicals which may initiate and/or promote 
tumor formation. 
a )  The human P3 cells will be incorporated as target cells for mutagenesis studies. 
Resistance to 6-thioguanine and ouabain will serve as the genetic marker. Since P3 
cells do not metabolically activate many chemical carcinogens, we shall supplement th- 
required metabolism by cocultivating the P3 cells in a cell-mediated assay with primary 
rodent hepatocytes or human BY-015 carcinoma cells. 
resistant to the cytotoxic effect of various carcinogens/mutagens including N-methyl-N- 
nitro-N-nitrosoguanidine. These cells will be analyzed for their susceptibility to 
mutagenesis and for alterations in DNA repair processes by measuring changes in excision 
and post replication repair. c> We shall test tumor promoters, including 
phorbol diesters, for theireffect on production and differentiation of embryoid bodies 
in the P3 cultures as well as their effect on plasminogen activator and alkaline 
phosphatase activities. In addition, we shall determine whether they bind to cellular 
receptors in the P3 cells. 
alteration in differentiation characteristics makes these human cells a unique tool f o r  
both the study and identification of environmental chemicals which may initiate and/or 
promote tumor formation. 

To accomplish this we s h a l l  undertake the following approaches: 

b) We shall isolate P3 cells 

The susceptibility of the P3 cells to mutagenesis and 

L A B O R A T O R Y  ANIMALS I N V O L V E D .  Identify by common nomos. I f  none, stote "none" 

rats, hamsters 
PH 3-398 I O 1 8 8 1 4  PAGE 2 
Rov. Ion9 



PRINCIPAL INVESTICATOR/PROGRAM 0 .  ,CTOR: ElieZer Huberman 

T A B L E  O F  C O N T E N T S  

Number poges consecut ively o t  the bottom throughout rhe opplicofion. Do not  use  su f f i xes  such os 
50, 5 6 .  .Type the nome o f  the P r i n c i p o l  Invest igotor /Progrom Director o t  the top o f  eoch p r in ted  poge 
ond eoch cont inuat ion page. 

SECTION 1. PAGE NUMBERS 

Foce Page, Abstract, Table of Contents.. ............................................ 
Detoiled Budget for F i rs t  12 Month Budget Period ..................................... 
Budget Estimates for A l l  Yeors of Support.. .......................................... 
Other Biogrophicol Sketches (Not to exceed two pages for eoch) ......................... 
Other Support. .................................................................... 1 2  
Resources and Environment ........................................................ 

1-3 
4 
5 
6-7 - 
8-11 

Biographical Sketch-Principal Investigotor/Progrom Director (Not to exceed two poges). .... 
- 

SECTION 2. 

Introduction (Excess poges; revised ond supplemental opplicotions) ..................... 
A. Specific A ims  (Not to exceed one poge) ....................................... 
B. Significonce (Not to exceed three pages).. ..................................... 
C. Progress Report/Preliminory Studies (M to exceed eight pages) ................. 
D. Methods ................................................................... 
E. Humon Subiects, Derived Moterials or Data ..................................... 
F. Loborotory Animals ......................................................... 
G. Consultants ................................................................ 
H. Consortium Arrangements or Formolized Collaborative Agreements ................ 
I. Literature Cited ............................................................ 

Checklist ........................................................................ 

Research Plan 

SECTION 3. Appendix (Six sets) [No poge numbering necessary for Appendix) 

Number of pu bl i cati on s: 
Other items ( l is t ) :  

Number of manuscripts: 

Application Receipt Record, form PHS 3830 
Form HEW 596 i f  Item 4, poge 1, i s  checked "YES" 

1 4  
14 

PAGE 3 t 0 1 8 8 1 5  P H 5.398 
Rev. 10/79 



FROM . DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 
- 10/1/81 

T H  ROU CH 

913 

iezer Huberman I P I . .  - _ _ .  .. .-_.. 

Bruce S. Hass IResearch Associate I 7 5  1 30 I 36,000 I 7 ,  

?E?sONNEL ! *ppl tcont  oqonrrotlon odrl  (5.. inrtructrond TIME ’EFFORT 

. Hours p.. ’ 
W-.k NAME I TITLE OF POSITION , I I I I _. 

E ,.I.. e m  I I*”._. 1, nqtg, [ 2 5  I 10 I 13,000 1 2,590 
7 70 

Carol A. Jones [Research Associate 2 5  I 10 I 12,000 1 2.590 

- 

I 1 1 I I 

FRINGE * * BENEFITS 

! I 

Catherine A .  McKeown 100 
Michael F. Callaham 50 

SUBTOTALS I 
CONSULTANT COSTS (5- ins t rua ia . )  

I I 

40 30,200 6,500 
20 15,100 3,250 

SUPZLI ES ( I t m i z .  by cotrgoy)  

Chemical & biochemicals 3,000 Utilities (1200 sq. ft. to be 
Cell culture glass & plasticware 9,400 used for this project) 15,600 
Cell culture serum & medium 4,500 Maintenance 3,000 
Rad io c hemi c a Is 2,000 
Animals 500 

T R A V E L  
DOME STI C 
F 0 RE I CN 

IN PA TI E N 1  

OUTPATIENT 
SATIENT CARE COSTS 

 ALTERATION^ AND RENOVATIONS (fr.mir. CC#D~OVJ 

CONTRACTUAL 
OR IS.. 

THIRD PARTY instructiond 
COSTS 

3 T P E R  EXPENSES (Itemize by catcgoy)  

Animal care 400 Reprints 500 
Art work 400 
Page charge 600 
Books 100 

TOTAL DIRECT COSTS ( A b  mtv on peg. 1 ,  it- 6) t 

PHS.398 1 0 1 8 8  i b  PAGE 4 
R.w. I o n 9  

~ 

T O T A L S *  

14,590 
43.770 
14.590 

36,700 
18  , 350 

e uniform 
e uniform 
if ic 
ision 

128 .OOO 

38,000 
1.500 

2 .ooo 

369,500 



1 s t  BUDGET 
PEQIOD 

( fmm p 0 9 * 4 )  

* 
BUZ’rET CATEGORY 

T O T A L S  

P E a j Z \ \ E L  ‘ S d o r y  a d  
f?‘rq. k”.fItl.l 
[ b p l r : r r  orponixdion only) 128,000 

CONSU-TANT COSTS - 
- 

EOUI PM EN T 

SUPPLIES 38,000 

DOM ESTlC 1,500 
TRAVE, I FOREIGN 

I 
PATIEKT INPATIENT 

CARE 

OUTPATIENT 

A L T E ~ A T I O N S  AND 
RENC v A TI ONS 

CONiRLCTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 2,000 

TOTAL 2IRECT COSTS 
169,500 

I 

A D D I T I O N A L  Y E A R S  S U P P O R T  REQUESTED 

I 4th 5lk 

I 
2nd I 3rd 

I 

138,250 149,300 161,250 174,150 

! 

41,050 1 44,350 47,900 51,750 

1,650 1,800 1,950 2,100 

i 

2,150 2,300 2,450 2,650 

183,100 197,750 213,550 230,650 

TOTAL =0;2 E Y T I R F  PROPOSED PROJECT PERIOD (Also -tor on pope 1, r t m  7; --+ 

*The stated numbers do not represent the actual specific salaries. ORNL uses the uniform 
accounting system recommended by the Federal Cost Accounting Standards Board. 
accounting system incorporates cost collect centers which are built around scientific 
and technical people performing similar research. Fringe benefits (~28%) and Division 
Administration (~30%) are calculated on the average cost collect center rates for 
scientific and technical assistance. 

The uniform 

f 
994,550 

PHS-396 
Rev. IO 79 1 0 1 8 8 1 1  PAGE 5 



Eliczp- Huberman 
PRINCIPAL ESTICATOR PROGRAM D I R E C T O R  

Blot R A  PH ICA L SKETCH 

G i v e  the following information for k e y  professionol personnel l i s ted  on poge 2, beginning w i t h  h e  
Prioclpal  Investigator, Progrom Director. Photocopy t h i s  page for each person. 

S A M E  T I T L E  81 R T H O  A 7 E (MO.. Dq, YI. i 

1 Group Leader .. 2ubel-m. Eliezer 
E D U C A T I O N  (Begtn -;th boccoloureotc trorning ond include portdoctordf  

DECREE Y E A R  FIELD O F  STUDY 
CONFERRED INSTITUTION AND LOCATION 

RESEA;ICH A N D .  02 PROFESSIONAL E X P E R I E N C E :  

on:., and hanors. Inclvdo prosont momborship on any Fodorol Govommont Publ ic  Advisory Commitcoo. List ,  in chronologicol ordor, tho titles and 
capploto ro1or.nc.s to rocont roprmsontotivo publications, orpociol ly  thoso most portinon? to this opplicotion. Do not  o ~ c o o d  2 papas. 

Concludinq wi*h proson? position, l i s t  in chronoloqicol ordor provioua omploymont, oxpori- 

1968 
1969-1971 

1971 
197 1-19 73 
19 7 3-1976 
19 76 -19 80 
1978-1981 

19 79-1980 

19 7 9 - 19 8 1 
1930- 

1976-pres. 

Visiting Associate, Etiology Branch, National Cnacer Institute, Bethesda, MD. 
Postdoctorate (International Agency for Research on Cancer, WHO Fellowship) 
YcArdle Laboratory for Cancer Research, University of Wisconsin, Xadison, WI. 
Visiting Scientist, Etiology Branch, National Cancer Institute, Bethesda, MD. 
Scientist, Weitzmann Institute, Rehovot, Israel. 
Senior Scientist, Weittmann Institute, Rehovot, Israel. 
Associate Professor, Weitzmann Institute, Rehovot, Israel. 
?Iember of the National Cancer Institute's Cause and Prevention Scientific 
Review Committee. 
Chairman of the Environmental Protection Agency's "Gene-lox" Committee on 
Specific Gene Mutation in V79 cells. 
?!ember of the National Academy of Sciences' Committee on Chemical Environ- 
mental Mutagens. 
?Iember of the Editorial Board of Teratogenesis, Carcinogenesis, and 
?!utagenesis. 
Group Leader, Carcinogenesis Program, Biology Division, Oak Ridge Xational 
Laboratory. 

3e~resencailv~ Publications Relevant to the Project : 

1. 

2 .  

3 .  

L. 

5 .  

6. 

Hubeman, E. and Fogel, M. Activation of carcinogenic polycyclic hydrocarbons in 
polpoaa-virus-transformed cells as a prerequisite for polyoma virus induction. 
Lnt. J. Cancer 15: 91-98, 1975. 
Hubeman, E. anrSachs, L. 
by metabolically activated chemical carcinogens. Proc. Natl. Acad. Sci. USA 73: 

Hubernan, E., Sachs, L., Yang, S .  K., and Gelboin, H. V. Identification of the 
nutagenic metabolites of benzo(a)pyrene in mammalian cells. Proc. Natl. Acad. Sci. 

Hubeman, E., Yamasaki, H., and Sachs, L. Independent regulation of t w o  types of 
aryl hydrocarbon [benzo(a)pyrene] hydroxylase in mammalian cells. Int. J. Cancer 

Hubenan, E., Mager, R., and Sachs, L. Mutagenesis and transformation of normal 
cells b y  chemical carcinogens. Nature 264: 360-361, 1976. 
Hubernan, E. and Sachs, L. DXA binding and its relationship to carcinogenesis by 
different polycyclic hydrocarbons. Int. J. Cancer - 19: 122-127,  1977. 

Mutability of different genetic loci in mammalian cells 
- 

188-192, 1976. 

USA 73: 607-611, 1976. -- 

- 18: 76-83, 1976. 

- 
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c: 
I .  

. - .  

9. 

11. 

12. 

13.  

15. 

15. 

16. 

.-  
- I .  

19. 

20 a 

' 3  --. 

'fiubep-an, E. V i - , l  antigen induction and mutabi- cy of different genetic loci 
5:: Eetabolically activated carcinogenic polycyclic hydrocarbons in cultured 
-alian c e l l s .  In: The Origins of Human Cancer, H. H. Hiatt, J. D. Watson 
and J. A .  Winsten, Eds., Uol. 4 ,  Cold Spring Harbor Conferences on Cell 
?rJliieration, pp. 1521-1535, 1977. 
Ya:aszki, H., Hubeman, E., and Sachs, L. Metabolism of the carcinogenic hydro- 
carbcn benzo(a)pyrene in human fibroblast and epithelial cells. II,,, Differences 
ir. n2tabolism to uater soluble products and aryl-hydrocarbon hydroxylase activity. 
Inc. J. Cancer - 19: 378-383, 1977. 
Langenbach, R., Freed, H. Y., and Huberman, E. Liver-mediated mutagenesis of - 
-,malian cells uith hepato Farcino ens. Proc. Xatl. Acad. Sci. 75: 2864-2867, 
1978. 
H u b e m n ,  E. Mutagenesis and cell transformation of mammalian cells in culture 
by chemical carcinogens. 
bngenbach, R., Freed, H. Y., Raveh, D., and Huberman, E. 
metabolic activation of the carcinogens aflatoxin B1 and benzo(a)pyrene to 
mammnlian cells in culture. Nature - 275: 277-280, 1978. 
H u b e m ,  E., Chou, M. W., and Yang, S. Identification of 7,12-dimethylbenz(a)- 
azthracene metabolites that lead to mutagenesis in mammalian cells. Proc. Natl. 
Xcad. Sci. USA 76: 862-866, 1979. 
Hubenan, E. anFCallaham, M. 
pronyelocytic leukemia cells by tumor-promoting agents. Proc. Natl. Acad. Sci. 
- 74 : 
Hubenan, E., Heckman, C . ,  and Langenbach, R. Stimulation of differentiated 
functions in human melanoma cells by tumor-promoting agents and dimethyl 
sulfoxide. Cancer Res. 39: 2618-2624, 1979. 
Langenbach, R., Malick, fIT, Tompa, A . ,  Kuszynski, C., Freed, H., and Huberman, E. 
?kintenance of functional adult rat hepatocytes on C3H/lOT1/2 cells. Cancer Res. 
- 39 : 3509-3514, 1979. 
Janes, C. and Huberman, E. A sensitive hepatocyte-mediated assay for the 
retabolism of nitrosamines to mutagens for mammalian cells. 

Cabo:, Y. C., Welsch, C. J., Callaham, N. F. and Huberman, E. Alterations in 
lipii metabolism induced by 12-0-tetradecanoylphorbol-13-acetate in differentiating 
hunar? myeloid leukemia cells. Cancer Res. 4 0 :  3674-3679, 1980. 
iiass, B., Jones, C. A. and Hubeman, E. 
f o r  identification of potential carcinogens. In: Environmental Carcinogenesis. 
E. E. Olson, Ed., Plenum Press, in press. 
Jones, C. A .  and Huberman, E. The control of mamalian cell mutagenesis and 
6i-ferentiation by chemicals which initiate or promote tumor formation. In: 
Biolcqical Carcinogenesis. Marvin A. Rich and Philip Furmanski, Eds., Marcel 
Dekker, Inc., New York. 
3radley, M. O., Bhuyan, B., Francis, M. C., Langenbach, R., Peterson, A. and 
Hubeman, E. Mutagenesis by chemical agents in 1'79 Chinese hamster cells: A 
reviev and analysis of the literature. Mutation Res., Reviews in Genetic 
Toxicology, in press. 
Friecxan, J. and Huberman, E. Post-replication and the susceptibility of Chinese 
hamster cells to the cytotoxic and mutagenic effect of alkylating agents. 
Satl. Acad. Sci. USA, in press. 
iiuberzan, E., Weeks, C . ,  Herrmann, A., Callaham, 21. and Slaga, T. Alterations 
in palyamine levels induced by phorbol diesters and other agents that promote 
diffzrentiation in human pronyelocytic leukemia cells. Proc. Natl. Acad. Sci., 
in ?ress. 

6 .  - r 

J. Environ. Pathol. Toxico. '2: 29-42, 19 78. 
Cell specificity in 

Induction of terminal differentiation in human 

1293-1297 , 1979. 

Cancer Res. - 40: 
&06-L11, 1980. 

-- Inyitro mammalian and bacterial assays 

Proc. 
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E. zer Huberman P R I N C I P A .  V E S T I C A T O R  ‘PROGRAM D I R E C T O R  

BIOGRAPHICAL SKETCH 

Give the following information for key professional personnel listed on page 2, beginning with the 
Principal  Investigotor,’Program Director. Photocopy this page for eoch person. 

I T I T L E  I B I R T H D A T E  (Ma,Doy,Yr.J 
NAME 1 Research Associate Bruce S .  Hass 

I 

EDUCATION (Begin w i t h  b o c c o l o u r o o t c  t r o r n i n q  and inc lude  pcstdoctoro l )  1 F I E L D  OF STUDY YEAR I D E G R E E  I CONFERRED INSTITUTION AND LOCATION 

I 

1 

RESEARCH A N D / O R  PROFESSIONAL EXPERIENCE: Concluding with proront porltion, list i n  dwonologicol ordor proviour omploymont, oxpori. 
.ne., and honors. Include present momborship on ony Fodorol G o v o m m ~ n t  Publ ic Advisor). Cornmifi*o. L is t ,  i n  chronologicol ordor, tho t i t lor  ond 
c0mpi.t. r*l.r.nc.r to rocont r o p r o r ~ ~ t o t i v o  publicotions, orpociolly thoso m o s t  portinon) to this opplicotion. Do  n o t  oxcood 2 pogor. 

1957 
19 6 3-196 5 
196 5-196 7 

196 7- 1969 
1969-1970 
1971 
1973 
197 4-19 75 

1975-1978 
1977 
19 78-1979 
1979 
19 80 
1979-1980 

Phi Eta Sigma. 
Research Technician, Argonne National Laboratory, Argonne, IL. 
Scientific Associate, Laboratory of Radiation Biology, University of Texas, 
Austin, TX. 
NIH Predoctoral Trainee. 
PHS Fellow 
Robert A. Welch Fellow 
Phi Lambda Upsilon 
Postdoctoral Fellow, Veterinary Toxicology Laboratory, Agricultural 
Research Service (USDA), College Station, TX (Dr. H. Mollenhauer). 
Research Associate, Argonne National Laboratory, Argonne, IL (Dr. R.B. Webb). 
Sigma Xi 
Assistant Microbiologist, Argonne National Laboratory, Argonne, IL. 
Who’s Who in the Midwest. 
New York Academy of Sciences. 
Research Associate, Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, TN 

Recent Representative Publications: 

1. B. Hass. Growth functions, structural properties, and energy transfer in model 
hydrocarbon compounds. 
Ann Arbor, Michigan (1975). 

Dissertation Abstracts 1/7502859, University Microfilm, 

2. B. Hass and H. G. Applegate. The effects of unsubstituted polycyclic aromatic 
hydroxarbons on the growth of Escherichia coli. Chemicao-Biological Interactions 10 : - 
265-268 (1975). 

3 .  B. Hass, T. V. Willoughby, C. N. Morimoto, D. L. Cullen, and E. F. Meyer. The 
solution of the structure of spirodienone by visual packing analysis. Acta 
Crystallographica - B31: 1225-1229 (1975). 

4 .  D. L. Cullen, B. Hass, D. G. Klunk, T. V. Willoughby, C. N. Morimoto, E. F. Meyer, 
G. Farges, and A. Dreiding. Structure solution by visual packing and optimization 
techniques. 
tetraene-3,g-dione. 
H. H. Mollenhauer, B. Hass, D. J. M o d .  
apparatus of rat spermatids. A role for thick cisternae and two classes of coated 
vesicles in acrosome formatioy. 

6 .  H. H. Mollenhauer, D. J. Morre, and B. Hass. 
spermatogenesis revealed by aldehyde fixatives containing tannic acid. 
Ultrastructure Res. 61: 166-171 (1977). 

The crystal and molecular structure of spir0(5,S)undeca-1,4,7,10- 
Acta Crystallographica - B32: 555-561 (1976). 

5. Membrane transformations in Golgi 

J. Micros. Biol: Cell. 27: 33-36 (1976). 
Plasma memzane transformation in 

J. 

PHS-398 
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7 .  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

B. Hass and R. M. Hedges. Energy transfer from the second excited state of 
spirobif luorene. Experientia 34  : 3 2 0 - 3 2 1  (1978). 
B. Hass and R. B. Webb. Photodynamic effects of dyes on bacteria. I. Mutagenesis 
of acridine orange in the dark in excision- and recombination-deficient strains 
of Escherichia coli. Mutation Res. 51: 279-284 ( 1 9 7 8 ) .  
B. Hass and R.  B. Webb. 
- ~ -  

8-MethoxypsGalen effects on survival and repair of 
Escherichia coli after UV irradiation: action spectra. Radiation Res. 80: - - 
170-185 (1979). 
B. Hass and R. B. Webb. Chemical mutagenesis by benzo(a)pyrene in Escherichia coli 
in the absence of any activating agents. Mutation Res. 60: 395-399 (1979). 
B. Hass and R. B. Webb. 111. Mutagenesis 
by acridine orange and 500-nm monochromatic light in repair-deficient strains of 
Escherichia - coli. Mutation Res. 60: 1-11 (1979). 
R. B. Webb, B. Hass, and H. E. KuEtschek. 
bacteria. 11. Genetic effects of broad spectrum visible light in the presence of 
acridine dyes and methylene blue in cheostat cultures of Escherichia coli. 
Mutation Res. 59: 1-13 (1979). 
B. Hass and R . B .  Webb. Photodynamic effects of dyes on bacteria. IV. Lethal 
effects of 460-nm and 500-nm light on DNA proficient- and deficient-strains of 

Photodynamic effects of dyes on bacteria. 

Photodynamic effects of dyes on 

- 

Escherichia - coli in the presence of acridine orange. 
B. Hass and H. E. Kubitschek. Development and application of screening tests for 

Mutation Res. (accepted). 

HYGAS process stream samples : 1978-1979. Argonne National Laboratory-Report 
ANL-BIM, Genetic Toxicology of Coal Gasification Processes, Report No. 1 (1979). 
H. J. Carney and B. S. Hass. Review of short-term screening tests for mutagens, 
toxigens, and carcinogens. Argonne National Lab oratory Report ANL-BIM-79-1 (1979). 
M. J. Peak, B. S. Hass, and S. S. Dornfeld. The Salmonella mutagenesis assay: 
Reproducibility. Mutation Res. (in press). 
B. Hass, E. E. Brooks, K. Schumann, and S. S. Dornfeld. Synergism and antagonism 
in mutagenic responses of Salmonella typhimurium strains TA98 and TAlOO to binary 
mixtures of polycyclic aromatic hydrocarbons. 
E. Huberman, B. Hass, and C. A .  Jones. In vitro mammalian and bacterial assays for 

(submitted). 
-- 

identification of potential carcinogens. In: Environmental Carcinogenesis, 
(R .  E. Olson, ed.) Marcel Dekker, Inc. (in press). 

t 0 1 8 8 8  1 
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PRINCIPAL E S T I C A T O Q  L ROCRAM D I Q E C T O R .  El iez , -  Huberrnan - - 
BIOCRAPtIICAL SKETCH 

Give &e fo l lowing  information for key professional personnel listed on page 2, beginning with the 
Pr inc ipa l  Investigator. Program Direr 'or. Photocopy this poge for eoch person. 

Carol Ann Jones Research Associate 
i -  

EDUCATION (Begin - # f h  b o c c o l o u r c o r c  t r o i n i n g  ond Inc lude  postdocrorol) 
1 I 

R E S E A R C H  AND/OR PROFESSIONAL E X P E R I E N C E :  

one., ond honors. Includo prosont momborship on ony Fodorol Govornmont Publ ic  Advisor). Commit too .  List ,  in chronologicol ordor, h o  t l h a  and 

comp1.t. ,.foronco, to rocont roprosentotivo publicotions, orpociolly thoso most portinont to this opplicotion. Do n o t  ozcood 2 pogos. 

Concluding with proson) posit ion, l i s t  in chronologicol ordor provious omploymont, orpori- 

1971-1972 Research Associate, Ciba-Geigy Ltd., Basel, Switzerland (in -- vivo and 

1973 B.Sc. in biochemistry with 1st class honors. 
19 74 Science Research Council (UK) Ph .D. Research Fellowship. 
1974-1978 Ph.D. Thesis; supervisor, Professor James W. Bridges. Title: Studies 

1977 "Biorex" Postgraduate Prize. 
1978-1980 Postdoctoral research fellowship; supervisor, Dr. Eliezer Huberman 

in vitro drug metabolism studies). -- 

on the metabolic fate of some aromatic compounds in isolated cell systems. 

(development of a sensitive hepatocyte-mediated mutagenesis assay for 
detecting liver carcinogens). 

Recent Representative Publications: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

J. R. Fry, C. A .  Jones, P. GJiebkin, P. Bellemann, and J. W. Bridges. The enzymic 
isolation of adult rat hepatocytes in a functional and viable state. Anal. Biochem. 

P. Wiebkin, C. A. Jones, J. R. Fry, R. K .  Lowing, and J. W. Bridges. The metabolism 
of biphenyl by isolated viable rat hepatocytes. Xenobiotica 6: 725-743, 1976. 
C. A. Jones, B. P. Moore, G. N. Cohen, J.. R. F r y ,  and J. W. Bridges. 
the metabolism of benzo(a1pyrene in isolated rat hepatocytes. Biochem. Pharmacol. 

J. R. Fry, P. Wiebkin, J. Kao, C. A. Jones, J. Gwynn, and J. W. Bridges. A 
comparison of drug metabolizing capability in isolated rat hepatocytes and renal 
tubule fragments. - Xenobiotica 8: 113-130, 1978. 
P. Wiebkin, J. R. Fry, C. A .  Jones, R. K. Lowing, and J. W. Bridges. Biphenyl 
metabolism in isolated rat hepatocytes: Effect of induction and nature of the 
conjugates. Biochem. Pharmacol. _- -- 27: 1899-1907, 1978. 
C. A.  Jones, B. P. Moore, G. N. Cdien, and J. W. Bridges. Netabolism of benzo(a)- 
pyrene to oxidative and conjugative metabolites by isolated mammalian hepatocytes. 
In: P. W. Jones and P. Leber (Eds.), Polynuclear Aromatic Hydrocarbons, - Ann Arbor 
Science, Ann Arbor, Michigan, pp. 581-602, 1979. 
J. Kao, C. A .  Jones, J. R. Fry, and J .  V .  Bridges. Species differences in the 
metabolism of benzoic acid by isolated hepatocytes and kidney tubule fragments. 

- 71: 341-350, 1976. 

Studies on 

27: 693-702, 1978. - 

Life Sciences 23: 1221-1228, 1978. 
R. K. Lowing, J. R. Fry, C. A .  Jones, P. Wiebkin, L. J. King, and J. W. Bridges. 
The early effects of chemical carcinogens on adult rat hepatocytes in primary 
culture. I. Quantitative changes in intracellular enzyme activities following 
a single dose of carcinogen. Chem.-Biol. Interact. - 24: 121-131, 1979. 



9. S .  A .  Jones and -. Huberman. A sensitive hepatocyte-mediated assay f o r  the 
-.etabolisrn of nitrosamines to mutagens f o r  mammalian cells. Cancer - -  Res. 40: 
4 0 6 - k l 1 ,  1980. 

IC. C. A .  Jones, V. C. Dunkel and E. Huberman. The relationship between metabolism 
2 f  nitrcsamines to mutagens for mamnalian cells and liver carcinogenesis. 
? roc .  L-I. Assoc. Cancer Res. 21:  3 0 4 ,  1980. 
3. Hass, C. A .  Jones, and E. Hubeman. 
f o r  identification of potential carcinogens. In: R. E. Olson (Ed), 
Snvironnental Carcinogenesis, Marcel Dekkzr, Inc., N.Y. 

11. -- I n  - vitro mammalian and bacterial assays 

11 



Eliei Huberman 

OTHER SUPPORT 
(USE CONTlNUATlON PACES I F  NECESSARY) 

For each of the professionals named on p a p  2, l ist,  i n  three separate groups: ( 1 )  active support; (2) applications 
pending review and/or funding; (3) applications planned or being prepared for submission. Include gIJ Federal, non- 
Fodmal, ond institutional gront and contract support. I f  none, state “NONE.” For each item give the source of support, 
identi fying number, proiect title, name of principal investigotor/program director, time or percent of effort on the proiect 
by professional named, annual direct costs, and entire period of support. ( I f  part of a larger proiect, provide the t i t les  of 

&e parent grant and the subproject and give the annual direct costs for mch.) Br ief ly describe the contents of eo& 
i- listed. If any of  these overlap, duplicate, or are being replaced or supplemented by the present application, just i fy 
and &lineate the nature and extent of the scienti f ic and budgetary overlaps or boundaries. 

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: 
(1) ACTIVE SUPPORT: 

NCI Y O 1  CP 70222 

Malignant cell transformation and mutagenesis induced by carcinogenic chemicals. 
September 20, 1980 - September 19, 1982. 
Principal Investigator - Eliezer Huberman* (50%) 

The research involves the induction of cell differentiation in myeloid leukemia 
and melanoma cells after treatment with tumor promoters and the induction of 
mutations in Chinese hamster V79 cells after treatment with mutagens and chemical 
carcinogens. 

Total Direct Cost $162,000 

(2) EPA-DOE EPA NO, 72-DX033 

Energy related and environmental research. 
October 1, 1980 - September 30, 1981. 
Principal Investigator - Eliezer Hubeman* (50%) 

The research involves the study of organ specificity using various rat tissues. 

Total Direct Cost $120,000 

*The percent of effort of the P.I. will be adjusted in these two contracts so as 
to accommodate the 25% effort required in the present grant proposal. 

P n Sa98  
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Eliezer Huberman 
PRINCIPAL IHVESfiCATOR/PROCRAM OlREC ,R: 

-- 
RESOURCES AND ENVIRONMENT 

FACILITIES. Mark tho  foc i l i t i os  to bo usod and br iof ly indicoto thoir capacitios, porttnont copobiIitios, ro lot ivo proximity ond 
oxtont of ava i lab i l i t y  to tho proloct. US. "orhor" to doscribo foc i l i t i o r  ot other p w f o r m a ~ ~ c o  a i t o s  I i i t o d  In lrom 9, pogo 1, ond rtt 

si tes for f i o ld  studio&. Using continuation pogos if nocossiry, includo o doscr ip t~on of tho noturo of  on" colloborotion w * t h  othor 
organizations and provido furthor information in tho RESEARCH PLAN. 

Loborotory: 4000 sq. ft. in addition to an animal housiilg facility with light- 
controlled (diurnal) environment; walk-in cold room; walk-in incubator room. 

0 Cl in ica l :  

Q Animal: 

Computor: 

Irl Offic.: 

~ ~ 

MAJOR EQUIPMENT: L i s t  tho most important oquipmont items alroady avoi lablo for th is proloct, noting rho iocat,on, and portinont 
copabi l i t ios of ooch. 
4 - Bio-gard laminar flow tissue culture hoods; 3 - high efficiency fume hoods (meet NCI 
standards for use with chemical carcinogens); 3 - Zeiss inverted microscopies; 1 - Zeiss 
phase contrast microscope; 3 - binocular microscopies; Bio-Tran I1 automatic plate 
counter; Coulter counter; 8 - tissue culture incubators; Beckman spectrophotometer; 
Revco ultra low temperature freezer; Searle liquid scintillation counter, Model 6892.  
Shaking water baths, liquid nitrogen equipment, pH meters, table-top centrifuges, balances, 
etc. All are located in our laboratory complex in the Biology Division. 

ADD1 T lONAL INFORMATION: 
such os  consultants, secretarial, machine shop, and eloctronics shop, ond tho ex'mnt to which thoy w i l l  ba o w i l o b l s  to the proto;?. 

Provido any othor information doscribing tho onvirrnmont lor tho prcirr t .  Idontify support sJrvicea 

Our laboratory has at its  disposal a full-time secretary (on a half-time basis) and 
large, well-equipped machine and electronics shops. The shops are available for 
quick, responsive service calls. 



A. 

f o r  

S p e c i f i c  A i m s  
The o v e r a l l  aim of t h i s  proposa l  is to  develop r ap id  and r e l i a b l e  methods 
d e t e c t i n g  chemicals i n  t h e  environment which may i n i t i a t e  o r  promote tumor 

f o r m a t i o n  by employing a human teratoma c e l l  system. The p r o j e c t  as planned 
w i l l  be concerned w i t h  t h e  fo l lowing:  

envi ronmenta l  chemical mutagens and  carcinogens.  

B t u d i e s .  

1. Development and use of human teratoma c e l l s  i n  assays f o r  d e t e c t i n g  

11. I s o l a t i o n  of mutagen-res i s tan t  c e l l s  f o r  mutagenes is  and DNA r e p a i r  

111. Study the  response of human teratoma c e l l s  t o  tumor promoting agents .  

B. S i g n i f i c a n c e  
The u l t i m a t e  o b j e c t i v e  of -- I n  v i t r o  short- term b ioassays  i s  t o  p red ic t  t h e  

p o s s i b l e  danger of chemicals  i n  our environment t h a t  are hazardous t o  humans. 
Mutagenes is  tests which employ bacteria or rodent  ce l l s  as t a r g e t  organisms are 
t h e  most commonly used (1-8). However, human c e l l s  may respond t o  some 
chemicals i n  the  environment i n  a manner which is d i f f e r e n t  from t h a t  of rodent 
cel ls  o r  b a c t e r i a .  This  may ar ise  from d i f f e r e n c e s  i n  c e l l  pe rmeab i l i t y ,  
ca rc inogen  metabolism, or DNA repair ,  Thus, human c e l l s  should  be more 
a p p r o p r i a t e  than rodent  c e l l s  as t a r g e t  c e l l s  i n  such mutagenesis  assays. It 
would be i d e a l  t o  use e p i t h e l i a l  cel ls ,  s i n c e  mst human mal ignancies  a r e  
carcinomas. However, t h e  use of human c e l l s ,  e s p e c i a l l y  e p i t h e l i a l  c e l l s ,  i s  
l i m i t e d .  Maher -- e t  a l .  (9 ,  10)  have s tud ied  t h e  i n d u c t i o n  of 8-azaguanine 
r e s i s t a n t  mutants i n  some human f i b r o b l a s t  s t r a i n s  de r ived  from c o n t r o l  and 
xeroderma pigmentosum p a t i e n t s .  Using d i r e c t - a c t i n g  mutagens such as UV and 
epox ides  of po lycyc l i c  hydrocarbons,  they achieved q u a n t i t a t i v e  responses  i n  
induc ing  t h i s  type of mutation. However, because normal human f i b r o b l a s t s  
e x h i b i t  low s a t u r a t i o n  d e n s i t y  and low p l a t i n g  e f f i c i e n c y ,  t h i s  approach 
r e q u i r e s  a l a r g e  number of t i s s u e  c u l t u r e  v e h i c l e s ,  f r e q u e n t  medium changes, and 
prolonged incuba t ion  times. 
s c r e e n i n g  f o r  hazardous environmental  chemicals,  Normal human f i b r o b l a s t s  have 
a n  a d d i t i o n a l  disadvantage in t h a t  they have a l i m i t e d  l i f e s p a n  and can be 
s u b c u l t u r e d  f o r  only about 50 c e l l  genera t ions .  T h i l l y  and h i s  a s s o c i a t e s  (11) 
have  overcome some of t h e  above problems by employing a human lymphoid c e l l  
l i n e .  Like many o the r  c e l l  l i n e s ,  t h i s  lymphoid c e l l  t y p e  l acks  t h e  enzymes 
r e q u i r e d  f o r  t he  metabolism of many environmental  chemica ls ,  and t h e r e f o r e  has 
t o  be supplemented with an a p p r o p r i a t e  a c t i v a t i o n  system. However, s i n c e  these  
cel ls  grow i n  suspension o r  s o f t  a g a r ,  they a r e  not s u i t a b l e  f o r  use i n  our 
s e n s i t i v e ,  ex tens ive ly  developed ce l l -med ia t ed  mutagenesis  assay  (8 ,  12, 13) ,  
which r e q u i r e s  con tac t  between t h e  t a r g e t  and metabol iz ing  (media t ing)  c e l l s  

This  obviously l i m i t s  t h e  use of such cells  i n  

(14) .  
To overcome these  l i m i t a t i o n s ,  we  have r e c e n t l y  i s o l a t e d  a c lone  (P3) from a 

human teratoma cel l  l i n e  (15)  which grows a t t ached  t o  t h e  s u r f a c e  of petri 
d i s h e s .  These P3 teratoma c e l l s  e x h i b i t  an e p i t h e l i a l  c e l l  morphology and a r e  
c h a r a c t e r i z e d  by a high c lon ing  e f f i c i e n c y  and by a s h o r t  gene ra t ion  time 
l e a d i n g  t o  the  product ion  of l a r g e  countable  c o l o n i e s  w i t h i n  a s h o r t  per iod  of 
t i m e .  These e p i t h e l i a l  teratoma c e l l s  a r e  a l s o  c h a r a c t e r i z e d  by a low 
spontaneous  mutat ion frequency:  
6- thioguanine r e s i s t a n c e .  We have a l s o  found t h a t  t h e s e  ce l l s  are s u s c e p t i b l e  
t o  the mutagenic e f f e c t  of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) i n  a 
d i r e c t  a s say  and t o  benzo(a7pyrene iz the  c e l i - m e d i a t e d  assay. Based on these  
p r e l i m i n a r y  r e s u l t s ,  w e  propose t h a t  t hese  human e p i t h e l i a l  teratoma c e l l s  be 
used  as t a r g e t  c e l l s  i n  shor t - te rm assays ( d i r e c t  and c e l l - m e d i a t e d )  f o r  
d e t e c t i n g  t h e  mutagenic response  of environmental  chemicals  hazardous t o  man. 

f o r  t he  HGPRT l o c u s  as measured by 
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T h i s  mutagenic e v e n t ( s >  i s  presumably t h e  i n i t i a t i o n  even t  of t h e  ca rc inogen ic  
p rocess .  

p r o c e s s  t h a t  may r e q u i r e  a s t e p  o r  steps beyond t h e  i n i t i a l  m u t a t i o n a l  event 
( 1 6 1 9 ) .  Thus, i t  i s  p o s s i b l e  t h a t  many environmental  c a u s a t i v e  a g e n t s  my a c t  
a t  la ter  s t a g e s  of t h e  c a r c i n o g e n e s i s  p rocess  i n  a mechanism related t o  tumor 
promotion. 
environment,  the ra te  l i m i t i n g  de te rminan t  i n  cance r  c a u s a t i o n  I n  humans may be 
exposure  t o  tumor promoters and o t h e r  cocarcinogens.  Indeed, t h e r e  are 
s u g g e s t i o n s  t h a t  tumor promotion is t h e  rate l i m i t i n g  s t e p  i n  human lung 
c a r c i n o g e n e s i s  a s s o c i a t e d  w i t h  c i g a r e t t e  smoking. C i g a r e t t e  smoke condensates  
c o n t a i n  tumor promoters,  and tobacco  l e a v e s  c o n t a i n  a compound which resembles 
t h e  phorbol es ters ,  which are known t o  be c lass ical  tumor promoting a g e n t s  i n  
t h e  mouse s k i n  two-stage model (20,211. Recent s t u d i e s  suggested t h a t  compounds 
such  as b a r b i t u r a t e s  may act as  tumor promoters i n  expe r imen ta l  l i v e r  cancers  

Our p re sen t  s t a t e  of knowledge i n d i c a t e s  t h a t  c a r c i n o g e n e s i s  i s  a mul t i s t age  

Since c e r t a i n  i n i t i a t i n g  a g e n t s  are  presumably u b i q u i t o u s  i n  t h e  

( 2 2 ) .  

tumor promoters as i t  is  t o  de t e rmine  a g e n t s  that  are i n i t i a t o r s  of t h e  
c a r c i n o g e n i c  process.  A t  t h e  p r e s e n t  t i m e ,  t h e  -- i n  v i v o  tests which can be used 
t o  i d e n t i f y  such promoting chemicals r e q u i r e  much time and l a r g e  numbers of 
expe r imen ta l  animals.  It would t h e r e f o r e  be of importance t o  s u b s t i t u t e  o r  
supplement such expensive tests w i t h  s imple i n  v i t r o  short- term bioassays.  
However, most short- term -- i n  v i t r o  a s s a y s  are designed t o  de t e rmine  mutagenic 
a c t i v i t y  and t h e r e f o r e  do not  d e t e c t  e n v i r o n n e n t a l  promoting a g e n t s  which may be 
devoid of t h i s  a c t i v i t y .  S t u d i e s  with phorbol  esters, which are tumor promoters 
i n  ce l l  c u l t u r e s ,  have shown that  a r e l a t i o n s h i p  c a n  be e s t a b l i s h e d  between t h e  
d e g r e e  of promotion a c t i v i t y  of a ser ies  of t u m r  promoting phorbol  d i e s t e r s  i n  
t h e  m u s e  s k i n  and t h e i r  a b i l i t y  t o  induce plasminogen a c t i v a t o r  or t o  a l te r  
c e l l  d i f f e r e n t i a t i o n  i n  c u l t u r e d  c e l l s  (20, 2 1 ,  23-30). 

I n  view of t h i s ,  w e  propose t o  develop,  i n  a d d i t i o n  t o  a human c e l l  
mutagenic assay,  s imple and r a p i d  p r e d i c t i v e  tests f o r  t h e  s t u d y  and d e t e c t i o n  
of p o t e n t i a l  tumor promoting a g e n t s  u s i n g  t h e  human P3 teratoma as t a r g e t  ce l l s  
and a l t e r a t i o n  i n  ce l l  d i f f e r e n t i a t i o n  and i n d u c t i o n  of plasminogen a c t i v a t o r  as 
t h e  end p o i n t s  f o r  d e t e c t i n g  the a c t i v i t y  of tumor promoting agen t s ,  I n  
p re l imina ry  s t u d i e s ,  w e  have found that  t h e  P3 ce l l s  can produce embryoid 
body-like s t r u c t u r e s  (15,31) and t h a t  phorbol-lz-myristate-13-acetate (MA), 
which is a po ten t  tumor promoting a g e n t ,  can a f f e c t  t h e  development of these 
s t r u c t u r e s .  

for t h e  d e t e c t i o n  of mutagens fca rc inogens  and f o r  t h e  d e t e c t i o n  of tumor 
promoting a g e n t s  may t h u s  r e p r e s e n t  a n  impor t an t  s t e p  toward t h e  u l t i m a t e  
development of an i n t e g r a t e d ,  r e l i a b l e  human c e l l  assay f o r  both t h e  s tudy  and 
t h e  i d e n t i f i c a t i o n  of chemica l s  p o t e n t i a l l y  hazardous f o r  humans from e i t h e r  t h e  
i n i t i a t i o n  o r  promotion a s p e c t s  of tumor production. 

Thus, i t  i s  e q u a l l y  impor t an t  to i d e n t i f y  environmental  chemicals  t h a t  are 

The use of t h e s e  fast-growing human e p i t h e l i a l  c e l l s  a s  t a r g e t  ce l l s  both 

t lethods and Procedures 

I. Development and u s e  of human t e ra toma  c e l l s  i n  a n  a s s a y  f o r  d e t e c t i n g  
environmental  chemical  mutagens and carcinogens.  

The u l t i m a t e  goal i n  t h e  r i sk  a n a l y s i s  of environmental  chemical  carcinogens 
is t h e  e x t r a p o l a t i o n  of data o b t a i n e d  from short- term i n  v i t r o  s c r e e n i n g  assays.  
Using humn e p i t h e l i a l  cel ls  i n  such a s s a y s  w i l l  make them r e l i a b l e  f o r  p r e d i c t i o n s  
of tumor i n d u c t i o n  i n  human popu la t ions .  We have r e c e n t l y  i s o l a t e d  an e p i t h e l i a l  
c e l l  c lone  (P3) from a human t e ra toma  ( 1 5 )  which i s  c h a r a c t e r i z e d  by a high 
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c l o n i n g  e f f i c i e n c y  ( 6 5  + 10%) and a r e l a t i v e  s h o r t  g e n e r a t i o n  time (18 + 2 h r ) .  
These  p r o p e r t i e s  l ead  to t h e  p roduc t ion  of l a r g e  c o l o n i e s  w i t h i n  10-12 & y s  
a f t e r  s eed ing .  The human P3 c e l l s  a r e  a l s o  c h a r a c t e r i z e d  by a low spontaneous 
m u t a t i o n  frequency.  I n  t h e  case of 6- thioguanine r e s i s t a n c e  (HGPRT l o c u s ) ,  t h e  
m u t a t i o n  f requency  i s  less than  1 p e r  lo7 c e l l s .  We a l s o  have found t h a t  these  
ce l l s  are s u s c e p t i b l e  t o  t h e  d i r e c t  mutagenic e f fec t  of t h e  carcinogen/mutagen 
IZNNC. Our pre l imina ry  r e s u l t s  i n d i c a t e  t h a t  mutagenesis  f o r  6- thioguanine 
r e s i s t a n c e  w i t h  t h i s  agen t  was dose dependent  and t h a t  an optimum expres s ion  
t i m e  w a s  e s t a b l i s h e d  a t  6 - 8 days a f t e r  t r ea tmen t  w i th  t h e  mutagen. 
C o c u l t i v a t i o n  of t h e  P3 ce l l s  i n  a ce l l - rned ia t ed  assay w i t h  hamster f i b r o b l a s t s  
( 7 )  i n  the presence  of t h e  p o t e n t  ca rc inogen ,  benzo(a)pyrene ,  r e s u l t e d  i n  
m u t a t i o n  f r e q u e n c i e s  which were even h i g h e r  than  i n  a comparable ce l l -med ia t ed  
a s s a y  w i t h  t h e  mutable Chinese hamster  V79 cel ls .  We t h e r e f o r e  plan t o  use 
t h e s e  cel ls  t o  d e t e c t  d i r e c t - a c t i n g  chemica l  ca rc inogens ,  as w e l l  as those  which 
r e q u i r e  metabol ism f o r  t h e i r  mutagenic  response.  

Cells. The fo l lowing  c e l l  t y p e s  w i l l  be used i n  t h e s e  s t u d i e s :  ( 1 )  The human 
P3 t e r a t o m a ;  ( 2 )  BJ-015, human female p l e u r a l  e f f u s i o n  from b r e a s t  carcinoma 
( o b t a i n e d  from C e l l  C u l t u r e  Labora to ry ,  U n i v e r s i t y  of C a l i f o r n i a ,  Naval 
B i o s c i e n c e s  Labora tory ,  Naval Supply Cen te r ,  Oakland, C A I ;  ( 3 )  a d u l t  rat  
h e p a t o c y t e s ;  and ( 4 )  embryonic f i b r o b l a s t s .  The ce l l s  w i l l  be c u l t u r e d  i n  
t i s s u e  c u l t u r e  petri d i s h e s  i n  RRII-1640, or Dulbecco 's  modified E a g l e ' s  medium, 
p l u s  20% f e t a l  c a l f  serum supplemented w i t h  p e n i c i l l i n  (100 u n i t s / m l )  and 
s t r e p t o m y c i n  ( 1 0 0  pg/ml). Cell  growth will be determined ,  a f t e r  c e l l  d i spe r s ion  
w i t h  a trypsin/EDTA s o l u t i o n ,  from a hemocytometer count  of t h e  t o t a l  c e l l  
number w i t h  the number of nonviable  cells  ( a s  determined by t rypan  b lue  
s t a i n i n g )  s u b t r a c t e d .  

- 

Direct Mutagenes is  Assay. To tes t  f o r  c e l l u l a r  muta t ion  as measured by induced 
r e s i s t a n c e  t o  ouabain o r  6- th ioguanine ,  5 x lo6 P3 c e l l s  i n  exponen t i a l  growth 
phase  (2  days a f t e r  passage)  w i l l  be t r e a t e d  by t h e  p u t a t i v e  mutagenic agent  i n  
lOO?mn P e t r i  d i s h e s  f o r  3 h. The ce l l s  w i l l  t hen  be d i s s o c i a t e d  with a 
trypsin/EDTA s o l u t i o n  and seeded a t  200 cells/60-mm d i s h  i n  5 m l  of medium f o r  
d e t e r m i n a t i o n  of c lon ing  e f f i c i e n c y  and a t  5 x l o4  ce l l s  i n  4 m l  of medium f o r  
d e t e r m i n a t i o n  of t he  number of o u a b a i n - r e s i s t a n t  mutants.  Ouabain w i l l  be added 
a t  a n  optimum c o n c e n t r a t i o n  i n  1 m l  of medium a f t e r  t h e  a p p r o p r i a t e  express ion  
t i m e ,  presumably 2 days ( 7 ) .  For s e l e c t i o n  of t h e  6- th ioguanine- res i s tan t  
mu tan t s ,  lo5 P 3  ce l l s ,  which p r e v i o u s l y  have been t r e a t e d  wi th  t h e  mutagen, will 
b e  seeded  i n  lOO-mm d i shes .  Af t e r  a n  op t ima l  e x p r e s s i o n  time (which i s  t o  be 
de t e rmined  [ 3 2 ,  3 3 1 ) ,  t h e  ce l l s  w i l l  be d i s s o c i a t e d  from t h e  growth plates and 
r e s e e d e d  a t  200 ce l l s /601mn d i s h  I n  5 m l  of medium i n  o r d e r  t o  determine cloning 
e f f i c i e n c y  and a t  2 x lo4  c e l l s / 6 0 l n m  d i s h  i n  4 m l  of medium i n  o rde r  t o  
d e t e r m i n e  of t h e  number of 6 - th ioguan ine - re s i s t an t  mutants.  6-Thioguanine will 
b e  added 2 days a f t e r  r e seed ing  a t  a f i n a l  c o n c e n t r a t i o n  of 40 I J M  I n  1 m l  of 
medium. Cloning e f f i c i e n c y  w i l l  be de te rmined  by count ing  the  number of 
Giemsa-stained co lon ie s  a t  8-12 days af ter  c e l l  s eed ing ,  i n  6-8 d i s h e s  f o r  each 
p o i n t  of mutagen concen t r a t ion .  The number of ouabain-  o r  
6 - th ioguan ine - re s i s t an t  mutants  w i l l  be determined by count ing Giemsa-stained 
c o l o n i e s  a t  14-18 days a f t e r  c e l l  s eed ing  i n  16-24 Petri  d i shes  f o r  each poin t  
of mutagen concen t r a t ion .  Muta t ion  f r e q u e n c i e s  of ouabain- and 
6 - t h i o g u a n i n e - r e s i s t a n t  mutants  w i l l  be c a l c u l a t e d  per lo6 o r  lo5 s u r v i v o r s ,  
based  on t h e  c lon ing  e f f i c i e n c y  and t h e  number of ce l l s  seeded f o r  mutant 
select ion .  

1 0 1 8 8 8 8  
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Cel l -Plediated t fu tagenes is  Assay. The human P3 t e ra toma c e l l s  a r e  not 
m e t a b o l i c a l l y  capab le  of a c t i v a t i n g  many premut3genic/precarcinogenic chemicals. 
These  c e l l s  have t o  be supplemented wi th  an  exogenous metabol ic  a c t i v a t i o n  
system. In  our  prev ious  s t u d i e s  w i th  t h e  mutable  Chinese hamster  V79 ce l l s ,  we  
found t h a t  i n t a c t  primary e p i t h e l i a l  c e l l s  can provide  t h e  required metabol ic  
a c t i v a t i o n  s t e p  ( 6 ,  8, 13) .  1Je have named t h i s  s y s t e m  t h e  ce l l -med ia t ed  
mutagenes is  assay .  In  t h i s  t e s t ,  t a r g e t  c e l l s  for mutagenesis ,  such a s  V79, O r  
i n  t h e  p r e s e n t  case, P3, a r e  c o c u l t i v a t e d  w i t h  e i t h e r  primary hepatocytes  or  
l e t h a l l y  i r r a d i a t e d  embryonic f i b r o b l a s t s  which a c t i v a t e  t h e  t e s t e d  chemicals 
and  t h u s  mutagenize t h e  t a r g e t  cel ls .  Using l e t h a l l y - i r r a d i a t e d  rodent  
f i b r o b l a s t s  as t h e  me tabo l i z ing  cel ls  and V79 c e l l s  as the  t a r g e t  cel ls ,  we 
e s t a b l i s h e d  a r e l a t i o n s h i p  between t h e  degree  of mutagenic i ty  and the  degree of 
c a r c i n o g e n i c i t y  of a series of p o l y c y c l i c  hydrocarbons (7). A s i m i l a r  
r e l a t i o n s h i p  was e s t a b l i s h e d  i n  t h e  case of n i t r o s a m i n e s  and a f l a t o x i n s  when 
pr imary  hepa tocy te s  were used as t h e  me tabo l i z ing  c e l l s  ( 1 3 ,  8). 

mutagenes is  assay us ing  P3 ce l l s .  
u s e d ,  we  s h a l l  i n c l u d e  as med ia t ing  cel ls  5000R x-ray i r r a d i a t e d  secondary r a t ,  
go lden  hamster ,  or human b r e a s t  t unor  ce l l s  each of which can e f f i c i e n t l y  
me tabo l i ze  t h e s e  carc inogens .  The fo l lowing  w i l l  be t h e  procedure f o r  the 
i s o l a t i o n  of t h e  r a t  hepa tocy te s  and t h e i r  use i n  t h e  c e l l - m e d i a t e d  mutagenesis 
a s say .  

Male F i s c h e r  ra t s  (80-100 g) w i l l  be s t a n d a r d l y  used i n  t h e s e  s tud ies .  
These  an imals  a r e  bred i n  t h e  SPF f a c i l i t i e s  a t  ORNL and are housed i n  an animal 
room a t  24" w i t h  a d i u r n a l  c y c l e  of 12 h l i g h t  and 12 h dark. Hepatocytes are 
i s o l a t e d  by t h e  s l i c i n g  method of Fry -- e t  al .  (34). The ra ts  w i l l  be k i l l e d  by 
cervical d i s o l o c a t i o n  and t h e  l i v e r  l obes  w i l l  be s e p a r a t e l y  d i s s e c t e d  out and 
p l a c e d  i n  Dulhecco 's  phosphate  b u f f e r e d  s a l i n e  ( 0 . S A  N a C 1 ,  0.02% KC1, 0.02% 
KH2PO4 and 0.29% Na2HP04.12H20) (PBS'A'). A l l  s o l u t i o n s  and media w i l l  con ta in  
1% a n t i b i o t i c s  and a n  an t imyco t i c  agent .  Each lobe  w i l l  be b l o t t e d  dry,  placed 
o n  a piece of f i l t e r  paper suppor ted  by a g l a s s  plate  and s l i c e d  using a 
microtome b lade  (American O p t i c ,  Buf fa lo ,  h'Y 14215). To o b t a i n  a high y i e l d  of 
ce l l s ,  t h e  s l ices  should  no t  exceed 0.5 mm t h i c k n e s s  and should be cu t  c l ean ly  
and qu ick ly  u s i n g  s i n g l e  s t r o k e s  of t h e  blade.  The c u t  s l ices  w i l l  be 
t r a n s f e r r e d  i n t o  a 60- p l a s t i c  P e t r i  d i s h  c o n t a i n i n g  f r e s h  PRS'A' and, when 
necessa ry ,  t h e  s l i c e s  w i l l  be teased a p a r t  u s ing  tweezers. The s l ices  w i l l  he 
p l a c e d ,  i n  approximate ly  3 g p o r t i o n s ,  i n t o  250 ml Ehrlenrneyer f l a s k s  conta in ing  
10 ml PRS'A' and w i l l  be shaken a t  37" i n  a water b a t h  (approximately 90 
o s c i l l a t i o n s  per  min). The s u p e r n a t a n t  w i l l  be d i sca rded  and t h e  washing 
procedure  w i l l  be r epea ted  twice more w i t h  f r e s h  PRS'A'. 
by two 10 minute washes i n  PBS'A' c o n t a i n i n g  0.5 mfl EGTA t o  remove i n t e r c e l l u l a r  
Ca*. 
a mixture  of 0.05% c o l l a g e n a s e  and 0.1% h y a l u r o n i d a s e  i n  Hank's magnesium-free 
ba lanced  s a l t  s o l u t i o n  c o n t a i n i n g  5 mH CaC12. 
f i l t e r e d  through a double- layer  of cheesec lo th .  The f i l t r a t e  w i l l  be 
c e n t r i f u g e d  a t  approximately 50 x g f o r  2 minutes  and t h e  pellet  w i l l  he washed 
t w i c e  i n  PRS'A'. The ce l l s  f i n a l l y  w i l l  be suspended i n  L e i b o v i t z ' s  L-15 medium 
c o n t a i n i n g  2 mM glu tamine ,  10% f e t a l  c a l f  serum and a n t i b i o t i c s  (complete L-15 
mediun). The v i a b i l i t y  of t h e  c e l l s  w i l l  be determined by t h e  exc lus ion  of 
t r y p a n  b lue ;  from our  prev ious  e x p e r i e n c e  t h i s  va lue  i s  usua l ly  85-95%. 

I n  c o c u l t i v a t i o n  exper iments  (Fig.  11, 25-cm2 T-f lasks  w i l l  be seeded wi th  
5 x lo5  (or as o the rwise  e s t a b l i s h e d )  P3 c e l l s  i n  a 4 m l  RFMI-1640 medium 
c o n t a i n i n g  20% f e t a l  c a l f  serum and 2 ~ $ 1  glu tamine .  Mte r  18 h r ,  t h i s  nredium 
w i l l  be r ep laced  by complete L-15 medium c o n t a i n i n g  2 x lo6 v i a b l e  hepatocytes.  
Four  hours  l a t e r ,  a f t e r  t h e  h e p a t o c y t e s  have a t t a c h e d ,  t he  medium w i l l  be 

We p r e s e n t  below a d e t a i l e d  p r o t o c o l  f o r  t h e  l i v e r  c e l l - m e d i a t e d  
When p o l y c y c l i c  a romat ic  hydrocarbons will be 

This w i l l  be followed 

Af te r  t h e  EGTA t r e a t m e n t ,  t h e  slices w i l l  be shaken f o r  60 min a t  37" i n  

The d i s s o c i a t e d  cel ls  w i l l  be 

. -  
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Huberman ?. 

r e p l a c e d  w i t h  complete L-15 medium c o n t a i n i n g  2 5  dt Hepes b u f f e r  and t h e  test 
chemica l .  The t e s t  chemicals will e i t h e r  be d i l u t e d  i n  medium b e f o r e  being 
exposed t o  t h e  c e l l s ,  o r  when r e q u i r e d ,  d i s s o l v e d  i n i t i a l l y  i n  DMSO ( f i n a l  
c o n c e n t r a t i o n  of DMSO i n  medium < 0.2%). 

be r i n s e d  w i t h  PBS'A' and the c e l l s  d i s s o c i a t e d  i n  a s o l u t i o n  ( 5  ml)  of 0.05% 
t r y p s i n  and 0.2% EDTA i n  PBS'A'. 
3 p e r  dose of the  t e s t e d  chemica l )  w i l l  be pooled, c e n t r i f u g e d ,  and t h e  pellet  
resuspended  i n  RfMI-1640 medium. 
haemocytometer. The P3 c e l l s  can  be r e a d i l y  d i s t i n g u i s h e d  from t h e  hepa tocy te s  
s i n c e  t h e  hepa tocy te s  a r e  l a r g e r  and more g r a n u l a r  i n  appearance.  Each tes t  
compound w i l l  a l s o  be t e s t e d  f o r  m u t a g e n i c i t y  i n  t h e  P3 c e l l s  i n  t h e  absence  of 
t h e  hepa tocy te s .  A f t e r  c o c u l t i v a t i o n ,  t h e  P3 ce l l s  w i l l  be seeded i n  601mn 
P e t r i  d i s h e s  i n  RPElI-1640 medium t o  de t e rmine  c lon ing  e f f i c i e n c i e s  and i n  100- 
P e t r i  d i s h e s  t o  determine t h e  number of o u a b a i n - r e s i s t a n t  co lon ie s .  

5 x lo4  p e r  d i s h  or a s  o therwise  de te rmined  i n  4 m l  medium (15-30 d i s h e s  per 
dose ) .  After 2 o r  more days (based  on p r e l i m i n a r y  tests f o r  e x p r e s s i o n  time 
w i t h  t h e  tes t  conpound), ouabain i n  1 m l  of medium w i l l  be added t o  g i v e  a f i n a l  
c o n c e n t r a t i o n  of 1 uti. Ouabain r e s i s t a n t  c o l o n i e s  w i l l  be s t a i n e d  w i t h  Giemsa 
and t h e i r  number counted 14-16 days  a f t e r  c e l l  seeding. The c l o n i n g  e f f i c i e n c y  
w i l l  be determined by count ing  t h e  c o l o n i e s  ob ta ined  i n  a minimum of f i v e  P e t r i  
d i s h e s  t h a t  have been inocu la t ed  10  days  earlier wi th  200 c e l l s  per Petri  dish. 

An e x p r e s s i o n  time of 6-8 days  (based  on p re l imina ry  tests w i t h  t h e  t e s t e d  
compound) probably  w i l l  be r e q u i r e d  f o r  t h e  s e l e c t i o n  of 6-thioguanine mutants. 
T h e r e f o r e ,  a f t e r  d i s s o c i a t i n g  t h e  h e p a t o c y t e s  and P3 ce l l s ,  lo5 P3 ce l l s  w i l l  be 
seeded  i n  100- P e t r i  d i shes  (3 P e t r i  d i s h e s  per dose). The c e l l s  w i l l  be 
d i s s o c i a t e d  after 6-8 days and r e seeded  a t  200 c e l l s  i n  4 ml RPKI-1640 medium 
p e r  60-mm P e t r i  d i s h  f o r  d e t e r m i n a t i o n  of c l o n i n g  e f f i c i e n c y  and a t  
2 x lo4 c e l l s  i n  4 m l  of medium per 6 0 m  P e t r i  dish f o r  s e l e c t i o n  of 
6- th ioguanine  m u t a n t s .  
f i n a l  c o n c e n t r a t i o n  of 30 uM. The 6- th ioguanine  r e s i s t a n t  c o l o n i e s  will be 
s t a i n e d  w i t h  Giemsa and t h e i r  number determined 12-14 days a f t e r  c e l l  seeding. 
Cloning  e f f i c i e n c y  w i l l  be determined by coun t ing  the  number of c o l o n i e s  
o b t a i n e d  10 days a f t e r  c e l l  seeding.  The muta t ion  frequency f o r  ouabain- o r  
6 - th ioguan ine - re s i s t ance  w i l l  be c a l c u l a t e d  p e r  lo6 s u r v i v o r s ,  based on t h e  
c l o n i n g  e f f i c i e n c y  and number of cells  seeded f o r  mutant s e l e c t i o n .  Seve ra l  
ouabain-  and 6 - th ioguan ine - re s i s t an t  c o l o n i e s  w i l l  be grown f o r  4-6 weeks i n  t h e  
absence  of t h e  drugs a f t e r  which t h e  h e r i t a b i l i t y  of the  ouabain- and 
6 - th ioguan ine - re s i s t ance  will be v e r i f i e d  through exposure of t h e  cel ls  t o  
i n c r e a s i n g  c o n c e n t r a t i o n s  of ouabain  or 6-thioguanine.  

t h e  c e l l - m e d i a t e d  mutagenesis a s s a y ,  X- i r r ad ia t ed  secondary embryonic 
f i b r o b l a s t s  of r a t s  and hamsters as w e l l  as c e l l s  from a human b r e a s t  carcinoma, 
which we found p rev ious ly  t o  be e f f i c i e n t  i n  a c t i v a t i n g  benzo(a)pyrene  to  a 
mutagen f o r  t h e  V79 c e l l s .  Once t h e  p r o t o c o l s  of t hese  systems are e s t a b l i s h e d ,  
w e  s h a l l  ana lyze  a s e r i e s  of p o l y c y c l i c  a romat i c  hydrocarbons,  n i t ro samines ,  
a f l a t o x i n s ,  and hydraz ines  f o r  mutagenic responses .  Add i t iona l  chemicals which 
are  known, o r  a r e  suspec ted  of be ing ,  human carc inogens  w i l l  a l s o  be t e s t e d .  

E igh teen  hours a f t e r  t r ea tmen t  w i t h  t h e  chemical,  t h e  c e l l  monolayer w i l l  

The ce l l s  from each s e t  of f l a s k s  ( u s u a l l y  

The number of P3 c e l l s  w i l l  be determined by a 

For d e t e c t i o n  of ouabain r e s i s t a n t  c o l o n i e s ,  c e l l s  w i l l  be seeded a t  

6-Thioguanine w i l l  be added l a t e r  i n  1 m l  of medium a t  a 

I n  a d d i t i o n  t o  hepa tocy te s ,  we w i l l  a l s o  inc lude  as me tabo l i z ing  c e l l s  i n  

11. Mutagen-res i s tan t  P3 c e l l s  f o r  mutagenes is  and DNA r e p a i r  s t u d i e s  

I s o l a t i o n  
Hu tan t  cells wi th  a l t e r e d  ce l l  s u s c e p t i b i l i t y  t o  the c y t o t o x i c  and /o r  

mutagenic e f f e c t  of chemical ca rc inogens  mutagens may be of value i n  ana lyz ing  
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t h e  mechanism of r e p a i r  of DNA damage caused by such chemicals .  
c e l l s  wi th  enhanced s u s c e p t i b i l i t y  t o  mutagenesis may be extremely u s e f u l  i n  
improvine, the s e n s i t i v i t y  of t h e  c e l l - m e d i a t e d  mutagenes i s  assay t o  
env i ronmen ta l  chemicals. 

One is t o  allow the  mutant c e l l s ,  which do not rep l ica te  under imposed 
non-permissive c o n d i t i o n s ,  t o  s u r v i v e  a f te r  the  whole c u l t u r e  has  been t r e a t e d  
w i t h  a chemical t h a t  k i l l s  d i v i d i n g  cells.  A t y p i c a l  example of t h i s  procedure 
i s  the i s o l a t i o n  by b o  and Puck ( 3 5 ,  3 6 )  of a u x o t r o p h i c  mutants  using a 
p rocedure  which invo lves  5-brornodeoxyuridine i n c o r p o r a t i o n  fol lowed by 
i r r a d i a t i o n  with v i s i b l e  l i g h t .  
i n  attempts t o  i s o l a t e  UV-sensit ive ce l l s  from Hela and Chang l i v e r  cells. 
However, the  i n h e r e n t  l i m i t a t i o n  of t h i s  t echn ique  i s  t h a t  t h e  mutant c e l l s ,  
p a r t i c u l a r l y  those which are  s e n s i t i v e  t o  the  k i l l i n g  a g e n t ,  do not r e a d i l y  
s u r v i v e  under t h e  non-permissive cond i t ions .  In  a d d i t i o n ,  t h i s  procedure 
r e q u i r e s  i s o l a t i o n  of a l a r g e  number of c o l o n i e s  s i n c e  t h e s e  mutants a r e  small 
i n  number r e l a t i v e  t o  t h e  thymidine k i n a s e  and t r a n s p o r t  mutants which r e s u l t  
f rom t h e  same s e l e c t i v e  procedure.  A second procedure is t h e  r e p l i c a  p l a t i n g  
t e c h n i q u e ,  l i k e  those which have g r e a t l y  f a c i l i t a t e d  the i s o l a t i o n  of bacterial  
mutants .  A t  p r e sen t  two r e p l i c a  p l a t i n g  methods are a v a i l a b l e  f o r  mammalian 
cel ls :  replica p l a t i n g  of c e l l s  growing i n  para l le l  i n  t h e  wells of d c r o p l a t e s  
(3&40), and Lederberg s t y l e  repl ica  p l a t i n g  us ing  agar plate  cu l tures  ( 4 1 ,  42). 
A d i sadvan tage  of t h i s  p rocedure  is t h a t  t h e  r e q u i r e d  mutants  must be p resen t  a t  
v e r y  h igh  f r equenc ie s  s i n c e  t h e  r e p l i c a  p l a t i n g  i t s e l f  has no s e l e c t i v e  
c a p a c i t y .  A t h i r d  method i n v o l v e s  s e l e c t i n g  drug r e s i s t a n t  ce l l s  by exposing 
the  cells  t o  a c y t o t o x i c  a g e n t  which k i l l s  wild type cel ls  but not t h e  mutants. 
We sha l l  use t h i s  l as t  method because of i t s  s i m p l i c i t y  and our past experience 
w i t h  i t .  We have used t h i s  procedure t o  i s o l a t e  1MNG-resistant ce l l s  from 
mutable  Chinese hamster V79 c u l t u r e s .  These ce l l s  were more mutable than t h e  
p a r e n t  cel ls  a t  e q u i c y t o t o x i c  doses  of NNNG, and they showed an increased l e v e l  
of p o s t - r e p l i c a t i o n  r e p a i r  ( 4 3 ) .  We w i l l  a t t empt  t o  i s o l a t e  c e l l  v a r i a n t s  
r e s i s t a n t  t o  MNNG, e thy lme thanesu l fona te  (EMS), and d i o l  epoxide of 
benzo(a)pyrene. These ce l l s  w i l l  be u s e f u l  i n  short- term mutagenesis assays and 
w i l l  a l l o w  us t o  s tudy  on t h e  involvement of t h e  v a r i o u s  DNA repair  processes  on 
the s u s c e p t i b i l i t y  of human c e l l s  t o  the  c y t o t o x i c  and mutagenic e f f e c t s  of 
environmental  chemicals . 

To o b t a i n  ce l l s  with a n  i n c r e a s e d  r e s i s t a n c e  t o  t h e  c y t o t o x i c  e f f e c t  of 
MklNG, and the  o t h e r  mutagens, we  s h a l l  t reat  IO8 P3 c e l l s  seeded a t  10’ c e l l s  
p e r  100- Petr i  d i s h e s  with a dose of mutagen which w i l l  reduce c e l l  s u r v i v a l  
by about 95%. After one s u b c u l t u r e  (about 5-10 d a y s )  t h e  s u r v i v i n g  cells  w i l l  
be reseeded i n  4-6  Petri d i s h e s  a t  5 x lo6 c e l l s  per P e t r i  d i s h  and on the  
f o l l o w i n g  day w i l l  he t r e a t e d  f o r  24 h r  wi th  t h e  same dose of t h e  mutagen. This 
t y p e  of t reatment  w i l l  be r e p e a t e d  5-10 times a t  1-2 week i n t e r v a l s ,  a f t e r  which 
a series of c lones  w i l l  be i s o l a t e d .  Cells from such c o l o n i e s  w i l l  be t e s t e d  
f o r  their  chromosomal ka ryo type  and f o r  t h e i r  s u s c e p t i b i l i t y  t o  the c y t o t o x i c  
and mutagenic e f f e c t  of v a r i o u s  mutagens. C y t o t o x i c i t y  and mutagenesis will be 
determined as desc r ibed  i n  t h e  p rev ious  s e c t i o n .  Cells from these  co lon ie s ,  
which w i l l  e x h i b i t  a c e l l  ka ryo type  similar t o  t h e  p a r e n t  c e l l s  and w-hich w i l l  
demonstrate  a l t e r e d  s u s c e p t i b i l i t i e s  t o  t h e  c y t o t o x i c  and /o r  mutagenic e f f e c t  of 
the chemicals,  w i l l  be used f o r  DNA r e p a i r  s t u d i e s .  

In  a d d i t i o n ,  

Three methodologies are  commonly used f o r  t h e  i s o l a t i o n  of mutant c e l l s .  

Randtke -- e t  a l .  ( 3 7 )  h a s  a p p l i e d  t h i s  technique 

DNA Repa i r  S t u d i e s  
The major c l a s s e s  of DNA r e p a i r  i n  mammalian c e l l s  a f t e r  t h e i r  t reatment  

w i t h  chemical r e a c t i v e  a g e n t s  are e x c i s i o n  r e p a i r  and p o s t - r e p l i c a t i o n  r e p a i r  

t 0 1 8 8 Y  t 
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( 4 6 4 6 ) .  We s h a l l  ana lyze  both  types  of r e p a i r  a f t e r  t r e a t m e n t  v i t h  t h e  
mutagens. 

P o s t - r e p l i c a t i o n  DNA r e p a i r  vi11 he analyzed by d e t e r m i n a t i o n  of DNA 
s e d i m e n t a t i o n  i n  an a l k a l i n e  suc rose  g r a d i e n t  acco rd ing  t o  D'Ambrosio and Setlow 
(47). This type of DNA r e p a i r  w i l l  be determined i n  e x p o n e n t i a l l y  growing c e l l s  
seeded  40 hr  e a r l i e r  a t  2 x l o5  c e l l s / 6 0 - m  Petr i  d i sh .  
w i l l  be added 1 h r  p r i o r  t o  t rea tment  with t h e  mutagen. ~ t e r  20-60 min of 
t r e a t m e n t  with t h e  mutagen, t h e  d i shes  w i l l  be r i n s e d  one t i m e  w i t h  f r e s h  
medium, and the  wild- type and t h e  v a r i a n t  ce l l s  w i l l  be l a b e l e d  wi th  e i t h e r  
1 p C i  (14C]thymidine per ml o r  2 pCi  [3H]thymidine per ml. After 25 min of 
p u l s e  wi th  the  l a b e l e d  thymidine,  t h e  cel ls  w i l l  be chased w i t h  5 x 
u n l a b e l e d  thymidine and 5 x lo-% deoxycyt idine.  After d i f f e r e n t  chase times, 
t h e  cells  wi l l  be r i n s e d  twice v i t h  co ld  phosphate-buffered s a l i n e ,  placed i n  
2.5 ml of ice-cold phosphate-buffered s a l i n e ,  and x-ray i r r a d i a t e d  wi th  1500 R 
(48). After i r r a d i a t i o n  t h e  cel ls  will be incubated  f o r  30 min a t  4OC i n  5 ml 
of t r y p s i n  so lu t ion .  Then 5 ml of c u l t u r e  medium ( t o  n e u t r a l i z e  t h e  e f f e c t  of 
t h e  t r y p s i n )  w i l l  be added. The ce l l s  will be c e n t r i f u g e d  and resuspended in 
0.2 m l  of EDTA/NaCl (49). Aliquots  of t he  two c e l l  types  w i t h  approximately 
2000 cpm of e i t h e r  i s o t o p e  w i l l  be combined i n  50 p 1  (about  1.2 x lo5  c e l l s ) ,  
l y s e d  f o r  1 h r  a t  room tempera ture  i n  0.2 ml of 1 M NaOH and 0.1 M EDTA s o l u t i o n  
l a y e r e d  on top  of 5 ml of 5 2 0 %  a l k a l i n e  suc rose  g r a d i e n t  (0.1 M NaOH, 0.9 H 
N a C 1 ,  0.003 Na2 EDTA),  and c e n t r i f u g e d  a t  25,000 rpm f o r  120 min i n  a n  SW 50.1 
rotor.  A 0.2-ml s o l u t i o n  of 60% suc rose  w i l l  be on  t h e  bottom of each gradien t .  
Ten-drop f r a c t i o n s  w i l l  be pumped off from t h e  b o t t o n  of each tube  and c o l l e c t e d  
I n  paper  s t r i p s ,  and t h e  r a d i o a c t i v i t y  and t h e  weight-average molecular  e i g h t  
of s ing le - s t r and  DNA w i l l  be determined as p r e v i o u s l y  d e s c r i b e d  (50, 51). 

de te rmined  by t h e  r a t i o  of e i t h e r  [I4C]- o r  [3H]-labeled ca rc inogen  adduct and 
inve r se ly - l abe led  thymidine p a r e n t a l  DNA. M t e r  p r e t r e a t m e n t  of ce l l s  wi th  
l a b e l e d  thymidine for 18 h r ,  t h e  cells w i l l  be washed two times wi th  f r e s h  
medium and t r e a t e d  f o r  1 h r  w i th  t h e  l abe led  carc inogen .  After a p p r o p r i a t e  
I n c u b a t i o n  times, t h e  medium will be removed, t h e  c e l l  monolayer w i l l  be washed 
twice wi th  co ld  phosphate-buffered s a l i n e ,  and t h e  ce l l s  w i l l  be d i s s o c i a t e d  
w i t h  t r y p s i n  and washed t h r e e  times i n  co ld  phosphate-buffered s a l i n e .  The 
cells  will be concen t r a t ed  (10  t o  15 x lo6 cells/ml c u l t u r e  medium) and s to red  
a t  -80" p r i o r  t o  e x t r a c t i o n  of t he  c e l l u l a r  DNA. A f t e r  thawing,  t h e  ce l l s  W i l l  
b e  t r e a t e d  with 1% sodium dodecyl s u l f a t e ,  and t h e  DNA w i l l  be i s o l a t e d  and 
p u r i f i e d  by phenol and chloroform-isoamyl a l c o h o l  e x t r a c t i o n s  as descr ibed  by 
Brown -- e t  a l .  (52 ) .  RNA w i l l  be hydrolyzed by RNase t r e a t m e n t ,  and t h e  DNA will 
be e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The s p e c i f i c  a c t i v i t y  of t h e  modif ied DNA will 
b e  determined,  fol lowed by enzymatic h y d r o l y s i s  t o  deoxynucleos ides  as descr ibed  
by Yamasaki -- e t  al. (53). 
Sephadex LH-20 chromatography and f u r t h e r  c h a r a c t e r i z e d  on a Dupont 850 HPLC 
Ins t rumen t  by use of a Waters 
methanol - ra t io  g r a d i e n t  a t  50", as descr ibed  by Brown -- e t  a l .  (52 ) .  

guan ine  (o r  e thy lguan ine )  t o  t h a t  of 7-methylguanine ( o r  e thy lguan ine )  a f t e r  
t r e a t m e n t  with l abe led  MNNG o r  EMS. * The importance of t h e  r a t i o s  of t hese  two 
m e t h y l a t i o n  products  and t h e  experimental  methodology of t h e  de t e rmina t ion  has 
been  d i scussed  by Margison e t  a l .  ( 5 4 ) .  After i n c u b a t i o n  of t h e  cel ls  with the  
l a b e l l e d  mutagen, t he  c e l l u l a r  DNA w i l l  be removed and d i a l y z e d  a g a i n s t  a 0.1 
s t a n d a r d  s a l i n e  c i t r a t e  a t  3'C. The p r e c i p i t a t e  w i l l  be ob ta ined  wi th  2 volumes 
of e t h a n o l  and then  d r i ed .  The DNA is t hen  hydro lyzed  a t  7OoC f o r  30 min and 
t h e  pH a d j u s t e d  t o  2.9 a f t e r  t h e  a d d i t i o n  of 7 a r e t h y l g u a n i n e  o r  06-methylguanine 
as markers. 

F re sh  c u l t u r e  medium 

of 

E x c i s i o n  r e p a i r  i n  t h e  case of benzo(a)pyrene d i o l  epoxide w i l l  be 

f lod i f i ed  deoxyr ibonucleos ides  w i l l  be i s o l a t e d  by 

Bondapack c18 column e l u t e d  wi th  a 30 t o  60% 

E x c i s i o n  r e p a i r  a l s o  w i l l  be determined by measuring t h e  r a t i o  of 06-methyl- 

-- 

The pur ine  bases w i l l  be sepa ra t ed  by Sephadex G-10 chromatography 
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u s i n g  0.05 :I ammonium formate-0.2% w/v sodium a z i d e ,  pH 6.75 a s  e l u a n t  ( f low 
r a t e  15 m l / h r ) .  
spec t ropho tone te r  [ m o l e s  a b s o r p t i o n  i s  7 . 2  f o r  guanine] ,  t h e  samples d r i e d ,  and 
d i s s o l v e d  i n  hyamine (0.1 11 s o l u t i o n  i n  methanol). R a d i o a c t i v i t y  of t he  
f r a c t i o n s  then w i l l  be determined wi th  the  Texas Ins t rument  l i q u i d  s c i n t i l l a t i o n  
coun te r .  

r e l a t i o n s h i p  between spec i f ic  types  of DNA r e p a i r  a f t e r  carcinogen-mutagen 
i n s u l t  and the  corresponding c y t o t o x i c  and/or  mutagenic event .  
a l l o w  us  t o  use i n  the  c e l l - m e d i a t e d  assay human DNA r e p a i r  mutants  o r  a 
combinat ion of such mutants which w i l l  be less s u s c e p t i b l e  t o  t h e  cy to tox ic  
e f f e c t s  of p o t e n t i a l  carc inogens  but  w i l l  be h igh ly  s u s c e p t i b l e  t o  t h e i r  
mutagenic  effect. 

The A260 of the  f r a c t i o n s  w i l l  be determined wi th  a 

R e s u l t s  from these  exper iments  w i l l  i n c r e a s e  our knowledge of t h e  

It will a l s o  

111. S tud ie s  of t h e  response  of t h e  human teratoma c e l l s  t o  tumor promoting 
aeents .  

Th i s  part of the proposed p r o j e c t  i s  designed t o  s tudy  i n  d e t a i l  t he  e f f e c t  
of RlA, a tumor promoter i n  t h e  mouse sk in ,  on the  e x p r e s s i o n  of va r ious  
d i f f e r e n t i a t i o n  c h a r a c t e r i s t i c s  of t he  P3 human teratoma c e l l s .  These human 
cells a r e  unique because they are u s e f u l  f o r  both mutagenesis  s t u d i e s  and t h e i r  
a b i l i t y  t o  form embryoid bodies  which expres s  var ious  d i f f e r e n t i a t i o n  
c h a r a c t e r i s t i c s  (15, 31). The e f f e c t  of RIA on cer ta in  parameters w i l l  be 
compared t o  those obta ined  w i t h  o t h e r  phorbol e s t e r s  and chemicals  from o the r  
classes which are suspected of be ing  tumor p r m o t e r s .  Tumor promoters such as 
t h e  phorbol esters, un l ike  many chemical carc inogens ,  do not  bind t o  c e l l u l a r  
DNA. They probably i n i t i a t e  t h e i r  e f f e c t  by i n t e r a c t i n g  w i t h  r ecep to r s  on t h e  
c e l l  membrane ( 5 5 ,  5 6 )  which i s  presumably followed by a downward r egu la t ion  of 
such r e c e p t o r s  ( 5 7 ,  58). It i s  t h e r e f o r e  of i n t e r e s t ,  i n  a d d i t i o n  t o  s tudying 
d i f f e r e n t i a t i o n  markers wi th  P3 c e l l s ,  t o  ana lyze  the  i n t e r a c t i o n  of t h e  tumor 
promoters with c e l l u l a r  r ecep to r s .  
degree  of a c t i v i t y  of tumor promoting agen t s  from va r ious  chemical  c l a s s e s  may 
b e  u s e f u l  as t o o l s  for s tudy ing  t h e  mechanism of tumor promotion as w e l l  as €or 
t h e  i d e n t i f i c a t i o n  of a d d i t i o n a l  undiscovered tumor-promoting agents .  

Responses which w i l l  c o r r e l a t e  wi th  the  

Eva lua t ion  of Cell D i f f e r e n t i a t i o n .  
C e l l  Cu l tu re  

The c u l t u r e  cond i t ions  f o r  growing t h e  P3 c e l l s  on t h e  s u r f a c e  of Petri  
d i s h e s  as w e l l  f o r  t h e  de t e rmina t ion  of c e l l  growth were presented  above. 

Development of Embryoid Bodies I n  Vi t ro .  

format ion  of embryoid bodies  which grow i n  size.  We w i l l  i n c u b a t e  these  cel ls  
i n  the presence of EIA and o t h e r  tumor promoting agen t s  and fo l low changes i n  
morphological  d i f f e r e n t i a t i o n .  A t  d i f f e r e n t  times a f t e r  t r ea tmen t  t he  c e l l  
c u l t u r e s  w i l l  be cen t r i fuged  and t h e  pellets w i l l  be f i x e d  f o r  2 hours  i n  a 
b u f f e r e d  s o l u t i o n  con ta in ing  4% formaldehyde and 1% g lu ta ra ldehyde  (59). A f t e r  
a 30 minute r i n s e  with cacody la t e  b u f f e r  0.111 (pll 7.2) t h e  c e l l  pellets will be 
incubated  overnight  with 2% osmium t e t r o x i d e  i n  0.1 t l  cacody la t e  b u f f e r  and 
embedded i n  Epon 812. Two micron s e c t i o n s  w i l l  be c u t  w i th  a JB4 microtome and 
subsequent ly  w i l l  be s t a i n e d  w i t h  t o l u i d i n e  blue and examined under the  l i g h t  
microscope. 
endodenu-like c e l l s ,  e p i t h e l o i d - l i k e  d i f f e r e n t i a t i o n  of t h e  p e r i p h e r a l  cel ls ,  

Cu l tu r ing  the  P3 c e l l  i n  b a c t e r i a l  c u l t u r e  growth medium r e s u l t s  i n  t h e  

\Je w i l l  fo l low morphological  changes such as appearance of 

rmation of d u c t a l - l i k e  s t ructures  (15, 31, 60, 61). 
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Assavs f o r  Plasminogen Ac t iva to r  
I n  a d d i t i o n  t o  morpholoical  change, w e  s h a l l  t e s t ,  a f t e r  t rea tment  wi th  

tumor promoting a g e n t s ,  plasminogen a c t i v a t o r  a c t i v i t y  which was p rev ious ly  
shown t o  be a s s o c i a t e d  w i t h  d i f  f e r e n t i a t i o n  i n  te ra tocarc inoma and e a r l y  
embryogenes is  ( 6 2 - 6 4 ) .  The assay f o r  plasminogen a c t i v a t o r  i n  the  c u l t u r e  
medium w i l l  be performed by measuring the  plasminogen-dependent f i b r i n o l y s i s  i n  
m u l t t - w e l l  d i s h e s  coated wi th  1 2 5 1 - f i b r i n ,  as p rev ious ly  desc r ibed  ( 6 2 ,  64, 6 5 ) .  
The growth medium w i l l  be a c i d i f i e d  t o  reduce p ro tease  i n h i b i t o r  a c t i v i t y ,  and 
25 p1 of i t  w i l l  be added t o  0 . 2 5  m l  of 0. I M  tris-HC1 (pH 8. 1) con ta in ing  
8 p g / m l  of p u r i f i e d  human plasminogen. The a c t i v i t y  w i l l  be determined 2 h r  
a f t e r  i n c u b a t i o n  a t  37°C.  I n t r a c e l l u l a r  plasminogen a c t i v a t o r  will be 
de te rmined  a f t e r  washing the c u l t u r e  2 times with PBS. The scraped c e l l s  o r  
homogenized and embryoid bodies  w i l l  be e x t r a c t e d  wi th  a minimal volume of 0.1% 
T r i t o n  X-100 i n  water. The mixture  w i l l  be c e n t r i f u g e d  a t  1000 g f o r  10 m i n  and 
t h e  s u p e r n a t a n t  w i l l  be assayed as desc r ibed  f o r  t h e  c u l t u r e  medium. 

A l k a l i n e  Phosphatase 

a l k a l i n e  phosphatase a c t i v i t y  ( 6 6 ) .  We w i l l  t e s t  t h i s  a c t i v i t y  i n  c o n t r o l  and 
t r e a t e d  cells. A c t i v i t y  w i l l  be determined as p rev ious ly  descr ibed  ( 6 3 ) .  
I n  t h i s  procedure t h e  r e a c t i o n  mixture  (0.5 ml)  w i l l  c o n s i s t  of O.1M g l y c i n e  
b u f f e r  (pH l o ) ,  0.01M p-n i t ropheny l  phosphate ,  O.OO2i  MgC12 and c e l l  homogenate. 
The r e a c t i o n  w i l l  be incubated a t  37°C and w i l l  be t e r n i n a t e d  by a d d i t i o n  of 
0.5 m l  of 0 . 7 5  N NaOH. One u n i t  of a l k a l i n e  phosphatase w i l l  be def ined as 
t h e  amount of enzyme which releases 1 pmole of p -n i t ropheny l  phosphate per hour. 
S p e c i f i c  a c t i v i t i e s  w i l l  be g iven  i n  u n i t s  per mg pro te in .  

A common marker f o r  d i f f e r e n t i a t i o n  i n  teratoma c e l l s  i s  an  increased  

a -Foe topro te in ,  which i n c r e a s e s  dur ing  d i f f e r e n t i a t i o n  i n  some teratoma ce l l  
l i n e s ,  will be assayed as desc r ibed  by Adamson e t  a l .  ( 6 7 ) .  

Binding  Assay  
The binding  t o  c e l l s  of [ 3H]-labeled tumor promoting phrobol -d ies te rs  

(presumably phorbol d i b u t y r a t e  due t o  i t s  better s o l u b i l i t y  i n  l i q u i d  s o l u t i o n )  
( 5 5 ,  5 6 )  and tumor promoters from non-phorbol chemical classes will be c a r r i e d  
o u t  in 1.5  m l  h igh d e n s i t y  polye thylene  tubes  with a poin ted  t i p .  Each tube 
w i l l  c o n t a i n  a f i x e d  amount (30 mM) of high s p e c i f i c  a c t i v i t y  Labeled tumor 
promoter ,  1 - 3 x lo6  c e l l s  i n  0.25 m l  R R l I - 1 6 4 0  (wi thout  serum). 
i n c u b a t i o n  w i l l  be c a r r i e d  out f o r  d i f f e r e n t  times a t  4" and 37'C. The r eac t ion  
w i l l  be t e rmina ted  by adding co ld  0.5 m l  PES (pH 7 . 4 ) .  The tubes w i l l  be 
immedia te ly  c e n t r i f u g e d  a t  15,000 g f o r  5 min. The supe rna tan t  w i l l  be 
c a r e f u l l y  removed by a s p i r a t i o n  and t h e  p e l l e t e d  cel ls  w i l l  be f u r t h e r  washed 
w i t h  3 x 0 . 5  m l  of i c e  co ld  PBS (pH 7 . 4 ) .  F i n a l l y ,  t h e  poin ted  t i p s  of t h e  
t u b e s  w i t h  t h e  pelleted c e l l s  w i l l  be c u t  o f f  and dropped i n t o  s c i n t i l l a t i o n  
v i a l s  c o n t a i n i n g  1 m l  of 1% sodium dodecyl  s u l f a t e  p lus  10 mM d i t h i o t h r e i t o l .  
The glass  v i a l s  w i l l  be l e f t  a t  room tempera ture  f o r  2 h r  a t  which t i m e  
s c i n t i l l a t i o n  f l u i d  w i l l  be added and t h e  amount of l a b e l  determined, 
b i n d i n g  w i l l  be determined by t h e  d i f f e r e n c e  between t h e  bound tumor promoter i n  
t h e  absence  and presence of 1000 f o l d  h i g h e r  of c o l d  material. S p e c i f i c  binding 
w i l l  be expressed  as cpm bound per lo6 cells.  

A f t e r  w e  have e s t a b l i s h e d  t h e  s p e c i f i c  changes induced by tumor- 
promoting a g e n t s ,  we s h a l l  a t t e m p t  t o  e s t a b l i s h  a r e l a t i o n s h i p  between t h e  
d e g r e e  of cytochemical  and biochemical  a c t i v i t y  i n  t h e  P3 ce l l s  caused by the  
promoting a g e n t s  and t h e i r  promoting a c t i v i t y  i n  vivo. Once t h i s  i s  
e s t a b l i s h e d ,  we s h a l l  a t tempt  t o  i d e n t i f y  i n  these  ce l l s  o t h e r  environmental  
chemica l s  w i th  the  same c h a r a c t e r i s t i c s .  Such agen t s  may r ep resen t  p o t e n t i a l  
endogenous tumor promoters. 

The 

S p e c i f i c  

-- 
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0 SUPPLEMENT to grant numbor: 
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0 Chon90 of Pr inc ipo l  lnvortigotor/Progrom Diroctor. 

Namo of formor Pr inc ipa l  I nvos t i go~r /P rog ram Diroctor: 

ASSURANCES IN CONNECTION WITH: 

C i v i l  Rights Hondi cappod lndi vidual r Sox D i  scrimination 

x F i lod  6 Not f i lod Not f i lod  

L a b o r a k r y  Animals 
(If oppl fcab lo )  

Humair Subiocrr  
Conorol A r ru ranco  

t / f  oppl icobloJ 

Fi Iod R Not f i lod  
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0 O A I C I W A L  a TOLLOWUP 0 R E V I S I O N  

3. DECLARATION T H A T  HUMAN SUBJECTS EITHER WOULD OR WOULD NOT BE INVOLVED 
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GRANT E CONTRACT - FELLOW 3 OTHER 

7 - 2 NEW 2 RENEWAL - CONTINUATION 
APPLICATION IDENTIFICATION NUMBER (It known) 

A. N O  INDIVIDUALS WHO MIGHT BE CONSIDERED HUMAN SUWECTS. INCLUDING THOSE FROM WHOM ORGANS, TISSUES. 

I N V O L V E D  I N  THE PROPOSED ACTIVITY.  ( I F  NO HUMAN SUBJECTS WOULD B E  INVOLVED,  CHECK THIS BOX AND PRO- 
C E E D  T O  I T E M  7 .  PROPOSALS DETERMINED BY THE AGENCY TO I N V O L V E  HUMAN SUBJECTS W I L L  B E  RETURNED.1 

D 8. HUMAN SUBJECTS WOULD BE I N V O L V E D  I N  THE PROPOSED A C T I V I T Y  AS EITHER: 0 NONE O F  THE FOLLOWING. OR 
INCLUDING:  0 MINORS, 9 FETUSES, a A83RTUSES. 0 PREGNANT WOMEN, 0 PRISONERS, 0 Y E N T A L L Y  
RETARDED,  0 M E N T A L L Y  DISABLED. UNDER SECTION 6. COOPERATING INSTITUTIONS. ON R E V f R S E  OF THIS FORM, 

F A C I L I T I E S  NOT UNDER DIRECT CONTROL OF THE A P P L I C A N T  OR O F F E R I N G  INSTITUTION. 
G I V E  NAME O F  INSTITUTION AND NAME A N D  ADDRESS O F  DPFICIALIS)  AUTHORIZING ACCESS TO A N Y  SUBJECTS IN 

4. DECLARATION OF ASSURANCE STATUS.'CERTlFICATlON OF REVIEW 
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PROTECTION O F  HUMAN SUBJECTS WITH THE DHEW T H A T  APPLIES TO THIS APPLICATION OR A C T I V I T Y .  ASSURANCE I S  
H E R E B Y  GIVEN T H A T  THIS INSTITUTION W I L L  COMPLY WITH REQUIREMENTS OF DHEW Regulatpon 45 C P R  4 6 ,  T H A T  I T  H A S  
ESTABLISHED AN INSTITUTIONAL REVIEW BOARD FOR T H E  PROTECTION OF HUMAN SUBJECTS AND,  WHEN REQUESTED, 

QUIRED FOR IMPLEMENTATION OF THIS ASSURANCE FOR THE PROPOSED PROJECT OR A C T I V I T Y .  
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I h T R A  LABORATORY CORRESPONDENCE 
O A K  RIDCC N A T I O N A L  L A O O R A T O P Y  

August 5 ,  1980 

To : Animal Users 

From : 

S u b j e c t :  NIH Animal Use P o l i c y  

C .  A.  gingham, D.V.Ff)[/l? 

T h i s  memorandum is  t o  a s s u r e  you t h a t  t h e  Biology D i v i s i o n  i s  i n  
compliance wi th  t h e  U.S. P u b l i c  H e a l t h  S e r v i c e  p o l i c y  c o n c e r n i n g  
t h e  care and use of l a b o r a t o r y  a n i m a l s  as p r e s c r i b e d  i n  t h e i r  
i n s t r u c t i o n  s h e e t  for g r a n t  a p p l i c a t i o n s  (PHS 398 Rev. 10/79). 
Ye have r e c e i v e d  t h e i r  a c c e p t a n c e  oE o u r  letter of a s s u r a n c e  of 
compliance w i t h  t h e i r  a n i m a l  p o l i c y .  I n  keep ing  with t h i s  
a s s u r a n c e  w e  have an a c t i v e  committee c h a i r e d  by D r .  R .  A .  Popp 
t h a t  reviews o u r  animal  p o l i c i e s  and o p e r a t i o n s  and our a n i m a l  
f a c i l i t i e s  a r e  a c c r e d i t e d  by t h e  American A s s o c i a t i o n  f o r  
A c c r e d i t a t i o n  of Labora to ry  Animal Care. 

GAB : cr 
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