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DEP4RTVE"LT OF H E A L T H  EDUCATIOY AYD W E L F ~ R E  
PCIBL'C M E A - T H  S E R V I C E  

h r - -  '1)NdL N S T I T U ' E S  O F  t - i E A L 7 ~  
B E T H E - O A  M 4 9 \ L A \ D  L'O2CS 

J u l y  20, 1981 

Mr. W i l l i a m  R. Bibb 
D i r e c t o r ,  Research D i v i s i o n  
Department of Energy 
Oak Ridge, T N  37830 

Dear Mr. Bibb: 

The a p p l i c a t i o n  e n t i t l e d  "Neop las i a  i n  human r e s p i r a t o r y  
t i s s u e s  - i n  v i t r o  model" s u b m i t t e d  on b e h a l f  of D r .  Marga re t  
Terzaghi-Howe was r e c e i v e d  i n  t h e  D i v i s i o n  of Research G r a n t s  
on J u l y  17, 1981. 
a p p l i c a t i o n  does n o t  have t h e  s i g n a t u r e  of t h e  pe r son  a u t h o r i z e d  
t o  sign f o r  t h e  s p o n s o r i n g  i n s t i t u t i o n .  We regret to i n f o r m  
you t h a t  we a r e  unab le  t o  a c c e p t  a p p l i c a t i o n s  wi thou t  appro-  
p r i a t e  s i g n a t u r e s .  For your  conven ience  t h e  f a c e  page o f  t h e  
a p p l i c a t i o n  i s  enc losed .  
t o  t h i s  o f f i c e  as soon as p o s s i b l e  s i n c e  o f f i c i a l  r e c e i p t  o f  
t h e  a p p l i c a t i o n  f o r  p o s s i b l e  c o n s i d e r a t i o n  i n  t h i s  round o f  
meet ings  i s  de termined  by t h e  d a t e  o f  r e c e i p t  of t h e  s i g n e d  
p r o p o s a l .  

It h a s  been no ted  t h a t  t h e  face page of t h i s  

We would a p p r e c i a t e  having  It r e t u r n e d  

S i n c e r e l y  your s ,  

G r a n t s  C l e r k  
R e f e r r a l  Branch 
D i v i s i o n  of Research Gran t s  

Enc l o  s u r  e 

cc :  D r .  Margaret  Terzaghi-Howe 
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Oak Ridge N a t i o n a l  Laboratory 
Biology D i v i s i o n  

Oak Ridge, Tennessee 37830 
P.O. Box Y 

31. T E L E W O N E  (Areo code, nunbcr md extension) 

(615)574-3971 
4. H U M A N  SUBJECTS, D E R I V E D  MATERIALS OR D A T A  I N V O L V E D  

N O  Y E S  (If "YES, ' form HHS 5% required) 

6. D A T E S  O F  E N T I R E  PROPOSED P R O J E C T  P E R I O D  
f This opplicotton) 

Dec. 1984 Tnrough Dec. 1981  F r o n  

9. P E R F O R M A N C E  SITES fOr90ni1afions P?d oddrerser l  

Biology D i v i s i o n  
Oak Ridge N a t i o n a l  Laboratory 

1 

S t a f f  S c i e n t i s t  
3.. D E P A R T M E N T ,  SERVICE,  L A B O R A T O R Y  9 R  E Q U I V A L E N T  

Biology D i v i s i o n  

Cancer and Toxicology S e c t i o n  
351. M A J O R  SdBDIV IS ION 

5.  R E C 3 M T l N A N T  DNA RESEARCH SUBJECT TO NIH G U I D E L I N E S  

F , N O  n Y E S  

7. T O T A L  D I R E C T  COSTS RE-  8 .  D I R E C T  COSTS R E O U E S T S D  F O R  
P U E S T E D  F C R  P R O J E C T  1 F IRST 1 2 m O N T H  B U D G E T  

S 390,659 1 S 118,029 

P E R I O D  ffmm poge 5)  ; P E R l O D  f lmrnpoqe 4 )  

10. I N V E N T I O N S  fCompetinp confinuaiion qoplicotion only) 

W e r e  ony nnvenlions conce,ved or reduced i o  procllce durnng the C D U I S ~  
of the prolect' 

DEPARTMENT OF HEALTH A N D  H U M A N  SERVICES 
PUBLIC HEALTH SERVICE 

GRANT A P P L I C ~  17  1981 

FOLLOW INSTRUCTIONS CARE F U L L Y  
I. T I T L E  OF A P P L I C A T I O N  f / h  not ercerdS6 type-rtter rpoces) 

L E A V E  BLANK 
hCIMSEQ ACT I V I  T Y  T Y P E  

R E V i E w  G R C U P  F t  &ME RL Y 

S e o p l a s i a  i n  human r e s p i r a t o r y  t i s s u e s  - i n  vitro model 
2 .  RESPONSE TO S P E C I F I C  PROGRAM ANNOUNCEMENT A N O  I-' Y E S  (If  'YES." s t o h  R F A  number m d o r  onnouncment  tit!.) 

3. PRINCIPAL I N V E S T I C A T O R , ' P R O C R A M  DIRECTOR - 
3 0 .  NAME (Lost, first, mdddlc) 

Terzaghi-Howe, Margaret  
3c. M A I L I N G  ADDRESS IStroct, city, s f o t q  z ip  c o d J  I 3 d .  POSIT ION T I T L E  

12. O R G A N I Z A T I O N A L  COMPONENT T O  R E C E I V E  C R E D I T  F O R  
I N S T I T U T I O N A L  G R A N T  (See instructions) 

Code Desc*iptlon. 

IS. O F F I C I A L  IN BUSINESS O F F I C E  TO B E  N O T I F I E D  I F  A N  
AWARD I S  M A D E  (Nome, title, oddresr a d  telephone number.) 

W i l l i a m  R. Bibb 
D i r e c t o r ,  Research D i v i s i o n  
Department of Energy 
Oak Ridge, TN 37830 
FTS 6 7 6  - 0 7 7 7 -  [hlu 576 - 0172-- 

17. PRINCIPAL INVESTIGaTOR. PROGRAM DIREClOR ASSURANCt. I ogree 
90  occept responsibnlity lor the sctentihc conduct of he protect and to pro- 
vsoe the rcquared progiess reports 1 1  n pront i s  ororded os  8 result 01 this 
oppl~collon. 

---- 
18. CERTIFICATION AND ACCEPTANCE I certilr h o t  h e  statements herein 

oic  !rue ond complete IO the best 01 my knowledge, ond occcpt h m  obltgo- 
tion 90 comply wth Public Health Service terms ond conditions e f  o pront 
IS o-orded os the rerult 01 t h i s  opplicotion. A r i l l f u l l 7  lolse certthcotion 
1s o crnminol offense. (U.S. Code, T i t le  le, Section 1001.) 

d r r t r ic t l  

Oak Ridge N a t i o n a l  Laboratory 
P.O. Box Y 
Oak Ridge, TN 37830 

Th i rd  Congres s iona l  D i s t r i c t  

13. E N T I T Y  I t E N T I F I C A T l O h  N U M a E R  

60 - Department of Energy 
14. T Y P E  O F  O R G A N I Z A T I O N  (See instructions) 

Prurote Nonproht  

Public (Specrfy Fedcrol, Stote, Local):  - R ._-.- -- 
16. O F F I C I A L  SIGNING F O R  A P P L I C A N T  O R G A N I Z A T I O N  INoma, trrle, 

oddress ~d telephone number) 

W i l l i a m  R. Bibb 
D i r e c t o r ,  Research Div i s ion  
Department of Energy 
Oak Ridge,  TN 37830 

FTS 626-0727, (615) 576-0727 - 
S I G N A T U R E  O F  PERSON N A M E D  IN 30 ( In  in&. 
"Par" s i g n o ~ u r e  not occstobl.)  

f 

I D A T E  

PHS-398 
Rev. 5/80 



DLPAR'TMEI 'F HEALTH AND HUMAN SERVICES 
A L I C  HEALTH SERVICE . ABSTRACT OF RESEARCH PLAN 

M. Te rzagh i  

L E A V E  BLANK 

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

S t a f f  S c i e n t i s t  
B io logy  D i v i s i o n  
Cancer  and Toxicology 

A. J. P.  Klein-Szanto Med ica l  S t a f f  S c i e n t i s t  
B io logy  D i v i s i o n  
Cancer  and Toxicology 

ABSTRACT O F  R E S E A R C H  P L A N :  
tho scient i f ic  d i ~ c i p l i n o s  involvod ond the health-relotmdnois o f  tho proioct. The obstroct should be self-contoined so h a t  i t  con serve as o succinct 
end OCCUrOte description of tho opplicotion when seporotod from i t .  DO NOT EXCEED THE S P A C E  P R O V I D E D .  

Concisely  doscribo the opplicotion's specif ic oims, mochodology ond long-term obiectives, making roferonco to 

I n  t h e  propsed e x p e r i m e n t s  we w i l l  e v a l u a t e  t h e  c y t o t o x i c i t y  and c a r c i n o g e n i c i t y  oi 
a s b e s t o s  a l o n e  and DMBA adso rbed  t o  a s b e s t o s  i n  rat t r a c h e a l  e p i t h e l i u m  and human 
r e s p i r a t o r y  e p i t h e l i u m  . 
cat t r a c h e a l  stroma implan ted  i n t o  t h e  nude mouse and t r a c h e a l  e p i t h e l i u m  w i l l  be 
zxposed i n  v i t r o  and m a i n t a i n e d  i n  o rgan  c u l t u r e  up t o  4 wks. 
exposure t i s s u e s  w i l l  b e  f i x e d  and p r e s e n c e  of p r e n e o p l a s t i c  l e s i o n s  as w e l l  as changes 
i n  t h e  f r a c t i o n  of  3HTdr l a b e l e d  c e l l s  de t e rmined .  
d i l l  be h a r v e s t e d  from exposed e x p l a n t s  and t e s t e d  f o r  t h e  c a p a c i t y  t o  grow i n  s o f t  
aga rose  (EF a s s a y )  o r  y i e l d  tumors  when implanted i n t o  nude mice. The c a r c i n o g e n i c i t y  
w i l l  be e v a l u a t e d ,  i f  p o s s i b l e  a t  equal  dose  l e v e l s  and e q u i t o x i c  dose l e v e l s  i n  r a t  
t i s s u e s  and i n  :he r e s p i r a t o r y  t i s s u e s  of a t  l ea s t  f o u r  d i f f e r e n t  humans. O f  i n t e r e s t  
a r e  bo th  i n t e r s p e c i e s  and i n t r a s p e c i e s  (human) d i f f e r e n c e s  i n  c y t o t o x i c i t y  and car- 
c i n o g e n i c i t y  of a s b e s t o s  and DMBA. O r i g i n a l  c o n t r i b u t i o n s  made  by t h e s e  expe r imen t s  
w i l l  be t h e  (1) e s t a b l i s h m e n t  of e x p e r i m e n t a l  p r o c e d u r e s  which can b e  a p p l i e d  i n  f u t u r e  
-- i n  v i t r o  s t u d i e s  of n e o p l a s t i c  development i n  human r e s p i r a t o r y  e p i t h e l i u m  f o l l o w i n g  
exposure  t o  o t h e r  p o t e n t i a l l y  c a r c i n o g e n i c  a g e n t s  and ( 2 )  d i r e c t  e v a l u a t i o n  of t h e  
e f f e c t s  of  a s b e s t o s  and DMBA on normal "cu l tu red"  human r e s p i r a t o r y .  

Human r e s p i r a t o r y  e p i t h e l i u m  c u l t u r e d  -- i n  v i v o  on d e v i t a l i z e d  

A t  v a r i o u s  times a f t e r  

A t  t h e  same t i m e  i n t e r v a l s  c e l l s  

L A B O R A T O R Y  ANIMALS I N V O L V E D .  I d e n t i f y  by common nomos. I f  none, stote "none" 

F i s c h e r  3 4 4  r a t s  and CC3-10 nude mice 



L ' l v i s l c n  o f  Research tirants 
Latlonal Inrtftbtes of' h e a l t h  
u~stwooa  Buildlnij, ROW! 240 
3333 orestbrrd Avenue 
tjcttiesdd, h w l l a n a  202C5 

Gc nt 1 ere n : 

Lriclosed for  your consideration a r e  SIX coplcs o f  
proposal ,  prepared by the .h i ' s  3dk i?ldee i i i t l o n a  
k l s c  f 1 , C l G S C d  are an executkd Lrant C c r t l f l c a t t o n  
Snarlns Agreement I n  the f o n d :  of hEir  FOK 43L. 

the  sbttject resedrci 
Lstcretory (C&IL ) .  

and an c-xccutec S i s t  

DOE F 1325.10 I o 1 6 9 5 4  
OFFICIAL FILE COPY (7-791 
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COST SHARING AGREEMENT 

Awarding O f f i ce :  

A p p l i c a t i o n  o r  Award Number: 

F~pp: I cant: 

Oak Ridge Operat ions O f f i c e  
Research D i v i s i o n  
Pos t  O f f i c e  Box E 
Oak Ridge, Tennessee 37830 

Department o f  Energy 

Proposal P r o j e c t  Per iod:  
From December 1, 1981, t o  November 30, 1984 

ORNL RESEARCH GRANT PROPOSAL, "NEOPLASIA I N  HUMAN RESPIRATORY TISSUES - 
I N  V I T R O  MODEL" (INTERAGENCY AGREEMENT DOE NO. 40-1176-81) 

I n  o rder  t o  s a t i s f y  HEW cos t  shar ing requirements, the  U. S. Department 
o f  Energy agrees t o  bear 17.18 percent of t h e  t o t a l  cos t  o f  t he  above 
p ro jec t .  

T o t a l  p r o j e c t  cos t  i s  t h e  sum o f  t he  t o t a l  a l lowab le  d i r e c t  and i n d i r e c t  
cos t  i ncu r red  by the  r e c i p i e n t  and sub-rec ip ients  of cost - type contractors ,  
p lus  the  value o f  any t h i r d  pa r t y  i n -k ind  c o n t r i b u t i o n s  which b e n e f i t  
t he  p ro jec t .  These amounts w i l l  be ca l cu la ted  according t o  the  r u l e s  i n  
the  HEW gran t  admin i s t ra t i on  regu la t ions  a t  45 CFR, P a r t  74. 

I f  the  p r o j e c t  pe r iod  cons is ts  o f  more than one budget per iod,  the  
agreed-upon r a t e  w i l l  apply  t o  the  p r o j e c t  pe r iod  as a whole, i nc lud ing  
any non-compet i t ive extensions bu t  no t  necessar i l y  t o  each i n d i v i d u a l  
budget period. 

I f  HEW stops funding t h i s  p r o j e c t  p r i o r  t o  t h e  c lose  o f  t he  o r i g i n a l l y  
agreed-upon p r o j e c t  per iod,  the r a t e  w i l l  apply  t o  the  ac tua l  per iod  o f  
support. 

I f  t h e  p r o j e c t  pe r iod  i s  extended compet i t i ve ly ,  another cos t  shar ing 
agreement w i  11 be negot iated. 

Research D i v i s i o n  

gr 
Date 
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Certification Required by PHS: 1-515-40B 

for 

NEOPLASIA I N  HUMAN RESPIRATORY TISSUES-- IN V I T R O  MODEL 

To Be Performed By 

The Department of Energy's Oak Ridge National Laboratory 

I ce r t i fy  tha t :  

1 .  The Department o f  Energy has the s t a t u t o r y  authority t o  carry 
out  the research study s e t  fo r th  in the proposal f o r  the research 
project with the above t i t l e .  

2. The  Department o f  Energy will be legally,  financially a n d  
administratively responsible for  the conduct of the research 
project with the above t i t l e  i f  a research grant i s  awarded 
t o  Oak Ridge Operations of the Department of Energy for this  
purpose. 

~ 

3.  Dr. 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 Operations 
Department of Energy 
JUL 8 1981 



OFFICE OF THE DIRECTOR 

WAK RIDGE NATIONAL LABO~ATORY 
O P E R A T E D  B Y  

UNION CARBIDE CORPORATION 
NUCLEAR DIVISION 

POST OFFICE BOX X 

O A K  R I D G E ,  T E N N E S S E E  37830 

June  8 ,  1981  

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

Post Office Box E 
Oak Ridge, Tennessee 37830 

f o r  Energy Research and Developnent 

Gentlemen : 

Research Grant P roposa l  t o  t h e  N I H ,  "Neop las i a  In  Human R e s p i r a t o r y  
T i s s u e s  - I n  V i t r o  Model" 

I n t e r a g e n c y  Agreement No. (40-1176-81) 

Enclosed f o r  your review and a p p r o v a l  i s  a r e s e a r c h  g r a n t  p r o p o s a l  be ing  
s u b m i t t e d  t o  t h e  N a t i o n a l  I n s t i t u t e s  o f  Hea l th .  The p roposa l  r e q u e s t s  a 
t h r e e - y e a r  p e r i o d  of  performance b e g i n n i n g  December 1, 1981, and a t o t a l  
d i r e c t  fund ing  of  $390,659. 'Ihe i n i t i a l  twe lve -mon th  fund ing  w i l l  r e q u i r e  
$118,029, p l u s  i n d i r e c t  c o s t s  of  approx ima te ly  $36,590. 

The c y t o t o x i c i t y  and c a r c i n o g e n i c i t y  of  a s b e s t o s  and  a s b e s t o s  w i t h  adsorbed 
DMBA w i l l  be e v a l u a t e d  i n  r a t  and human r e s p i r a t o r y  e p i t h e l i u m  i n  v i t r o .  
A t  v a r i o u s  times a f t e r  exposure  exposed c e l l  p o p u l a t i o n s  w i l l  be e v a l u a t e d  
f o r  a l t e r e d  growth c a p a c i t y  i n  v i t r o  and f o r  n e o p l a s t i c  t r a n s f o r m a t i o n s  
i n  vivo. These expe r imen t s  a )  w i l l  e s t a b l i s h  e x p e r i m e n t a l  p rocedures  which 
c a n  be a p p l i e d  i n  f u t u r e  i n  v i t r o  s t u d i e s  of n e o p l a s t i c  development i n  
hunan r e s p i r a t o r y  t i s s u e s  f o l l o w i n g  exposure  t o  o t h e r  p o t e n t i a l l y  car- 
c i n o g e n i c  a g e n t s  and b)  w i l l ,  for t h e  f i r s t  t i m e ,  e v a l u a t e  t h e  c a r c i n o g e n i c  
e f f e c t s  of a s b e s t o s  and DEIBA d i r e c t l y  on hunan r e s p i r a t o r y  t i s s u e s .  

The f o l l o w i n g  i n f o r m a t i o n  i s  p rov ided  t o  ass is t  i n  your  r ev iew and approva l  
of  t h i s  p r o p o s a l :  

a. T h i s  r e s e a r c h  e f f o r t  i s  d e s c r i b e d  i n  t h e  approved ORNL 
I n s t i t u t i o n a l  Plan on page 5 2 ,  "Work f o r  O t h e r s  (Excluding NRC)." 
The p e r s o n n e l  r e q u i r e d  f o r  t h i s  research are i n c l u d e d  i n  t h e  d i r e c t  
FTE's i n  t h e  "Sunmary of Resources"  on page 53. 

b. M. Terzaghi-Howe w i l l  s e r v e  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  d e v o t i n g  
100% of h e r  e f f o r t  t o  t h i s  r e s e a r c h .  Dr. Terzaghi-Howe c u r r e n t l y  
d e v o t e s  100% e f f o r t  t o  N C I  (40-1044-79), which e x p i r e s  August 31, 
1981. 

I 
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DOE,  Mr. J. A. Lenhard 2 June 8 ,  1981 

C. E x i s t i n g  s p a c e  and r e s o u r c e s  a re  a v a i l a b l e  t o  conduct  t h i s  r e s e a r c h  
w i t h o u t  i n t e r f e r i n g  w i t h  e x i s t i n g  DOE e f f o r t s .  

d. This r e s e a r c h  w i 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  
H A  02 02 01 0, "Heal th  E f f e c t s  Resea rch  i n  Biomedical Systems - 
Ca rc  i n o g e n e s  is. '' 

After your  a p p r o v a l  and a p p r o v a l  of  t h e  O f f i c e  of  H e a l t h  and Environmental  
Resea rch ,  p l e a s e  forward s i x  ( 6 )  c o p i e s  t o  t h e  D i v i s i o n  of  Research G r a n t s ,  
N a t i o n a l  I n s t i t u t e s  of  H e a l t h ,  Bethesda,  Maryland 20205. 

I f  you have a n y  q u e s t i o n s  conce rn ing  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  
M.  Terzaghi-Howe, e x t .  4-3971. 

Herman Postma 
D i r e c t o r  

HP : TV :e p 

Enc losu re  

cc :  J. E. Carr W. R. Ragland 
R. J. M. F ry  C. R. Richnond 
R. A. Griesener M. Terzaghi-Howe 
R. F. Hibbs F i l e  - RC 
J. N. Maddox, DOE-GTN 



Terzaghi-Howe, M. 
P R I N C I P A L  I N V E S T I G A T O R  P R O G R A M  D I R E C T O R  

D E T A C H  AND C L I P  TO THE SIGNED F A C E  PACE O F  THE A P P L I C A T I O N  

PERSONAL DATA ON 

PRINCIPAL INVESTIGATORIPROGRAM DIRECTOR 

The Publ ic Health Service has a continuing commitment to monitoring the operation of i t s  review and 
award processes to detect-and deal appropriately with-any instances of real or apporent inequi t ies 
wi th respect to age, sex, race, or ethnicity of the proposed principol investigotor/progrom director. 

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

Upon receipt and assignment of the application by the PHS, th is  form w i l l  be detached from the opplica- 
tion. I t  w i l l  NOT be duplicated and w i l l  NOT be o part of the review process. Data w i l l  be confidential, 
and w i l l  be mointoined in Privocy Ac t  record system 09-250036, "Grants: IMPAC (Gront Contract In- 
formation)." All analyses conducted on the data w i l l  report oggregote stat ist ical findings only and w i l l  
not identi fy individuals. 

If you decl ine to provide this information, i t  w i l l  i n  no way of fect  consideration of your opplication. 

Your cooperation w i  I1 be appreciated. 

Dote o f  Birth: Sex: Female Male 

Race and/or Ethnic Origin: 

Check one: 0 American lndion or Aloskon Native 

u Asion or Pac i f i c  Islander 

u Block, not of Hispanic origin 

0 Hispanic 

White, not of Hispanic origin 

NOTE: The category thot most closely ref lects the individual 's recognition in the community should be 
used for purposes of reporting mixed rocial  and/or ethnic origins. Def in i t ions are on the bock of 

0 
1 
Gcs form. 
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DEPARTMENT OF HEALTH AND H U M A N  SERVICES 
PUBLIC HEALTH SERVICE 

GRANT APPLICATION 

L E A V E  BLANK 
T Y P E  1 A C T I V I T Y  NUMBER 

FOLLOW INSTRUCTIONS CARE FULLY 
1. T I T L E  O F  A P D L I C A T I O N  (Do not e x c o d 5 6  typewriter spocesJ 

(615)574-3971 
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  

N O  YES (If "YES," form HHS 5P6 rcguircd) 

6. D A T E S  OF E N T I R E  PROPOSED P R O J E C T  P E R I O D  
(Th is  opplicotion) 

1 
R E V I E W  GROUP ' FORMERLY 

Cancer and Toxicology Sec t ion  
5. R E C O M B I N A N T  DNA RESEARCH SUBJECT TO NIH W I D E L I N E S  

N O  YES 

7. T O T A L  DIRECT C O S T S  RE. 18 .  DIRECT COSTS QEOUESTED F O R  
O U E S T E D  F O R  PROJECT j FIRST 1 2 M O N T H  BUDGET 
P E R I O D  ffrcm p 0 9 e  5)  ' PERIOD ffmm pope 1) 

COUNCIL B O A R 3  (Month. y r o d  D A T E  RECEIVE; 

I 

Neoplas ia  i n  human r e s p i r a t o r y  t i s sues  - i n  v i t r o  model 
2. RESPONSE TO S P E C I F I C  PROGRAM ANNOUNCEMENT NO '- YES (If "YES," s t o k  R F A  number m3 or o n w u n c m e n t  title) 

3. P R I N C I P A L  INVESTIGATOR 'PROGRAM DIRECTOR 
30. NAME (Lor?, f irst, rnrddlel U M B E R  

Terzaghi-Howe, Margaret  
3c.  MAILING ADDRESS (Street, city, s t ~ e ,  zip codd 

Oak Ridge N a t i o n a l  Laboratory 
Biology D i v i s i o n  
P.O. Box Y 
Oak Ridge, Tennessee 37830 

S t a f f  S c i e n t i s t  
3e. D E P A R T M E N T ,  SERVICE, L A B O R A T O R Y  OR EOUI 'dALENT 

Biology D i v i s i o n  
31. T E L E P H O N E  (Are0 code, number cnd extensrod 139. MAJOR SUBDIVISION 

Through: I 3 390.659 

Biology D i v i s i o n  
Oak Ridge N a t i o n a l  Labora tory  
P.O. Box Y 
Oak Ridge, TN 37830 

12. O R G A N I Z A T I O N A L  C O M P O N E N T  T O  R E C E I V E  C R E D I T  FOR 
I N S T I T U T I O N A L  G R A N T  (See instructions) 

Code Desc- ipt ion 

1 5 .  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  A N  
AWARD I S  M A D E  (Nome, title, address ond telephone number.) 

W i l l i a m  R. Bibb 
D i r e c t o r ,  Research  D i v i s i o n  
Department of  Energy 
Oak Ridge, TN 37830 
FTS 676  - 0777, ( ~ 5 )  576 - 0777 -- 

17. PRINCIPAL INVES~ IGATOR PROGRAM DIRECTOR ASSURANCt I ogree 
to occept responstb~l~ty for the S C I ~ I ~ { I C  conduct of the protect and to po- 
wnde the required pogress reports a f  o prom t s  awarded as o result of thns 
opp I I cat ion. - -- 

a 18. CERTIFICATION AND ACCEPTANCE. I certify tho? the storements hereon 

a 
o3 
a 

ore true ond complete to the best of my Lnowledpe, ond accept h e  obl190- 
tion to comply wth F'ubltc Hoolth Service terms and conditkons #I o pront 
IS ororded a s  the result of t h i s  oppllcotton. A w i l l f u l l y  folse certoflcotlon 
i s  o crimlnol offense. (U.S. Code. Tl t le  18. k c t i o n  1001.1 

Were ony Inwentlons concclved or reduced 10 proctlce :.,rtng the csurse  
o f  the D ~ O I C C ~ '  

j? Y E S  - N o t  previously reoorted 

1 n N O  0 YES - Pccrtously reporred 

1 11 A P P L I C A N T  O R G A N I Z A T I O N  f N a n e  oddress ond congresseond 
d,strlctJ 

Oak Ridge N a t i o n a l  Laboratory 
P.O. Box Y 
Oak Ridge,  TN 37830 

Thi rd  Congress iona l  D i s t r i c t  

13. E N T I T Y  I D E N T I F I C A T I O N  NUMBER 

60 - Department of Energy 
I d .  T Y P E  O F  ORGANIZATION (See instructions) 

Priwote Nonprofit  

P u b l i c  (Specify Fedeml, Store. Loco/): - H --.- --- 
16. O F F I C I A L  SIGNING FOR A P P L I C A N T  ORGANIZATION (Nome, t i t le, 

oddress a d  telephone number) 

W i l l i a m  R.  Bibb 
D i r e c t o r ,  Research Div is ion  
Department of Energy 
Oak Ridge,  TN 37830 

- FTS 626-0727, (615) 576-0727 
SIGNATURE O F  PERSON NAMED I N  30 f l n  ink. 
"Per" sipnoturs not o c c p r o b l d  

SIGNATURE 4~ PERSON N A M E D - f i  16 (In ink. I DATE 



DEPARTMENT OF H u m  ID HUMAN SERVICES 
PUBLIC HEAL1 H SERVICE 

ABSTRACT OF RESEARCH PLAN 

M. T e r z a g h i  

L .VE BLANK 

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

S t a f f  S c i e n t i s t  
B io logy  D i v i s i o n  
Cancer and Toxicology 

A. J. P. Klein-Szanto Med ica l  S t a f f  S c i e n t i s t  
B io logy  D i v i s i o n  
Cancer  and Toxicology 

A B S T R A C T  OF R E S E A R C H  P L A N :  
the s c i e n t i f i c  d isc ip l ines involved ond the heolth-relotednesr of tho proiect. The obstroct should bo relf-contoined so h o t  i t  con serve os o succinct 
and occurate description of the opplicotion when separoted from it .  DO NOT EXCEED THE S P A C E  P R O V I D E D .  

Concisely describa the opplicotion's specific aims, methodology ond long-term obiectives, molting reference to 

~~~ 

I n  t h e  propsed e x p e r i m e n t s  w e  w i l l  e v a l u a t e  t h e  c y t o t o x i c i t y  and c a r c i n o g e n i c i t y  oi 
a s b e s t o s  a l o n e  and DMBA adso rbed  t o  a s b e s t o s  i n  r a t  t r a c h e a l  e p i t h e l i u m  and human 
r e s p i r a t o r y  e p i t h e l i u m  . 
:at t r a c h e a l  s t roma implan ted  i n t o  t h e  nude mouse and t r a c h e a l  e p i t h e l i u m  w i l l  be 
sxposed i n  v i t r o  and m a i n t a i n e d  i n  o r g a n  c u l t u r e  up t o  4 wks. 
s x p o s u r e  t i s s u e s  w i l l  be f i x e d  and p r e s e n c e  of p r e n e o p l a s t i c  l e s i o n s  as w e l l  as changes 
i n  the  f r a c t i o n  o f  3HTdr l a b e l e d  ce l l s  determined.  
Jill be h a r v e s t e d  from exposed e x p l a n t s  and t e s t e d  f o r  t h e  c a p a c i t y  t o  grow i n  s o f t  
a g a r o s e  (EF a s s a y )  o r  y i e l d  tumors when implanted i n t o  nude mice. The c a r c i n o g e n i c i t y  
J i l l  b e  e v a l u a t e d ,  i f  p o s s i b l e  a t  e q u a l  dose l eve l s  and e q u i t o x i c  dose l e v e l s  i n  r a t  
t i s s u e s  and i n  t h e  r e s p i r a t o r y  t i s s u e s  of a t  l e a s t  f o u r  d i f f e r e n t  humans. Of i n t e r e s t  
are b o t h  i n t e r s p e c i e s  and i n t r a s p e c i e s  (human) d i f f e r e n c e s  i n  c y t o t o x i c i t y  and car- 
E i n o g e n i c i t y  of a s b e s t o s  and DMBA. O r i g i n a l  c o n t r i b u t i o n s  made by t h e s e  experiments  
d i l l  be  t h e  (1 )  e s t a b l i s h m e n t  of e x p e r i m e n t a l  p r o c e d u r e s  which can  b e  a p p l i e d  i n  f u t u r e  
i n  -- v i t r o  s t u d i e s  of  n e o p l a s t i c  development i n  human r e s p i r a t o r y  e p i t h e l i u m  fo l lowing  
e x p o s u r e  t o  o t h e r  p o t e n t i a l l y  c a r c i n o g e n i c  a g e n t s  and ( 2 )  d i r e c t  e v a l u a t i o n  of t he  
e f f e c t s  o f  a s b e s t o s  and DMBA on normal  l l c u l t u r e d l l  human r e s p i r a t o r y .  

Human r e s p i r a t o r y  e p i t h e l i u m  c u l t u r e d  i n  v i v o  on d e v i t a l i z e d  

A t  v a r i o u s  times a f t e r  -- 
A t  t h e  same t i m e  i n t e r v a l s  c e l l s  

L A B O R A T O R Y  A N I M A L S  I N V O L V E D .  Ident i fy  by common nomos. I f  none, atate "none" 

F i s c h e r  344 rats and CC3-10 nude mice 
ms.398 1 0 1 8 9 b 2  PACE 2 
Rou 5/80 
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Terzaghi-Howe, M. 
P R I N C I P A L  I N V E S T I G A T O R  PROGRAM D I R E C T O R :  

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

Number pages consecut ive ly  o t  the bottom throughout the oppl icot ion.  DO n o t  u s e  s u f f i x e s  such O S  

50, 56. T y p e  the name of the P r i n c i p o l  Invest igotor , ’Progrom D i r e c t o r  a t  the top of eoch p r i n t e d  page 
and each cont inuot ion  poge. 

SECTION 1. PAGE NUMBERS 

Face Page, Abstract, Table of Contents .............................................. 
Detai led Budget for F i r s t  12 Month Budget Period ..................................... 
Budget Estimates for A l l  Years of Support ............................................ 
Other Biographicol Sketches (Not to exceed two poges for eoch).. ....................... 9-10 
Other Support.. ................................................................... 11 
Resources and Environment ........................................................ 12 

1-3 
4 
5 

Biographical Sketch-Principal Investigator. Program Director (Not to exceed two poges). .... - 7-8 

SECTION 2. 

Introduction (Excess pages; rev ised ond supplementol opplicotions) ..................... - 
Research Plan 

15 A. Specific Aims (Not to exceed one page) ....................................... - 
15-18 6. Significoncc (Not to exceed three pages). ...................................... - 
19-20 C. 
20-23 G. Methods ................................................................... - 
24-26 E. Human Subiects, Derived Materials or Doto ..................................... - 

F. Laboratory Animols ......................................................... - 
G. Consultants ................................................................ - 
ti. Consortium Arrangements or Formolized Collaborative Agreements ................ - 

27-29 I. Li terature Ci ted ............................................................ - 
Checkl ist  30 ........................................................................ - 

Progress Report;Preliminory Studies (Not to exceed eight p o g e s )  ................. - 

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

Number of pu bl i cat ions: 

Other items (list): 

Application Receipt Record, form PHS 3830 
F o r r  HHS 596 i f  I tem 4, page I, i s  checked 

Number of monu scripts: 

P A G E  3 



FROM 
DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 

None 

THROUGH 

SUPPLIES (1t.mi.e by cotegoyl 
Animals and Animal Care' 6,877 T i s s u e  c u l t u r e  s u p p l i e s ,  
EM and H i s t o l o g y  S u p p l i e s  medium, c a r c i n o  e n  14,000 

i n c l u d i n g  p h o t o g r a p h i c  H i s t o l o g y  s e r v i c e  % 3,000 
mat e r i a  Is 4,000 

Glassware (Ki t chen)  8,500 

T R A V E L  
DOME STI C 
FOREIGN 

INPATIENT 

OUT PATIENT 
PATIENT CARE COSTS 

ALTERATIONS AND R E N O V A T I O N S  ( ~ t ~ ~ ~ ~  by c~.gory~ 

CONTRACTUAL 
OR (See 

THIRD PARTY instructiond 
COSTS 

I 

OTHER EXPENSES ( I f m i z c  by cofegoy) 
D i v i s i o n  A d m i n i s t r a t i o n  = $11,400 
P u b l i c a t i o n  c o s t s  = $600 
$l3.5O/sq. f t . l a b o r a t o r y  s p a c e ,  u t i l i t i e s  = $17,212 
Main tenance  and S e r v i c e  = $3,000 

TOTAL DIRECT COSTS ( A b  enter on pope 1, ifm 8) 

cns-398 Rev. 5/80 I O l i 3 9 b 4  PACE 4 

TOTALS 

1 2 , 4 0 0  -- 
4 , 4 8 0  

21,760 

36,377 
Buu 

32,212 

S 118,029 



I , I U .  , , 

BUDGET CATEGORY 
T O T A L S  

PERSONNEL ISdoty ood 
frtnpe benefits.) 
(+licmc orponizHJon only) 

CONSULTANT COSTS 

EOUl PMENT 

SUPPLIES 

DOME STIC 

TRAVEL 

FOREIGN 

PATIENT INPATIENT 

CARE 

COSTS OUTPATIENT 

ALTERATIONS AND 
RE NOVA TI ONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

TOTAL DIRECT COSTS 

1 

DIRECT COSTS ONLY 

A D D I T I O N A L  YEARS SUPPORT REQUESTED 1 s t  B U D G E T  
PERIOD 

(from poge 4) 2nd 3rd 4th 5th 

48,6h0 53,500 58,850 

-- 
-- 

36,377 40,015 44,017 

8 00 880 968 

-- 
-- 
-- 

-- _ _  / 
32 ,212-  35,430 38,970 

118,029 b 129,825 b 142,805b 

TOTAL FOR FNTIPF  PROPOSED PROJECT PERIOD (Also mteronpoge 1, ,tan 7: ~- 
I 

I n d i r e c t  c o s t s  have been e s t a b l i s h e d  a t  a rate of 35% t h rough  a n  agreement  negot i -  
a t e d  between t h e  N I H  and t h e  DOE. Because t h i s  p e r c e n t a g e  c o v e r s  o n l y  p a r t  of c o s t s  
t h a t  are o f t e n  i n c l u d e d  by o t h e r  i n s t i t u t i o n s  as i n d i r e c t  c h a r g e s  and because  t h e  
DOE r e q u i r e s  r ecove ry  of f u l l  c o s t s ,  c e r t a i n  c h a r g e s  ( u t i l i t i e s  and D i v i s i o n  Adminis- 
t r a t i o n )  a r e  l i s t e d  as  Direct Cos ts  on t h i s  form (shown under  "Other  Expenses").  

bThe t h r e e  y e a r  budget  i s  c a l c u l a t e d  on t h e  b a s i s  of a n  annua l  i n c r e a s e  of 10% i n  
expenses .  

f 
390,659 

Page 5 
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Terzaghi-Howe, M .  

J u s t  i f  i c a t  i o n  ( c o n t .  1 : 

C Animals:  The an ima l s  a r e  bred and housed i n  a s p e c i f i c - p a t h o g e n - f r e e  f a c i l i t y ,  a require-  
ment f o r  p r e c i s i o n  r e s e a r c h  i n  r e s p i r a t o r y  c a r c i n o g e n e s i s .  Animal c o s t s  a r e  c a l c u l a t e d  
on a cage  b a s i s  no m a t t e r  how many a n i m a l s  p e r  cage;  however, t h e  s t a n d a r d  number i n  
e x p e r i m e n t a l  cages  i s  5 r a t s / c a g e  o r  10 mice /cage .  The c o s t  u n i t  i n  t h e  Bio logy  D i v i s i o n  
is  MCE, i .e. "mouse cage u n i t " ,  and 1 r a t  c a g e  = 2 MCE. The SPF an ima l  f a c i l i t i e s  a re  
an  i n t e g r a l  p a r t  of  t h e  R e s p i r a t o r y  C a r c i n o g e n e s i s  Uni t ;  t h e r e f o r e ,  c o s t  f o r  an ima l s  
used  f o r  expe r imen t s  m u s t  i n c l u d e  t h e  cost  o f  m a i n t a i n i n g  the an ima l  l i n e ,  b r e e d i n g  
c a g e s ,  and  a n i m a l s  h e l d  i n  s t o c k  u n t i l  p r o p e r  age  (8-12 weeks o l d ) .  The s tock -ho ld ing  
number i s  de termined  by t h e  a n t i c i p a t e d  n e e d s  of t h e  i n v e s t i g a t o r s .  It is  i m p o r t a n t  t o  
n o t e ,  t h e r e f o r e ,  t h a t  c o s t s  must r e p r e s e n t  some s t e a d y - s t a t e  l e v e l  w i t h  numbers of an ima l s  
b e i n g  used  c o n s t a n t l y  and e q u i v a l e n t  numbers e n t e r i n g  from t h e  b r e e d i n g  co lony .  The 
a n i m a l  c o s t s  i n c u r r e d  a l s o  inc lude  t h o s e  used  f a i r l y  r a p i d l y  f o r  making t r a c h e a l  i m p l a n t s  
and f i n a l l y  t h e  e x p e r i m e n t a l  cages  which are  long-term ho ld ings .  A p r o p e r  breakdown 
o f  changes  de te rmined  from long-term management of  t h e s e  f a c i l i t i e s  i s  t o  c h a r g e  an 
a d d i t i o n a l  70% of t h e  c o s t  of t h e  e x p e r i m e n t a l  and used an imals  f o r  b r e e d i n g  and s t o c k  
rats and t o  c h a r g e  200% f o r  b reed ing  and s t o c k  nude mice.  The nude mice are more c o s t l y  
s i n c e  t h e  l i t t e r s  are a mix tu re  of "nudes" and "ha i rys . "  

The p r o j e c t e d  an ima l  c o s t  per ave rage  MCE f o r  March 1981 i s  $14.60/month. T h i s  c o s t  i s  
de te rmined  from u t i l i t i e s ,  s u p p l i e s ,  d i s e a s e  t e s t i n g ,  manpower expenses  ( an ima l  
management, v e t e r i n a r i a n ,  c a r e t a k e r s ) .  It  s h o u l d  b e  no ted  t h a t  f r i n g e  b e n e f i t s  and 
Bio logy  D i v i s i o n  overhead are inc luded  i n  t h e s e  c o s t s .  The ave rage  e s t i m a t e d  needs  
and  c o s t  o f  t h e  expe r imen t s  p e r  y e a r  are: 

SPF R a t s  

Rats  MCE x dmos x cost /mo.  = T o t a l  c o s t  

Use 
Breeding 

Nude Mice 

Mice 

Use 
Breeding  

25 x 3 x 14.60 = $1,095 
18 x 12 x 14.60 = 3,154 

MCE 

5 x 12 x 14.60 = 876 
10 x 1 2  x 14.60 = 1 ,752  

Cost pe r  y e a r  = $6,877 

dHis to logy  S e r v i c e :  Most of ou r  m a t e r i a l  w i l l  be p repa red  as c o n t i n u o u s  s e c t i o n s  of 
t r a c h e a l  e x p l a n t s  t o  i d e n t i f y  l e s i o n s .  
b a s i s .  
s l i d e  e q u i v a l e n t ,  400 s l ides=$3,043.  

S l i d e s  are charged on c o s t  p e r  " s l i d e  e q u i v a l e n t "  
We a n t i c i p a t e  an  average  of 1 .2  s l i d e  e q u i v a l e n t s / s l i d e  a t  a c o s t  of $6.34 p e r  
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Terzaghi-Howe, M. 

T I T L E  B1 R TH D I T  E (Ma,Doy, Yr.) 

Staff Scientist 

I N S T I T U T I O N  AND L O C A T I O N  I D E C R E E  I CO::::RED I FIELD OF STUDY 

me., ond honors. Includo prmront m o m b r r h i p  on ony Fodorol Govommont Publ ic  Adv isory  Committoo. L is t ,  in  chronologicol ordor, tho t1tl.r ond 

cmplmto roforoncom to rocont rmprerontotivo publications, orpociol ly  thoso m o s t  portinont to this application. Do not ozcoad 2 p o p s .  

Experience 
Undergraduate NSF Fellowship, Institute of Molecular Biology, University of Oregon, 

1963. Supervisor, Prof. Franklin Stahl. Project in phage genetics. 
Teaching Assistant, Boston University, 1969. 
Research Assistant, Peter Bent Brigham Hospital, 1968. 
Research Assistant, Cancer and Toxicology Program, Biology Division, Oak Ridge National 
Laboratory, 1975-present. 

Publications 

Terzaghi, M. Master's Thesis, Boston University. Abscopal effects of radiation in hamster 
cheek pouch tumors. (Data presented at Radiation Research Meeting) 1971. 

Terzaghi, M. and J. B. Little. Interactions between radiation and benzo(a)pyrene in an 
-- in vitro model for malignant transformation. In: Experimental Lung Cancer. Carcinogenesi 
and Bioassays (E. Karbe and J. Park, Eds.), Springer-Verlag, 1974. 

McGandy, R. B., A .  R. Kennedy, M. Terzaghi, and J. B. Little. Experimental respiratory 
carcinogenesis: Interaction between alpha-radiation and benzo(a)pyrene in the hamster. 
In: Experimental Lung Cancer. Carcinogenesis and Bioassays (E. Karbe and J. Park, Eds.), 
Springer-Verlag, 1974. 

Terzaghi, M. Doctoral Thesis, Harvard University. Radiation-induced oncogenic transfor- 
mation in mammalian cells. 1974. 

Terzaghi, M. and J. B. Little. Repair of potentially lethal radiation damage in mammalian 
cells is associated with enhancement of malignant transformation. Nature 253: 548-549, 
1975. 

Terzaghi, M. and J. B. Little. Characterization of a hamster lung adenocarcinoma and its 
tissue culture adapted lines. J. Natl. Cancer Inst. 55, 1975. 

Terzaghi, M. and J. B. Little. Oncogenic transformation in vitro: Influence of repair 
processes. In: The Biology of Radiation Carcinogenesis. Raven Press, 1975. 
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Terzaghi Publications (continued) 

Terzaghi, M. and J. B. Little. Radiation-induced transformation in a C 3 H  mouse 
embryo derived cell line. Cancer Res. 3 6 :  1367-1374,  1976.  

Terzaghi, M. and J. B. Little. Oncogenic transformation in vitro following split- 
dose X-irradiation. Int. J. Rad. Biol. 2 9 :  5 8 3 ,  1 9 7 6 .  

Kennedy, A. R., A. Desrosiers, M. Terzaghi, and J. B. Little. Morphometric and 
histological analysis of the lungs of Syrian Golden hamsters. J. Anatomy 1 2 5 :  527- 
5 5 3 ,  1 9 7 8 .  

Nettesheim, P., A. C. Marchok, and M. Terzaghi. In vivo-in vitro studies of epithelial 
neoplasia. In: Polycyclic Hydrocarbons and Cancer: Chemistry, Molecular Biology and 
Environment, Vol. 2 ,  pp. 307-329 (P. TS'O and H. V. Gelboin, Eds.), Academic Press, 
1 9 7 8 .  

Terzaghi, M. 
to carcinogen. 11. Methods for defining altered behavior of epithelial cell 

In vivo-in vitro studies with respiratory tract epithelium exposed 

populations. In: 
and Laboratory Pr 

In Vitro Carcinogenesis. Guide to the Literature, Recent Advances 
ocedures (U. Saffiotti and H. Autrup, Eds.). NCI Technical Report 

Series NO. 44; 1 9 7 8 .  
4 

Terzaghi, M., P. Nettesheim and M. L. Williams. Repopulation of denuded tracheal 
grafts with normal, preneoplastic and neoplastic epithelial cell populations. Cancer 
Res. 38 :  4546-4553,  1 9 7 8 .  

Terzaghi, M. and P. Nettehseim. The dynamics of neoplastic development in carcinogen 
exposed tracheal mucosa. Cancer Res. 3 9 :  4003-4010,  1 9 7 9 .  

Terzaghi, M. and A. 3. P. Klein-Szanto. Differentiation of normal and cultured pre- 
neoplastic tracheal epithelial cells in rats. Importance of epithelial and mesenchymal 
interactions. J. Natl. Cancer Inst. 6 5 :  1039-1048,  1980.  

Terzaghi, M., P. Nettesheim, T. Yarita, and M. L. Williams. Epithelial focus assay 
for early detection of carcinogen altered cells in various organs of rats exposed 
-- in situ to N-nitrosoheptamethyleneimine. 3 .  Natl. Cancer Inst. (submitted). 

Klein-Szanto, A.  J. P., B. Pal, M. Terzaghi and A.  Marchok. Heterotopic tracheal 
transplants: Techniques and applications. In: Pulmonary Toxicology (G. Hook, Ed.), 
Raven Press, New York (in press). 
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EDUCATION f 8 r g i n  -8th boccolourcor r  t r o i n i n g  ond i n c l u d e  posrdoctorol) ----- 
I N S T I T U T I O N  AND L O C A T I O N  F I E L D  O F  STUDY 

QESEARCH AND/OR P R O F E S S I O N A L  EXPERIEPICE: Concluding w i h  prosont position, l i s t  i n  chronolopicol order pror iou i  omploymont, 0.p.ri. 

m c . ,  ond honor%. InclLdo proson( m o m b r r r h i p  on any Fodorol b v o m m o n t  Public Advisory Committoo. List ,  i n  chronolopicol ordor, cho tit108 and 

complove roforoncos to rmcont reprosontot ivo publ icat ions,  ospsciol ly  those m o s t  pertinent to t h i s  opplicotion. Do not mxcood 7 pOp.8. 

1966-1968: I n s t r u c t o r  o f  P a t h o l o g y ,  Department of Pa tho logy ,  U n i v e r s i t y  of Buenos 

1968-1974: Chief  I n s t r u c t o r ,  Department of Pa tho logy ,  U n i v e r s i t y  of Buenos Alres, 

1973-1974: S t a f f  S c i e n t i s t ,  P a t h o l o g y  S e c t i o n  AEC, Buenos A i r e s  
197L-1976: O b e r a s s i s t a n t ,  Department  of S t r u c t u r a l  Bio logy ,  U n i v e r s i t y  of Z u r i c h  
1976-1978: Head, P a t h o l o g y  S e c t i o n ,  Argen t ine  AEC, Buenos Aires 
1978-p resen t :  ? I e d i c a l  S t a f f  S c i e n t i s t ,  Oak Ridge N a t i o n a l  L a b o r a t o r y ,  Biology Division 

Aires, S c h o o l  o f  Medic ine  

S c h o o l s  of Medic ine  and  D e n t i s t r y  

S e l e c t e d  P u b l i c a t i o n s  ( f rom a t o t a l  of  63 a r t i c l e s  i n  r e f e r e e d  j o u r n a l s  and books): 

C f i i d i r e c t i D n a l  s c a n n i n g  f o r  t h e  m i c r o s p e c t r o p h o t o m e t r i c  i n v e s t i g a t i o n  of enzyme r e a c t i o n s  
i n  sq'ianous e p i t h e l i u m .  R .  I,. C a b r i n i ,  A .  J. P. Klein-Szanto,  and M. E .  I t o i z ,  Acta 
- z i s tochen .  36: 399-403, 1970.  

: !<crospectro?hotornetr ic  s t u d y  of o x i d a t i v e  enzymes i n  i r r a d i a t e d  e p i d e r n i s .  A. J .  P. 
x ;c in-Szanto  u l d  R. L. C a b r i n i .  I n t e r n a t l .  J. Rad ia t .  B i o l .  18(3):235-2&1,  1970. 

! : i c r o s ? e c t r o ? h o t o ~ e t r i c  s t u d y  of h i s toenzymic  r e a c t i o n s  i n  ra t  e p i d e r m i s  s u b j e c t e d  
;t. 0.5 FIrads of  d e u t e r o n  r a d i a t i o n .  R. L. C a b r i n i ,  M. E. I t o i z ,  J. Ilayo, E. E. Smolko, 
and A. J. P. Kle in-Szauto .  I n t e r n a c l .  J. Radia t .  B io l .  18(5):414-421, 1970. 

.a o n c o g e n i c  v i r u s  carried by hams te r  kidney c e l l s ,  J. Mayo, J. H. Lombardo, A. J. P. 
K:ein-Szan:o, C. C o n t i ,  and  J. L, klor ie ra .  Cancer Res .  33:2273-2277, 1973. 

L l t r a m o r p f i o l o g i c a l  f e a t u r e s  of a n  e x p e r i m a n t a l  hamster  sarcoma. A. J. P. Klein-Szanto,  
2. C o n t i ,  and  J. Mayo. Z. K r e b s f o r s c h .  80:277-284, 1973. 

C l t r a s t r u c t u r e  of i r r a d i a t e d  n u c l e i :  A. J. P. Klein-Szanto,  B. M. d e  Rey, C. Cont i ,  
2nd R. L. C a b r i n i .  S t r a h l e n t h e r a p .  147:263-270, 1974. 

Snz>me v a r i a c i o n s  produced  i n  e p i d e r m i s  by soft X-ray c o l l i m a t e d  beams. A. J ,  P. 
~ ? i n - S z a n t ~ ,  R. L. C a b r i n i ,  PI. E. I t o i z ,  and H. E. Volco. I n t .  J. Radia t .  Biol .  
2 6 : 2 8 5 - 2 3 8 ,  1974. 

~ l i c r c s p e c t r o ~ h n t o m e t r i c  s t u d y  of a c i d  phosphatase  a c t i v i t y  i n  i r r a d i a t e d  squamous e p i -  
t h e l i g a .  ?!. E. I t o i z ,  c. F r a s c h ,  H. E. Volco, and A. J. P. Klein-Szanto.  S t r a h l e n t h e r a p .  
i:7:643-648, 1974. 

? :c :aplast ic  c o n v e r s i o n  of t h e  d i f f e r e n t i a t i o n  p a t t e r n  i n  o ra l  e p i t h e l i u m  a f f e c t e d  by 
l 2 c X o p l a k i a  s implex .  A s t e r e o l o g i c  s t u d y .  A. J.  P. Kle in-Szanto ,  J. Banoczy, and 
5. E. S c h r o e d s r .  P a t h o l .  E u r .  11:189-210, 1976. 
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. r ~ i J e !  a l t z r a t i o n s  o f  t h e  e p i t h e l i a l  d i f f e r e n t i a t i o n  p s t t e r n  in b u c c a l  mucosa a f f e c t e d  
t: l i c h z n  planus. A. J.  P .  Klein-Szanto ,  L. Andersen ,  and H. E. Sch roede r .  Virchows 

3 : e r c o l o g i c  b a s c l i n e  d a t a  of normal hunan e p i d e r m i s .  A .  J. P .  Kle in-Szanto .  J .  
:r.*:etctig. >ens.  68:73-78, 1977. 
. - . : :xjcecture  and d e n s i t y  of c o n n e c t i v e  t i s s u e  p a p i l l a e  of  t h e  human o r a l  mucosa. 
.;. J .  P. S l e i n - S z a n t o  and H. E. Schroeder .  J.  Anat .  (Lond.) 123:93-109, 1977. 
Zlcar and d a r k  b a s a l  e p i t h e l i a l  c e l l s  i n  human e p i d e r m i s .  A s t e r e o l o g i c  s t u d y .  
-;. J .  P .  Kle in-Szanto .  J. Cutan.  P a t h o l .  4:275-281, 1977.  
L 1 : r a s t r u c t u r a l  s t e r e o l o g y  of i r r a d i a t e d  e p i d e r m i s .  B. M. d e  Rey, A. J. P. Kle in-  
S z a n t o ,  and R. L.  C a b r i n i .  R a d i a t i o n  Res. 77:103-116, 1979. 
L l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of c a r c i n o g e n  induced  n o n - d y s p l a s t i c  changes  i n  tra- 
chsal e p i t h e l i u m .  A. J. P. Klein-Szanto,  D. C. Topping,  C. A. Heckman, and  P. 
S e t t e s h e i n .  Xm. J .  P a t h o l .  98:61-82, 1980. 
L - l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of carc inogen- induced  d y s p l a s t i c  changes  i n  t r a c h e a l  
r ? i t h e l i u n .  A. J. P. K le in -S tan to ,  D. C. Topping,  D. A. Heckman, and P. Net teshe lm.  
.a. J .  P a t h o l .  93~83-'100, 1980. 
s t u d i e s  on t h 2  mechanism of a c t i o n  of a n t i t u m o r  p romot ing  a g e n t s :  T h e i r  s p e c i f i c i t y  
i n  t'.JO-stage p r o r o t i o n .  T. J .  S l a g a ,  A .  J. P. Kle in-Szanto ,  S. M. F i s c h e r ,  C. E. 
. \eeks,  K. Se l son ,  and  S. Major.  Proc .  N a t l .  Acad. S c i .  USA 77:2251-2254, 1980. 
52xua1  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  of  e p i t h e l i a l  a l t e r a t i o n s  i n  v i t a m i n  A d e f i c i e n t  
r a t s .  A. J. P. E le in -Szan to ,  J. N .  C l a r k ,  and  D. H. N a r t i n .  Lnt.  J. V i t a m .  Nutr .  Res. 

S u t a n e o u s  m a n i f e s t a t i o n s  i n  ra t s  w i t h  advanced vi tamin-A d e f i c i e n c y .  A. Klein-Szanto ,  
2 .  H. ! .Iart in,  and A. H .  Pine .  J. Cutan. P a t h o l .  7:260-270, 1980. 
S t u d i e s  of n e o p l a s t i c  development  i n  r e s p i r a t o r y  t r ac t  e p i t h e l i u m .  P. Ne t t e she im,  . 

A .  J. P. S l e i n - S z a n t o ,  A. C. Fiarchok, V. E. S t e e l e ,  M. T e r z a g h i ,  and D. C. Topping. 
.L-rsniv. P a t h o l .  105:1-10, 1981. 
: . .szsta5liannent of a m u c o c i l i n r y  e p i t h e l i u m  i n  t r a c h e a l  o r g a n  c u l t u r e s  exposed  t o  r e t i n y 1  
z z e t a t e  - .A b i o c h e r ~ i c a l  and morphone t r i c  s t u d y .  J. N. C l a r k ,  A .  J. P. Kle in-Szanto ,  
-:.. H. ? i x ,  I;. B. S t ephenson ,  and  A. C. Narchok. Europ. J. C e l l  B i o l .  21:261-268, 
133fl .  
:TI v i v o  d i f f e r e n t i a t i o n  of normal  and c u l t u r e d  p r e n e o p l a s t i c  t r a c h e a l  e p i t h e l i a l  c e l l s .  
,.-,e i z p o r t a a c e  cf e p i t h e l i a l  mesenchymal i n t e r a c t i o n s .  M. Terzagh i  and A. J. P. 
<lein-Szan:o.  J .  Natl. Cancer  I n s t .  65:1039-1048, 1980. 
1 3 d u c r i o n  of d a r k  k e r a t i n o c y t e s  by 12-0-tetradecanoyl-l3-phorbol-acetate and meze re in  
3 s  a3 i n d i c a t o r  of  tumsr-promoting e f f i c i e n c y .  A. J. P. K le in -S tan to ,  S. K. Major ,  
r r r d  T. J. S laga .  C a r c i n o g e n e s i s  1:399-406, 1980. 
*:usntita:ive a n a l y s i s  of d i s t u r b e d  c e l l  m a t u r a t i o n  i n  d y s p l a s t i c  l e s i o n s  of the 
r i s p i r a t o r y  epit'r..elium. A. J. P. Kle in-Szanto ,  P. Ne t t e she im,  D. C. Topping,  and 
-2.. Olson.  Ca rc ino ;enes i s  1:1007-1016, 1980. 
3 i s t r i b u t i a n  and u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of d a r k  ce l l s  i n  squamous meta- 
? l a s i a s  of t h z  r s s p i r a t o r y  t rac t  e p i t h e l i u m .  A. J. P. Kle in-Szanto ,  P. Net t e she im,  
A. P i n ? ,  and D. Y a r t i n .  Am. J. P a t h o l .  ( i n  p r e s s ) .  
1 . Iadalacion of g r s w t h ,  d i f f e r e n t i a t i o n  and mucous g l y c o p r o t e i n  s y n t h e s i s  by r e t i n y l  
z c e t a t e  i n  c loned  ca rc inoma  cell l i n e s .  A. C. Marchok, J. N. C l a r k ,  and A. J. P. 
: . ic in-Stanto.  J .  N a t l .  Cancer  I n s t .  ( i n  p r e s s ) .  
- .zrk c F i t h c l i a 1  c e l l s  i n  p r e n e o p l a s t i c  l e s i o n s  of t h e  human r e s p i r a t o r y  t r ac t .  A. 
J. P .  h l e i n - S z a n t o ,  Y. Net t e she im,  and G.  Saccomanno ( s u b m i t t e d ) .  
> k i n  t a o r  p r a m t i n g  a c t i v i t y  of benzoyl  p e r o x i d e ,  a w i d e l y  used f r e e  r a d i c a l  
g -zne ra t ing  conpuuild. T. J. Slaga, A. J. P. Kle in-Szanto ,  L. T r i p l e t t ,  L. Y o t t i ,  and 
J. E .  Trosko. S c i e n c e  ( i n  p r e s s ) .  
: s p + r i a e 3 t a l  models f o r  t h e  s t u d y  of l u n g  c a n c e r  morphogenesis .  I n :  Morphogenesis  
2: Lung Cancer .  Eds., Y. Sh imosa to ,  Ff. Melamed, and P. Net tesheim.  P. Ne t t e she im 
zzd A. J.  P. K l e i n - S t a n t o ,  CRC P r e s s ,  Boca Raton ( i n  p r e s s ) .  
x ~ t e r o t o p i c  t r a c h e a l  t r a n s p l a n t s :  Techniques  and a p p l i c a t i o n s .  I n :  Pulmonary Tox- 
I c o l o g y .  Ed.,  I;. Hook. A. J. P. Kle in-Szanto ,  B. P a l ,  M. Terzagh i ,  and A. Marchok, 
.-.Rvc~ Press,  SY, (in press). 

. .  .-.!-, . i .  Cell P ~ t h o l .  27:245-261, 1976. 
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OTHER SUPPORT 
( U S E  CON TlNUATlON PACES I F  NECESSARYl 

For eoch of the professionals named on page 2, l is t ,  in three seporare groups: (1)  act ive support; (2) applications 

pending review and/or funding; (3) opplicotions planned or being prepared for submission. Include 
Federal, ond inst i tut ional gront and contract support. If none, state “NONE.” For eoch item give the source of support 
identi fying number, project title, name of principal investigotorl’progrom director, time or percent of effort on the proiec 
by professional named, annual direct costs, and ent i re period of support. ( I f  part of o larger project, provide the t i t les  c 
both the parent gront and the subproject and give the onnuol direct Costs for each.) Brief ly describe the contents of eac 
itm listed. I f  ony o f  these overlap, duplicate, or are being reploced or supplemented by the present opplicotion, just i fy 
and delineate the nature and extent of the scient i f ic  and budgetory overlaps or boundories. 

Faderol, non- 

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: M. Terzaghi-Howe 
(1) ACTIVE SUPPORT: 

A ,  N C I  No. YO1-CP-90211. Dynamics of n e o p l a s t i c  development i n  t h e  r e s p i r a t o r y  
system. 
P I :  M. Terzaghi .  E f f o r t :  85X 
E n t i r e  P e r i o d  of Support :  
Annual Direct Costs :  269,500. 

9 /79  - 8/81. 

B. DOE Seed Money No. 3203-0214. I n  v i v o  Model f o r  Chemical C a r c i n o g e n e s i s  S t u d i e s  
Using Xeno t ransp lan ted  Normal Human T i s s u e s .  
P I :  M. Te rzagh i  and A.  Klein-Szanto E f f o r t :  15% 

( 2 )  P E N D I N G  SUPPORT: N I H  CA30271-01. S e n s i t i v i t y  o f  I n i t i a t e d  Cells t o  Carc inogen ic  
I n s u l t s .  E f f o r t :  50%. D i r e c t  a n n u a l  c o s t s :  145,375. 

(3 )  APPLICATION PLANNED: Neop las i a  i n  human r e s p i r a t o r y  tumors.  I n  v i t r o  model 

A. Klein-Szanto 
(1) ACTIVE SUPPORT: 

A. NIEBS In te ragency  Agreement (40-662-77). Environmental  C a r c i n o g e n e s i s  S t u d i e s .  
P I :  A.  Klein-Szanto E f f o r t :  80% E n t i r e  P e r i o d  of Support :  6/80 - 6/84. 
D i r e c t  Annual Cost (6/81-6/82):  132,700. 

B. DOE Seed Money No. 3203-0214. E f f o r t  107; (See above) 

C. N C I  No. YO1-CP-90211. E f f o r t  10% (See above)  
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RESOURCES AND ENVIRONMENT 

F A C I L I T I E S  
extent of ova i lob i l i t y  to the project. U s e  "other" to descrcbe f a c i l i t i e s  at other performonce s i tes l i s ted  I n  I tem 9, pago 1, and at  
s i t e s  for f i e l d  studies. U s i n g  cont inuot ion pages i f  necessary, inc lude o desc r tp t l on  of the noture of ony col labora l ion ,,,lth other  

orgonizotions ond provide further information in  the RESEARCH PLAN. 

Mark the lac i l i t ies  to be used ond br ie f l y  !?dicot. their capoctttes, per t inent  copobi l i t ies ,  re lo t i ve  prox imi ty  and 

Laboratory: A t i s s u e  c u l t u r e  l a b o r a t o r y  w i l l  be used i n  t h i s  p r o j e c t  and a h i s t o -  
pa tho logy  l a b o r a t o r y  (equipped w i t h  microtomes,  cryotomes,  u l t r a m i c r o -  
tomes, ovens ) .  

h J  Animol: I n c l u d e d  i n  t h e  R e s p i r a t o r y  C a r c i n o g e n e s i s  Un i t  i s  a modern b a r r i e r  f a c i l i t y  
d e s i g n e d  and o p e r a t e d  t o  ma in ta in  r o d e n t s  f r e e  o f  pathogens.  It c o n t a i n s  
1 2  h o l d i n g  rooms and a s e r v i c e  a r e a .  The r o d e n t  p r o d u c t i o n  and h o l d i n g  rooms 
are o p e r a t e d  on a s t r i c t  b a r r i e r  b a s i s .  

Computer: Computer f a c i l i t i e s  are  a v a i l a b l e  t o  t h e  B io logy  D i v i s i o n .  

Q Office: O f f i c e  s p a c e  a d j a c e n t  t o  t h e  l a b o r a t o r i e s .  

Lx] Other ( ): C a r c i n o g m  p r e p a r a t i o n  room - a n  a p p r o p r i a t e l y  vented room 
w i t h  we igh ing  equipment s e t  a s i d e  f o r  c a r c i n o g e n  p r e p a r a t i o n  on ly .  

MAJOR EQUIPMENT: 
copob i l i t i es  ol each. 

L i s t  the most importont equipment items olreody ova i l ob le  for t h i s  project, not ing the location, and per t inent  

His topa tho logy :  H i t a c h i  H U l l B  e l e c t r o n  microscope,  c ryo tomes ,  LKB Ultratome I I I - f l u o r e s -  
cence microscope 

T i s s u e  c u l t u r e :  72" open f aced  hood, 72" s t e r i g a r d  hood, t h r e e  double  door C02 i n c u b a t o r s ,  
i n v e r t e d  microscopes.  

ADD1 T l O N A L  INFORMATION: 
such o s  consultonts, secretarial,  mochine shop, ond electronics shop, and the extent  to which they w i l l  be ovoi lob le to the proiect. 

Prov ide ony other information describing the environment for the proiect. Ident i fy  support se rv i ces  

S e c r e t a r i a l  a s s i s t a n c e  i s  p a i d  from i n d i r e c t  c o s t s .  

Maintenance and service are a v a i l a b l e  upon r e q u e s t  and are  p a i d  by means of d i r e c t  c o s t s .  
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-:?;r~-.-~l f o r  Prcbpl).;n 1 c)ttu7,-6 wLas grante .1  by the C o c m i t t e e  on Hunan S t u d i e s ;  
fir. i:loix-S:anto i s  (1) to make c e r t a i n  t h a t  t h e  hospital patholo,oy departr;en;s 
Lave a consent  fur= n o t i n g  th 'r t  tissues ca.7 and will be used f o r  " o t h t r  
5'- is--; = .  I# , - - -c  p!~rp t i ses ,  ( 2 )  t h z t  t h e  cozsict f o m  s r i h z i t t e d  t o  the Cornittee 
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PROTECTION OF HUMAN SUBJECTS 
ASSU ? A H  C E/'C E R T I  F1 C A T  I ON 'DE C LA R AT1 OH 

N E W  0 RENEWAL 0 C O N T I N U A ~ W  
A P P L I CA TION ID EN T I F I CA TI ON NUMB E R (f I k, 0i.n) 

Neoplasia in Human Respiratory Tissues - In Vitro Model 
-- 

2. 231 NCI PAL I NVESTIGA TO 3 ACTIV ITY 01 RECTOR/ F E L L O W  

Tcrzaghi ,  lfargaret 
3. :ECSRATION T H A T  HUW ~ N ~ B J E C T S  E I T H E ~  WOULD O R  WOULD NOT BE INVOLVED - 4. - N O  IWDIVIDU4LS Who M l C h T  BE CONSICERED HUMAN SUBJECTS. INCLUDING THOSE FROM WHOM ORGANS, TISSUES, 

FLUIDS. OR OTHER M4TEa lALS WOULD BE DERIVED. O R  WHO COULD BE IDENTIF IED BY PERSONAL D A T A ,  WOULD me 
: . tVOLVED I N  THE PROP35E> ACTIVITY. I IF  NO HUMAN SUBJECTS WOULD B E  INVOLVED. CHECK THIS BOX AND PRO- 
CEED TO ITEM 7 .  P a o P o s a L s  DETERMINSD SY t n E  AGENCY TO INVOLVE HUMAN suaJEcrs WILL BE RETURNED.) 

3. HIJYAN SUBJECTS WOULD 9 E  INVOLVED I N  THE PROPOSED ACTIVITY A S  EITHER: 
: \ = L U D l h G :  a MINORS. ,z FETUSES. Z A S O R T U S E S .  5 PREGNANT WOMEN, 0 PRISONERS, 0 MENTALLY 
P.L;ARDt>, 0 MENTALLY DISABLED. UNDER SECTION 6. COOPERATING INSTITUTIONS, ON REVERSE O F  THIS F O R M ,  

h O N E  OF THtE FOLLOWtNG, OR 

y A M E  OF INSTITUTION AND N 4 M I  AND AODRESS OF OFFICIALIS) AUTHORIZING ACCESS TO ANY SUBJECTS IN 
F4ClLlT lLS NOT UNDER Dl i lECT CONTROL O F  THE APPLICANT OR 3 F F E R I N C  INSTITUTION. 

(-,,,,ll ~ 5 2  autopsy material obta ined  from designated pathology service) 
i. Z E = L ; ~ ~ T . O N  3 F  G U ; U Y C E  5TATUS'CERTIFICATION OF REVIEW 

- t . - f z j  ' ; c v  4 . 7 5 ,  

E.YCLOSE THI5 FO.?:! ; I : I i H  THE PROPOS.4L OR RETCR.V IT TO REQUESTlh'C A G E N C Y .  
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I , 1 u  I , , 1 

Terzaghi-Howe, M. 

1. Specific A i m s  

A.  To a d a p t  o r s n  and c e l l  c u l t u r e  t e c h n i q u e s  t o  t h e  s t u d y  of n e o p l a s t i c  
development  i n  human b r o n c h i a l  o r  t r a c h e a l  e p i t h e l i a l  c e l l s  " c u l t u r e d "  i n  vivo.  
We have r e c e n t l y  developed t e c h n i q u e s  whereby human r e s p i r a t o r y  e p i t h e l i a l  c e l l s  
Can be c u l t u r e d  i n  v i v o  on frozen-thawed r a t  t r a c h e a l  s t roma implanted i n t o  t h e  
nude mouse. V a r i o u s  c e l l  c u l t u r e  and o r g a n  c u l t u r e  t e c h n i q u e s  developed i n  our  
l a b o r a t o r y  and o t h e r s  w i l l  be adap ted  t o  t h e  s t u d y  o f  n e o p l a s t i c  development i n  
human e p i t h e l i u m  c u l t u r e d  i n  t h i s  manner. 

B. To e v a l u a t e  t h e  t o x i c  and c a r c i n o g e n i c  e f f e c t s  of c r o c i d o l i t e ,  c h r y s o t i l e  
o r  a m o s i t e  a s b e s t o s  w i t h  and w i t h o u t  adso rbed  c a r c i n o g e n  (DMBA) on human and r a t  
r e s p i r a t o r y  e p i t h e l i u m  i n  v i t r o .  
p r e p a r a t i o n s  of exposed t i s s u e s  m a i n t a i n e d  i n  o rgan  c u l t u r e  up t o  4 weeks post-  
e x p o s u r e .  C a r c i n o g e n i c  e f f e c t s  w i l l  b e  e v a l u a t e d  1) by means of the EF a s say  
i n  v i t r o ,  and 2 )  by h i s t o l o g i c  e v a l u a t i o n  o f  t i s s u e s  x e n o t r a n s p l a n t e d  i n t o  t h e  
nude mouse 4 weeks a f t e r  exposure .  

C y t o t o x i c i t y  w i l l  be e v a l u a t e d  i n  h i s t o l o g i c  

-- 

C. To e v a l u a t e  d i f f e r e n c e s  i n  t h e  c y t o t o x i c i t y  and c a r c i n o g e n i c i t y  of a s b e s t o s  
and  asbestos-DMBA i n  b r o n c h i a l  a n d l o r  t r a c h e a l  t i s s u e s  o b t a i n e d  from a t  least  f o u r  
d i f f e r e n t  donor s .  

D. To e v a l u a t e  d i f f e r e n c e  between t h e  c y t o t o x i c i t y  and c a r c i n o g e n i c i t y  of asbes-  
t o s  and asbestos-DMBA t o  human and r a t  r e s p i r a t o r y  e p i t h e l i u m .  

11. Background and S i g n i f i c a n c e  

A vast m a j o r i t y  of  c l i n i c a l l y  i m p o r t a n t  
o r i g i n .  Ep idemio log ic  d a t a  s u g g e s t  t h a t  a m a j o r i t y  of t h e s e  neoplasms are  caused 
by c a r c i n o g e n i c  a n d / o r  promoting a g e n t s  p r e s e n t  i n  t h e  environment (1). There i s  
a c lear  need f o r  e x p e r i m e n t a l  models i n v o l v i n g  d i r e c t  e v a l u a t i o n  of t h e  effects  of 
c a r c i n o g e n i c  and promoting a g e n t s  on human e p i t h e l i a l  ce l l s .  For t h e  most p a r t ,  
e x p e r i m e n t s  a r e  c a r r i e d  o u t  w i t h  human (e.o, .  2 )  o r  r o d e n t  f i b r o b l a s t s  (e.g. 3) 
i n  c u l t u r e  o r  i n  r o d e n t  t i s s u e s  i n  v i v o  (e.g.  4 ,  5 )  o r  i n  c u l t u r e  (e.g.  6,7,8). 
I t  i s  o f t e n  i m p o s s i b l e  t o  e x t r a p o l a t e  from t h e s e  t i s s u e s  t o  human e p i t h e l i a l  c e l l s .  
The c a p a c i t y  of  t h e s e  c e l l  p o p u l a t i o n s  t o  m e t a b o l i z e  ca rc inogens  i s  o f t e n  q u a n t i t a -  
t i v e l y  d i f f e r e n t  from t h a t  obse rved  i n  human e p i t h e l i a l  c e l l s  (9,lO). Agents 
i d e n t i f i e d  a s  b e i n g  t o x i c  a n d / o r  c a r c i n o g e n i c  i n  humans have been found t o  be 
i n n o c u o u s  o r  less e f f e c t i v e  i n  r o d e n t s  (11,12). I n  ou r  d i s c u s s i o n  of  t h e  background 
and  s i g n i f i c a n c e  of t h e  p roposed  e x p e r i m e n t s  w e  w i l l  f o c u s  on t h e  f o l l o w i n g  q u e s t i o n s .  
1) What t e c h n i c a l  problems have made d i r e c t  e x p e r i m e n t a t i o n  w i t h  normal human res- 
p i r a t o r y  t i s s u e s  d i f f i c u l t ?  2)  What e x p e r i m e n t a l  approaches have been developed 
f o r  s t u d y i n g  n e o p l a s t i c  development i n  r o d e n t  r e s p i r a t o r y  t i s s u e s ?  What a r e  t h e  
a d v a n t a g e s  and d i s a d v a n t a g e s  of  each  f o r  pu rposes  of c a r r y i n g  ou t  similar s t u d i e s  
w i t h  human r e s p i r a t o r y  e p i t h e l i u m ?  3 )  What d a t a  have been r epor t2d  b h i c h  would 
p e r m i t  one  t o  e x t r a p o l a t e  knowledge a b o u t  t h e  c a r c i n o g e n i c  p rocess  i n  r o d e n t s  or 
human f i b r o b l a s t s  t o  human e p i t h e l i a l  c e l l  p o p u l a t i o n s ?  What e x p e r i m e n t a l  d a t a  are 
r e q u i r e d  t o  make v a l i d  i n t e r s p e c i e s  comparisons? 4 )  I n  summary, how w i l l  t h e  ex- 
p e r i m e n t s  h e r e i n  proposed a )  f u l f i l l  t h e  need f o r  expe r imen ta t ion  w i t h  normal human 
r e s p i r a t o r y  t i s s u e s ,  b)  re la te  t o  e x i s t i n g  r o d e n t  models developed f o r  r e s p i r a t o r y  
c a r c i n o g e n e s i s  s t u d i e s ,  and c )  make v a l i d  i n t e r s p e c i e s  comparisons. 

human neoplasms are  e p i t h e l i a l  i n  
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The p r i n c i p a l  o b s t a c l e s  e c o u n t e r e d  when a t t e m p t i n g  t o  c a r r y  o u t  expe r imen t s  
w i t h  normal hunan r e s p i r a t o r y  e p i t h e l i a l  c e l l s  have been 1) t h e  problems involved 
w i t h  o b t a i n i n g  normal human t i s s u e s  and 2 )  t h e  i n a b i l i t y  t o  p r o p a g a t e  normal hucan 
r e s p i r a t o r y  e p i t h e l i a l  c e l l s .  For t e c h n i c a l  r e a s o n s  most e x p e r i m e n t s  w i t h  human 
t i s s u e s  have been c a r r i e d  o u t  i n  e i t h e r  normal human f i b r o b l a s t  c u l t u r e s  (2.g. ? , 1 3 ,  
1 4 ) o r  i n f i b r o b l a s t s  o b t a i n e d  from i n d i v i d u a l s  w i t h  a g e n e t i c  d i s e a s e  p r e d i s p o s i n g  
them t o  c a n c e r  (e .g .  1 5 , 1 6 ) .  Dermal f i b r o b l a s t s  are r e a d i l y  a v a i l a b l e  from most 
h o s p i t a l  o b s t e t r i c  s e r v i c e s  and c a n  a l s o  be  r e a d i l y  grown i n  c u l t u r e .  T i s s u e s  
f r o m  i n t e r n a l  o r g a n s  s u c h  as t h e  l u n g  can o n l y  be o b t a i n e d  a t  t i m e  of s u r g e r y  f o r  
e .g .  t u b e r c u l o s i s  o r  c a n c e r , o r  f rom immediate a u t o p s i e s .  T i s s u e s  from p a t i e n t s  w i t h  
r e s p i r a t o r y  d i s e a s e s  o r  from a d u l t s  p r e v i o u s l y  exposed t o  a v a r i e t y  of environmental  
p o l l u t a n t s  may n o t  be normal.  I d e a l l y ,  r e s p i r a t o r y  t i s s u e s  shou ld  be  o b t a i n e d  from 
g e n e t i c a l l y  normal newborns who d i e  f o r  r e a s o n s  n o t  r e l a t e d  t o  n e o p l a s t i c  d i s e a s e .  
B e c a u s e  r e l a t i v e l y  s m a l l  amounts of t i s s u e  can be  o b t a i n e d  from any s i g n l e  donor,  
i t  is  t h e n  e s s e n t i a l  t o  d e v e l o p  t h o s e  t e c h n i q u e s  r e q u i r e d  f o r  p r o p a g a t i o n  of t h e s e  
t i s s u e s .  Only t h e n  can  e x t e n s i v e  c a r c i n o g e n e s i s  expe r imen t s  be c a r r i e d  o u t  w i th  
c e l l s  f rom a s i n g l e  donor .  

A number o f  expe rmen ta l  t e c h n i q u e s  have been developed i n  o r d e r  t o  s t u d y  
n e o p l a s t i c  development i n  r o d e n t  r e s p i r a t o r y  t issues.  These i n  g e n e r a l  have 
i n c l u d e d  a )  t h e  i n  v i v o  a p p r o a c h ,  b )  o rgan  c u l t u r e ,  and c )  t h e  i n  v i v o  
a p p r o a c h  combined w i t h  c e l l  or o r g a n  c u l t u r e .  
f r o m  the p e r s p e c t i v e  of d e v e l o p i n g  e f f e c t i v e  p r o t o c o l  f o r  s t u d y i n g  n e o p l a s t i c  
deve lopmen t  i n  human r e s p i r a t o r y  t issues .  

-- 
These t e c h n i q u e s  w i l l  be reviewed 

The t r a c h e a l  t r a n s p l a n t  h a s  b e e n  developed i n  o u r  l a b o r a t o r y  as a model f o r  
s t u d y i n g  t h e  n e o p l a s t i c  development  i n  r a t  t r a c h e a l  e p i t h e l i u m  ( 4 , 1 7 ) .  The essen- 
t i a l  f e a t u r e s  of t h i s  model a re  t h e  f o l l o w i n g :  a )  I n t a c t  t r a c h e a s  are t r a n s p l a n t e d  
s u b d e r m a l l y .  Exposure i s  c a r r i e d  o u t  by i n s e r t i o n  of a p e l l e t  c o n t a i n i n g  a measured 
amount o f  p a r t i c u l a t e ,  c a r c i n o g e n ,  or promoter which i s  t h e n  r e l e a s e d  o v e r  a f i x e d  
i n t e r v a l  o f  time (4,181. b )  A t  any  t i m e  f o l l o w i n g  exposure ,  t r a c h e a s  can be  removed 
a n d  e v a l u a t e d  f o r  morphologic  a l t e r a t i o n s .  I n  t h i s ' w a y ,  one can s t u d y  t h o s e  mor- 
p h o l o g i c  changes which p r e c e d e  n e o p l a s t i c  development.  T h i s  approach h a s  been 
e f f e c t i v e l y  employed i n  s t u d i e s  of  n e o p l a s t i c  development i n  ra t  t r a c h e a l  e p i t h e -  
l i u m  exposed t o  DNBX ( 1 9 ) ,  BP ( 4 1 ,  p a r t i c u l a t e s  (201, o r  promoter (21 ) .  S e v e r a l  
d i s a d v a n t a g e s  s h o u l d  b e  no ted .  F i r s t ,  i t  i s  expens ive  t o  c a r r y  o u t  i n  v i v o  experi-  
men t s .  
g ive r i se  t o  n e o p l a s t i c  l e s i o n s .  Because h i s t o l o g i c  e v a l u a t i o n  i n v o l v e s  des t ruc -  
t i o n  o f  t h e  t i s s u e  one canno t  a s c e r t a i n  t h e  u l t i m a t e  f a t e  of t h e  c e l l s  compris ing 
t h e  l e s i o n .  

Second, one c a n  o n l y  i n f e r  from t h e  d a t a  which morphologic changes u l t i m a t e l y  

Organ c u l t u r e s  of  b o t h  human (1) and r o d e n t  (8) r e s p i r a t o r y  t i s s u e s  have been 
e x t e n s i v e l y  used i n  c a r c i n o g e n e s i s  s t u d i e s .  Small  segments of t r a c h e a l  o r  b r o n c h i a l  
t i s s u e  are  p l a c e d  i n t o  an a p p r o p r i a t e  c u l t u r e  medium. T i s s u e s  d e r i v e d  from human, 
r a t  and hamsters can t h e n  b e  m a i n t a i n e d  i n  o rgan  c u l t u r e  f o r  weeks ( 1 , 5 , 2 2 ) .  Car- 
c i n o g e n  (1,22) or p a r t i c u l a t e s  ( 2 3 , 2 4 )  are a p p l i e d  t o  t h e  t i s s u e  e x p l a n t  which i s  
t h e n  e v a l u a t e d  h i s t o l o g i c a l l y ,  a t  v a r i o u s  times a f t e r  exposure ,  f o r  t h e  develop- 
ment of t o x i c  o r  " p r e n e o p l a s t i c "  changes.  Exp lan t  c u l t u r e s  of human and roden t  
t i s s u e s  o f f e r  s e v e r a l  advan tages .  1) One can expose v a r i o u s  c e l l  t y p e s  i n  t h e  i n t a c t  
o r g a n i z e d  t i s s u e  t o  c h e m i c a l s  or p a r t i c u l a t e s .  2 )  One can obse rve  h i s t o p a t h o l o g i c  
c h a n g e s  i n  t h e  t i s s u e  f o l l o w i n g  e x p o s u r e  i n  t h e  absence of h o s t  i n f l u e n c e s ,  a 
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f a c t o r  which a p p e a r s  to be of c r i k i c a l  import.?nce i n  s t u d i e s  i n v o l v i n g  c a r c i n o -  
gen  e x p o s u r e  o f  human ( p r e l i m i n a r y  d a t a ) .  3 )  Thev a r e  l e s s  c o s t l y  than  i n  v i v o  
e x p e r i m e n t s .  

-- 

Organ c u l t u r e s  have proven t o  be e x t r e m e l y  v a l u a b l e  f o r  t h e  s t u d y  of c a r c i n o g e n  
t o x i c i t y  and ca rc inogen  metabolism i n  r e s p i r a t o r y  t i s s u e s  (1,221. However, t h e  v a l u e  of  
t h i s  model f o r  pu rposes  of  s t u d y i n g  n e o p l a s t i c  t r a n s f o r m a t i o n  induced by chemica l  
c a r c i n o g e n s  a l o n e  a p p e a r s  t o  be  l i m i t e d .  E f f o r t s  t o  induce n e o p l a s t i c  t r a n s f o r -  
m a t i o n  i n  r o d e n t  and human r e s p i r a t o r y  t i s s u e s  exposed t o  chemica l s  a l o n e  have 
n o t  been s u c c e s s f u l  (22,23) .  However, i t  h a s  been r e p o r t e d  t h a t  exposure  of 
h a m s t e r  t r a c h e a l  e x p l a n t s  t o  c a r c i n o g e n  adso rbed  t o  p a r t i c u l a t e s  ( a s b e s t o s  o r  
FeO3) h a s  been r e p o r t e d  t o  induce  n e o p l a s t i c  t r a n s f o r m a t i o n  (20 ) .  Th i s  may be due 
t o  e i t h e r  t h e  c o n t i n u a l  release of c a r c i n o g e n  from t h e  p a r t i c u l a t e  which has  been 
i n c o r p o r a t e d  i n t o  t h e  t r a c h e a l  mucosa o r  due  t o  a c o c a r c i n o g e n i c  e f f e c t  of t h e  par-  
t i c u l a t e  (23 ,24 ) .  T h i s  approach h a s  n o t  been  employed i n  s t u d i e s  w i t h  human 
r e s p i r a t o r y  t i s s u e s .  

- 

A combined i n  v ivo  and i n  v i t r o  a p p r o a c h  has been developed i n  our l a b o r a t o r y  -- -- 
whereby n e o p l a s t i c  development -- i n  v i v o  i n  ra t  t r a c h e a l  mucosa can b e  s t u d i e d  by 
means o f  c e l l  c u l t u r e  t e c h n i q u e s  ( 6 , 7 ) .  Exposure i s  c a r r i e d  o u t  i n  v i v o  by i n s e r t i o n  
o f  a c a r c i n o g e n  p e l l e t  i n t o  t h e  t racheal  t r a n s p l a n t .  A t  v a r i o u s  times a f t e r  exposure ,  
t r a c h e a s  are  removed and c e l l  c u l t u r e s  (7 ,171 e s t a b l i s h e d .  I n  these expe r imen t s ,  i t  
h a s  been  shown t h a t  s h o r t l y  a f t e r  c a r c i n o g e n  e x p o s u r e ,  c e l l s  which have a markedly 
i n c r e a s e d  growth c a p a c i t y  i n  v i t r o  c a n  be  i s o l a t e d  from t h e  exposed t i s s u e s .  C e l l  
p o p u l a t i o n s  i s o l a t e d  from normal nonexposed t r a c h e a s  r a re ly  c o n t i n u e  t o  p r o l i f e r a t e  
more t h a n  one  t o  f o u r  weeks i n  c e l l  c u l t u r e  (7 ,25 ) .  Th i s  approach h a s  made i t  pos- 
s i b l e  t o  q u a n t i t a t e  i n  v i t r o  t h e  emergence,  i n  v i v o ,  of  c a r c i n o g e n - a l t e r e d  and neo- 
p l a s t i c  c e l l  p o p u l a t i o n s  a f te r  e x p o s u r e  t o  DNBA (see EF-assay, under  s e c t i o n  on pre-  
l i m i n a r y  d a t a ) .  The EF a s s a y  a p p e a r s  t o  be a s e n s i t i v e  t o o l  f o r  d e t e c t i n g  c e l l s  w i t h  
n e o p l a s t i c  p o t e n t i a l  i n  ca rc inogen  exposed  t i s s u e s  ( 7 ) .  X tumor i n d u c t i o n  s t u d y  i n  
which t r a c h e a l  t r a n s p l a n t s  were exposed ,  o v e r  a 4 w e e k  pe r iod  t o  165 ug DMBA showed 
an i n c i d e n c e  of 9% i n v a s i v e  t r a c h e a l  ca rc inomas .  I n  c o n t r a s t ,  c e l l  p o p u l a t i o n s  
i s o l a t e d  i n  c u l t u r e  demonstrated t h a t  a t  8 months 80% of the  t r a c h e a s  c o n t a i n e d  c e l l s  
w i t h  n e o p l a s t i c  p o t e n t i a l .  Thus, s u c h  a n  approach  might i n c r e a s e  t h e  p r o b a b i l i t y  of 
d e t e c t i n g  n e o p l a s t i c  c e l l s  i n  human t i s s u e s  which m a y  be r e f r a c t o r y  t o  t h e  i n d u c t i o n  
o f n e o p l a  s t i c  t r ans f  orma t ion. 

-- 

-- -- 

Over t h e  p a s t  decades,  g r e a t  s t r i d e s  have been made toward u n d e r s t a n d i n g  neoplas-  
t i c  disease by u s i n g ,  f o r  example, r o d e n t  t i s s u e s  as an expe r imen ta l  model. It is 
c l e a r l y  i m p o r t a n t  t o  e v a l u a t e  the r e l e v a n c e  of t h e s e  d a t a  t o  t h e  development of  
human c a n c e r s .  Toward t h i s  end,  a number o f  expe r imen t s  have been c a r r i e d  o u t .  
Expe r imen t s  c a r r i e d  o u t  with human f i b r o b l a s t s  s u g g e s t  t h a t  r e l a t i v e  t o ,  f o r  example, 
r o d e n t  f i b r o b l a s t s ,  human f i b r o b l a s t s  are d i f f i c u l t  t o  t r ans fo rm i n  c u l t u r e  (26) .  
F i b r o b l a s t s  from i n d i v i d u a l s  w i t h  a g e n e t i c  p r e d i s p o s i t i o n  f o r  d e v e l o p i n g  n e o p l a s t i c  
d i s e a s e  are more r e a d i l y  t r ans fo rmed  i n  c u l t u r e  (16,26) .  Normal human f i b r o -  
b l a s t s  may be p a r t i c u l a r l y  r e f r a c t o r y  t o  t h e  i n d u c t i o n  of n e o p l a s t i c  t r a n s f o r m a t i o n  
i n  t h a t  t h e y  appea r  t o  have a s i g n i f i c a n t l y  lower ca rc inogen  m e t a b o l i z i n g  c a p a b i l i t y  
t h a n  human e p i t h e l i a l  c e l l s  ( 9 , 2 7 ) .  I n  g e n e r a l ,  t h e  pathways used fo r  metabol ism 
o f  v a r i o u s  chemica l s  i s  similar;  however ,  t h e  r a t e  of metabolism is 
o f t e n  q u i t e  d i f f e r e n t  (10). 

00 
d Two expe r imen t s  have been r e p o r t e d  which i n v o l v e  exposure of x e n o t r a n s p l a n t e d  
2 segmen t s  of human bronchus t o  l a r g e  d o s e s  of DMBA (28)  or ?IBA (29). The tumor i n c i -  
2 d e n c e s  a r e  v e r y  low i n  comparison t o  t h o s e  r e p o r t e d  i n  similar e x p e r i n e n t s  

w i t h  rat  t r a c h e a  (19) .  Despite t h e  e f f o r t s  of a number of  l a b o r a t o r i e s ,  l i t t l e  
d e f i n i t i v e  i n f o r m a t i o n  is a v a i l a b l e  o n  i n t e r s p e c i e s  d i f f e r e n c e s  i n  c a r c i n o g e n e s i s .  
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I t  i s  c l e a r l y  important  t o  deve lop  t e c h n i q u e s  whereby normal human and r o d e n t  
t a r g e t  t i s s u e s  can be s t u d i e d  i n  p a r a l l e l  under comparable  e x p e r i m e n t a l  condi-  
t i o n s .  

Ep idemio log ic  s t u d i e s  s u g g e s t  a l i n k  between a s b e s t o s  exposure  and an 
i n c r e a s e d  i n c i d e n c e  of  bronchogenic  and pulmonary ca rc inomas  i n  humans ( 3 0 . 3 1 ) .  
A number of s t u d i e s  have been c a r r i e d  o u t  i n  e x p e r i m e n t a l  a n i m a l s  i n  o r d e r  t o  
g a i n  some i n s i g h t  i n t o  t h e  r o l e  of a s b e s t o s  i n  t h e  i n d u c t i o n  of r e s p i r a t o r y  
n e o p l a s i a s  (e.g.  2 0 , 2 3 , 3 1 ) .  With t h e  e x c e p t i o n  of p r e l i m i n a r y  d a t a  r e p o r t e d  
by Haugen e t  a l .  ( 3 2 ) ,  t h e  r o l e  of  a s b e s t o s  as a c o c a r c i n o g e n / c a r c i n o g e n  h a s  
n o t  b e e n  e v a l u a t e d  d i r e c t l y  i n  human r e s p i r a t o r y  t i s s u e s .  

T h e r e  i s  an un reso lved  c o n t r o v e r s y  as t o  whether  a s b e s t o s  a c t s  as a coca r -  
c i n o g e n  o r  complete  ca rc inogen  f o r  t h e  i n d u c t i o n  of human r e s p i r a t o r y  n e o p l a s i a s .  

The expe r imen t s  h e r e i n  d e s c r i b e d  a d a p t  v a r i o u s  c e l l  c u l t u r e  t e c h n i q u e s  p r e v i o u s l y  
d e v e l o p e d  f o r  t h e  s t u d y  of n e o p l a s t i c  development i n  r o d e n t  t i s s u e s  t o  t h e  s t u d y  
of human c e l l s  propagated i n  v i v o  i n  t h e  nude mouse. The r a t i o n a l e  f o r  e a c h  
p h a s e  o f  t h e s e  expe r imen t s  i s  summarized below. 

-- 

1. The l a c k  of e x p e r i m e n t a l  c a r c i n o g e n e s i s  d a t a  w i t h  human r e s p i r a t o r y  
e p i t h e l i u m  h a s  stemmed ma in ly  from t h e  i n a b i l i t y  t o  p r o p a g a t e  and expand p o p u l a t i o n s  
of human e p i t h e l i a l  c e l l s .  We have developed t e c h n i q u e s  whereby human r e s p i r a t o r y  
e p i t h e l i u m  can be p ropaga ted  i n  v i v o  on d e v i t a l i z e d  r a t  t r a c h e a l  s t roma  implanted 
i n t o  t h e  nude mouse. I n  t h i s  way ,  e x t e n s i v e  c a r c i n o g e n e s i s  s t u d i e s  can u l t i m a t e l y  
b e  c a r r i e d  o u t  w i t h  normal r e s p i r a t o r y  e p i t h e l i u m  o b t a i n e d  from e a c h  i n d i v i d u a l  f e t a l  
o r  newborn donor .  T h i s  h a s  n o t  h e r e t o f o r e  been p o s s i b l e .  

2 .  Asbes tos  and asbestos-DNBA w i l l  b e  employed i n  t h e s e  expe r imen t s  f o r  t h e  f o l -  
l o w i n g  r e a s o n s .  a )  Asbestos  h a s  been i m p l i c a t e d  i n  t h e  c a u s a t i o n  of human r e s p i r a t o r y  
n e o p l a s i a s .  b)  DMBA h a s  been e x t e n s i v e l y  used i n  i n  v i v o  expe r imen t s  w i t h  r o d e n t  
r e s p i r a t o r y  t issues.  T h i s  background i n f o r m a t i o n  w i l l  be impor t an t  d u r i n g  t h e  i n i t i a l  
p h a s e s  of t h e  proposed expe r imen t s  and pe rhaps  l e a d  t o  a more e f f e c t i v e  a n a l y s i s  
of d a t a .  c )  N e i t h e r  human nor  r o d e n t  r e s p i r a t o r y  t i s s u e s  have y i e l d e d  n e o p l a s t i c  
l e s i o n s  f o l l o w i n g  exposure t o  chemical  c a r c i n o g e n s  i n  c u l t u r e .  However, o r g a n  
c u l t u r e s  of r o d e n t  t r a c h e a s  exposed t o  a s b e s t o s  w i t h  adso rbed  c a r c i n o g e n  have 
d e v e l o p e d  n e o p l a s t i c  l e s i o n s .  Thus, ou r  chances  of i n d u c i n g  n e o p l a s t i c  t r a n s f o r -  
mation i n  v i t r o  a p p e a r s  t o  be g r e a t l y  enhanced i f  a s b e s t o s  i s  used i n  combinat ion 
w i t h  chemica l  ca rc inogen .  

-- 

3 .  
and m a i n t a i n e d  i n  organ c u l t u r e  f o r  up t o  4 weeks a f t e r  exposure.  I n  t h i s  way, we  
hope  t o  a )  minimize h o s t - c e l l  i n t e r a c t i o n s  which might  i n t e r f e r e  w i t h  e a r l y  expres-  
s i o n  of  t h e  n e o p l a s t i c  phenotype and b )  minimize c o s t .  

Both r a t  t r a c h e a s  and r e c o n s t i t u t e d  human b r o n c h i  or t r a c h e a s  w i l l  be  exposed 

4 .  The EF assay w i l l  be used t o  mon i to r  s e q u e n t i a l  changes i n  t h e  growth 
p o t e n t i a l  of  e p i t h e l i a l  c e l l s  exposed t o  ca rc inogen .  This w i l l  be c a r r i e d  o u t  a )  i n  
o r d e r  t o  q u a n t i t a t e  t h e  emergence of c e l l  p o p u l a t i o n s  w i t h  d i f f e r e n t  i n  v i t r o  growth 
c a p a c i t i e s ,  and b) t o  maximize t h e  p o s s i b i l i t y  o f  d e t e c t i n g  ce l l s  w i t h  n e o p l a s t i c  
p o t e n t i a l .  The l a t t e r  may be p a r t i c u l a r l y  i m p o r t a n t  f o r  t h e  s t u d i e s  w i t h  human 
t i s s u e s  which cou ld  b e  r e l a t i v e l y  r e s i s t e n t  t o  t h e  i n d u c t i o n  of n e o p l a s t i c  t r a n s -  
f o r m a t  i o n .  
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111. P r o g r e s s / P r e l i m i n a r y  Data 

A. E p i t h e l i a l  f o c u s  (EF) a s s a y  

1 0  

Over t h e  p a s t  s e v e r a l  y e a r s  we have deve loped  a t e c h n i q u e  r e f e r r e d  t o  a s  t h e  
e p i t h e l i a l  f o c u s  assay which e n a b l e s  U S  t o  assess -- i n  v i t r o ,  q u a l i t a t i v e  and 
q u a n t i t a t i v e  c e l l u l a r  changes presumed t o  o c c u r  i n  t r a c h e a l  e p i t h e l i u m  i n  v i v o  d u r i n g  
t h e  p r o c e s s  of c a r c i n o g e n e s i s  ( 7 , 2 5 1 .  V i a b l e  e p i t h e l i a l  c e l l s  a r e  h a r v z t e d r o m  
h e t e r o t o p i c  t r a c h e a l  g r a f t s  immediately o r  up t o  one  year  a f t e r  e x p o s u r e  i n  v ivo  
f o r  4 weeks t o  t o t a l  doses  of 5-300 vg of DMBA. The c e l l  s u s p e n s i o n s  o b t a i n e d  from 
i n d i v i d u a l  t r a c h e a s  were seeded i n t o  c u l t u r e  d i s h e s  and t h e  f r e q u e n c y  o f  p r o l i f -  
e r a t i n g  e p i t h e l i a l  f o c i  (EF) de t e rmined  one month l a t e r .  Normal non-exposed 
t r a c h e a l  c e l l s  y i e l d  few EF i n  c u l t u r e .  I n  c o n t r a s t ,  80-100% of t r a c h e a s  exposed 
t o  DMBA y i e l d e d  10 t o  100 times more EF p e r  t r a c h e a .  Three d i f f e r e n t  t y p e s  of 
EF c o u l d  be d i s t i n g u i s h e d  e x p e r i m e n t a l l y :  EF which cou ld  no t  be s u b c u l t u r e d  (EF ) ,  
EF which c o u l d  b e  s u b c u l t u r e d  b u t  d i d  n o t  grow i n  s o f t  a g a r o s e  (EFSyag-) , and tRose 
EF which cou ld  be s u b c u l t u r e d  and grown i n  s o f t  a g a r o s e  (EFs,ag+). Our f i n d i n g s  
s u g g e s t  t h e  e x i s t e n c e ,  i n  t h e  e p i t h e l i u m  of c a r c i n o g e n  exposed t r a c h e a s ,  of EF w i t h  
d i f f e r e n t  i n  v i t r o  growth c a p a c i t i e s ,  No carcinogen-dose e f f e c t  on EF f r equency  
h a s  been obse rved  when t r a c h e a s  are  exposed t o  5-300 ug DNBA f o r  2-4 weeks. No 
EF were d e t e c t e d  fo l lowing  1 wk exposure  t o  20 pg DMBA. Thus, t h e  l e n g t h  of 
e x p o s u r e  r a t h e r  t han  t o t a l  dose a p p e a r s  t o  be of major  importance.  With i n c r e a s e d  
c a r c i n o g e n  dose  and i n c r e a s e d  time i n  v i v o  a f t e r  exposure ,  t h e r e  i s  a n  i n c r e a s e  i n  
t h e  f r e q u e n c y  of  s u b c u l t u r a b l e  EF which a l s o  grow i n  a g a r .  The EF assay w i l l  be  used 
d u r i n g  t h e  c o u r s e  of proposed e x p e r i m e n t s  t o  m o n i t o r  t h o s e  changes i n  i n  v i t r o  growth 
charac te r i s t ics  which occur  a t  v a r i o u s  times f o l l o w i n g  exposure  of  human and ra t  
r e s p i r a t o r y  e p i t h e l i u m  i n  organ c u l t u r e .  

-- 

-- 

-- 

B. " I n  v i v o  c u l t u r e "  and c a r c i n o g e n  exposure  of hunan r e s p i r a t o r y  e p i t h e l i u m  -- -- 
We have r e c e n t l y  r e p o r t e d  t h a t  human c e l l s  w i l l  s u r v i v e  and d i f f e r e n t i a t e  i n t o  

a normal a p p e a r i n g  m u c o c i l i a r y  e p i t h e l i u m  on frozen-thawed r a t  t r a c h e a l  stroma i m -  
p l a n t e d  i n t o  t h e  nude mouse ( 3 6 ) .  Human newborn or f e t a l  r e s p i r a t o r y  t i s s u e s  
o b t a i n e d  a t  a u t o p s y  a r e  h a r v e s t e d  e n z y m a t i c a l l y  and i n o c u l a t e d  i n t o  frozen-thawed 
r a t  t r a c h e a s  and implanted subdermally i n  t h e  s c a p u l a r  r e g i o n  of  t h e  nude mouse. 
W i t h i n  2 t o  3 weeks a normal a p p e a r i n g  m u c o c i l i a r y  e p i t h e l i u m  i s  formed. Epi the-  
l i a l  c e l l s  (5-10 x 105) can t h e n  b e  s t r i p p e d  from each  r e p o p u l a t e d  t r a c h e a  and 
seeded  i n t o  a ser ies  of 3 t o  5 new frozen-thawed r a t  t r a c h e a s  i n  o r d e r  t o  expand t h e  
p o o l  o f  r e c o n s t i t u t e d  human tracheas. 
5 d i f f e r e n t  human c e l l  l i n e s  from s e p a r a t e  i n d i v i d u a l s  up t o  6 t i m e s  i n  v ivo .  
These c e l l s  do n o t  s u r v i v e  i n  c e l l  c u l t u r e .  
example,  chromosome a n a l y s i s  and c o l l e c t i o n  of p r e l i m i n a r y  c a r c i n o g e n  d o s e  
d a t a  i n  human r e s p i r a t o r y  e p i t h e l i u m  c u l t u r e d  i n  v i v o  i s  c u r r e n t l y  b e i n g  c a r r i e d  o u t  
w i t h  DOE s e e d  money funds.  A normal human d i p l o i d  k a r y o t y p e  h a s  been found i n  t r a c h -  
e a l  e p i t h e l i a l  c e l l s  passaged s e v e r a l  times i n  v i v o .  A t  t h i s  p o i n t  w e  do not  know 
how many times human r e s p i r a t o r y  e p i t h e l i a l  c e l l s  can  be passaged and s t i l l  y i e l d  
a m u c o c i l i a r y  e p i t h e l i u m  -- i n  v i v o  and a normal d i p l o i d  karyotype.  S u r v i v a l ,  morphology 
and k a r y o t y p e  w i l l  be a s s e s s e d  a t  each  subsequen t  pas sage .  

We have t o  d a t e  succeeded i n  subpassag ing  
-- 

P r e l i m i n a r y  work, i n v o l v i n g  f o r  

-- 

"Cultured1'  human b r o n c h i a l  and t r a c h e a l  e p i t h e l i u m  have been exposed t o  DMUA 
(75-250 pg) r e l e a s e d  from beeswax p e l l e t s  i n t o  t h e  r e c o n s t i t u t e d  t r a c h e a l  lumen ove r  
a p e r i o d  of f o u r  weeks. Exposed t i s s u e s  were e v a l u a t e d  morpho log ica l ly  a t  2 ,  4 ,  and 
8 weeks a f t e r  exposure  and c e l l s  h a r v e s t e d  f o r  the EF a s s a y  immediately o r  f o u r  weeks 
a f t e r  exposure .  An i n t e n s e  t o x i c  r e a c t i o n  was n o t e d  fo l lowing  exposure  t o  250 ,,g of 
DMBA. T h i s  i n c l u d e d  p a r t i a l  u l c e r a t i o n  of t h e  e p i t h e l i u m  and an i n t e n s e  inf lammatory 
r e s p o n s e  i n v o l v i n g  massive i n f i l t r a t i o n  of  h o s t  (nude mouse) macrophages. Th i s  
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r e s p o n s e  was less marked immediately f o l l o w i n g  exposure  t o  7 5  ug of DMBA and f o u r  
weeks f o l l o w i n g  exposure t o  2 5 0  ug DMBA. U l c e r a t e d  e p i t h e l i u m  was u l t i m a t e l y  
r e p l a c e d  by h y p e r p l a s t i c  o r  m e t a p l a s t i c  e p i t h e l i u m  w i t h  o r t h o k e r a t i n i z e d  ep ide rmoid  
m e t a p l a s i a s  predominat ing.  Using t h e  same c u l t u r e  c o n d i t i o n s  p r e v i o u s l y  used i n  
s t u d i e s  of r a t  t r a c h e a l  e p i t h e l i u m ,  no EF were i s o l a t e d  immediately f o l l o w i n g  
e x p o s u r e  t o  2 5 0  ug of  DMBA. By f o u r  weeks f o l l o w i n g  exposure  t o  2 5 0  ug up t o  
75% of  t h e  t r a c h e a s  con ta ined  2 t o  40 EF. Immediately f o l l o w i n g  exposure  t o  
75 pg of DMBA 25% of t r a c h e a s  y i e l d e d  2 t o  4 EF. To d a t e ,  no EF i s o l a t e d  from 
c o n t r o l  non-exposed t r a c h e a s  have been s u b c u l t u r a b l e .  However, s e v e r a l  EF 
i s o l a t e d  from ca rc inogen  exposed t r a c h e a s  have been s u b c u l t u r a b l e .  These d a t a  
s u g g e s t s  t h a t  t h e  EF a s s a y  p r e v i o u s l y  deve loped  i n  o u r  l a b o r a t o r y  f o r  s t u d i e s  o f  
n e o p l a s t i c  development i n  r a t  t r a c h e a l  e p i t h e l i u m  w i l l  a l s o  be a u s e f u l  t o o l  f o r  
e v a l u a t i n g  -- i n  v i t r o ,  n e o p l a s t i c  development i n  human r e s p i r a t o r y  e p i t h e l i u m .  

I V .  Methods 

A. General 

1. I n t a c t  r e c o n s t i t u t e d  human or ra t  t r a c h e a s  w i l l  be exposed i n  v i t r o  
t o  HBSS a l o n e ,  a s b e s t o s  i n  HBSS, o r  asbestos-DMBA i n  HBSS. 

2.  Organ c u l t u r e s  w i l l  b e  e s t a b l i s h e d  from c o n t r o l  and exposed 
t i s s u e s .  

3. A t  24 h o u r s  a f t e r  exposure  segments  of t r a c h e a  will be d i g e s t e d  and 
t h e  amount of 3H-DNBA absorbed i n t o  t i s s u e  e x p l a n t s  measured. 

4. A t  24 hour s ,  72 hours ,  1 week, 2 weeks, and 4 weeks t i s s u e  segments  
w i l l  b e  f i x e d  f o r  morphologic e v a l u a t i o n .  

5 .  A t  1, 2 ,  and 4 weeks p o s t e x p o s u r e  organ c u l t u r e s  w i l l  be p l a c e d  i n t o  
"ou tg rowth  c u l t u r e s . "  These c e l l s  w i l l  t h e n  be  h a r v e s t e d  e n z ) m a t i c a l l y  and 
t e s t e d  f o r  s u b c u l t u r a b i l i t y  and growth i n  s o f t  a g a r o s e  (EF a s s a y ) .  

6. A t  4 weeks, organ c u l t u r e  e x p l a n t s  w i l l  b e  implanted i n t o  nude mice. 

B. Animals 

R a t  t r a c h e a s  w i l l  be o b t a i n e d  from fema le  F i s c h e r  344 rats 8 t o  10 weeks of  age.  
Nude mice t o  b e  used f o r  x e n o t r a n s p l a n t a t i o n  will b e  CC3-10 females .  Animals are 
all b r e d  and housed i n  ou r  own s p e c i f i c - p a t h o g e n - f r e e  f a c i l i t y .  P r i o r  t o  pe r fo rming  
s u r g i c a l  p r o c e d u r e s ,  animals  are a n e s t h e t i z e d  by metophane i n h a l a t i o n .  

C. Human T i s s u e s  

A t  least  f o u r  d i f f e r e n t  human b r o n c h i a l  a n d / o r  t r a c h e a l  e p i t h e l i a l  c e l l  popula- 
t i ons  w i l l  b e  c u l t u r e d  -- i n  v ivo .  
s y  of a newborn o r  human f e t u s .  Medical  h i s t o r y  and c a u s e  of d e a t h  w i l l  b e  known and 
o n l y  t h o s e  i n d i v i d u a l s  w i t h  no known g e n e t i c  a b n o r m a l i t i e s  w i l l  be used. T i s s u e s  

m a i n t a i n e d  a t  37" i n  a 5% C02 atmosphere f o r  rough ly  7 days.  
time, v i a b l e  c e l l  p o p u l a t i o n s  on each  t i s s u e  segment d i v i d e  such t h a t  t h e  e n t i r e  

T i s s u e s  are r e c e i v e d  on i c e  w i t h i n  48 h o u r s  of au top -  

will b e  c u t  i n t o  roughly 0.5 cm 2 p i e c e s  and p l a c e d  i n  complete  H a m s  F-12 medium and 
During t h i s  p e r i o d  of  
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s u r f a c e  i s  c o v e r e d  w i t h  v i a b l e  n u c o c i l i n r y  e p i t h e l i u m  ( 3 3 ) .  At t h e  end of t h i s  
i n c u b a t i o n  t i m e ,  c e l l s  a r e  s t r i p p e d  from each  t i s s u e  segment by i n c u b a t i o n  i n  pro- 
n a s e  (12 i n  PBS) f o r  20 minutes  a t  3 7 "  w i t h  o c c a s i o n a l  a g i t a t i o n .  The r e s u l t i n g  
c e l l  s u s p e n s i o n ,  c o n s i s t i n g  mainlv o f  e p i t h e l i a l  c e l l s  mixed n o s t  l i k e l y  w i t h  a 
small number of  f i b r o b l a s t s ,  i s  i n o c u l a t e d  i n t o  e a c h  i n t a c t  2x frozen-thawed 
(FT) rat  t r a c h e a  ( 3 7 ) .  Both ends of each i n o c u l a t e d  t r a c h e a  are t i e d  o f f  w i t h  
s u r g i c a l  s i l k  t o  p r e v e n t  l eakage  of i n o c u l a t e d  c e l l s  and implanted subdermally 
i n t o  nude mice ( 2  t r a c h e a s  p e r  mouse). W i t h i n  2 t o  3 weeks a normal human 
t r a c h e a l  o r  b r o n c h i a l  mucosa i s  e s t a b l i s h e d .  Hunan c e l l s  can then  aga in  be 
h a r v e s t e d  e n z y m a t i c a l l y  and seeded i n t o  a new series of 3-5 FT t r a c h e a s  i n  o r d e r  
t o  a m p l i f y  t h e  number of "human t r a c h e a s . "  I n  t h i s  manner "human t i s s u e s "  are 
a v a i l a b l e  for t h e  proposed expe r imen t s  p l u s  have  a reserve f o r  f u t u r e  expe r imen t s .  
T r a c h e a s  t o  be used  i n  t h e  proposed e x p e r i m e n t s  w i l l  b e  removed from t h e  h o s t  mouse 
3 or more weeks a f t e r  c e l l  i n o c u l a t i o n  and i m p l a n t a t i o n  when a normal e p i t h e l i u m  
h a s  been e s t a b l i s h e d .  

A t  t h i s  t ime w e  do  n o t  know how long  one  c a n  p a s s a g e  human e p i t h e l i a l  c e l l  i n  
A t  t h i s  time we have success fu l ly -  - v i v o  w i t h  a normal  morphology and ka ryo type .  

pas saged  c e l l s  6 times. All experiments  w i l l  be  c a r r i e d  o u t  a t  a passage l e v e l  
which h a s  p r e v i o u s l y  been determined t o  be u s a b l e  i n  t ha t  t r a c h e a s  c o n t a i n  e p i t h e -  
l i a l  c e l l s  which a re  judged t o  be m o r p h o l o g i c a l l y  and k a r y o t y p i c a l l y  normal. 

D. Exposure 

Carc inogens  and p a r t i c u l a t e s  w i l l  be p r e p a r e d  as f o l l o w s .  The ca rc inogen ,  DMBA, 
w i l l  b e  d i s s o l v e d  i n  a c e t o n e .  Asbes tos ,  a m o s i t e ,  c r o c i d o l i t e ,  or c h r y s o t i l e  ( U I C C  
s t a n d a r d  r e f e r e n c e  samples)  suspended i n  c o l d  a c e t o n e  w i l l  be  added t o  t h e  DMBA 
and a g i t a t e d  on a magne t i c  s t i r r e r  f o r  48 h o u r s .  Ca rc inogen  coa ted  a s b e s t o s  w i l l  be  
a l lowed  t o  s e t t l e  and r e s i d u a l  ace tone  removed unde r  n i t r o g e n .  The p r e p a r a t i o n  
w i l l  t h e n  be washed tw ice  wi th  d i s t i l l e d  w a t e r .  M o d i f i c a t i o n s  of t h i s  p rocedure  
h a v e  been p r e v i o u s l y  d e s c r i b e d  ( 2 3 , 3 4 ) .  A l l  c a r c i n o g e n s  and p a r t i c u l a t e s  w i l l  be 
hand led  i n  a n  a p p r o p r i a t e l y  vented c a r c i n o g e n  hood. 

Exposure o f  t r a c h e a l  t i s s u e s  w i l l  be  c a r r i e d  o u t  2 v i t r o  by i n o c u l a t i o n  of HBSS 
a l o n e  ( c o n t r o l s )  or HBSS c o n t a i n i n g  e i t h e r  a s b e s t o s  a l o n e  or a s b e s t o s - D M B A  i n t o  t h e  
i n t a c t  t r a c h e a l  l unen .  Tracheas w i l l  be s e a l e d  o f f  w i t h  s u r g i c a l  s i l k  t o  p r e v e n t  
l e a k a g e .  During e x p o s u r e  ( 2  t o  6 h o u r s )  t r a c h e a s  w i l l  be maintained a t  3 7 ° C  i n  a 5% 
C02  atmosphere.  Fo l lowing  exposure,  t r a c h e a s  w i l l  be  r i n s e d  w i t h  HBSS t o  remove 
unabsorbed p a r t i c u l a t e .  

I n  o r d e r  t o  estimate t h e  dose of DMBA t o  t h e  e p i t h e l i u m ,  t i s s u e s  w i l l  be 
exposed  t o  a s b e s t o s  w i t h  adsorbed DMBA (1:100, 1 : l O O O  311-DMBAxold DMBA). 
a f t e r  exposure  t i s s u e s  w i l l  b e  d i g e s t e d  w i t h  P r o t o s o l  and t h e  amount of t r i t i u m  
l a b e l e d  DMBA i n  e a c h  segment of organ c u l t u r e  c o u n t e d  i n  a s c i n t i l l a t i o n  c o u n t e r .  
T o t a l  DMBA p e r  t r a c h e a  w i l l  t hen  be c a l c u l a t e d  from 3:1-DEIBA s t anda rd  cu rves .  
when r e q u i r e d ,  w i l l  be  o b t a i n e d  from D r .  J .  S e l k i r k ,  Biology Div i s ion ,  ORNL. The 
amount of a s b e s t o s  p e n e t r a t i n g  i n t o  t r a c h e a l  e p i t h e l i a l  cells  w i l l  be e v a l u a t e d  by 
SEN a n d / o r  TEM 2 4  h o u r s  a f t e r  exposure.  

A t  2 4  hours 

Advice,  

Methods c h o s e n  f o r  exposure  of t i s s u e  may be  found  t o  be  unacceptable  
b e c a u s e  no rma l  t i s s u e  cannot  b e  ma in ta ined  i n  a n o r m a l l y  d i f f e r e n t i a t e d ,  v i a b l e  
s t a t e  unde r  t h e  c o n d i t i o n s  r e q u i r e d  f o r  a d e q u a t e  exposure .  
don ' t  know how l o n g  t i s s u e s  must be  exposed i n  o r d e r  t o  d e l i v e r  a r e p r o d u c i b l e  and 

A t  t h i s  s t a g e ,  w e  
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e f f e c t i v e  ( n o n t o x i c  y e t  c a r c i n o g e n i c )  dose  t o  both human and rat r e s p i r a t o r y  
e p i t h e l i u m .  Cra ighead  e t  a l .  (23)  r e p o r t  e f f e c t i v e  r e s u l t s  f o l l o w i n g  1 hour 
e x p o s u r e s  o f  hams te r  o r g a n  c u l t u r e  e x p l a n t s  t o  c a r c i n o g e n  abso rbed  t o  a s b e s t o s .  
Haugen e t  a l .  ( 3 2 )  have used 6 h o u r s  f o r  exposure  of human b r o n c h i a l  o rgan  c u l t u r e s .  
If o n l y  1 t o  2 h o u r s  are  r e q u i r e d  f o r  e f f e c t i v e  exposure ,  most l i k e l y  no problems w i l l  
be e n c o u n t e r e d .  I f ,  however,  6 h o u r s  o r  more are  r e q u i r e d ,  normal t i s s u e s  may be 
a d v e r s e l y  a f f e c t e d .  O t h e r  methods t o  be t r i e d , i n  t h e  e v e n t  t h a t  t h e  proposed tech- 
n i q u e s  are i n a d e q u a t e , a r e  t h o s e  d e s c r i b e d  by Craighead e t  a l .  ( 2 3 )  i n v o l v i n g  exposure 
of small s e g m e n t s  of t r a c h e a  i n  o r g a n  c u l t u r e  or t h a t  o f  Topping e t  a l .  (20)  involv-  
i n g  e x p o s u r e  o f  i n t a c t  t r a c h e a l  t r a n s p l a n t s  -_I_ i n  v i v o  by i n s e r t i o n  of a g e l a t i n  
p e l l e t  c o n t a i n i n g  a s b e s t o s  o r  asbestos-DMBA. 

The d o s e s  of DMBA and t h e  t y p e  of a s b e s t o s  t o  be used i n  t h e s e  expe r imen t s  w i l l  
be d e t e r m i n e d  i n  a series of p r e l i m i n a r y  expe r imen t s .  E f f e c t i v e  dose  l e v e l s  w i l l  
i n i t i a l l y  b e  d e t e r m i n e d  on t h e  b a s i s  of t h e  c y t o t o x i c  e f f e c t s  o f  t h e  t r e a t m e n t s  
i n v o l v e d .  I n  p r e l i m i n a r y  e x p e r i m e n t s  w e  w i l l  e v a l u a t e  t h e  c y t o t o x i c i t y  of c h r y s o t i l e ,  
c r o c i d o l i t e  o r  a m o s i t e  o f  a s b e s t o s  o v e r  a dose r ange  of 1 t o  1000 vg p e r  ml (20,32) 
d e l i v e r e d  o v e r  a p e r i o d  of 1-6 h r s .  
employed i n  c a r c i n o g e n e s i s  s t u d i e s  w i l l  be de t e rmined  on the  b a s i s  of t o x i c i t y  
( d e t e r m i n e d  m o r p h o l o g i c a l l y )  and t h e  c a p a c i t y  t o  i n d u c e  "p reneop las  t i c "  lesions i n  
vitro. C h r y s o t i l e  a s b e s t o s  h a s  been obse rved  t o  b e  10 f o l d  more t o x i c  t h a n  e i t h z  
amsi te  or c r o c i d o l i t e  and may be  t o o  t o x i c  t o  use e f f e c t i v e l y  i n  t h e s e  expe r imen t s  
(32). 
i n d u c e s  c h a n g e s  similar t o  t h o s e  induced by p romote r s  (24). Carcinomas developed 
l a t e r .  F o r  t h e s e  r e a s o n s  c r o c i d o l i t e  a s b e s t o s  might y i e l d  t h e  most i n t e r e s t i n g  r e s u l t s  
and w i l l  be t h e  form of a s b e s t o s  most e x t e n s i v e l y  t e s t e d  i n  p r e l i m i n a r y  experiments .  
I n i t i a l l y ,  w e  w i l l  aim t o  d e l i v e r  DMBA d o s e s  r a n g i n g  from 5 t o  300 pg p e r  t r a c h e a .  
T h i s  d o s e  r a n g e  h a s  been  p r e v i o u s l y  s t u d i e d  i n  r a t  t i s s u e s  b o t h  i n  v i v o  and i n  v i t r o .  
Again,  t o x i c i t y  and i n d u c t i o n  of p r e n e o p l a s t i c  l e s i o n s  w i l l  be e v a l u a t e d .  Doses t o  
be employed i n  more e x t e n s i v e  s t u d i e s  w i l l  be  chosen on the  b a s i s  of t h e s e  c r i t e r i a .  

The t y p e  and d o s e  of a s b e s t o s  t o  be  f i n a l l y  

Exposure  of  hams te r  t r a c h e a l  o rgan  c u l t u r e s  t o  c r o c i d o l i t e  a s b e s t o s  i n i t i a l l y  

-- -- 

E. Organ c u l t u r e s  

Organ c u l t u r e s  w i l l  b e  e s t a b l i s h e d  f o l l o w i n g  exposure  i n  v i t r o  of i n t a c t  recon- 
s t i t u t e d  human t r a c h e a  a n d / o r  b r o n c h i  and r a t  t r a c h e a s .  Each t r a c h e a  will be c u t  i n  
h a l f  l o n g i t u d i n a l l y  and d i v i d e d  t r a n s v e r s e l y  i n t o  5 e q u a l  p o r t i o n s .  Organ c u l t u r e s  
w i l l  b e  m a i n t a i n e d  i n  complete  Ham's F12a i n  a 5% C02 atmosphere.  
w i l l  b e  m a i n t a i n e d  i n  s h a l l o w  medium such  t h a t  t h e  t i s s u e  i s  o n l y  p a r t i a l l y  sub- 
merged. The medium chosen  f o r  ma in tenance  of  organ c u l t u r e  shou ld  be a d e q u a t e  t o  
m a i n t a i n  no rma l  c e l l  d i f f e r e n t i a t i o n  i n  b o t h  rat  and human t i s s u e s  f o r  4 weeks. It i s  
p o s s i b l e  t h a t  human t i s s u e  e x p l a n t s  w i l l  n o t  s u r v i v e  o r  remain normally d i f f e r e n t i a t e d  
i n  Hams F12a. I n  t h i s  case, w e  w i l l  employ t h o s e  c u l t u r e  c o n d i t i o n s  p r e v i o u s l y  des- 
c r i b e d  by Harris e t  a l .  (1). A chamber gas sed  w i t h  50% 02 and 45% C02 main ta ined  a t  
36.5OC is rocked  a t  10  c y c l e s  p e r  minute .  The medium of  c h o i c e  would be CMRL 1066 
supp lemen ted  w i t h  g l u t a m i n e ,  i n s u l i n ,  h y d r o c o r t i s o n e ,  r e t i n y l  acetate, p e n i c i l l i n ,  
s t r e p t o m y c i n ,  p l u s  5% h e a t  i n a c t i v a t e d  f e t a l  c a l f  serum (1). 

T i s s u e  segments 

F. Morpho log ic  e v a l u a t i o n  of o rgan  c u l t u r e  e x p l a n t s  

I n  o r d e r  t o  e v a l u a t e  t o x i c i t y ,  4 t i s s u e  e x p l a n t s  p e r  exposure group w i l l  be 
f i x e d  i n  B o u i n ' s  24 h o u r s ,  7 2  h o u r s ,  one week, two weeks and f o u r  weeks a f t e r  

a Complete H a m s  F-12: H a m s  F-12 p l u s  5% f e t a l  bovine serum (FBS, organ c u l t u r e s )  
or 10% FBS ( c e l l  c u l t u r e ) ,  i n s u l i n  (0 .1  ,,g/ml), h y d r o c o r t i s o n e  (0.1 ug/ml) ,  
p e n c i l l i n  (100 I u / m l ) ,  s t r e p t o m y c i n  (100 ug/ml), and if r e q u i r e d  6 - r e t i n y l  acetate 
(0.1 vg /ml ) .  
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e s p o s u r e  f o r  h i s t o l o g i c  e v a l u a t i o n .  P r i o r  t o  f i x a t i o n ,  organ e x p l a n t s  w i l l  be 
l a h e l e d  w i t h  'HTdK f o r  5 h r s .  ( 3 5 ) .  
microscope  l e v e l  w i l l  be f i x e d  i n  Bouin's s o l u t i o n  and embedded i n  p a r a f f i n  and 
s e c t i o n s  s t a i n e d  w i t h  hematoxy l in  and e o s i n .  S e c t i o n s  t o  be u s e d  f o r  a u t o r a d i o g r a p h y  
w i l l  be dipped i n  emul s ion  and l a t e r  developed. For  e l e c t r o n  microscopy, t i s s u e s  
w i l l  b e  f i x e d  i n  3X g l u t a r a l d e h y d e  i n  0.05 M 2 ,1 ,6  t r i m e t h y l p y r i d i n e  b u f f e r  p o s t -  
f i x e d  i n  2% osmic a c i d  i n  0.1 M c a c o d y l a t e  b u f f e r ,  d e h y d r a t e d ,  and embedded i n  Epon 
8 1 2 .  
and observed i n  a H i t a c h i  H B l l  e l e c t r o n  microscope.  The f o l l o w i n g  c r i t e r i a  w i l l  
be  employed f o r  p u r p o s e s  of e v a l u a t i n g  a s b e s t o s  and asbestos-DMBA induced changes i n  
r e s p i r a t o r y  e p i t h e l i u m .  
c e l l  r e g e n e r a t i o n  as measured by t h e  frequency of  -HTdR l a b e l e d  c e l l s  w i l l  be con- 
s i d e r e d  extreme t o x i c i t y .  
i a s  w i l l  be i n t e r p r e t e d  as  s u g g e s t i v e  of " p r e n e o p l a s i a . "  
c a p a c i t y  of exposed and normal  c e l l s  w i t h  i n c r e a s e d  t i ne  i n  organ cu l tu re  w i l l  be 
e v a l u a t e d  by n o t i n g  changes  i n  t h e  frequency of 3HTdR l a b e l e d  c e l l s  i n  f i x e d  t i s s u e s  
a n d  by t h e i r  c a p a c i t y  t o  y i e l d  outgrowths when p l a c e d  i n  "outgrowth" c u l t u r e  ( s e e  
be low) .  

T i s s u e s  t o  be e v a l u a t e d  a t  t h e  l i g h t  

U l t r a t h i n  s e c t i o n s  w i l l  be s t a i n e d  w i t h  u r a n y l  acetate  and l e a d  c i t r a t e  

a )  The p r e s e n c e  of  c e l l  d:generation and s lough ing  w i t h  no 

b )  The i n d u c t i o n  of h y p e r p l a s i a s ,  metaplasias, and d y s p l a s -  
Changes i n  the p r o l i f e r a t i v e  

G .  T e s t i n g  f o r  m a l i g n a n t  t r a n s f o r m a t i o n  

1. Outgrowth c u l t u r e s  and EF a s s a y  

A t  1, 2 and 4 weeks a f t e r  exposure t i s sue  e x p l a n t s  w i l l  be p l a c e d  i n  p l a s t i c  
t i s s u e  c u l t u r e  d i s h e s  c o n t a i n i n g  complete  Hams  F12a ( 7 ) .  
ce l l s  m i g r a t e  from t h e  t i s s u e  e x p l a n t  o n t o  the  tissue c u l t u r e  d i s h  ( 6 ) .  When 1 c m 2  
o u t g r o w t h s  a r e  e s t a b l i s h e d ,  e x p l a n t s  w i l l  be s e q u e n t i a l l y  moved ("replanted")  i n  
o r d e r  t o  e s t a b l i s h  up t o  5 ou tg rowths  p e r  e x p l a n t .  Cells from each e x p l a n t  w i l l  be  
h a r v e s t e d  e n z y m a t i c a l l y  (0 .2X trypsin-EDTA/CMF Hanks p l u s  5% ch ick  serum incuba ted  
f o r  7 minu tes  a t  37°C) and t h e  EF assay c a r r i e d  o u t  as f o l l o w s :  a )  Cells are  coun ted  
i n  a hemacytometer and seeded  i n t o  t r i p l i c a t e  60 mm t i s s u e  c u l t u r e  d i s h e s  a t  d e n s i t i e s  
of lo3  t o  5 x l o 4  c e l l s  p e r  d i s h .  b )  One month a f t e r  s e e d i n g  c e l l s  t h e  number of  

4 p r o l i f e r a t i n g  e p i t h e l i a l  f o c i  (EF) per 10 c e l l s  is  de te rmined .  c )  EF are i s o l a t e d  
and passaged i n t o  s e p a r a t e  t i s s u e  c u l t u r e  d i s h e s .  d )  S u b c u l t u r a b l e  EF are t e s t e d  
fo r  growth i n  s o f t  a g a r o s e .  

Under t h e s e  c o n d i t i o n s ,  

I f  no i s o l a t e d  EF are  found t o  grow i n  s o f t  a g a r o s e  w i t h  t h e  p r o t o c o l  d e s c r i b e d  
above ,  two a l t e r n a t i v e  p a t h s  w i l l  be taken.  F i r s t ,  i s o l a t e d  EF w i l l  be c u l t u r e d  
v i t r o  and t e s t e d  f o r  growth i n  s o f t  a g a r o s e  a t  a l a t e r  t i m e  ( 7 ). Second, changes 
i n  media c o n d i t i o n s  s u c h  as d e c r e a s e s  i n  t h e  c o n c e n t r a t i o n  of calcium w i l l  be used.  
Lowered ca l c ium l e v e l s  r e p o r t e d l y  i n c r e a s e  t h e  p r o b a b i l i t y  of i s o l a t i n g  n e o p l a s t i c  
c e l l s  from exposed human t i s s u e s  (14,s). T h i r d ,  ce l l s  may p o s s i b l y  need t o  b e  
l e f t  i n  pr imary c u l t u r e  f o r  l o n g e r  p e r i o d s  of t i m e  (months) p r i o r  t o  the development 
of c e l l s  w i t h  oncogen ic  p o t e n t i a l  (8). 

2. X e n o t r a n s p l a n t a t i o n  

A t  one and f o u r  weeks a f t e r  exposure,  8 e x p l a n t s  from each expe r imen ta l  group 
w i l l  b e  implanted s u b d e r n a l l y  t o  X- i r r ad ia t ed  (400 r a d s )  nude mice ( 2  explants /mouse) .  
I m p l a n t s  w i l l  be p a l p a t e d  weekly i n  o r d e r  t o  d e t e c t  d e v e l o p i n g  tumors. 
n o t  d e v e l o p i n g  tumors  w i l l  be removed one year a f t e r  exposure  and f i x e d  f o r  h i s t o -  
l o g i c  ( l i g h t  o r  EM) e v a l u a t i o n .  The p resence  of carcinoma i n  s i t u  m e t a p l a s t i c  o r  
d y s p l a s t i c  l e s i o n s  and e v i d e n c e  of t i s s u e  r e j e c t i o n  w i l l  b e  noted. 

All e x p l a n t s  

- -' 
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H. Data (Human and Rat Tissues) 

1. Controls 

In order to determine the suitability of those conditions chosen for exposure 
and maintenance of organ cultures, tissues will be exposed to HBSS for 2 ,  4 ,  or 
6 hrs .  
divided transversely into five equal pieces, thus yielding 10 e:rplants/trachea. 

Tracheas will then be divided into two equal halves lengthwise and each half 

Explants from each exposure group will be maintained for up to 28 days. At 
four day intervals, eight explants per group will be harvested and evaluated as 
follows: 
proliferative capacity of control tissues. 
four explants will be evaluated morphologically and X 3HTdR labeled cells 
de t ermined. 

a) Four explants will be placed in outgrowth culture to evaluate the 
b) If explants above yield outgrowths, 

Data will be expressed in terms of X explants yielding epithelial cell out- 
growths and rate of outgrowth (increased diameter of outgrowth with time). 
Conditions causing explants to yield no outgrowths will be considered unacceptable. 
If either < 4 days exposure combined with (20 days in organ culture are excessively 
toxic to control tissues of either species, alternative conditions will be sim- 
ilarly tested. 

- 

2 .  Crocidolite asbestos - toxicity 
Doses ranging from 1-1000 &ml and exposure intervals ranging from 1-6 hours 

will initially be used. Toxicity will be evaluated at 1 day, 3 days, I, 2 ,  and 4 
weeks after exposure as described above. 

Those doses which completely inhibit the outgrowth of epithelial cells will 
be considered excessively toxic. 
carried out if viable outgrowths are observed. 

Again, morphologic evaluation will only be 

3 .  DKBA - asbestos toxicity 
At this time, we do not know how much DMBA adsorbs to asbestos nor how much 

actually gets to the cell from the asbestos. A wide range of concentrations of 
DMBA will initially be mixed with the crocidolite asbestos. Explants will be 
exposed 1-6 hrs to various dose levels of DMBA adsorbed to amounts of asbestos 
which were previously found to be either non-toxic or marginally toxic (50% of 
explants + outgrowths). 
above under ttcontrols." 
outgrowths are observed in 2 5 0 %  of explants. 

Toxicity of DMBA-asbestos willbe evaluated as described 
Morphologic evaluation will be carried out only if 

4. Dosimetry 

Explants will be exposed to 3 dose levels of DMBA-asbestos or asbestos 
previously determined to be either non-toxic, marginally toxic (75% explants 
yield outgrowths) or toxic (25% explants yield Outgrowths). When possible, 
equal doses as well as doses which are equitoxic to both human and rat tissues 
will be used. Doses actually delivered to the tissues will be determined as follows. 
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a )  a s b e s t o s :  The f r e q u e n c y  of f i b e r s  p e n e t r a t i n g  e p i t h e l i a l  c e l l s  w i l l  
be de t e rmined  a t  t h e  l i g h t  microscope leve l  a n d / o r  by TETl or SEI.  
Four e x p l a n t s / d o s e  group w i l l  be e v a l u a t e d .  

b) DMBX: A m i x t u r e  of 314  DMBA and co ld  DMBA w i l l  be  adsorbed t o  
a s b e s t o s .  A t  2 4  h o u r s  post-exposure,  e x p l a n t s  (8 /g roup)  w i l l  be 
d i g e s t e d  w i t h  p r o t o s o l  and 3H-DMBX measured.  
e x p l a n t  w i l l  t h e n  be c a l c u l a t e d  from s t a n d a r d  3H-DMBA c u r v e s  u s i n g  
l e a s t - s q u a r e s  f i t s  of t h e  l o g s  t echn ique .  

To ta l  DMBA (ug + Sd) /  

5. EF a s s a y  

The same d o s e  l e v e l s  used above ("Dosimetry") f o r  human and r a t  t i s s u e s  w i l l  
be employed. A t  1, 2 and 4 weeks f o l l o w i n g  exposure ,  4-8 e x p l a n t s  (depending 
on t o x i c i t y )  w i l l  be  p l a c e d  i n  outgrowth c u l t u r e .  Outgrowths w i l l  be  s u b c u l t u r e d  
and s u b c u l t u r a b l e  o u t g r o w t h s  t e s t e d  f o r  growth i n  s o f t  a g a r o s e  i n  o r d e r  t o  deter- 
m i n e  a )  EF f r equency ,  b )  % EF which are  s u b c u l t u r a b l e ,  and c )  % s u b c u l t u r a b l e  
EF which grow i n  s o f t  a g a r o s e .  

S i g n i f i c a n t  d i f f e r e n c e s  between dose groups and between s p e c i e s  ( e q u i t o x i c  and 
e q u a l  dose  l e v e l s )  w i l l  be  e s t a b l i s h e d  be means of tlle t - tes t  (EF f r equency)  
and X2-test (% EFs and EFs,ag+).  V a r i a t i o n  between e x p l a n t s  w i t h i n  t h e  same 
dose group,  and between d o s e  g roups  w i l l  be measured. 

6. X e n o t r a n s p l a n t a t i o n  

A t  4 weeks f o l l o w i n g  e x p o s u r e ,  8 e x p l a n t s f d o s e  g r o u p  w i l l  be  implanted i n t o  
Exp lan t s  w i l l  be  removed when l e s i o n s  1 cm2 X - i r r a d i a t e d  nude mice (4/mouse).  

a r e  p a l p a t e d .  
and f i x e d  f o r  h i s t o l o g i c  e v a l u a t i o n .  

E x p l a n t s  n o t  y i e l d i n g  tumors w i t h i n  one  y e a r  w i l l  be h a r v e s t e d  

Data w i l l  be e v a l u a t e d i n  terms of f requency (%) of e x p l a n t s  y i e l d  tumors,  
t ime t o  tumor development ( r a n g e  and ave rage  + s d ) .  I n  e x p l a n t s  n o t  y i e l d i n g  
tumors t h e  f r equency  of e x p l a n t s  w i t h  normal m u c o c i l i a r y  e p i t h e l i u m ,  m e t a p l a s i a s  
and d y s p l a s i a s  w i t h  moderate  t o  s e v e r e  a t y p i a s  w i l l  b e  s c o r e s .  
w i l l  be ana lyzed  by means of t h e  X 2  t e s t .  

These d a t a  

I. T e n t a t i v e  Schedule  

Year 1 
(1) Determine s u i t a b i l i t y  of proposed methods f o r  e x p o s u r e  and maintenance 

( 2 )  E v a l u a t e  t o x i c i t y  of a s b e s t o s  and de te rmine  which form is  most s u i t a b l e  

( 3 )  E v a l u a t e  t o x i c i t y  of DMBA-asbestos and d e t e r m i n e  what dose  l e v e l s  are 

of  human and r a t  t i s s u e s .  

f o r  t h e  proposed expe r imen t s .  

s u i t e d  f o r  use i n  t h e  proposed experiment .  

Year 2 
(1) Expose ra t  t r a c h e a s  and t h o s e  e s t a b l i s h e d  from two s e p a r a t e  human donors.  
( 2 )  E v a l u a t e  exposed t i s s u e s  f o r  p r e n e o p l a s t i c  and n e o p l a s t i c  a l t e r a t i o n s  

i n  v i v o  and i n  v i t r o .  -- 

... 
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Year 3 
( 1 )  Expose a t  l e a s t  two more p o o l s  of human r e s p i r a t o r y  e p i t h e l i u m .  
( 2 )  Eva lua te  t i s s u e s  i n  vivo and i n  v i t r o  f o r  t h e  appea rance  of p reneop las -  

( 3 )  If tine p e r m i t s ,  t i s s u e s  w i l l  be s i m i l a r l y  exposed t o ,  f o r  example,  

-- -- 
t i c  o r  n e o p l a s t i c  a l t e r a t i o n s .  

BP adsorbed  t o  a s b e s t o s  and e v a l u a t e d  i n  v ivo  and i n  v i t r o .  -- -- 
J, Personne l  

Dr. A. J. P. Klein-Szanto will b e  r e s p o n s i b l e  for morphologic  e v a l u a t i o n  of 
t issues.  D r .  M. Tetzaghi-Howe w i l l  be r e s p o n s i b l e  f o r  a l l  o t h e r  a s p e c t s  of t h e  
p r o j e c t  i n v o l v i n g  exposure ,  dos ime t ry ,  and c u l t u r e  of t he  cells. 
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