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Dr. E m n d  S. Copeland 
CheRIiCal Pdthology Study S e c t i o n  
Divlrion 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  o f  h e a l t h  
liestwood b u l l d i n g ,  Room 353 
Bethesda , Wary1 and 20205 

bear O r .  Copeland:  

OkhL RESEARCH GRANT PROPOSAL, 'CARCINOGEkESI S OF XENOTWSPLAHTEG HUKAti 
EPITHELIA' ( INTERASEkCY AGREEHENT DOE NO. 40-1175-81 , H I H  NO. 
1 R01 CA 31952-01) 

Enc losed  for  y o u r  c o n s l d e r a t o n  a r e  two copies cf r e v i s e d  b u d g e t  pages  f o r  
the s u b j e c t  research grant proposal, p r e p a r e d  by the DOE'S Oak Zldge 
h a t i o n a l  L a b o r a t o r y  (ORHL). Tntse r e v i s i o n s  reflect r e d u c t i o n s  l n  a n i a a l  
and histology costs, based on s u g g e s t i o n s  during the r e c e n t  s f te  v l s i t  
t h a t  the e x p c r l s e n t s  descrfkd In s p e c l f l c  alms No. 3 and No. 4 be eliai- 
na ted .  There r e v i s i o n s  a lso reflect changer I n  I n d i r e c t  costs, r e s u l t i n g  
from our c u r r e n t  n e g o t i a t i o n s  w f t h  #e DHhS A t l a n t a  Reg lonr l  Office. 
Please n o t e  a lso t h a t  the NIEHS Interagency Agreement listed on o r i g i n a l  
g r a n t  a p p l l c a t f o n  pitie 11 will not provlde s u p p o r t  f o r  Dr. K l e l n - S z a n t o  
a f t e r  J u n e  30, 1962. 

T e c h n i c a l  questions c o n c e r n i n g  t h e  e n c l o s u r e  should be directed t o  
A. J. P.  Klein-Szanto ,  O M L  P r i n c i p a l  I n v e s t i g a t o r ,  telephone ( n S )  
524-3471. 
Goti: for Qthers Coordinator,  t e l e p h o n e  (FTS) 63-6062. 

A A ~ i n l s t r a t i v e  matters s h o u l d  be addressed t o  J. E. C a m ,  O W  

BEST COPYAVAILABL SI n c e r e l y ,  
0:iginai S i m  by 
William R W 

Y f l l l a m  R. Bibb, Director 
Research Dlvlsion 

E n c l o s u r e :  
Revlred a u d g c t  Pages  ( 2 )  

cc w/encl : 
W. P. Snyder, CC-10, OR0 

cc w/encl :  
i4. Pos.tsla, OWL 

A. J. P. Kleln-Szanto, O W L  

ER-13:WRBibb:bci:6-0742:2-18-82 

3 .  E. Cart., ORHL 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

GRANT APPLICATION 

L E A V E  BLANK ____-___ ---- -- 
i hbMaER 

T Y P E  1 A C T I V I T Y  

FOLLOW INSTRUCTIONS C A R E F U L L Y  
1. T : T L E  0:  APDLI:ATION tDo net exceed 56 t y p e - r f t c r  s p s c r s i  

Carcinogenesis  of Xenot ransplan ted  Human E p i t h e l i a  
2 .  RESPONSE T O  S P E C I F I C  P R ~ ; R A M  A N N 2 U N C E f \ E t . T  NO '-' YES ( I {  'YES," stcte R f A  number o n d ' o r  a n n o v n c m e n r  t r t l e )  

- 5 2 3 8 , 8 6  j s 73,560 
IO. I N V E N T I O N S  (Compet ing  c o n t i n u a t i o n  q p p l i c o c i o n  a n l y j  

3. P R I N C I P A L  __I-- I N V E S T I G A T O R  PROGRAM D I R E C T O R  - -- 
/ 3b. S O C I A L  S E C i : " Y  NClMaER 

, Y C S  - N o t  p i e r o o u s l y  r e s o r t e ?  _------ .- 

1 1  A P P L I C A N T  O R G A N I Z A T I O N  fh'ume, cddress  and congresslano1 
a i  s t r i c t i  

Oak Ridge Nat ic ,na l  Laboratory 
P .  0. Box Y 
Oak Ridge, TN 37830 

3 0 .  N A M E  'Last, f i r s t ,  m idd le )  

2-/6-f2 

Klein-Szanto,  Andres J .  P .  
3c. M A I L : Y S  G 3 S R E S S  IStreet, c i ~ y ,  stole, zip codel 

Oak Ridge Na t iona l  Laboratory 
Biology Div i s ion  
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

- 
3f. T E L  €PHONE ( A r e a  code. n w n k r  md extens ion)  

4. H U M A N  S'JSJECTS, 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  

Y E S  (If "YES, ' '  form HHS 576 required) 

6.  D A T E S  O F  E N T I R E  P R O P O S E 3 P R O J C C T  P E R I O D  
(This  app l ica t ion)  

F I o n .  
A p r i l  1, 1982 

Through : 
March 31, 1981 

9. P E R F O R M A N C E  S I T E S  1 0 r g a n i z u t t o n s  and &dresses)  

Biology Div i s ion  
Oak Ridge Nat iona l  Labora tory  

Oak Ridge, TN 37830 
P .  n .  BOX Y 

-- - - .- 
1 2 .  G R G A N I Z P T 1 3 N A L  C O M P O N E N T  T O  R E C E I V E  C K E D I T  F O R  

INSTI T C ?  O N A L  G R A N T  (See ins t ruc t ions :  

15 .  O F F I C I A L  IN BUSINESS OFFICE T O  BE NOTIFIED I F  A N  
A W A R D  I S  M A D E  (Name, title, a d d r e s s  and te lephone number.J 

William R. Bibb 
Di rec to r ,  Research Div i s ion  
Department of Energy 
Oak Ridge, TN 37830 
FTS 626-0727, (615) 576-0727 

17. PRINCIPAL 1NVESlIGAT0R ?ROGFtAM DIRECTOR I5SURANCt  I osree 
to accept rcspons ib t l i t~  lor  tne sc~ent i lnc conduc! 0 1  the prc,ect ond to pro- 
r lde  ?he required prog~ess reports i f  a gront I S  o-aioed as  a result of thas 
application. 

~~ 

18. CERTIFICATION AND ACCEPTANCE: I c e r t i f y  that the ststc*cnts herem 
are true ond complete to the best 01 my knowledge, and accept the obliga- 
toon to comply - 9 t h  Publ ic Health Servlce terms and condTtmns i f  a grant 
i s  orarded cs the resuh of t h i s  opplicotion. A w i l l l u l l y  fa lse certifacotian 
i s  a crirninol offense. (U.S. Code, T l t le  13, kcttcn 1001.) 

-- 0 
36. F'OSITION T I T L E  

Xedica l  S t a f f  S c i e n t i s t  

3.. 3 E ? A R T M E N T ,  S E R V I C E ,  L A S O R A T O R Y  O R  E Q U I V A L E N T  

Biology Div i s ion  
39. M A J O R  SUBDIVISION 

Cancer and ToxicoloRv S e c t i o n  
5. R E C M B I N A N T  DNA 2 E S E A R C H  S U B J E C T  TO NIH GUIDELINES 

7 .  T O T A L  D I ~ E C T  C X T S  R E -  1 2 .  ~ I R E C T  COSTS R E Q U E S T C ~  F O R  

I 
O U E j T E D  FOR P R O J E C T  , F I R S T  1 2 - M O N T H  BUDSET 
P E q i 3 0  (from p o g e  5) P E R I O C  (from p c g e  4 

PHS-398 
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1 FROM 
DETAILED BUDGET FOR FIRST 1 2  MONTH BUDGET PERIOD I . - ^ ^  

DIRECT COSTS ONLY 

TH ROUGH 
- 

4-1-62 I 3-  
DOLLAR AMOUNT REOUEST 

PE RFONNEL Ikpplicont oraon,xotron o n l y /  (See inxtruc?ionx) I TlME/EFFORT - 
TITLE OF POSlTlON 1 5 NAME 

! I 

1-83 
(Omit  crnrrl 

S A L A R Y  
per  

Waek I 

A .  J . P .  K l e i n - S z a n t o  i Principal 1-.mst4gotor ! 35 1 1 4  

D.  Elartin ITechni c i an 1 3 0  I 12 
Y. Terzagtii  )Co-In \ -es t iga t>r  ] 10 1 4 

To be named iPostdoctora1 Ftlllow 1100 1 40  

FRlNCE 
BENEFITS 

12,950 I 3 . 0 0 , )  

6,900 I 2 . n  
3,700 I l , l l ?  

15,000 1 1 , 5 G O  

TOTALS 

I 

SUBTOTALS * --- 
38.550 

T R A V E L  

-- 
8.570 

FOREIGN 

SUPPLIES f I?emize by coregoy)  

Animals and Animal Care = 14,040 ARC + Photographic  material  = 1,500 
E?l and Histology Supp l i e s=  2,000 His to logy  S e r v i c e  = 2,000 
Chemicals ( r e a g e n t s ,  = 3,000 
c a r c i n o g e n s ,  t i s s u e  

8 , 9 7 0  
16 ,500  

2 2 , 5 4 0  
800 

INPATIENT 

OUTPATI EST 
PATIEN; CARE COSTS 

ALTERATIONS AND RENOVATIONS (Itemize by cof(cpoy~ 

CONTRACTUAL 
OR (See 

THIRD PARTY inrrructronr) 
COSTS 

I 

OTHER EXPENSES fftonizc b y  c a t q p ~ )  

P u b l i c a t i o n  costs = 600 
Maintenance and S e r v i c e  of Equipment = 2,000 
Human T i s s u e s  Shipping Expenses = 500 

T O T A L  DIRECT COSTS ( A b  mter on peg* I, i t m  8, + 
3,100 

' 73,560 



Klein-Szanto,  AnCres J .P .  PRINCIPAL lNVESTlCATOR PROGRAM DIRE4 t 

T O T A L S  

PERSONNEL (Solory and 

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED 
DIRECT COSTS ONLY 

I I I 

I 
5th - 1 nd 3 r d  I 4th  ( f m r n p o g e 4 )  r 

I 
fringe boncfrcs.1 
(App1,conc o r g o n i r d i o n  only) 1 j 7,1  zg 

I 

CONSULTANT COSTS - 
EOUl PM EN T - 

1 3 2 , 5 4 0  1 2 4 , 3 4 4  I 26,291 I I SUPPLIES 

5r),83r) 5:. 969 

i 
I 

I I 

TRAVEL 

FOREIGN 

INPATIENT 

CARE 
OUTPATIENT 

A L T E R A T I O N S  ~ N D  
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

TOTAL DIRECT COSTS 

235 ,845  TOTAL FOR F N T l P F  PR9POSED PROJECT PERIOD (Also -fer o n  page 1, ;)em 7: 

- 
- 
- 

3,100 3 , 3 5 0  3 ,620 

73,56U 7 9 . 4 6 L  8 5 . 8 2 3  

JUST1 FlCATlON (Use confinuofion P o p s  i f  necessary):  
iust i fy  any c o s t s  fcr which  the need moy not be obv ious ,  such 0s equipment, foreign troval, oltarotiona ond renovotionr,  ond contractusl or third 
porty costs. F o r  future yeots ,  justify any stgnifbconi  ancreaser In ony category. In odditlon, lor COMPETING CONTINUATION o ~ a l , ~ , t , ~ n ~ ,  
l u s i , i y  any s ,gnt '*cont  a ? c f e o s e s  over current  # e v e '  D( SuFport. I f  a recurr 1; annuol Increase In i e r s o n n e l  c o s t s  i s  onticipoted,  j perceqtage. 

Brief ly  darcribe the r p e c i f i c  functions of  the parsonnel ond conrul8antr. For a l l  years, 

The th ree -yea r  budget i s  c a l c u l a t e d  on t h e  b a s i s  of  an annua l  i n c r e a s e  of  8:; i n  expenses. 

Animals - The a n i m a l s  are 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  facility, 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  are c a l c u l a t e d  
on a cage b a s i s  no matter how many an ima l s  per cage ;  t h e  s t a n d a r d  number i n  experimental  
c a g e s  i s  5 r a t s l c a g e  o r  10  rnicelcage. 
i .e.  "mouse cage  e q u i v a l e n t " ;  1 ra t  cage  = 2 I C E .  
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  Carc inogenes i s  V n i t ;  t h e r e f o r e ,  cost  f o r  animals used 
f o r  expe r imen t s  must i n c l u d e  t h e  c o s t  of ma in ta in ing  t h e  animal  l i n e ,  breedixg cages,  
and an ima l s  h e l d  i n  s t o c k  u n t i l  t h e  p rope r  age (8 -12  weeks o l d ) .  The stock-holding 
number i s  determined by t h e  a n t i c i p a t e d  needs of t h e  i n v e s t i g a t o r s .  I t  i s  inpor t an 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 animals  
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 reed ing  colony. 
an ima l  costs i n c u r r e d  a l s o  i n c l u d e  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  implants  
and f i n a l l y  t h e  expe r imen ta l  c a g e s  t h a t  a r e  long-term h o l d i n g s .  For  breeding purposes,  
4 . 3 4  MCE/rat/week and 2.85 MCE/nude mouse/week a re  c a l c u l a t e d .  
a n i m a l s  which can b e  e f f e c t i v e l y  d e l i v e r e d  t o  each i n v e s t i g a t o r  i n  o r d e r  t o  be a b l e  t o  
c a r r y  o u t  t h i s  experiment w i t h  a n i m a l s  of a uniform age  i s  4 MCE f o r  rats and 1 MCE f o r  

nude mice. 

The c o s t  u n i t  i n  t h e  Biology D i v i s i o n  is HCE, 
The SPF an ima l  f a c i l i t i e s  are an 

The 

The minimum number of 

PAGE 5 PHS-398 

1 0 1 8 9 0 5  Rw. 5/60 



Klein-Szanto,  A n d r e s  J . P .  

J u s t i f  i c a t  ion ( con t inued)  

The  ; ) roject*d a n n u a l  c o s c  per avera;c ?lCE i s  $ 2 3 4 . 0 0 .  T h i s  c o s t  i s  d ~ t e r m i r , ~ d  f r o z  
u t i l i t i e s ,  s u p p l i e s ,  d i s e z s e  t e s t i n g ,  m n p o c e r  expeilses (a:iimal ~ x ~ . i ; ; t ~ c t c n t ,  v ~ t e r i n 3 r i a n ,  
c a r s t a k c r s ) .  X t  should be notdd t h a t  f r i n g e  b e n e f i t s  and Biolosy Divi, ion o-;*rhead a rc  
included i n  t h e s e  c o s t s .  The  ave rage  estimclted needs and c o s t  of  t h e  expe r i - en t s  per  
y e a r  a r e :  

Breeding ( 1 2  mo) 2 4  PICE 
Use ( 4  mo) 4 8  MCE 

Nude Mice 

Breeding (12 mo) 8 MCE 
Use (12 mo) 1 2  MCE 

$ 5,616.00 
3 , 7 4 4 . 0 0  

$ 1 , a n . o o  
2,808 .OO 

T o t a l  $14,040.00 

His to logy  S e r v i c e  - Most of o u r  material  will 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 .  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 "  
b a s i s .  
s l i d e  e q u i v a l e n t ,  320 s l i d e s  = $2,000. 

We a n t i c i p a t e  an ave rage  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 .25  per 

Human T i s s u e s  Sh ipp ing  Expenses - P r i o r i t y  mail o n l y  - from I n d i a n a p o l i s  t o  Oak Ridge = 
$500.00. 



# R I N C I P A L  I N V E  S T I C A T O R / P R O C R A M  DIRECTOh 

CHECKLIST 

This  i s  the required lost page o f  the opplicotion. 

Check the appropriote boxes ond provide the in fomot ion requested. 

TYPE OF APPLICATION: 

0 NEW oppl icot ion (This opplicotion i s  k i n g  submit.4 to the PHS for the f irsf time.) 

COMPETING CONTINUATION of  gront numbor: 
(This opplicotion i s  to extmd o groni boyond i t s  original p r o j e d  period.) 

0 SUPPLEMENT to gront numbor: 
(This opplicotion i s  for odditionol funds during o funocd project period) 

0 REVISION of opplicotion numbor: 
( T h i s  opplicotion replaces o prior version of o new, competing eoniinuotion or supplmonlol opplication,) 

0 Chon90 of Principol Investigotor/Program Director. 
Homo of formor Principal lnvestigotor/Progrom Director: 

ASSURANCES I N  CONNECTION WITH: 

Civi l  Riphts Hondicopped lndividuolr Sex Discrimination 

Fi lod 
Not f i l ed  

FiIod B Not filed 
F i  Io6 
No: f i l e d  

L o  bora tory Ani mol s 
I l l  oppllcoble) 

Humon Subiects 
Genorol Assuronco 

( I f  o p p  I i c ob I e) 

F i l e d  B Not f i l e d  
Fi led 5 Nor f i led  

INDIRECT COSTS: 

Indicate the opplicont orgonizotion's most recent indirect cost rote estobiished with the oppropride DHHS Regionol Office. if the opplicont 
orgonizotion i s  in the process of initially developing or renegotiating o rate, or has esloblished o rote with onother Federol ogency, it should, 

, immtdiotely upon nolificotion that on oword will be mode, develop o tertotive indirect cost rate proposol based on i ts  most rccenlly completed 
fiscal year in occordonce with the principles set forfh in the pertinent DHHS Guide for Estoblishing Indirect Cost Rotes, and submit it to the 
oppropriote DHHS Regionol Office. lndireci costs will not be poid on foreign gronts, construction gronts, ond gronts to individuals, ond usually 
not on gronts in support of conferences. 

0 DHHS Agreement Doted: 
- X Solory and Woges o_c - 96 Total D rect Costs. 

Is this on off-site or other special rote, or i s  more than one rote involved? 0 YES NO 
Explonotion: 

-- 
DHHS Agreement being negotioted with __ A t  1 a n ta- 

0 No DHHS Agreement, but rote established with - 

0 No indirect Costs Requested. 

Regionol Office. 

- Dote 

Indirect  cos ts  a r e  projected a t  95% of the annual t o t a l  d i r e c t  
cost f o r  t h i s  proposal. 

1 Q 1 8 9 0 l  
P H S - ~ I  
ROX 5/80 PAGE - 



JUN 1 9  1331 

Div l r ion  o f  Research Grants 
hational Ins t i  tutes of Hea l th  
Eethesda, Maryland 20014 
Gent 1 Bnen: 

ORHL GRANT PROPOSAL, 'CARCINOGENESIS OF XENOTRAHSPLAt!TED W1AN EPITHELIA" 
( I i iTERAGEKY AGREMENT DOE HO. 40-1175-81) 
Enclorccl f o r  your consideration are  t l x  copies o f  the subject research 
proposal, prepred  by the DOE'S Cak Ridge Natlonrl Laboratory (CRIIL). 
Also enclosed are  rn executed Grant Certtflcatlon and an executed Cost 
Sharing Agreement I n  the fcnnat o f  HEM Form 490. 

The objective of  the proposed study Is t o  fur ther  develop an I n  v i v o  
experlnentrl d e 1  u t ~ n g  previously unexposed xenotranspIanteTGZi 
epithelia cells. 
early and l a t e  effects  o f  chenlcal carcinogens. The proposal requests 
a three-year perlod of perfomrncc beglnnlng Apr l l  1, 1982. The 
i n i t i a l  twe lve -mon th  funding will require $99,637 for d i rec t  costs. 
Yolrr fmorable  consideration of the proposal should be reflected I n  a 
f u n d l n ~  authorlzation t o  t h i s  office. 
i z k  C%hL t o  proceed w i t h  the research project. 'lonthlq billings will 
be accaiplished by Standard Form IC21 t o  reimburse the DOE approprla- 
t i c i n  f o r  actual cost incurrca. 
Tectinical questtons concernins t h e  proposal should be directed t o  
4. 2. P. Klein-Szanto, OP!:L Princlpal Investigator, telephone F F  
LL4-5271. A a r , i n i s t r a t l v e  quertiwrs should be address& t o  J. E. Carr, 
CRNL kork f o r  Others Coordinator, telephone nS 6244C62. 

The system will t h e n  be enployed t o  analyze the 

Upon I t s  receipt, we will author- 

Sincerely, 

E%-13 :kRB 

Encl osures : 
1. Proposal (6)  
2. Grant Certif ication 
3. Cust  Sharlng Agreanent 

L 

c 
c - 

a3 cc w/encls: 
23 k. P. Snyder, CC-10, GRO 
co cc w/o encls: 
Q 

ti. Postma, ORNL 
3. E. Caw,  O W L  
A. J. P. Kleln-Szanto, O M .  \ B q24R-13 : W R B  i bb :mac : 6-0742 : 5-2 1-81 

Vllllam R. Bibb, D i rec tw 
Resta rc h D1 v i  s i  on 

DOE F 1325.10 
I 7  701 OFFICIAL FILE COPY 
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C O S T  SHARING A G R E M E N T  

Awardinq O f f i c e :  
N a t i o n a l  Ins t i  tu t e s  o f  Heal t h  

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

;pp: f c i n  t : 
epartrnent o f  Energy 

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 

. Proposed P r o j e c t  Pe r iod :  
F rom A p r i l  1, 1982 t o  March 31, 1985 

ORNL RESEARCH GRANT PROPOSAL, "CARCINOGENESIS OF XENOTRANSPLANTED HUMAN 
EPITHELIA" (INTERAGENCY AGREDVIENT DOE NO. 40-1175-81) 

I n  o r d e r  t o  s a t i s f y  HHS c o s t  s h a r i n g  requirements,  t h e  U. S. Department 
o f  Energy agrees t o  bear  17.18 p e r c e n t  of t h e  t o t a l  c o s t  o f  t h e  above 
p r o j e c t .  

T o t a l  p r o j e c t  c o s t  i s  t h e  sum o f  t h e  t o t a l  a l l o w a b l e  d i r e c t  and i n d i r e c t  
c o s t  i n c u r r e d  by t h e  r e c i p i e n t  and s u b - r e c i p i e n t s  of c o s t - t y p e  c o n t r a c t o r s ,  
p l u s  t h e  va lue o f  any t h i r d  p a r t y  i n - k i n d  c o n t r i b u t i o n s  which b e n e f i t  
t h e  p r o j e c t .  These amounts w i l l  be c a l c u l a t e d  acco rd ing  t o  t h e  r u l e s  i n  
t h e  HHS g r a n t  a d m i n i s t r a t i o n  r e g u l a t i o n s  a t  45 CFR, P a r t  74. 

I f  t h e  p r o j e c t  p e r i o d  c o n s i s t s  o f  more than one budget p e r i o d ,  t h e  
agreed-upon r a t e  w i l l  a p p l y  t o  t h e  p r o j e c t  p e r i o d  as a whole, i n c l u d i n g  
any non-compet i t ive e x t e n s i o n s  b u t  n o t  n e c e s s a r i l y  t o  each i n d i v i d u a l  
budget per iod.  

I f  HHS stops funding t h i s  p r o j e c t  p r i o r  t o  t he  c l o s e  o f  t h e  o r i g i n a l l y  
agreed-upon p r o j e c t  p e r i o d ,  t h e  r a t e  w i l l  apply  t o  t h e  a c t u a l  p e r i o d  o f  
suppor t .  

I f  t h e  p r o j e c t  p e r i o d  i s  extended c o m p e t i t i v e l y ,  another  c o s t  s h a r i n g  
agreement w i l l  be n e g o t i a t e d .  

d+ 
W i l l i a m  R. B i  b. D i r e c t o r  
Research D i v i s i o n  

1 0 1 8 4 0 9  



Cert i f icat ion Required by PHS:  1-515-40B 

for 

CARCINOGENESIS OF XENOTRANSPLANTED HUMAN EPITHELIA  

To Be Performed By 

The Department of Energy's Oak Ridge National Laboratory 

I c e r t i f y  t h a t :  

1. The Department o f  Energy has the s ta tu tory  authority t o  carry 
out the research study s e t  for th  in the proposal f o r  the research 
project w i t h  the above t i t l e .  

2. The Department of Energy wil l  be l ega l ly ,  f inancially and  
administratively responsible f o r  the conduct of the research 
project w i t h  the above t i t l e  i f  a research g ran t  i s  awarded 
t o  Oak Ridge Operations of the Department of  Energy f o r  this 
pu rpos e. 

3.  Dr. William R. Bibb,  Director, Research Division, Oak Ridge 
Operations, i s  delegated by me to  administer the g r a n t  f o r  
the Department o f  Energy. 

W n a g e r  - 
Oak Ridge Operations 
Department of Energy 

JUN 1 9 1981 
I 

.. IO184 I O  
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OFFICE OF THE DIRECTOR 

b A K  RIDGE NATIONAL LABO~ATORY 
O P E R A T E D  a y  

UNION C A R B I D E  C O R P O R A T I O N  

N U C L E A R  DIVISION 

p o s i  OFFICE eox x 
O A K  RIDGE, TENNESSEE 37830 

May 27 ,  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  O f f i c e  Box E 
Oak Ridge, Tennessee 37830 

f o r  Energy Research and Developnent 

Ge n t 1 emen : 

Grant P roposa l  t o  t h e  Nat ional  I n s t i t u t e s  o f  Hea l th ,  "Carcinogenesis  of 

( In t e ragency  Agreement No. 40-1175-81) 
Xe no t r a ns  p l a  n t e d Huna n E p i t h 1 i a " 

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  proposal  be ing  
s u b n i t t e d  t o  t h e  Nat ional  I n s t i t u t e s  of Hea l th .  Ihe proposal  r e q u e s t s  a 
th ree -yea r  pe r iod  of performance beg inn ing  A p r i l  1, 1982, and a t o t a l  
d i r e c t  fund ing  of $323,165. Ihe i n i t i a l  t w e l v e m o n t h  funding w i l l  r e q u i r e  
$99,637 p l u s  i n d i r e c t  c o s t s  of approx ima te ly  $30,890. 

The o b j e c t i v e  of t h e  proposed s tudy  i s  t o  f u r t h e r  develop an i n  v i v o  
expe r imen ta l  model u s ing  p rev ious ly  unexposed xeno t ransp lan ted  h m a n  
e p i t h e l i a l  c e l l s ,  and t o  employ t h i s  s y s t e m  t o  ana lyze  t h e  e a r l y  and l a t e  
e f f e c t s  of chemical  carcinogens.  

-- 

The fo l lowing  in fo rma t ion  i s  provided t o  ass is t  i n  your review and a p p r o v a l  
o f  t h i s  p r o p o s a l :  

a .  'his  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 52, "Work f o r  Others  (Excluding NRC)." 
The pe r sonne l  r equ i r ed  f o r  t h i s  r e s e a r c h  are included i n  t h e  d i r e c t  
FTE's i n  t h e  "Sunnary of Resources" on page 53. 

b. A. J. P. Klein-Szanto w i l l  s e r v e  a s  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  35% of h i s  e f f o r t  t o  t h i s  r e s e a r c h ;  t h e  r ena in ing  65% w i l l  
b e  devoted t o  N I E H S  (40-662-77). 

c. E x i s t i n g  space a n d  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  

' I  w i t h o u t  i n t e r f e r i n g  wi th  e x i s t i n g  DOE e f f o r t s .  ,\I5 ' C  

>ii'- \ 



DOE, Y r .  J. A. Lenhard 2 Flay 2 7 ,  1981 

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  
HA 02 02 01 0,  "Hea l th  E f f e c t s  Research i n  Biomedical Systems - 
Carc inogenes i s  ." 

After your approva 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  
Research, p l e a s e  forward six ( 6 )  c o p i e s  t o  t h e  M v i s i o n  of Research Gran t s ,  
Nat ional  I n s t i t u t e s  of H e a l t h ,  Bethesda, Maryland 20014. 

I f  you have any 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  
A. J. P. Klein-Stanto,  e x t .  4-3971. 

J D i r e c t o r  

HP : TV: e p  

En c l o  s u r e  

cc: J. E. Carr W. R. Ragland 
R. J. M. Fry C. R. Richmond 
R. A. Gr i e sene r  F i l e  - R C  
R.  F. Hibbs 
A .  J. P. Klein-Stanto 
J. N. Maddox, DOE-GTN 



P R I N C I P ~ L  w v E s n t A T o a  PROGRAM DIRECTOR Klein-Szanto, Andres J .  P .  

D E T A C H  AND CLIP TO T H E  S I G N E D  F A C E  P A C E  O F  THE A P P L I C A T I O N  

PERSONAL DATA ON 

PRINCIPAL INVESTIGATORIPROGRAM DIRECTOR 

The Public Health  Service has a continuin9 commitment to monitoring the operation of i t s  review and 
award processes to detect-and deal appropriately with-any instances of real or apparent inequit ies 
wi th respect to age, sex, race, or ethnicity of the proposed principal investigator/program director. 

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

Upon receipt and assignment of the opplication by the PHS, this form w i l l  be detached from the applico- 
tion. It w i l l  NOT be duplicated ond w i l l  NOT be a part of the review process. Data w i l l  be confidential, 
and w i l l  be maintained in  Privacy A c t  record system 09-25-0036, “Grants: IMPAC (Grant Contract In- 
formalion).” A l l  analyses conducted on the data w i l l  report aggregate stat ist ical f indings only and w i l l  
not identify individuals. 

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

Your cooperation w i l l  be appreciated. 

Date of Birth: Sex: Female Male 
[Mon th!Doy/Y cor )  

Roce and/or Ethnic Origin: 

Chrck on.: 0 American Indian or Alaskan Native 

u Asian or Poc i f i c  Islonder 

0 Block, not of Hispanic origin 

0 Hispan ic  

White, not  of Hispanic origin 

NOTE: The category that most closely re f lec ts  the individual’s recognition in  the community should be 
used for purposes of reporting mixed racial  and/or ethnic origins. Def in i t ions ore on the bock of 
form. 

PHS-398 
Rev. 5/80 



DEIARTMLNT OF HEALTH AND HUMAN SERVICES 
PUBLIC HfALTH SERVICE 

ABSTRACT OF RESEARCH PLAN 

A. J. p.  Klein-Szanto Medical S t a f f  S c i e n t i s t  Biology Div i s ion ,  Cancer and Toxicology 
S e c t  i o n  

L E A V E  BLANK 

K J F f  MUM BE R 
- -_ _--- - 

M. Te rzagh i  

The o v e r a l l  o b j e c t i v e  of t h e  proposed r e s e a r c h  is  t o  develop an  i n  vivo experimental  
model f o r  t o x i c o l o g i c a l  and c a r c i n o g e n e s i s  s t u d i e s  u s i n g  xenotransplanted-recons.tituted 

S t a f f  S c i e n t i s t  

s k i n ,  and c e r v i x  u t e r i )  w i l l  be i s o l a t e d  and t r a n s p l a n t e d i n t o  d e v i t a l i z e d  organs t o  
s t u d y  t h e  f e a s i b i l i t y  of u s ing  t h e s e  c e l l s  f o r  f u t u r e  t o x i c o l o g i c a l  and carcinogenesis  
s t u d i e s  . 

Biology D i v i s i o n ,  Cancer and Toxicology 
S e c t  i on  

A ~ S T R A C ;  OF RESEARCH PLAN: 
t h e  a c i o n t i f l c  disciplines involved and tho health-rolotodnosr of tho proioct. Tha obatroct should  bo ,011-contoinod SO hot  i t  can m r v e  08 a auccinct  
on; o c c u r ~ t o  d.rcr;p:lon of the opplicotion when roporotod from i t .  DO NOT EXCEED THE SPACE PROVIDED. 

Concisely doacribo tho oppl icot ion's  spoci f ic  oimr,  methodolopy ond long-tom obioctivea, mohtnp rol.ronco to 

LAoCRA I( j ,?Y APiIMbLS INVOLVED. Idonr i fy  b* common nomos. I f  nona, stoto "nono" 

. -  
ur-. s i 2 0  



PRINCIPAL INVESTICATOR/PROCRAM D I R E C T O R :  Klein-Szanto,  Andres J .  P. 

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

Number pages consecut ive ly  a t  the bot tom throughout the app l ica t ion .  Do not  u s e  s u f f i x e s  such as 
50, 5 b .  T y p e  the name o f  the P r i n c i p a l  1nves t iga tor~ 'Program D i r e c t o r  a t  the top of each pr in ted  page 
and each cont inuat ion  poge. 

SECTION 1. PAGE NUMBERS 

Face Pope, Abstract, Table of Contents .............................................. 
Detailed Budget for F i r s t  12 Month Budget Period ..................................... 
Budget Estimates for A l l  Years of Support.. .......................................... 

7-8 
Other Biogrophical Sketches (Not to exceed two pages for eochl.. ....................... 9-10 
Other Support ..................................................................... L 

1-3 
4 
5 

Biogrophicol Sketch-Principol lnvestigotor.'Progrom Director /Not  to exceed two poges). . ... 

Resources and Environment ........................................................ 12 

SECTION 2. 

Introduction (Excess pages; rev ised and supplemental applications) ..................... 
A. Specific Aims (Not to exceed one page) ....................................... - 
B. Significonce (Not to exceed three pages) ....................................... 14-16 
C. Progress Report,"Prcliminary Studies ( k t  to exceed eight poges) ................. 16-18 

19-25 0. Methods ................................................................... 
E. Human Subiects, Derived Materials or Doto.. ................................... 11 
F. Loboratory Animals ......................................................... -36- 
G. Consultants ................................................................ - 
H. Consortium Arrangements or Formalized Collaborative Agreements ................ __ 
I .  Literature Ci ted 26-31 

- 
Research Pion 

14 

............................................................ 
Checkl ist  37 ........................................................................ - 

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

0 Number of pub1 i cation s : 
Other items ( l is t ) :  

Appl icot ion Receipt Record, form PHS 3830 
Form HHS 596 i f  Item 4, page 1, i s  checked 

Number of manuscripts: 0 

?HS-398 
Rw.5/80 I 0 1 8  9 I s PAGE 3 



DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 
DIRECT COSTS ONLY 

Tn ROUGH FROM 

4-1-82 

PERSONNEL (Applicant orponizcrrron only)  fS.0 inntrvct ionnl 

T l T L E  OF POSITION NAME 

1 

TIME 'EFFORT 

?c Hours par S A L A R Y  BENEFITS 
FRINGE 

W.aL 

I I I I 

A.J.P. Klein-Szanto 
X. Terzaghi 
D .  Martin 
To be named 

~~ 

Principal Inwastlgator 1 35 14 I 12,950 1 3,630 
Co-Investigator I 1 0  4 1 3,700 1,040 
Technician 30 1 2  6,900 1,930 
Postdoctoral  Fellow 100 40  15,000 1 ,500 

EQUIPMENT f l t m i z d  

~~ 

SUB TOTALS * 

SUPPLIES fItunlz. by c o t o p r y )  

Animals and Animal Care = 29,084 ARG + Photographic material = 1,500 
EM and Histology Supplies= 2,000 Histology Serviced = 3,043 
Chemicals (reagents ,  = 3,000 
carc inogens  , t i s s u e  
U l t u r e  media) 1 DOMESTIC AACR meetinp, - Principal invest igator 

FOREIGN 

IN PATIENT 

T R A V E L  

OUT P A  TI EN T 
P A T I E N T  CARE COSTS 

ALTERATIONS AND RENOVATIONS (Itomiza by c d o p r y )  

38,500 8,100 

CONTRACTUAL 
OR (5.. 

T H I R D  PARTY inr t ruct iond 
COSTS 

OTHER EXPENSES ( I t m I z e  by cotopryl 

P u b l i c a t i o n  c o s t s  = 600 
U t i l i t i e s  (300 sq. f t . )  = 4,000 
Maintenance and Service of Equipment = 2,000 
Division administration = 7,060 

T O T A L  DIRECT COSTS ( A b  wfor on pa90 1, I t m  6) * 

T O T A L S  

- 
16,580- 

4.740 
8,830 

16,500 

46,650 

38,627 
7 00 

13,660 

I 99,637 



PRINCIPAL INVESTIGATOR PROGRAM D I R E C T O R  Klein-Szanto, Andres J. P. -- 

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED 
DIRECT COSTS ONLY 

B U D G E T  C A T E G O R Y  
TOTALS 

' BUDGET A D D I T I O N A L  YEARS SUPPORT REOUESTED 
P E R I O D  

f fmm pop. 4) 2nd 3rd 4th 5th 
1 

PERSONNEL (Sdory  ond 

( ~ p p ~ i c ~ n t  orgonizMion only) 1 fringe benefits.) 46,650 50,380 

- CON SU L TAN T CO ST5 

- E QUI PMEN T 

54,410 

SUPPLIES 

DOME STI C 

TRAVEL 
FO REI CN 

38,627 41,721 44,757 

7 00 760 820 

- 

CARE 
OUTPATIENT 

ALTERATIONS AND 
RENOVATIONS 

CONTRACTUAL OR THIRD 
PARTY COSTS 

OTHER EXPENSES 

I 

- 

13,660 14,750 15,930 

I s 323,165 TOTAL FOR E N T I P €  PROPOSED PROJECT PERIOD ( A l s o  m t e r o n  pogo 1, itan 7:------------) 

99,637 TOTAL DIRECT COSTS 

JUSTIFICATION (Us* contlnootron p o p s  if necessary): 
lustify any costs for which the need moy not be obvious, such Os equipment, foreign trovel, alterotions and renovations, and contractual or h i r d  
party COSIS. For  future y e o r s .  ! u s ? l f y  ony rlgn#flcon? bncmoses In ony cotogory. In oddition, for COMPETING CONTINUATION opplicoitons, 
, u s t l f y  ony slgnif,coni ancreoses over currcni l e v e l  o f  support. I f  o rocurrtng onnuol Increase in personnel costs 8s oniictpated, give p*rceitoge. 

Briefly describe tho npecific functions of the porsonnel ond consultants. For all years, 

107,611 115,917 

ORNL uses the Uniform Cost Accounting System recommended by the Federal Cost Accounting 
Standards Board. This system makes use of Cost Collect Centers in which salaries of 
scientific and technical personnel performing similar tasks are averaged; associated 
costs (fringe benefits and Biology Division Administration) are calculated as percentages 
(28% and 30%, respectively) of that average cost. 

Indirect costs have been established at a rate of 354 through an agreement negotiated 
between the NIH and the DOE. Because this percentage covers only part of costs that are 
often included by other institutions as indirect charges and because the DOE requires 
recovery of full costs, certain charges (utilities and Division Administration) are 
listed as Direct Costs on this form (shown under "Other Expenses"). 

99,637 TOTAL DIRECT COSTS 

The three-year budget is calculated on the basis of an annual increase of 8% in expenses. 

107,611 115,917 

Animals - The animals are bred and housed in a specific-pathogen-free facility, a require- 
m r  precision research in respiratory carcinogenesis. 
on a cage basis no matter how many animals per cage; the standard number in experimental 
cages is 5 rats/cage or 10 mice/cage. 
i.e. "mouse cage equivalent"; 1 rat cage = 2 MCE. 
integral part ofthe Respiratory Carcinogenesis Unit; therefore, cost for animals used 

Animal costs are calculated 

The cost unit in the Biology Division is MCE, 
The SPF animal facilities are an 

ms.39~ PAGE 5 
Iw. 5/80 



Klein-Szanto ,  Andres J . P .  

J u s t i f i c a t i o n  (cont inued)  

f o r  exper iments  must i nc lude  t h e  c o s t  of m a i n t a i n i n g  t h e  an imal  l i n e ,  b reed ing  
cages ,  and an imals  he ld  i n  s t o c k  u n t i l  t h e  p rope r  age  (8-12 weeks o l d ) .  The s tock-hold ing  
number i s  determined by t h e  a n t i c i p a t e d  needs  of t h e  i n v e s t i g a t o r s .  It i s  important  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 imals  
be ing  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 reed ing  colony.  
an ima l  c o s t s  i ncu r red  a l s o  i n c l u d e  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  implants  
and  f i n a l l y  t h e  exper imenta l  cages  t h a t  a r e  long-term h o l d i n g s .  
o f  cha rges  determined from long-term management of t h e s e  f a c i l i t i e s  i s  t o  cha rge  a n  
a d d i t i o n a l  70% of  t h e  c o s t  of  t h e  expe r imen ta l  an imals  and t h o s e  used f o r  b reed ing  and s t o c k  
rats and t o  charge  200% f o r  b reed ing  and s t o c k  nude mice. 
s i n c e  t h e  l i t t e r s  are  a mixture  of "nudes" and "ha i rys ."  

The 

A prope r  breakdown 

The nude mice are  more c o s t l y  

The p r o j e c t e d  annual  c o s t  p e r  average  MCE f o r  March 1981 is  $175.20. T h i s  c o s t  is 
de termined  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 imal  
management, v e t e r i n a r i a n ,  c a r e t a k e r s ) .  It  should be  no ted  t h a t  f r i n g e  b e n e f i t s  and 
Biology D i v i s i o n  overhead a r e  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  of t h e  experiments  p e r  y e a r  are: 

SPF Rats  

Rats 

Use 200 
Breeding 

T o t a l  Rats 

Nude Mice 

Mice 

Use 100 
Breeding 100 

T o t a l  Mice 

MCE 

80 
56 - 

' 136 x 175.20 = 23,828 

MCE 

10  
20 
30 x 175.20 = 5,256 
- 

His to logy  Service: 
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.  

Most of our  material  w i l l  be p repa red  a s  con t inuous  s e c t i o n s  of 
S l i d e s  a r e  charged  on c o s t  p e r  " s l i d e  equ iva len t "  

We a n t i c i p a t e  a n  average  of 1 .2  s l i d e  e q u i v a l e n t s l s l i d e  a t  a c o s t  of $6.34 pe r  

1 0 3 8 9 1 8  Page 6 



NAME TITLE 

Andres J. P. Klein-Szanto Medical Staff Scientist 

1 I I 
I 1 

B I R T H D A T E  (Ma,Doy,Yr.J 

w 

1 1 I 
RESEARCH AND/OR PROFESSIONAL E X P E R I E N C E :  Concluding with prosont position, l i s t  i n  chronological ordor provious omploymont, ospori- 

onco, ond honors. Includo proront momborship on any Fodoral Govommont Publ ic  Advisor). Committoa. L is t ,  i n  chronological ordor, tho tit101 ond 

complato roforoncos to rocont roprosontotivo publicotions, ospociolly ~ O D O  most portinont to chis opplicotion. D o  not oxcood 2 p o p s .  

1966-1968: Instructor of Pathology, Department of Pathology, University of Buenos 

1968-1974: Chief Instructor, Department of Pathology, University of Buenos Aires, 

1970-1974: Staff Scientist, Pathology Section AEC, Buenos Aires 
1974-1976: Oberassistant, Department of Structural Biology, University of Zurich 
1976-1978: Head, Pathology Section, Argentine AEC, Buenos Aires 
1978-present: Medical Staff Scientist, Oak Ridge National Laboratory, Biology Division 

Aires, School of Medicine 

Schools of Medicine and Dentistry 

Selected Publications (from a total of 63 articles in refereed journals and books): 

Unidirectional scanning for the microspectrophotometric investigation of enzyme reactions 
in squamous epithelium. R. L. Cabrini, A. J. P. Klein-Szanto, and M. E. Itoiz, Acta 
Histochem. 36:399-403, 1970. 
Microspectrophotometric study of oxidative enzymes in irradiated epidermis. A. J. P. 
Klein-Szanto and R. L. Cabrini. Internatl. J. Radiat. Biol. 18(3):235-241, 1970. 

Microspectrophotometric study of histoenzymic reactions in rat epidermis subjected 
to 0.5 Mrads of deuteron radiation. R. L. Cabrini, M. E. Itoiz, J. Mayo, E. E. Smolko, 
and A. J. P. Klein-Szanto. Internatl. J. Radiat. Biol. 18(5):414-421, 1970. 
An oncogenic virus carried by hamster kidney cells. J. Mayo, J. H. Lombardo, A. J. P. 
Klein-Szanto, C. Conti, and J. Lo Moriera. Cancer Res. 33:2273-2277, 1973. 
Ultramorphological features of an experimental hamster sarcoma. A. J. P. Klein-Szanto, 
C. Conti, and J. Mayo. Z. Krebsforsch. 80:277-284, 1973. 
Ultrastructure of irradiated nuclei: A. J. P. Klein-Szanto, B. M, de Rey, C. Conti, 
and R. L. Cabrini. Strahlentherap. 147:263-270, 1974. 

Enzyme variations produced in epidermis by soft X-ray collimated beams. A. J. P. 
Klein-Szanto, R. L. Cabrini, M. E. Itoiz, and H. E. Volco. Int. J. Radiat. Biol. 
26~285-288, 1974. 
Microspectrophotometric study of acid phosphatase activity in irradiated squamous epi- 
thelium. M. E. Itoiz, c. Frasch, H. E. Volco, and A. J, P. Klein-Szanto. Strahlentherap. 
147:643-648, 1974. 
Metaplastic conversion of the differentiation pattern in oral epithelium affected by 
leukoplakia simplex. A stereologic study. A. J. P. Klein-Szanto, J. Banoczy, and 
H. E. Schroeder. Pathol. Eur. 11:189-210, 1976. 



, I  

Klein-Szanto, A.  

Graded alterations of the epithelial differentiation pattern in buccal mucosa affected 
by lichen planus. A. J. P. Klein-Szanto, L. Andersen, and H. E. Schroeder. Virchows 
Arch. Cell Pathol. 22:2$5-261, 1976. 
Stereologic baseline data of normal human epidermis. A. J. P. Klein-Szanto. J. 
Investig. Derm. 68:73-78, 1977. 
Architecture and density of connective tissue papillae of the human oral mucosa. 
A. J. P. Klein-Szanto and H. E. Schroeder. J. Anat. (Lond.) 123:93-109, 1977. 
Clear and dark basal epithelial cells in human epidermis. A stereologic study. 
A. J. P. Klein-Szanto. J. Cutan. Pathol. 4:275-281, 1977. 
Ultrastructural stereology of irradiated epidermis. B. M. de Rey, A.  J. P. Klein- 
Szanto, and R. L. Cabrini. Radiation Res. 77:103-116, 1979. 
ultrastructural characteristics of carcinogen induced non-dysplastic changes in tra- 
cheal epithelium. A. J. P. Klein-Szanto, D. C. Topping, C. A. Hecban, and P. 
Nettesheim. Am. J. Pathol. 98:61-82, 1980. 
Ultrastructural characteristics of carcinogen-induced dysplastic changes in tracheal 
epithelium. A. J. P. Klein-Szanto, D. C. Topping, D. A. Heckman, and P. Nettesheim. 
Am. J. Pathol. 98:83-100, 1980. 
Studies on the mechanism of action of antitumor promoting agents: Their specificity 
in two-stage promotion. T. J. Slaga, A. J. P. Klein-Szanto, S. M. Flscher, C, E. 
Weeks, K. Nelson, and S. Major. Proc. Natl. Acad. Sci. USA 77:2251-2254, 1980. 
Sexual differences in the distribution of epithelial alterations in vitamin A deficient 
rats. A. J. P. Klein-Szanto, J. N. Clark, and D. H. Martin. Int. J. Vitam. Nutr. Res. 
50: 61-69, 1980. 
Cutaneous manifestations in rats with advanced vitamin-A deficiency. A. Klein-Szanto, 
D. H. Martin, and A. H. Pine. J. Cutan. Pathol. 7:260-270, 1980. 
Studies of neoplastic development in respiratory tract epithelium. P. Nettesheim, 
A. J. P. Klein-Szanto, A. C. Marchok, V. E. Steele, M. Terzaghi, and D. C. Topping. 
Archiv. Pathol. 105:l-10, 1981. 
Reestablishment of a mucociliary epithelium in tracheal organ cultures exposed to retinyl 
acetate - A biochemical and morphometric study. J. N. Clark, A. J. P. Klein-Szanto, 
A. H. Pine, K. B. Stephenson, and A. C. Marchok. Europ. J. Cell Biol. 21:261-268, 
1980. 
In vivo differentiation of normal and cultured preneoplastic tracheal epithelial cells. 
The importance of epithelial mesenchymal interactions. M. Terzaghi and A. J. P. 
Klein-Szanto. J. Natl. Cancer Inst. 65:1039-1048, 1980. 
Induction of dark keratinocytes by 12-0-tetradecanoy1-13-phorbo1-acetate and mezerein 
as an indicator of tumor-promoting efficiency. A. J. P. Klein-Szanto, S. K. Major, 
and T. J. Slaga. Carcinogenesis 1:399-406, 1980. 
Quantitative analysis of disturbed cell maturation in dysplastic lesions of the 
respiratory epithelium. A. J. P. Klein-Szanto, P. Nettesheim, D. C. Topping, and 
A .  Olson. Carcinogenesis 1:1007-1016, 1980. 
Distribution and ultrastructural characteristics of dark cells in squamous meta- 
plasias of the respiratory tract epithelium. A. J. P. Klein-Szanto, P. Nettesheim, 
A. Pine, and D. Martin. Am. J. Pathol. (in press). 
Modulation of growth, differentiation and mucous glycoprotein synthesis by retinyl 
acetate in cloned carcinoma cell lines. A. C. Marchok, J. N. Clark, and A. J. P. 
Klein-Szanto. J. Natl. Cancer Inst. (in press). 
Dark epithelial cells in preneoplastic lesions of the human respiratory tract. A. 
J. P. Klein-Szanto, P. Nettesheim, and G .  Saccomanno (submitted). 
Skin tumor promoting activity of benzoyl peroxide, a widely used free radical 
generating compound. T. J. Slaga, A. J. P. Klein-Szanto, L. Triplett, L. Yotti, and 
J. E. Trosko. Science (in press). 
Experimental models f o r  the study of lung cancer morphogenesis. 
of Lung Cancer. Eds., Y. Shimosato, M. Melamed, and P. Nettesheim. P. Nettesheim 
and A. J. P. Klein-Szanto, CRC Press, Boca Raton (in press). 
Heterotopic tracheal transplants: Techniques and applications. In: Pulmonary Tox- 
icology. Ed., G. Hook. A. J. P. Klein-Szanto, B. Pal, M. Terzaghi, and A. Marchok, 
Raven Press, NY, (in press). 

In: Morphogenesis 
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Klefn-Stanto, Andres J. P. 
PRINCIPAL I N V E ~ T I C ~ ~ O R ’ P R O C U A ~  D I R E C T b m  - - .- , 

4.- 

BIOGRAPHICAL SKETCH 

\AU: T I T L E  6 r R T n D A T E  ( “a .D~y ,  Yr.1 

-- 

I 

I Terzaghi, Margaret I Staff Scientist 
EDUCATION (&pin w i t h  b o c c o l o u r ~ o t c  rrornjny ond inc lude  p o r t d o c r o r o l )  - 

;::?I .,- 5.. =,-,e ‘z-ors. Includo prrsont mornborship on on7 Fedorol tovornment Publ ic  Advisory Commi(trr .  L is t ,  in  chronologicol order, che t i t les and 

rN3;OR P2OFESSIONAL EXPERIENCE: Concluding with present position, l i n t  i n  chronologlcol order previous omplaymont, ..pori. 

- .-,,,;,,-. -.:.renc*s to recent ropresentativo publications, o r p * c ~ o l l y  thoro most portinont to this opplicotoon. Do not excerd 2 pogos. 

Exp er i en ce 
Undergraduate NSF Fellowship, Institute of Molecular Biology, University of Oregon, 

Teaching Assistant, Boston University, 1969. 
Research Assistant, Peter Bent Brigham Hospital, 1968. 
Research Assistant, Cancer and Toxicology Program, Biology Division, Oak Ridge National 

1963. Supervisor, Prof. Franklin Stahl. Project in phage genetics. 

Laboratory, 1975-present. 

Publications 

Terzaghi, M. 
cheek pouch tumors. 

Master’s Thesis, Boston University. Abscopal effects of radiation in hamster 
(Data presented at Radiation Research Meeting) 1971. 

Terzaghi, M. and J. B. Little. Interactions between radiation and benzo(a)pvrene in an - . . _  
in vitro model for malignant transformation. In: Experimental Lung Cancer. Carcinogenesis 
and Bioassavs. (E. Rarbe and J. Park, eds.) Springer-Verlag, 1974. 
-- 

McGandy, R. B., A. R. Kennedy, M. Terzaghi, and J. B. Little. 
carcinogenesis: 
In: Experimental Lung Cancer. Carcinogenesis and Bioassays. (E. Karbe and J. Park, eds.) 
Springer-Verlag, 1974. ~ 

Experimental respiratory 
Interaction between alpha-radiation and benzo(a)pyrene in the hamster. 

Terzaghi, M. Doctoral Thesis, Harvard University. Radiation-induced oncogenic transformatioi 
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 .T. B. Little. 
tissue culture adapted lines. J. Hat. Cancer Inst. 55, 1975. 

Characterization of a hamster lung adenocarcinoma and its 

Terzaghi, M. and J. B. Little, 
processes. &: The Biology of Radiation Carcinogenesis. Raven Press, 1975. 

Oncogenic transformation in vitro: Influence of repair 



Kle in -Szanto ,  A .  

T e r z a g h i  P u b l i c a t i o n s  (COnt,) 

T e r z a g h i ,  N. and J. B. L i t t l e .  Radiat ion-induced t r a n s f o r m a t i o n  i n  a C 3 H  mouse 
embryo d e r i v e d  c e l l  l i n e .  Cancer Res. 3 6 :  1367-1374, 1976. 

t T e r z a g h i ,  M. and J. B. L i t t l e .  Oncogenic t r ans fo rma t ion  -- i n  v i t r o  fo l lowing  s p l i t -  
d o s e  X - i r r a d i a t i o n .  I n t .  J .  Rad. B io l .  29: 583, 1976. 

Kennedy, A. R . ,  D e s r o s i e r s ,  A , ,  Te rzagh i ,  M., L i t t l e ,  J. B. Morphometric and h i s t o -  
l o g i c a l  a n a l y s i s  of  t h e  l u n g s  of S y r i a n  Golden hamsters .  J. Anatomy, 125: 527- 
553, 1978. 

NFttesheim,  P., Marchok, A. C., and Terzaghi ,  M. I n  vivo-in v i t r o  s t u d i e s  of ep i -  
t h e l i a l  n e o p l a s i a .  In :  Polycycl ic '%ydrocarbons  and Cancer : Chemistry,  Molecular 
Bio logy  and Environment,  Vol. 2, pp. 307-329 (P. Ts'o and H. V. Gelboin,  e d s . ) ,  
Academic Press, 1978. 

T e r z a g h i ,  M. 
t o  ca rc inogen .  
l a t i o n s .  In :  I n  v i t r o  Carc inogenes i s .  Guide t o  t h e  L i t e r a t u r e ,  Recent Advances and 
Labora to ry  P rocedures ,  (U. S a f f i o t t i ,  H. Autrup, eds . ) .  N C I  Technica l  Report S e r i e s  
No. 44, 1978. 

I n  v ivo- in  v i t r o  s t u d i e s  w i t h  r e s p i r a t o r y  t rac t  ep i the l ium exposed 
11. Methods f o r  d e f i n i n g  a l t e r e d  behav io r  of e p i t h e l i a l  c e l l  popu- 

T e r z a g h i ,  M . ,  Ne t teshe im,  P. ,  and Wil l iams,  11. L. Repopula t ion  of denuded t r a c h e a l  
g r a f t s  w i th  normal ,  p r e n e o p l a s t i c  and n e o p l a s t i c  e p i t h e l i a l  c e l l  popula t ions .  Cancer 
pes. 38: 4546-4553, 1978. 

T e r z a g h i ,  M. and Net teshe im,  P. The dynamics of n e o p l a s t i c  development i n  carc inogen  
exposed t r a c h e a l  mucosa. Cancer Res. 39:  4003-4010, 1979. 

14 r6r . Y '  . . *. x -_  * 

T e r z a g h i ,  M. and Klein-Szanto,  A. J.  P. D i f f e r e n t i a t i o n  of n o m a 1  and c u l t u r e d  preneo- 
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  i n  rats. Importance of e p i t h e l i a l  mesenchymal i n t e r -  
a c t i o n s .  J. Natl. Cancer I n s t .  65: 1039-1048, 1980. 

T e r z a g h i ,  M. ,  Ne t teshe im,  P., Yarita, T., and W i l l i a m s ,  M. L. E p i t h e l i a l  focus  a s s a y  
f o r  e a r l y  d e t e c t i o n  of ca rc inogen  a l t e r e d  c e l l s  i n  v a r i o u s  organs  of r a t s  exposed 
-- i n  s i t u  t o  N-nitrosoheptamethyleneimine. J. Na t l .  Cancer I n s t .  ( submi t ted) .  

Klein-Szanto,  A. J. P. ,  P a l ,  B., Te rzagh i ,  M., and Marchok, A. Hetero topic  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 .  In :  Pulnonary  Toxicology, Ed., G. Hook. 
Raven P r e s s ,  NY, ( i n  p r e s s ) .  
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PRINCIPAL I N V E S T I C I T O R ~  PROGRAM D l R t L  I O R  K1ein-Szanto* J *  

OTHER SUPPORT 
(USE CONflNUATlON PAGES IF  NECESSARY) 

For each of the p r o f ~ s s i o n a l ~  named on page 2, l i s t ,  i n  three separate groups: ( 1 )  active support; (2) applications 
pending review and/or funding; (3) applications planned or being prepared for submission. Include 
Federal, ond inst i tut ional  grant and contract support. I f  none, state “NONE.” Far each itom give the source of support, 
identi fying number, proioct title, name of principal invertigator/progrom director, time or percent o f  effort on the proiect 
by professional named, annual direct costs, and entire period of support. ( I f  part of o larger project, provide the t i t les  o f  
both the porent grant and the subproiect and give the annual direct costs for each.) Br ief ly describe the contents of each 
itm listed. If any of these overlap, duplicate, or are being replaced or supplemented by the present application, just i fy 
and delineate the nature and extent of the scient i f ic  and budgetary overlaps or boundaries. 

Federol, non- 

PRINCIPAL lNVESTIGATOR/PROGRAM DIRECTOR: A- Klein-Szanto 
( 1 )  ACTIVE SUPPORT: 

A. NIEHS Interagency Agreement (40-662-77). Environmental Carcinogenesis Studies. 
PI: A. Klein-Szanto Effort: 80% Entire Period of Support: 6/80 - 6/84. 
Direct Annual Cost (6/81-6/82): 132,700. 

B. DOE Seed Money No. 3203-0214. In vivo Model for Chemical Carcinogenesis Studies 
Using Xenotransplanted Normal Human Tissues. 
PI: A. Klein-Szanto and M. Terzaghi Effort: 10% 
Entire Period of Support: 9/80 - 9/81 
Annual Direct Costs: 49,070 

C. NCI No. YO1-CP-90211. Dynamics of neoplastic development in the respiratory 
system. 
PI: E l .  Terzaghi. Effort: 10% 
Entire Period of Support: 9/79 - 8/81. 
Annual Direct Costs: 269,500. 

( 2 )  PENDING SUPPORT: 
NIH CA-29556-01. Importance of Dark Cells in Skin Carcinogenesis. 
PI: A. Klein-Szanto Effort: 25% 
Annual direct costs: 61,250 

A reduction in the effort on the NIEHS Interagency agreement is foreseen in order 
to invest that effort in the pending and the presently submitted grant proposals. 

(3) SUBMITTING: None 

M. Terzaghi 
(1) ACTIVE SUPPORT: 

A. NCI No. YO1-CP-90211. Effort: 85% (See above) 

B. DOE Seed Money No. 3203-0214. Effort 15% (See above) 

( 2 )  APPLICATION PENDING: NIH CA30271-01. Sensitivity of Initiated Cells to Carcinogenic 
Insults. Effort: 50%. Direct annual costs: 145,375. 

(3) Application planned: Neoplasia in human respiratory tumors. In vitro model, 

ms-sn PACE 1 0 3 8 9 2 3  
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F A C I L I T I E S :  Mork tho f o c i l i t i o r  to bo u r o d  ond b r io f l y  ind ico to  thoir  c o p o c i t i o ~ ,  por t inont  c o p o b i l i t ~ o s ,  ro lo t i vo  p rox imi ty  ond 
ex ton t  of o v o i l o b i l i t y  to tho proioet. US. " o h o r "  t o  doscr ibo l o c i l i t r o r  et othor porformonco r i w t  I i s tod  i n  I tem 9, pogo 1, ond ot 
s ~ t o s  for f i o l d  studios. U s i n 9  cont inuot ion  pogor  i f  n ~ c o s r o r y ,  l nc lud r  o do rc r i p t i on  of tho noturo of ony co l loboro t lon  ru th  othor 
o r g o n i z o t i o n t  ond provido furthor in fo rmat ion  in tho RESEARCH P L A N .  

L o b r o t o r y :  A h i s t o p a t h o l o g y  l a b o r a t o r y  (equipped wi th  microtomes,  cryotomes, ultramicrotomes, 
ovens) and 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 .  

0 C l i n i c a l :  

Animol:  Included i n  t h e  Resp i r a to ry  Carc inogenes is  Unit  i s  a modern b a r r i e r  f a c i l i t y  
designed and o p e r a t e d  t o  main ta in  roden t s  f r e e  of pathogens.  
1 2  ho ld ing  rooms and a s e r v i c e  area, 
are  ope ra t ed  on a s t r i c t  b a r r i e r  b a s i s .  

It con ta ins  
The roden t  p roduc t ion  and holding rooms 

0 Cornputor: 

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

MAJOR EQUIPMENT: 
c o p o b i l i t i o r  of ooch. 

L i s t  tho m o r t  impor tan t  oquipmont itoms olroody ova i lob lo  for thir proioct, no i i ng  tho locotion, ond port inont 

His topa thology:  H i t a c h i  H U l l B  e l e c t r o n  microscope, cryotomes, LKB Ultratome 111-f luorescence 
microscope 

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

ADD1 T l O N A L  INFORMATION:  
such o s  conru l ton t r ,  socrofor io l ,  mach ine  shop, ond o I o c ~ o n i c r  shop, ond tho ox ton t  to which thoy w i l l  be ovailoblo to tho proioct. 

Prov ido  any othor informat ion doscr ib ing tho onvironmont for tho  proioct. I don t i f y  support r o r v i c o r  

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 s e r v i c e  are  a v a i l a b l e  upon r eques t  and are pa id  by means of d i r e c t  cos t s .  
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DEPARTMENT OF MLALTM AND MUMAN SERVICES GRANT 'z! CONTRACT FELLOW CJOTHER 

- 
i TITLE OF INSTITUTIONAL OFFICIAL 

NEW 0 RENEWAL 0 CONTINUATION 
APPLICATION ID ENT IF ICATION NUMBER 111 known) 

PROTECTION OF HUMAN SUBJECTS 
ASSURANCEICERT I F lCATION/DECLARATION I 

TELEPHONE NUMBER 

ORIGINAL 0 FOLLOWUP 0 REVISION I 
I 

>T.d T,E.YE.\T OF POLICY. Safcnarding the rights and wl farc  of sub)ccts at risk in acnvirics supporrcd under r a n t 1  and contracn from D H H S  is 
.----Jy rhc respnsibiltp of the institution which receives or is accountable to DHHS for the funds awarded for thc support ofthe activity. In 
:~ip :o ,pmride for the adequau &charge of this institutional responsibility. it is the policy of D H H S  that no activiv involving hutmn subjects to 
:r L i p r e d  by D H H S  Fonts or contracts shall be undertaken unless the lnstirutional Review Board has reviewed and apprond such activity. and 
5 e  xf i rwr 'on has submitted to D H H S a  crrrification of w h  review and approwl. in accordancc w'th the requirements of Public Lpw 93.318. as 
-$Tunred b.v Put 46 of Title 4S ofthe Code of Federal Replorionr. as amended, (45 CFR 46). Administration of the DHHS policy and regula- 
.-.cw u & e  r q o n n b i l i p  of the Offlce for Protection from Research Risks, rcbtional Institutes of  Health. Bcthesda. MD 20205. 

1. TITLE OF PROPOSAL OR ACTIVITY 

Carcinogenesis of Xenotransplanted Human Epithelia 
2 PRINCIPAL INVESTIGATORIACTIVITY DIRECTORlFELLOW 

Klein-Szanto, Andres J. P. 
3. DECLARATION THAT HUMAN SUBJECTS EITHER WOULD OR WOULD NOT BE INVOLVED 

- 
c 

2 A. NO INDIVIDUALS WHO MIGHT BE CONSIOERED HUMAN SUBJECTS. INCLUDING THOSE FROM WHOM ORGANS, TISSUES. 
FLUIDS. OR OTHER MATERIALS WOULD BE DERIVED, OR WHO COULD BE IDENTIFIED B Y  PERSONALDATA. WOULD BE 
INVOLVED I N  THE PROPOSED ACTIVITY. ( IF  NO HUMAN SUBdECTf WOULD BE INVOLVED. CHECK THIS DOOX AND PRO- 
CEED T O  ITEM ?. PROPOSAU DETERMINED B Y  THE AGENCY TO INVOLVE HUMAN SUBJECTS W I L L  BE RETURNED.) 

8. HUMAN SUBJECTS WOULD BE INVOLVED IN THE PROPOSED ACTIVITY AS EITHER: NONE OF THE FOLLOWING, OR 
INCLUDING: 0 MINORS, 0 FETUSES, D ABORTUSES, 0 PREGNANT WOMEN, 
RETARDED. 
G IVE NAME &? INSTITUTION A N D  NAME A N D  ADDRESS OF OFFICIAL(S) AUTHORIZING ACCESS TO ANY SUBJECTS IN 
FACILITIES NOT UNDER DIRECT CONTROL OF THE APPLICANT OR OFFERING INSTITUTION. 

PRISONERS, 0 MENTALLY 
MENTALLY DISA(ILED. UNDER SECTION 6. COOPERATING INSTITUTIONS, ON REVERSE OF THIS FORM, 

Ixi 
L. ~ECLARATION OF ASSURANCE STATUSlCERTlFlCATlON OF REVIEW 

Ye will use autowv material from the d e s m e d  w o v  service. 
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A. T H I S  IN-ITUTION HAS NOT PREVIOUSLY F ILED A N  ASSURANCE AND ASSURANCE IMPLEMENTING PROCEDURES FOR 

THE PROTECTION OF HUMAN SUBJECTS WITH THE DMHS THAT APPLIES T O  THIS APPLICATION OR ACTIVITY. ASSUR- 
ANCE IS uEREBv GIVEN THAT THIS INSTITUTION WILL COMPLY WITH REQUIREMENTS OF DHHS Rrmlotba 45 CfR 46. 
THAT IT HASESTABLISHED A N  INSTITUTIONAL REVIEW BOARD FOR THE PROTECTION OF HUMAN SUBJECTS AND, 
WHEN REQUESTED. WILL SUBMIT TO DHHS DOCUMENTATION AND CERTIFICATION OF SUCH REVIEWS AND PROCE- 

- 

DURES AS MAY BE REQUIRED FOR IMPLEMENTATION OF THIS ASSURANCE FOR THE PROPOSED PROJECT OR ACTIVITY. 

- 
8 .  THIS INSTITUTION HAS AN APPROVED GENERAL ASSURANCE (DHHS ASSURANCE NUMBER CI.716 ) OR AN AC- 

T I V E  SPECIAL ASSURANCE FOR THIS ONGOING ACTIVITY, O N  F ILE  WITH DHHS. THE SIGNER CERTIFIES THAT A L L  
A f l lV lT lES  I N  THIS APPLICATION PROWSING T O  INVOLVE HUMAN SUBJECTS HAVE l E E N  REVIEWED AND APPROVED 
BY T H I S  INSTITUTION'S INSTITUTIONAL REVIEW BOARD I N  A CONVENED MEETING O N  THE DATE OF 
ACCORDANCE WITH THE REQUIREMENTS OF THE Cod8 of Federal R8guhtfonr on Protcc tbn  of Human SuW8cb (45 C F R  46). 
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( A )  S p e c i f i c  Aims 

The o b j e c t i v e  of t h e  proposed s tudy  i s  t o  f u r t h e r  deve lop  an -- i n  v ivo  expe r imen ta l  
model u s i n g  p rev ious ly  unexposed xeno t ransp lan ted  human e p i t h e l i a l  c e l l s ,  and t o  employ 
t h i s  system t o  ana lyze  t h e  e a r l y  and l a t e  e f f e c t s  of chemica l  carc inogens .  

The s p e c i f i c  aims of t h i s  s tudy  are: 

(1 )  To develop  and improve a n  i n  v i v o  expe r imen ta l  model u s i n g  i s o l a t e d  human ep i -  
t h e l i a l  ce l l s  from t h e  t r acheo-b ronch ia l  tree. A p i l o t  s tudy  has  shown t h a t  
i t  i s  f e a s i b l e  t o  r e p o p u l a t e  p r e v i o u s l y  d e e p i t h e l i a l i z e d  ra t  t r a c h e a s  wi th  
human e p i t h e l i a l  c e l l s  i s o l a t e d  from t h e  t r a c h e o b r o n c h i a l  t ree,  when t h i s  s y s t e m  
i s  t r a n s p l a n t e d  i n t o  t h e  subcutaneous t i s s u e  of  nude mice. The p o s s i b i l i t y  of 
e v e n t u a l  time-dependent changes,  and long-term s u r v i v a l  of t h e  xeno t ransp lan ted  
r e c o n s t i t u t e d  e p i t h e l i a  w i l l  be  i n v e s t i g a t e d .  

(2) To s t u d y  t h e  e a r l y  and l a t e  e f f e c t s  ( i nc lud ing  e v e n t u a l  i n d u c t i o n  of n e o p l a s i a )  
of  DM3A on t h e  xeno t ransp lan ted  human t r a c h e o b r o n c h i a l  c e l l s .  The p r o g r e s s i v e  
changes t a k i n g  place a f t e r  carc inogen  exposure w i l l  be e v a l u a t e d  by l i g h t  and 
e l e c t r o n  microscopy, morphometry, h i s tochemica l  e v a l u a t i o n  of tumor markers 
of  c l i n i c a l  importance (carcinoembryonic  a n t i g e n ,  hormones, enzymes, e t c . ) ,  and 
by a n  -- i n  v i t r o  a s s a y  of 5 v i v o  acqu i red  a l t e r a t i o n s  of growth p o t e n t i a l .  

( 3 )  Study t h e  early and l a t e  e f f e c t s  of n i c k e l  and a r s e n i c  on t h e  xeno t ransp lan ted  
human r e s p i r a t o r y  c e l l s .  T h i s  s tudy ,  u s ing  s i m i l a r  p rocedures  as i n  s p e c i f i c  
a i m  2, w i l l  be a t tempted  i n  o r d e r  t o  compare t h e  e f f e c t s  of DMBA (a w e l l  known 
chemical  carc inogen)  and those  produced by p a r t i c u l a t e  materials which have been 
i m p l i c a t e d  i n  t h e  e t i o l o g y  of human cance r ,  i .e. a r s e n i c  t r i o x i d e  and n i c k e l  
s u b s u l f  i d e .  

(4) The p o s s i b i l i t y  of deve loping  s i m i l a r  x e n o t r a n s p l a n t e d  r e c o n s t i t u t e d  models w i t h  
human e p i t h e l i a  from o rgans  o t h e r  t han  t h e  lung  w i l l  b e  a t tempted .  I s o l a t e d  
e p i t h e l i a l  c e l l s  from the  b l a d d e r ,  s k i n ,  esophagus,  c e r v i x  u t e r i ,  and co lon  w i l l  
be  employed; t he  e v o l u t i o n  and changes of t h e s e  e p i t h e l i a  will be s t u d i e d  as 
f u n c t i o n  of time a f t e r  t r a n s p l a n t a t i o n .  

(B) S i g n i f i c a n c e  

An impor tan t  o b j e c t i v e  of b iomedica l  r e s e a r c h  i s  t o  f u r t h e r  advance our  under- 
s t a n d i n g  o f  t h e  mechanisms of human d i s e a s e  i n  o r d e r  t o  implement more e f f e c t i v e  
p r e v e n t i v e  measures as w e l l  as develop improved t h e r a p e u t i c  methods. Toward t h i s  
end,  a number of exper imenta l  models designed t o  approximate  t h e  i n t a c t  human s u b j e c t  
have been developed. The most widely used and s e n s i b l e  approach t o  s tudy  g e n e r a l  
mechanisms of  a c t i o n  of noxious a g e n t s ,  which are b a s i c a l l y  t h e  same f o r  most mammals, 
h a s  been t h e  development of exper imenta l  models u s i n g  l a b o r a t o r y  roden t s .  However, 
due t o  me tabo l i c  p e c u l i a r i t i e s  of t h e  d i f f e r e n t  mammalian s p e c i e s  (and e v e n t u a l l y  
t o  some o t h e r  less known f a c t o r s ,  i .e .  immunological,  g e n e t i c ,  e t c . )  i t  i s  o f t e n  
d i f f i c u l t  t o  r e l i a b l y  e x t r a p o l a t e  from t h e  expe r imen ta l  an ima l s  t o  humans. Th i s  i s  
e s p e c i a l l y  a problem i n  t h e  f i e l d s  of chemical c a r c i n o g e n e s i s  and tox ico logy  where 
some s u b s t a n c e s  are a p p a r e n t l y  innocuous o r  less e f f e c t i v e  t o  some s p e c i e s  and 
v e r y  t o x i c  or ca rc inogen ic  t o  o t h e r s  (1 ,2) .  I n  o r d e r  t o  adequa te ly  e v a l u a t e  t h e  
s u s c e p t i b i l i t y  of human t i s s u e s  and t o  compare it t o  t h a t  of  o t h e r  mammals, a number 
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of experimental models using human tissues have been developed. 

Several investigators have employed organ cultures of human tissues, i.e. 
lung, colon, pancreas, esophagus to study the effects and metabolism of polycyclic 
hydrocarbons (3-8). Other studies using human cell cultures have demonstrated 
malignant transformation after & vitro treatment with chemical carcinogens (9-10). 
The most recent approach has been the -- in vivo exposure of xenotransplanted human 
tissues to xenobiotics. The availability of severely immunosuppressed athymic nude 
mice, which usually do not reject transplanted normal human cells (111, has made 
this approach possible. Recently, several investigators have transplanted normal 
and pathologic human skin into the dorsum of athymic nude mice (12-14). In one of 
these studies hyperplasias and neoplasias probably originated in human skin grafts 
were observed after systemic initiation with urethane and topical frequent promotion 
with 12-0-tetradecanoyl phorbol-13-acetate (TPA) (14). 

Several laboratories have shown that human bronchus can be transplanted to nude 
mice and maintained subcutaneously for many months (15-17). By introducing 1-2 mg 
of 3 methylcholanthrene into the lumens of bronchial grafts, Shimosato et al. (16) 
induced squamous metaplasias in many bronchial transplants. Between 2 to 4 months 
after transplantation some dysplastic (2/25) and neoplastic lesions (2/23) were 
seen. Similar findings were also described by Okamoto et al. (15). These authors 
used bar-shaped beeswax pellets containing 3.2 mg 7,12-dimethylbenz(a)anthracene 
(DMBA), which were inserted into the bronchial graft's lumen. 
and neoplastic (3/11) lesions, which were absent in the untreated human grafts, 
appeared between 9 and 32 weeks, after insertion of the DMBA pellet. One of the 
major complications of these studies, in which adult tissues from surgical specimens 
were used (mostly from tuberculosis or cancer patients), is that it is impossible to 
ascertain that the transplanted airway segments were normal. In order to avoid this 
difficulty we intend to use epithelia derived from newborns or fetuses which have not 
died from hereditary of respiratory diseases and have in all probability not been 
exposed previously to any chemical carcinogens. 

Both dysplastic (3/11) 

Another obstacle in most experimental models thus far devised for studying 
normal human epithelial cell populations which cannot be continuously subcultured, 
is the difficulty in finding a reliable and homogeneous supply of viable human 
tissues. This seriously limits the size and nature of experiments which can be 
realistically carried out. It is our propsed goal to develop an experimental model 
in which normal human tissues can be continuously generated from a single tissue 
sample by adapting an ''in -- vivo culture system" previously developed in our labora- 
tory for studying neoplastic development in rat respiratory tissues (18). This 
will enable a theoretically unlimited supply of human epithelial cells (see D, 
methods) from the same donors, thus allowing repetitions and variations of -- in vivo 
experiments using human cells of the same origin. 

The development of these experimental in vivo models using epithelial cells from 
human organs will provide a reliable and ethically acceptable method to study the 
basic mechanisms of action of chemicals and other noxious agents, for interspecies 
comparisons as well as for assay purposes. The first attempts in these directions 
will be the evaluation of the early and late effects of DMBA, arsenic trioxide and 
nickel subsulfide. DMBA was selected because of its effects on the rat tracheal epi- 
thelium have been extensively studied in our laboratory. A detailed comparison of 
effects would then be possible. Arsenic trioxide was selected because to date no 
adequate animal model has been developed to study the effects of arsenic compounds 
which are known toxic and carcinogenic for humans (19). Nickel occupies an inter- 
mediate position, i.e. although numerous epidemiological and pathological studies 
have implicated nickel compounds in respiratory cancer pathogenesis (20-211, there 
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a r e  only a f e w  exper imenta l  r e p o r t s  on t h e  weak c a r c i n o g e n i c i t y  of t h i s  meta l  

The e n d p o i n t s  t o  be e v a l u a t e d  i n  t h e  course  of t h e s e  s t u d i e s  a r e  a )  tumor 

( 2 2 - 2 4 ) .  

induc- 
t i o n ,  b) e a r l y  and l a t e  morphologica l  changes induced by chemica ls ,  c )  appearance 
and d i s t r i b u t i o n  of b i o l o g i c a l  markers  of n e o p l a s i a ,  and d)  a l t e r a t i o n s  of t h e  
i n  v i t r o  growth p o t e n t i a l .  -- 

Eva lua t ion  of tumor i n c i d e n c e  is  obvious ly  a v e r y  impor tan t  component of t h i s  
s t u d y ,  bu t  due t o  the  s h o r t  l i f e  span  of t h e  nude mice i t  is n o t  t h e  most r e l i a b l e  
endpo in t  t o  s tudy  i n  t h i s  e x p e r i m e n t a l  model. Although tumors a r e  expected t o  occur  
a f t e r  exposure  t o  ca rc inogens ,  t h e  f i n a l  i nc idence  a f t e r  1 2  months of exper imenta t ion  
w i l l  n o t  be  comparable t o  similar exper iments  c a r r i e d - o u t  i n  r a t  o r  hamster  t r a c h e a l  
t r a n s p l a n t s  i n  which t h e  i n d u c t i o n  of tumors was s t u d i e d  throughout  a pe r iod  of time 
e q u i v a l e n t  t o  t h e  e n t i r e  l i f e  span  of t h e  donor an imals  ( 2 5 - 2 6 ) .  Although t h i s  r a t i o n -  
a l e  a l s o  is v a l i d  f o r  t h e  o t h e r  e n d p o i n t s  t o  be  s t u d i e d ,  t h e  morphological  ( 2 7 - 2 8 1 ,  
b i o l o g i c a l ,  and e s p e c i a l l y  t h e  i n  v i t r o  d e t e c t a b l e  markers  of n e o p l a s t i c  changes ( 2 9 )  
appear  r e l a t i v e l y  e a r l y  a f t e r  ca rc inogen  exposure and will be d e t e c t e d  du r ing  t h e  f i r s t  
months a f t e r  carc inogen  exposure.  

The s tudy  of t h e s e  markers  w i l l  be  performed p e r i o d i c a l l y  dur ing  t h e  e n t i r e  cour se  
of t h e  exper iments ,  and w i l l  p r o v i d e  a b e t t e r  unders tanding  of human n e o p l a s t i c  
development induced by chemicals .  Although t h e r e  are numerous c l i n i c o - p a t h o l o g i c a l  
and c y t o l o g i c a l  follow-up s t u d i e s  of human lung  cance r  and i t s  p re l imina ry  s t a g e s  
(30-33),  t h e  p r e s e n t  approach a l l o w s  a wider  and more c o n t r o l l e d  sc reen ing  of newly 
developed markers  which a l t h o u g h  of g r e a t  p r a c t i c a l  importance i n  c l i n i c a l  pa thology,  
t o  d a t e  have n o t  been ana lyzed  i n  d e t a i l  du r ing  t h e  p rocess  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  t rac t  e p i t h e l i u m .  

(C)  P re l imina ry  S t u d i e s  

Trachea and bronchi  from t h r e e  human f e t u s e s  (6 t o  9 months of pregnancy) were 
used i n  t h i s  p i l o t  s tudy .  The t i s s u e s  were obta ined  from immediate a u t o p s i e s  and 
s e n t  t o  our l a b o r a t o r y .  The human e p i t h e l i a l  c e l l s  were i s o l a t e d  and inocu la t ed  i n t o  
t h e  lumina of d e e p i t h e l i a l i z e d  ra t  t r a c h e a s  ( t ime between dea th  and i n o c u l a t i o n  i n t o  
t h e  t r a c h e a s  was less than  48 h o u r s ) .  The t r a c h e a l  ends were c losed  and t h e  organs  
were t r a n s p l a n t e d  sc .  i n  nude mice of Balb background ( s e e  methods). Approximately 
1 0  t o  2 0  denuded r a t  t r a c h e a s  were repopula ted  w i t h  c e l l s  from a s i n g l e  human donor.  
W o  t o  three weeks a f t e r  t r a n s p l a n t a t i o n ,  normal mucoc i l i a ry  ep i the l ium covered 
most of t h e  luminal  s u r f a c e .  Some areas of s imple  columnar, cuboida l  or squamous 
e p i t h e l i u m  were a l s o  seen (Fig.  LA). Three t o  f o u r  weeks a f t e r  t r a n s p l a n t a t i o n  
t h e  h i s t o l o g i c  p i c t u r e  w a s  t h e  same. A t  t h i s  t imepo in t ,  normal e p i t h e l i a l  cel ls  
from 10  t r a n s p l a n t s  were a g a i n  i s o l a t e d  and i n o c u l a t e d  i n t o  30 new denuded r a t  
t r a c h e a s  and t r a n s p l a n t e d  sc. i n t o  nude mice. This  p rocess  permi ts  t h e  e s t a b l i s m e n t  

, of an  " i n  vivo' '  c u l t u r e  system which can be passaged wi thout  any apparent  change i n  
c e l l u l a r  c h a r a c t e r i s t i c s  f o r  a t  l eas t  5 consecu t ive  passages .  Mucoci l iary d i f f e r e n -  
t i a t i o n  i s  maintained throughout  t h e s e  passages ,  and a t  l eas t  u n t i l  passage 3 ,  t h e  
l a s t  passage  i n  which chromosome s t u d i e s  were c a r r i e d  o u t ,  normal human karyotypes 
were found (Fig.  1B). 

e p i t h e l i a .  - ------ 
Human e p i t h e l i a l  c e l l s  from t h e  r e s p i r a t o r y  t r a c t  of t h r e e  donors were exposed 
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t o  DMBA. Cells  from t h e  v i v o  passages  2 t o  4 were employed. The chemical 
ca rc inogen  was d e l i v e r e d  u s i n g  beeswax p e l l e t s  as a v e h i c l e .  P e l l e t s  con ta in ing  
two d i f f e r e n t  d o s e s  of DMBA were used ,  i . e .  200 and 500 ug. The e p i t h e l i a l  l i n i n g  
of t h e  t r a c h e a s  w a s  s t u d i e d  2 ,  4 ,  and 8 weeks ( 2  t r a c h e a l  g r a f t s  per  t imepo in t )  
a f t e r  i n i t i a t i o n  of  carc inogen  exposure.  Both d o s e s  induced an i n t e n s e  t o x i c  
r e a c t i o n  i n c l u d i n g  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  a c u t e  inflammatory 
response .  
e x t e n t  a t  4 weeks w i t h  200 ug  DMBA. 
p l a s t i c  o r  m e t a p l a s t i c ,  w i t h  o r t h o k e r a t i n i z e d  ep idermoid  m e t a p l a s i a  predominat ing 
( f i g .  2 ) .  Eigh t  weeks a f t e r  i n s e r t i o n  of t h e  ca rc inogen  p e l l e t ,  t h e  inflammatory 
and t o x i c  r e a c t i o n  had subs ided ,  bu t  n o t  d i s a p p e a r e d ,  and a l a r g e  percentage  of t h e  
lumina l  s u r f a c e  of t h e  g r a f t s  was covered w i t h  epidermoid metaplasias w i t h  mild or 
moderate  a t y p i a  ( f i g .  3 ) .  S ince  t h e  use of beeswax as a v e h i c l e  a l lows  a very 
r a p i d  release of DMBA (331, e l i c i t i n g  an ex t r eme ly  i n t e n s e  t o x i c  r e a c t i o n ,  i n  ano the r  
p i l o t  exper iment  w e  used a matrix composed f o  s t e a r y l  alcohol-beeswax ( r a t i o  9 : l )  
which markedly r e t a r d s  t h e  r e l e a s e  of DMBA (34) (F ig .  4 ) .  The use of t h i s  mat r ix  
i n  p e l l e t s  c o n t a i n i n g  200 ug DMBA markedly reduced t h e  t o x i c  r e a c t i o n  and induced uni -  
form e p i t h e l i a l  l e s i o n s  ( h y p e r p l a s i a s  and m e t a p l a s i a s )  l a r g e l y  devoid of an inflammatory 
component. 

This w a s  observed a t  2 and 4 weeks w i t h  500 pg DMBA and t o  a lesser 
The non-u lce ra t ed  ep i the l ium was e i t h e r  hyper- 

(C3) D e t e c t i o n  of  m o q h o l o g i c a l  and b i o l o g i c a l  markers  

P rev ious  s t u d i e s  c a r r i e d  o u t  i n  our  l a b o r a t o r y  have d e t e c t e d  t h e  presence of 
____------------ ---_ -_--_--------- ------------ 

i n t e n s e l y  s t a i n e d  ce l l s  (da rk  cel ls)  i n  t h e  c a r c i n o g e n  induced p r e n e o p l a s t i c  
l e s i o n s  of t h e  r a t  t r a c h e a l  ep i the l ium.  The number of t h e s e  ce l l s  increased  
p r o p o r t i o n a l l y  t o  t h e  degree  of a t y p i a  (35). S i m i l a r  changes have been de tec t ed  
by u s  i n  human a u t o p s y  material (36) .  Dark c e l l s  s i m i l a r  t o  those  
s e e n  i n  t h e s e  two p r e v i o u s  s t u d i e s  have a l s o  been  observed i n  t h e  mild and moderate 
epidermoid metaplasias induced by DMBA i n  x e n o t r a n s p l a n t e d  human e p i t h e l i a .  Table  
I shows t h e  compara t ive  pe rcen tages  of dark  c e l l s  i n  ra t s  and humans. This p re l im-  
i n a r y  morphologica l  s tudy  of da rk  c e l l s  i n  t h e  x e n o t r a n s p l a n t e d  e p i t h e l i a  i n d i c a t e s  
t h a t  t h e s e  c e l l s  c o n s t i t u t e  a heterogeneous p o p u l a t i o n  of bo th  i n v o l u t i o n a l  and a c t i v e  
cells .  The a c t i v e  d a r k  c e l l s  are c h a r a c t e r i z e d  by few cytoplasmic  o r g a n e l l e s ,  abundant 
f r e e  r ibosomes,  a l a r g e  nuc leus  and a prominent n u c l e o l u s .  The n a t u r e  of these  c e l l s ,  
which have been p o s t u l a t e d  t o  be d e d i f f e r e n t i a t e d  p r e c u r s o r s  of cancer  c e l l s ,  bo th  i n  
ep ide rma l  and r e s p i r a t o r y  p r e n e o p l a s t i c  l e s i o n s  (35 -38) ,  i s  s t i l l  an open ques t ion .  
F u r t h e r  s tudy  of d a r k  c e l l s  i n  t h e  human x e n o t r a n s p l a n t e d  model w i l l  h e l p  e l u c i d a t e  
t h e i r  n a t u r e  and r o l e  i n  ca rc inogenes i s ,  as w e l l  as g i v e  a broader  base f o r  t h e  
e v e n t u a l  u s e  of t h i s  morphological  marker of a t y p i a  i n  human d i a g n o s t i c  pathology. 
Another  area i n  which t h i s  model could y i e l d  a d d i t i o n a l  d a t a  i s  e x f o l i a t i v e  cytology.  
I n  t h e  cour se  of t h e  p i l o t  experiments  d e s c r i b e d  i n  C2 smears of t h e  t r a c h e a l  g r a f t  
c o n t e n t  were p r e p a r e d  and s t a i n e d  wi th  t h e  Papan ico lau  technique ,  thus  pe rmi t t i ng  
a good comparison between t h e  h i s t o p a t h o l o g i c a l  f i n d i n g s  and t h e  c y t o l o g i c a l  p i c t u r e .  
I n  t h e  few c a s e s  s t u d i e d  t h u s  f a r , a  t i g h t  c o r r e l a t i o n  was found between the  c y t o l o g i c a l  
and h i s t o p a t h o l o g i c a l  obse rva t ions .  
done i n  p a t i e n t s  (30-33) t h e  p r e s e n t  model p e r m i t s  a c l o s e r  and b e t t e r  con t ro l l ed  
c o r r e l a t i o n  and cou ld  e v e n t u a l l y  be used t o  d e t e c t  b i o l o g i c a l  markers i n  smears 
( s e e  D 4 ) .  P r e v i o u s  s t u d i e s  on r a t  t r a c h e a l  e p i t h e l i u m  have shown t h a t  t he  3H Tdr 
l a b e l i n g  index  (LI)  of t h e  normal mucoci l ia ry  e p i t h e l i u m  (approximately 0.004) 
i n c r e a s e s  markedly a f t e r  DMBA exposure (up t o  approximate ly  0 . 3 0  i n  t h e  basa l  l a y e r  
and 0.10 i n  t h e  s u p r a b a s a l  layer of t h e  d y s p l a s t i c  m e t a p l a s t i c  l e s i o n s )  (35). I n  
t h i s  same s t u d y  t h e  L I  of t h e  sup rabasa l  l a y e r s  i n c r e a s e d  g radua l ly  from approxi- 
m a t e l y  0 .03 i n  t h e  epidermoid me tap la s i a s  w i t h o u t  a t y p i a  t o  approximately 0.11 i n  t h e  
carcinoma i n  s i t u .  
t h e l i u m  d e s c r i b e d  i n  C 1  (0.005) was ve ry  similar t o  t h a t  of t h e  normal rat  t r a c h e a l  
e p i t h e l i u m  and t h e  LI of t h e  epidermoid m e t a p l a s i a s  ob ta ined  a f t e r  t r e a t i n g  t h i s  

Although t h i s  t y p e  of s tudy  has  been p rev ious ly  

The L I  from t h e  normal human xeno t ransp lan ted  r e c o n s t i t u t e d  e p i -  
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e p i t h e l i u m  w i t h  200 pg DMBA w a s  markedly h ighe r  and i n  t h e  same o r d e r  of magnitude 
a s  t h e  r a t  l e s i o n s .  

( c4 )  I n  v i t r o  d e t e c t a b l e  a l t e r a t i o n s  of t he  growth E o t e n t i a l  ....................................... ------ -------- 
The i n  v i v o  exposure  of t i s s u e s  t o  chemical  ca rc inogens  induces  t h e  appearance -- 

o f  d e t e c t a b l e  ce l l s  wi th  a l t e r e d  i n  v i t r o  growth p o t e n t i a l .  These c e l l s  have been 
r e t r i e v e d  from ca rc inogen  t r e a t e d  b r a i n  (39 ) ,  k idney  ( 4 0 ) ,  t r a c h e a  ( 4 1 ) ,  and s a l i v a r y  
g l a n d s  (42) .  Under normal c o n d i t i o n s ,  c e l l s  f o r  t h e s e  organs  s u r v i v e  -- i n  v i t r o  f o r  
o n l y  a l i m i t e d  number of c e l l  doub l ings .  The ce l l s  from ca rc inogen  treated organs 
a c q u i r e d  a n  u n l i m i t e d  c a p a c i t y  t o  grow i n  c u l t u r e ,  and t h i s  phenomenon can be d e t e c t e d  
many months b e f o r e  t h e  f i r s t  tumors deve lop  and even b e f o r e  p r e n e o p l a s t i c  a l t e r a t i o n s  
a r e  obse rved .  I n  our l a b o r a o t r y ,  t h e  e p i t h e l i a l  focus  assay (EF) w a s  developed f o r  
t h e  pu rpose  of a n a l y z i n g  t h e  p r o c e s s o f  n e o p l a s t i c  development and p rogres s ion  a s  i t  
o c c u r s  -- i n  v i v o  a f t e r  DMBA exposure  of t h e  r a t ' s  t r a c h e a l  e p i t h e l i u m  (29).  
r a t  t r a c h e a l  e p i t h e l i u m  y i e l d  no o r  o n l y  very  few c e l l s  which grow -- i n  v i t r o .  Epithe- 
l i a l  ce l l s  d e r i v e d  from DMBA t r e a t e d  r a t  t r a c h e a s  g i v e  r i s e  i n  v i t r o  t o  numerous ep i -  
t h e l i a 1  f o c i  capab le  of s u s t a i n e d  growth (10 t o  100 times more t h a n  t h e  unexposed 
e p i t h e l i a ) .  C e l l  p o p u l a t i o n s  d e r i v e d  from t h e s e  pr imary  e p i t h e l i a l  c o l o n i e s  can be 
f u r t h e r  t e s t e d  f o r  t h e  p r o g r e s s i v e  loss of t h e  c o n s t r a i n t  of growth, i .e . ,  p o s s i b i l i t y  
of s u b c u l t u r a b i l i t y ,  anchorage  independent  growth, and tumor igen ic i ty  -- i n  v ivo  (29).  
The c a p a c i t y  of t h e  e p i t h e l i a l  f o c i  t o  be subcu l tu red  (EFs) and t h e  c a p a c i t y  of t h e s e  
s u b c u l t u r a b l e  f o c i  t o  grow i n  s o f t  a g a r o s e  (EFs,ag+) appear  t o  r e f l e c t  t h e  s e v e r i t y  of 
carc inogen- induced  changes i n  t r a c h e a l  ep i the l ium.  The f requency  of t hese  f o c i  (EFs 
and EFs,ag+) i n c r e a s e  bo th  w i t h  DMBA dose  and w i t h  i n c r e a s e d  t i m e  a f t e r  exposure, 
i n d i c a t i n g  t h a t  t h e s e  f o c i  expand i n  s i z e  and number f o r  many months a f t e r  c e s s a t i o n  
of  c a r c i n o g e n  exposure ,  

Unexposed 

-- 

Using human o r i g i n a t e d  material as desc r ibed  i n  C1 and C2 w e  have obtained pre- 
l i m i n a r y  d a t a  on t h e  pr imary  e p i t h e l i a l  focus  p roduc t ion  of normal and DMBA t r e a t e d  
human ep i the l ium.  Normal human r e s p i r a t o r y  e p i t h e l i u m  e x h i b i t e d  v e r y  few f o c i  (%l 
p e r  g r a f t )  whereas t h e  DMBA t r e a t e d  e p i t h e l i u m  (200 and 500 pg) showed 10 t o  50 times 
more f o c i  t han  t h e  unexposed ep i the l ium.  S u b c u l t u r a b i l i t y  and anchorage independent 
growth  are p r e s e n t l y  be ing  t e s t e d .  

(C5) E f f e c t  of carcino_gens on r a t  t r a c h e a l  t r a n s p l a n t s  

Most of t h e s e  s t u d i e s  u s i n g  carc inogen  exposed r a t  t r a c h e a s  have been c a r r i e d  
--------------- ........................ ----- 

o u t  i n  o u r  l a b o r a t o r y  d u r i n g  t h e  l a s t  t e n  yea r s  and c o n s t i t u t e  a n  important  back- 
ground material as w e l l  as a g r e a t  sou rce  of p r a c t i c a l  expe r i ence  f o r  t he  execut ion 
of the  proposed exper iments  i n  g r a f t s  c o n t a i n i n g  xenotransplanted-reconstituted 
human e p i t h e l i a .  The d a t a  on t h e  c a r c i n o g e n i c i t y  of  DMBA, t h e  dose  response,  a s  w e l l  
as t h e  morphology and c e l l  k i n e t i c s  of t h e  induced l e s i o n s  have been  previous ly  
r e p o r t e d  i n  t h e  l i t e r a t u r e  (27-28,35,43-44). S i m i l a r l y ,  t h e  e f f e c t s  of n i c k e l  sub- 
s u l f i d e  have been s t u d i e d  i n  o u r  l a b o r a t o r y  (24). Data from t h e s e  experiments  as 
w e l l  a s  from o t h e r  i n v e s t i g a t o r s  (22-23) showed t h a t  d e s p i t e  t h e  ep idemiologica l  
e v i d e n c e  showing t h a t  n i c k e l  exposed persons  have a markedly e l e v a t e d  r i s k  of develop- 
i n g  r e s p i r a t o r y  t ract  c a n c e r s  (211, o n l y  a low i n c i d e n c e  of carcinomas was obtained i n  
e x p e r i m e n t a l  an imals .  Even more d rama t i c  i s  t h e  dichotomy between t h e  ep idemiologica l  
d a t a  i n d i c a t i n g  t h a t  a r s e n i c  i s  a n  impor tan t  human carc inogen  (19)  and t h e  few n e g a t i v e  
e x p e r i m e n t a l  d a t a  a v a i l a b l e  (45-47). I n  our  l a b o r a t o r y  we have exposed 50 r a t  t r a c h e a l  
t r a n s p l a n t s  t o  a r s e n i c  t r i o x i d e ,  and a f t e r  more t h a n  15  months of exposure (1 mg i n  
s i l a s t i c  p e l l e t s )  n e i t h e r  tumors nor  p r e n e o p l a s t i c  l e s i o n s  ( a t  6-12 months) were ob- 
s e n r e d  a l though  r e l e a s e  of most of t h e  a r s e n i c  w a s  demonstrated by spec t rophotometr ic  
a n a l y s i s  of  t h e  p e l l e t s  (Klein-Szanto,  unpubl ished d a t a ) .  Both t h e  s i l a s t i c  and t h e  
s t e a r y l  a l c o h o l  beeswax p e l l e t s  p e r m i t  a s u s t a i n e d  r e l e a s e  of a r s e n i c  and n i c k e l  
r e s p e c t i v e l y  f o r  p e r i o d  of more t h a n  8 weeks ( P a l  and Klein-Szanto,  unpublished d a t a ) .  
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(D) Methods 

( D l )  General  ------ 
I n  a l l  our  exper iments  s i x  t o  eight-week-old female athymic nude mice of Balb /c  

background w i l l  be used as r e c i p i e n t s .  
t a i n e r s  w i l l  be ob ta ined  from 12 t o  16 week o l d  female F i s c h e r  344 from our  SPF 
b r e e d i n g  colony.  All t h e  human t i s s u e s  used w i l l  be  o b t a i n e d  from immediate autop-  
sies of  f u l l  term f e t u s e s  (wi thou t  ev idences  of g e n e t i c  and /o r  r e s p i r a t o r y  d i s e a s e )  
and  main ta ined  a t  4 O C  f o r  a maximum p e r i o d  of 48 h r s .  u n t i l  t h e  e p i t h e l i a l  c e l l s  can 
be i s o l a t e d  and i n o c u l a t e d  i n t o  t h e  denuded r a t  t r a c h e a s .  

The donor t r a c h e a s  which w i l l  a c t  a s  con- 

(D2) S p e c i f i c  aim No. 1: - --------------- 
(D2a) I n  v i v o  " c u l t u r e  t e c h n i q u e  f o r  t h e  e s t a b l i s h m e n t  of normal human -- 

r e s p i r a t o r y  e p i t h e l i u m  i n  nude mice. 

Two a l t e r n a t i v e  p rocedures  w i l l  be tested f o r  t h e  e s t a b l i s h m e n t  of denuded 
r a t  t r a c h e a s  r epopu la t ed  w i t h  human e p i t h e l i a l  c e l l s .  One w i l l  i nvo lve  the  d i rec t  
i n o c u l a t i o n  of suspens ions  o b t a i n e d  from human material i n t o  denuded t r a c h e a s ,  as 
p r e v i o u s l y  desc r ibed  f o r  r e p o p u l a t i o n  wi th  ra t  e p i t h e l i a l  c e l l s  (29) .  Cells w i l l  
be removed from t h e  i n t a c t  t i s s u e s  by incuba t ion  wi th  1% pronase  i n  p h y s i o l o g i c a l  
s a l i n e  s o l u t i o n  f o r  1 5  minutes  a t  37°C fol lowed by g e n t l e  s c r a p i n g  of t h e  mucosal 
s u r f a c e  w i t h  a s c r a p i n g  n e e d l e  f a sh ioned  from a 16 gauge needle .  The sepa ra t ed  
ce l l s  w i l l  t hen  be c o l l e c t e d  by r i n s i n g  t h e  t r a c h e a l  lumen w i t h  10  m l  Hanks BSS 
c o n t a i n i n g  0.5 m l  102 BSA, t h e  r e s u l t i n g  c e l l  suspens ion  will t h e n  be c e n t r i f u g e d  
a t  1000 rpm f o r  10  minutes ,  t h e  s u p e r n a t a n t  removed, and f r e s h  medium added. The 
c e n t r i f u g a t i o n  procedure  w i l l  b e  r e p e a t e d  two more t i m e s  i n  o r d e r  t o  remove a l l  
p ronase  from t h e  e p i t h e l i a l  ce l l s .  
and  104-105 c e l l s  i n o c u l a t e d  i n t o  each denuded r a t  t r a c h e a .  The d e e p i t h e l i a l i z a t i o n  
of r a t  t r a c h e a s  is  achieved  by m u l t i p l e  s e q u e n t i a l  f r e e z e  thawing of f r e s h  a d u l t  rat  
t r a c h e a s  ( 4 8 ) .  I n  t h i s  manner, a l l  v i a b l e  r a t  t i s s u e  is e l i m i n a t e d ,  l eav ing  on ly  t h e  
d e v i t a l i z e d  t r a c h e a  t o  ac t  as a p a s s i v e  c o n t a i n e r  f o r  t h e  i n o c u l a t e d  human c e l l s .  The 
t r a c h e a s  c o n t a i n i n g  t h e  human c e l l s  w i l l  be s e a l e d  a t  b o t h  ends  wi th  v a s c u l a r  c l i p s  
and  t r a n s p l a n t e d  subcutaneous ly  i n  c o n g e n i t a l l y  a thymic (nude) mice of Balbfc back- 
ground. The t r a n s p l a n t s  w i l l  then  be l e f t  i n  p l a c e  a s  l o n g  as i s  necessary  f o r  a 
normal  appea r ing ,  w e l l  d i f f e r e n t i a t e d  e p i t h e l i u m t o  cover  t h e  e n t i r e  luminal  s u r f a c e .  

P re l imina ry  s t u d i e s  have shown t h a t  i n  t r a c h e a s  i n o c u l a t e d  wi th  104-105 ep i the -  

The ce l l s  w i l l  be counted  i n  a hemocytometer 

l i a l  ce l l s ,  approximate ly  2 weeks i s  r equ i r ed  t o  e s t a b l i s h  a normal mucoci l ia ry  
e p i t h e l i u m .  I n  o r d e r  t o  ampl i fy  t h e  o r i g i n a l  number of t r a c h e a s  con ta in ing  xeno- 
t r a n s p l a n t e d  r epopu la t ed  e p i t h e l i a l  ce l l s ,  t h e  ce l l s  from t h e  f u l l y  r e c o n s t i t u t e d  
e p i t h e l i u m  w i l l  be  a g a i n  i s o l a t e d  and 104-105 v i a b l e  c e l l s  i n o c u l a t e d  i n t o  denuded 
t r a c h e a s  ( f i g .  5).  C e l l s  from each  o r i g i n a l  t r a c h e a l  g r a f t  can  be  inocu la t ed  i n t o  
3 t o  5 new denuded t r a c h e a s .  T h i s  procedure can be performed eve ry  2 t o  3 weeks 
f o r  a t  least 5 i n  v i v o  "passages"  each of them p e r m i t t i n g  an a m p l i f i c a t i o n  of 3 t o  5. 
An a l t e r n a t i v e  pathway ( f i g .  5) t o  f u r t h e r  expand t h e  p o p u l a t i o n  of human c e l l s  
p r i o r  t o  i n o c u l a t i o n  of c e l l s  i n t o  t h e  f i r s t  series of t r a c h e a s ,  is t o  e s t a b l i s h  
outgrowth  c u l t u r e s  from small (1-2 mm2) p i e c e s  of autopsy-derived t i s s u e s .  The 
e p i t h e l i a l  c e l l s  which grow o u t  from each piece can b e  c o l l e c t e d  by t r y p s i n i z a -  
t i o n  a t  1-2 week i n t e r v a l s .  The suspens ions  of t r y p s i n i z e d  human ce l l s  obta ined  i n  
t h i s  manner w i l l  t hen  be  i n o c u l a t e d  i n t o  denuded t r a c h e a s  as d e s c r i b e d  above. Fol-  
lowing  s e q u e n t i a l  pas sage  -- i n  v i v o  of e p i t h e l i a l  t r a n s p l a n t a t i o n  l i n e s  i n i t i a l l y  
e s t a b l i s h e d  by each of t h e  above a l t e r n a t i v e  t e c h n i q u e s i t  w i l l  be impera t ive  t o  
per form c y t o g e n e t i c  s t u d i e s  i n  o r d e r  t o  determine t h e  p re sence  of a normal human 

-- 
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karyotype .  
of t h e  human t r a n s p l a n t a t i o n  l i n e s  w i l l  be based on the  r e su l t s  of t h e  cy togene t i c  
s t u d i e s  and on t h e  r e l a t i v e  e f f i c i e n c y  wi th  which t h e  o r i g i n a l  c e l l  pool  can be 
expanded by each technique .  Once the  t o t a l  t r a c h e a l  t r a n s p l a n t  popu la t ion  has 
been expanded t o  a t  least  20 t r a n s p l a n t s  c o n t a i n i n g  c y t o g e n i c a l l y  normal human c e l l s  
f rom each  o r i g i n a l  donor ,  1 / 3  w i l l  be kept  a s  a r e s e r v o i r  f o r  f u r t h e r  expansion 
of t h e  t r a n s p l a n t a t i o n  l i n e  and 2 / 3  w i l l  be used f o r  expe r imen ta l  purposes .  

X f i n a l  choice  between t h e  two t echn iques  d e s c r i b e d  above f o r  i n i r i a t i o n  

(D2b) Evolu t ion  of normal xeno t ransp lan ted  r e c o n s t i t u t e d  human e p i t h e l i a  
from t h e  r e s p i r a t o r y  t r a c t .  

I n  o r d e r  t o  s tudy  t h e  e v o l u t i o n  and e v e n t u a l  changes t a k i n g  place i n  t h e  
x e n o t r a n s p l a n t e d  e p i t h e l i a  as f u n c t i o n  of time of each  i n  v i v o  c u l t u r e  l i n e ,  
5-8 g r a f t s  c o n t a i n i n g  human c e l l s  from a t  least  f o u r  d i f f e r e n t  donors  w i l l  be s t u d i e d  
eve ry  8 weeks d u r i n g  t h e  l i f e t i m e  of t h e  an imals  (12-18 months).  
p h o l o g i c  changes w i l l  be eva lua ted  by l i g h t  and e l e c t r o n  microscopy and changes i n  
c e l l  p r o l i f e r a t i o n  w i l l  be s t u d i e d  by 3H Tdr p u l s e  au toradiograms ( s e e  D3b f o r  
t e c h n i q u e ) .  P r i o r  t o  s a c r i f i c e ,  a l l  an imals  w i l l  be i n j e c t e d  wi th  2 pCi/g of 
3H-thymidine. 

The even tua l  mor- 

(D3) S p e c i f i c  a i m  No. 2: Ea r ly  and l a t e  e f f e c t s  of DMBA on xenot ransplan ted  -- ---------- ------ 
r e c o n s t i t u t e d  human r e s p i r a t o r y  e p i t h e l i u m  

(D3a) P ro toco l .  

The e f f e c t s  of t h i s  w e l l  known p o l y c y c l i c  a romat i c  hydrocarbon w i l l  be s t u d i e d  
u s i n g  p e l l e t s  p e r m i t t i n g  a slow release ( s t e a r y l  alcohol-beeswax, 9 : l )  of carcino-  
gen. The dose of 200 u g  has  been t e n t a t i v e l y  s e l e c t e d ,  s i n c e  i t  i s  a h igh ly  car- 
c i n o g e n i c  dose  i n  ra ts  (26) and has  n o t  e l i c i t e d  an i n t e n s e  ear ly  t o x i c  r e a c t i o n  
i n  o u r  model ( s e e  p re l imina ry  r e s u l t s ) .  A t o t a l  of 140 t r a c h e a l  t r a n s p l a n t s  
c o n t a i n i n g  xeno t ransp lan ted  r e c o n s t i t u t e d  e p i t h e l i u m  ( o r i g i n a t e d  from 4-6 d i f f e r e n t  
donor s ,  -25 each)  w i l l  be t r e a t e d  w i t h  200 pg DMBA 3 weeks a f t e r  seeding  of human 
c e l l s .  Except f o r  t h o s e  animals  c a r r y i n g  t r a c h e a l  g r a f t s  which w i l l  be  used f o r  
f u r t h e r  i n  v i t r o  s t u d i e s ,  a l l  an imals  w i l l  be  i n j e c t e d  wi th  2 
hour  p r i o r  t o  s a c r i f i c e .  Forty t r a c h e a l  g r a f t s  w i l l  be main ta ined  i n  t h e  a n i n a l s  
f o r  up t o  18 months ( s u r v i v a l  o r  tumor inc idence  s t u d y ) .  S i x t y  g r a f t s  w i l l  be used 
f o r  a s e r i a l  s a c r i f i c e  s tudy  ( t e n t a t i v e  t imepo in t s :  1-3-6-9-12-15 months).  The 1 2  
g r a f t s  s t u d i e d  a t  each  t imepoint  w i l l  be  processed  f o r  r o u t i n e  l i g h t  and e l e c t r o n  
microscopy f o r  d e t e c t i o n  of p u t a t i v e  markers  of mal ignant  t r ans fo rma t ion .  
i n g  40 g r a f t s  w i l l  be  used f o r  t h e  i n  v i t r o  EF a s s a y  ( t e n t a t i v e  t imepo in t s  3 ,  6-9-12 
months) .  I n  a d d i t i o n  t o  t h e  unexposed c o n t r o l s  d e s c r i b e d  i n  s e c t i o n  D2c, a group of 
4 0  t r a c h e a l  g r a f t s  (10 from each donor)  w i l l  be exposed t o  s tearyl-alcohol-beeswax 
b l a n k s  and s t u d i e d  by h i s to logy  ARG and t h e  -- i n  v i t r o  EF assay a t  1-3-6 and 1 2  months 
a f t e r  i n s e r t i o n  of t h e  blank p e l l e t s .  Another group of 40 g r a f t s  w i l l  be maintained 
for 18 months t o  d i s c a r d  t h e  p o s s i b i l i t y  of "spontaneous" or matrix induced tumor pro- 
d u c t i o n  (no exposure group).  

uCi/g 3H Tdr one 

The remain- 

(D3b) Morphological  s t u d i e s  ( l i g h t  and e l e c t r o n  microscopy) 

Smears from t h e  luminal  c o n t e n t s  of a l l  t r a c h e a l  g r a f t s w i l l b e  pe r fo rmed in  
o r d e r  t o  s t u d y  t h e  e x f o l i a t i v e  c y t o l o g i c a l  p i c t u r e  and t o  compare i t  w i t h  the  
h i s t o p a t h o l o g y  of t h e  same t r a n s p l a n t s .  For t h i s  purpose smears w i l l  be f ixed  
w i t h  e t h e r - e t h a n o l  and s t a i n e d  w i t h  t h e  Papanicolaou technique.  Other smears 
w i l l  be  u s e d  f o r  t h e  d e t e c t i o n  of y-glutanyl-transpeptidase (GGT) , hematoporphyrin 
d e r i v a t i v e ,  and carc inoenbryonic  a n t i g e n  (CCA) ( s e e  below). The t r a c h e a l  t r a n s p l a n t s  
(12  p e r  time p o i n t )  w i l l  be c u t  p e r p e n d i c u l a r l y  t o  t h e  l o n g i t u d i n a l  axis  i n  approxi- 
ma te ly  10 ,  one t o  two mm t h i c k  r i n g s .  Each a l t e r n a t e  r i n g  w i l l  be  f i x e d  i n  a 
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glutaraldehyde-formaldehyde fixative (49) and subsequently processed for light and 
electron microscopical observation. The remaining alternate rings will be used both 
for obtaining frozen sections (for detection of hematoporphyrin derivative blood 
group antigens, and y glutamyl transpeptidase), and paraffin embedded blocks ( f o r  de- 
tection of ectopically produced hormones, CEA and glycogen i n  the DMBA induced lesions). 
The rings to be embedded in plastic will be further processed as follows; washing the 
tissues with 0.1 M sodium cacodylate solution for 30 minutes, the tissues will be post- 
fixed overnight in 2% osmium tetroxide in 0.1 M cacodylate buffer, dehydrated in 
graded ethanol solutions and embedded in Epon 812. The blocks will be oriented flat 
at the bottom of reversed BEPl capsules. From these blocks 1 p m  thick sections will 
be prepared and stained with toluidine blue. Additional sections will be used to 
prepare autoradiograms employing a rapid method of scintillation autoradiography 
(50) in which the sections are exposed f o r  approximately 14 days and will subsequently 
be stained with toluidine blue. For the quantitative determinations of labeling 
indices, only cells with five grains or more will be considered as labeled. The 
number of labeled and unlabeled nucleated cells will be determined in autoradiograms 
stained with Toluidine blue. Ultrathin sections will be cut from these blocks with 
LKB Ultratome 111, stained with uranyl acetate and lead citrate, and observed in a 
Hitachi HUllB electron microscope. 
of the epithelium (which will be followed by a quantitative study, see D3c). 
attention will be focused on the number and characteristics of dark cells in the 
different epithelial lesions. In addition, glycogen which has been seen especially 
in human carcinoma in situ of the aiways (51) will be investigated in periodic acid- 
Schiff-stained sections withand without diastase digestion. This will be performed 
in the same type of sections in which hormones will be investigated, since recently 
human-chorionic gonadotropin and glycogen have been localized in the same areas of 
severely atypical epithelia (52) .  

In addition to a general morphologic evaluation 
Special 

(D3c) His t ome t ry . 
The percentage of luminal surface occupied by normal, atrophic, hyperplastic, 

metaplastic, dysplastic, or neoplastic epithelium will be evaluated by histometric- 
planimetric technqiues using 1 pm thick Epon sections stained with toluidine blue. 
The sections will be evaluated by projecting them with a Zeiss projecting- 
microscope to the screen of a Ladd graphic digitizer interphased with a Monroe 1860 
calculator. This analytical system permits a precise planimetric determination by 
specifically following with a cursor the contours of the total circumference of the 
organ's lumina and that of the fraction covered by the different types of epithelium. 
Means per trachea can be automatically calculated. 

(D3d) Histochemical demonstration of phenotypic markers of malignancy. 

(D3dl) Gamma glutamyl-transpeptidase: This enzyme, which catalyzes the transfer 
of gannna glutamyl groups of peptides to other peptides and amino acids has been used 
successfully to detect putative preneoplastic cell populations in liver (53-55), as 
well as neoplastic cells in several other organs (56-59). Although this enzyme can 
be found in several embryonic tissues, it is usually not seen in the adult normal 
cells (60). 2ecently, for example, GGT has been found in neoplastic cells of skin 
squamous carcinoma (56) and in preneoplastic epithelial lesions of the oral mucosa 
(59) but not in the normal stratified squamous epithelium (56,59). Similarly, GGT 
has been seen in fetal lung epithelia and in l ung  tumors but only a slight enzyme 
activity was noted in the epithelial lining of the adult respiratory tract (60). 
Although no observations on the presence of GGT in preneoplastic lesions of the 
respiratory tract have been reported in the literature, previous investigations in 
liver, skin, and lung suggest that this enzyme might be a useful marker for these 
putative precursor lesions of lung cancer. In this context, smears and fresh tissue 
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s e c t i o n s  ob ta ined  wi th  a cyrotome w i l l  be f i x e d  i n  ace tone  a t  -2O"C, a i r  d r i e d  
and p rocessed  accord ing  t o  t h e  h i s t o c h e m i c a l  technique  of Rutenburg e t  a l .  (61 )  
f o r  t h e  d e t e c t i o n  of GGT ( i n c u b a t i o n  f o r  10-20 minutes in a medium c o n t a i n i n g  y- 
glutamyl-4-methoxy naphthalamide as a s u b s t r a t e ,  washing i n  0.85% N a C l  s o l u t i o n ,  
d i p p i n g  i n  0.2 M c u p r i c  s u l f a t e  s o l u t i o n  washed i n  water  and mounting i n  g lyce r ine -  
a g a r ) .  

(D3d2) Carcinoembryonic a n t i g e n  (CEA): Th i s  subs t ance  is p r e s e n t  i n  r e l a t i v e l y  
l a r g e  amounts in tumors of t h e  a l i m e n t a r y t r a c t  (62) as w e l l  as i n  some f e t a l  tissues 
(63) .  
l u n g  (64,65)  and has  been seen  i n  h y p e r p l a s t i c  m e t a p l a s t i c  and d y s 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 rac t  (66) .  A s  t h i s  subs t ance  seems t o  i n c r e a s e  wi th  
i n c r e a s i n g  degrees  of atypia (66) i t  probably  l a  an adequate  marker of p r e n e o p l a s i a  i n  
smears and i n  t i s s u e  s e c t i o n s .  
u s i n g  t h e  t r i p l e  b r i d g e  peroxidase-antiperoxidase method of S t e r n b e r g e r  (67) .  
B r i e f l y ,  formaldehyde o r  Bouin f i x e d  t i s s u e s  and smears w i l l  be used.  The t i s s u e s  
w i l l  b e  embedded i n  p a r a f f i n ,  and t h e  s e c t i o n s  a f t e r  d e p a r a f f i n i z a t i o n ,  as w e l l  as 
t h e  smears of the  t r a c h e a l  s e c r e t i o n s  w i l l  be a )  t r e a t e d  w i t h  hydrogen peroxide  
s o l u t i o n  t o  d e s t r o y  any endogeneous pe rox idase  a c t i v i t y ,  b)  i n c u b a t i o n  w i t h  swine 
serum t o  suppres s  n o n s p e c i f i c  b ind ing  of immunoglobulins, c )  treatment w i t h  primary 
a n t i b o d y  ( r a b b i t  a n t i  human CEA), d )  a f t e r  r i n s i n g  t h e  specimens are treated wi th  t h e  
l i n k  an t ibody  (swine a n t i - r a b b i t  immunoglobulin) which w i l l  b ind  t o  any primary r a b b i t  
a n t i b o d y  remaining i n  t h e  s e c t i o n .  
r ema ins  f r e e  t o  a t t a c h  t o  t h e  r e a g e n t  of t h e  nex t  s t e p ,  e )  a f t e r  r i n s i n g ,  t h e  spec i -  
mens are treated wi th  h o r s e r a d i s h  peroxidase-rabbit-antihorseradish perox idase  com- 
p l e x ,  and f )  a f t e r  washing t h e  p e r o x i d a s e  i s  h i s t o c h e m i c a l l y  demonst ra ted  wi th  a 
s u b s t r a t e  c o n t a i n i n g  H202 and amino-e thylcarbazole .  

Recent ly  CEA h a s  been d e t e c t e d  i n  o t h e r  human tumors i n c l u d i n g  t h o s e  of t h e  

T h i s  w i l l  be i n v e s t i g a t e d  i n  o u r  e x p e r i m e n t a l  model 

This an t ibody  has  two b i n d i n g  sites and one of them 

(D3d3) Ectopic  hormone l o c a l i z a t i o n :  The e c t o p i c  p roduc t ion  of hormones by 
l u n g  tumor c e l l s  has  been confirmed i n  numerous r e p o r t s  and has  been f r e q u e n t l y  
used  as a c l i n i c a l - l a b o r a t o r y  a i d  f o r  d i a g n o s i s  (63,681. Although o a t  c e l l  car- 
c inomas are t h e  tumors which most f r e q u e n t l y  produce hormones, p r a c t i c a l l y  a l l  
h i s t o l o g i c a l  types of human lung  tumors,  produce t o  a g r e a t e r  o r  lesser e x t e n t  some 
t y p e  of hormonalmarker  (68).  The f o l l o w i n g  hormones have been f r e q u e n t l y  found t o  be 
elevated i n  p a t i e n t s  w i t h  epidermoid bronchogenic carcinoma ( t h e  most f r e q u e n t  lung 
tumor) :  ACTH, parathohormone and human ch ron ic  gonadotropin.  S m a l l  c e l l  carc ino-  
mas were a s s o c i a t e d  w i t h  e l e v a t e d  levels of ACTH, a n t i - d i u r e t i c  hormone, and c a l c i -  
t o n i n ,  and adenocarcinomas p a t i e n t s  e x h i b i t e d  h igh  l e v e l s  of ACTH, and human ch ron ic  
gonado t rop in  (68). 
levels  of e c t o p i c  hormone p r o d u c t i o n ,  o t h e r  t ypes  of tumors e x h i b i t  a lower i n c i d e n c e ,  
f o r  example high l e v e l s  of c a l c i t o n i n  were found only i n  30% of squamous carcinoma 
p a t i e n t s  ( 6 9 ) .  These c l i n i c a l  d a t a  p l u s  t h e  r e c e n t  o b s e r v a t i o n s  on neuroendocr ine  
d i f f e r e n t i a t i o n  p a t t e r n s  i n  several human and exper imenta l  l ung  tumors (70-71) 
s u g g e s t s  t h e  p o s s i b i l i t y  of f i n d i n g  p a r t i c u l a r  hormone s e c r e t i o n  p a t t e r n s  i n  some 
p r e n e o p l a s t i c  l e s i o n s .  The l o c a l i z a t i o n  of hormones i n  t i s s u e  s e c t i o n s  can be 
c a r r i e d  o u t  us ing  t h e  t r i p l e  b r i d g e  pe rox idase  a n t i p e r o x i d a s e  t echn ique  of S te rnbe rge r  
e t  a l .  (67) as desc r ibed  i n  t h e  p r e c e d i n g  s u b s e c t i o n  (D3d2). I n  t h e  p r e s e n t  i n v e s t i -  
g a t i o n  primary a n t i b o d i e s  a g a i n s t  ACTH, c a l c i t o n i n ,  ch ron ic  gonadot ropin  and pa ra tho r -  
mone w i l l  be used i n  t i s s u e  s e c t i o n s  of p r e n e o p l a s t i c  l e s i o n s  and tumors. I f  t h e s e  
are p o s i t i v e , s i m i l a r  h i s t o i m u n o l o g i c a l  d e t e c t i o n  techniques  w i l l  be  a p p l i e d  t o  
smears of t r a c h e a l  s e c r e t i o n s .  

Although most p a t i e n t s  w i t h  sma l l  c e l l  carcinoma p r e s e n t  h igh  
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(D3d4) Loss of blood group a n t i g e n s :  P r e v i o u s  i n v e s t i g a t i o n s  have shown t h a t  
normal  human e p i t h e l i a l  t i s s u e s  e x p r e s s  blood group i s o a n t i g e n s .  Dabels teen  e t  a l .  
( 7 2 )  and George e t  a l .  ( 7 3 )  r e p o r t e d  t h e  p r e s e n c e  of t h e s e  blood group r e l a t e d  
s u b s t a n c e s  i n  t h e  p a r a b a s a l  layer of  normal  o r a l  e p i t h e l i u m .  Fur thermore ,  t h e s e  
a u t h o r s  d e s c r i b e d  the  l o s s  of b lood  group r e l a t e d  a n t i g e n s  i n  p r e n e o p l a s t i c  l e s i o n s  
and tumors of t h e  o r a l  mucosa. I n  a n o t h e r  s t u d y ,  Katoh e t  a l .  (74) demonstrated 
t h e  p r e s e n c e  of t h e s e  a n t i g e n s  i n  s u r f a c e  and g l a n d u l a r  e p i t h e l i a  of t h e  normal 
human bronchus ,  and sugges ted  t h a t  t h e s e  might be l o s t  d u r i n g  mal ignant  t r a n s f o r -  
mat ion .  To prove t h i s  h y p o t h e s i s  w e  w i l l  a t t e m p t  t o  demonst ra te  t h e  presence  o r  
absence  of blood group r e l a t e d  a n t i g e n s  i n  p r e n e o p l a s t i c  l e s i o n s  induced by DMBA 
i n  xenotransplanted-repopulated human r e s p i r a t o r y  e p i t h e l i u m .  Blood group reac-  
t i v i t y  w i l l  be demonstrated h i s t o c h e m i c a l l y  on f r e s h  f r o z e n  s e c t i o n s  u s i n g  human 
ant i -A and an t i -B sera, f o l l o w i n g  t h i s  t r e a t m e n t  t h e  s e c t i o n  w i l l  be  washed and 
t r e a t e d  w i t h  peroxidase-  or f l u o r e s c e i n - l a b e l e d  anti-human IgG (73-74). Blood 
group 0 a n t i g e n  w i l l  be t e s t e d  w i t h  f l u o r e s c e i n  l a b e l e d  l e c t i n  from Lotus tetra- 
gonobulus ( d i r e c t  t echn ique )  (73).  

(D3dS) Hematoporphyrin d e r i v a t i v e :  Hematoporphyrin d e r i v a t i v e  (HPD) prepared 
from c rude  hematoporphyrin by g l a c i a l  a c e t i c  a c i d  and s u l f u r i c  a c i d  t r ea tmen t  and 
subsequen t  n e u t r a l i z a t i o n  w i t h  3% sodium acetate (75) ,  i s  a f l u o r e s c e n t  compound 
which i s  p r e f e r e n t i a l l y  taken-up by ma l ignan t  e p i t h e l i a l  ce l l s  (75-76). The pos- 
s i b i l i t y  of  d e t e c t i n g  small l ung  tumors and carcinoma i n  s i t u  h a s  been demonstrated 
u s i n g  a f i b e r o p t i c  bronchoscope by P r o f i o  and Doiron (77).  S i m i l a r  s t u d i e s  u s i n g  
a n  e x p e r i m e n t a l  model of 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  i n  t h e  a i rways  of dogs have 
shown t h e  u s e f u l n e s s  of t h i s  approach  f o r  t h e  d e t e c t i o n  of small tumors and i t s  po- 
t e n t i a l  t h e r a p e u t i c  v a l u e  when used  i n  combina t ion  w i t h  a krypton  laser beam o r  
a n  a rgon  dye laser beam (78).  I n  view of t h e s e  f i n d i n g s ,  w e  propose t o  s tudy 
i n  o u r  model t h e  l o c a l i z a t i o n  of HPD i n  t h e  e a r l y  and l a t e  l e s i o n s  induced by DMBA 
i n  t h e  human x e n o t r a n s p l a n t e d  r e p o p u l a t e d  r e s p i r a t o r y  ep i the l ium.  According t o  
p r e v i o u s  p u b l i c a t i o n s  a dose of 2 t o  10 mg/kg of HPD was used i n  o r d e r  t o  d i s c r i m -  
I n a t e  between mal ignant  and normal  t i s s u e s  (77) .  
performed i n  o u r  expe r imen ta l  model t o  de t e rmine  which dose ( i n  t h e  range  of 1-15 
mg/kg of HPD) is t h e  b e s t  t o  a d e q u a t e l y  d i s c i m i n a t e  between normal and malignant 
cel ls .  A f t e r  i n t r a v e n o u s  i n o c u l a t i o n  of HPD, t h e  t i s s u e  f l u o r e s c e n c e  i s  good f o r  a t  
least s e v e r a l  hour s  (77).  The f l u o r e s c e n c e  of t h i s  compound w i l l  be  observed d i r e c t l y  
i n  f r e s h  f r o z e n  s e c t i o n s  w i t h  a f l u o r e s c e n c e  microscope. 
t o  demons t r a t e  markers of mal ignancy con t iguous  s e c t i o n s  w i l l  be s t a i n e d  t o  assess 
t h e  type  of e p i t h e l i u m  i n  which t h e  marker  w i l l  e v e n t u a l l y  be l o c a l i z e d .  

A p r e l i m i n a r y  s t u d y  w i l l  be 

A s  i n  a l l  o t h e r  techniques  

(D3e) 2 v i t r o  e v a l u a t i o n  of i n  v i v o  induced  changes of growth p o t e n t i a l  
( E p i t h e l i a l  focus or EF a s s a y ) .  

-- I n  v i t r o  t echn iques  o f f e r  new p o s s i b i l i t i e s  f o r  t h e  s tudy  of  s e q u e n t i a l  
changes presumed t o  occur  d u r i n g  t h e  i n  v i v o  development of n e o p l a s i a .  It has  
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  exposure  of ra t  t r a c h e a l  t r a n s p l a n t s ,  
e p i t h e l i a l  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  can  be  i s o l a t e d  from 
t h e  t r a c h e a l m u c o s a  (41). A series of t e c h n i q u e s  c o l l e c t i v e l y  r e f e r r e d  t o  as t h e  EF 
a s s a y  h a s  been dev i sed  t o  q u a n t i t a t e  i n  v i t r o  t h e  emergence of ca rc inogen-a l t e red  
and n e o p l a s t i c  c e l l  p o p u l a t i o n s  i n  v i v o  i n  t r a c h e a s  exposed t o  carc inogen .  This  
t e c h n i q u e  o r i g i n a l l y  devised  f o r  t h e  s t u d y  of carc inogen  a l t e r e d  rat  c e l l  popu la t ions  
( 2 9 )  h a s  been eas i ly  adapted  t o  be  used w i t h  human xeno t ransp lan ted  cells. I n  
e s s e n c e ,  t h e  p r o t o c o l  i s  t h e  same and can  be summarized b r i e f l y  as fol lows:  A t  
v a r i o u s  t i m e  i n t e r v a l s  a f t e r  i n i t i a t i o n  of exposure ,  beginning  p r i o r  t o  the  develop- 
ment of  f r a n k  n e o p l a s t i c  or even b e f o r e  t h e  appearance  of p r e n e o p l a s t i c  l e s i o n s ,  
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t r a c h e a l  g r a f t s  w i l l  be removed from h o s t  animals .  
w i l l  be  d i s p e r s e d  enzymat i ca l ly  and seeded i n t o  t i s s u e  c u l t u r e  d i s h e s  i n  o r d e r  
t o  e s t a b l i s h  p r i m a r y  c u l t u r e s .  Four weeks a f t e r  t h e  e s t a b l i s h m e n t  of t h e  c u l t u r e s  
t h e  number of EF ( p r o l i f e r a t i n g  e p i t h e l i a l  c e l l  f o c i )  per  d i s h  w i l l  be scored .  
Each EF c o n t a i n i n g  approximate ly  5 x l o 4  c e l l s  w i l l  be removed from t h e  primary 
d i s h  enzymat i ca l ly  and seeded i n t o  a s e p a r a t e  secondary c u l t u r e  d i s h .  
of  EF which can be s u b c u l t u r e d  two o r  more times w i l l  be noted .  A l l  subcu l tu rab le  
EF (EFs) w i l l  be  t e s t e d  for t h e  c a p a c i t y  t o  grow i n  s o f t  aga rose .  Using t h i s  system 
w i t h  rat cells, t h e  c a p a c i t y  t o  grow i n  s o f t  aga rose  has  been found t o  be w e l l  cor re-  
l a t e d  w i t h  t h e  c a p a c i t y  of a c e l l  p o p u l a t i o n  t o  y i e l d  tumors when i n o c u l a t e d  i . m .  i n t o  
immunosuppressed ra t s  (29 ) .  

Luminal e p i t h e l i a l  c e l l s  

The f r a c t i o n  

The EF-assay has  made i t  p o s s i b l e  t o  monitor  t h e  development i n  v i v o  of c e l l  
compartments endowed w i t h  d i f f e r e n t  p r o l i f e r a t i v e  and n e o p l a s t i c  p o t e n t i a l s  -- i n  v i t r o .  
E p i t h e l i a  from normal non-carcinogen exposed t r a c h e a s  y i e l d  few EF i n  primary c u l t u r e .  
E p i t h e l i a  from carcinogen-exposed t r a c h e a s  y i e l d  10-100 times more EF than  c o n t r o l  
c u l t u r e s  both  us ing  r a t  o r  human cel ls  ( s e e  C4). The c a p a c i t y  of EF t o  be  subcul tured  
(EFs) and t h e  c a p a c i t y  of EFs t o  grow i n  s o f t  agarose  (EFs,ag+) appear  t o  r e f l e c t  t h e  
s e v e r i t y  of carcinogen-induced changes i n  r a t  t r a c h e a l  ep i the l ium.  The frequency of 
EFs and EFs,ag+ p o p u l a t i o n s  i n c r e a s e  bo th  wi th  carc inogen  dose and inc reased  time 
a f t e r  exposure  (29). Applying t h i s  model t o  t h e  s tudy  of t h e  e f f e c t s  of carcinogens 
on human t i s s u e s ,  w e  expect t o  f i n d  similar changes,  i . e .  p r o g r e s s i v e  changes which 
w i l l  be  more and more s e v e r e  w i t h  t i m e  after in v i v o  exposure t o  carc inogen .  

( D 4 )  - S p e c i f i c  ---------------- aim No. 3: E f f e c t  o f  p a r t i c u l a t e  material on xenot ransplan ted  
r epopu la t ed  human r e s p i r a t o r y  e p i t h e l i u m  

The e f f e c t s  of n i c k e l  and a r s e n i c  on human xeno t ransp lan ted  e p i t h e l i u m  w i l l  be 
s t u d i e d  by i n s e r t i n g  i n t o  t h e  lumina of  t h e  t r a c h e a l  g r a f t s  p e l l e t s  con ta in ing  Ar203 
( i n  s i l a s t i c  p e l l e t s )  and Ni3S2 ( i n  s t e a r y l  alcohol-beeswax, r a t i o  9:1, p e l l e t s )  
r e s p e c t i v e l y .  
human c e l l s  i n t o  t h e  lumina. 

These p e l l e t s  w i l l  be i n s e r t e d  i n  t h e  g r a f t s  3 weeks a f t e r  seeding t h e  

Although in p r i n c i p l e  1 mg Ni3S2 is a ca rc inogen ic  dose and produces l a rge  num- 
bers of sarcomas i n  rats (24) a p i l o t  experiment  u s ing  10 t o  20 t r a c h e a s  w i l l  be 
c a r r i e d  o u t  i n  o r d e r  t o  de te rmine  a t  t h e  h i s t o l o g i c a l  l e v e l  t h e  t o x i c i t y  of 0.1,  
1 and 10 mg of Ni3S2. The same type  of dose response  s tudy  w i l l  be  c a r r i e d  out  w i th  
Ar203. Once t h e  non tox ic  dose  is determined ,  t h e  fo l lowing  p r o t o c o l  u s ing  c e l l s  from 
a t  least 4 d i f f e r e n t  donors  w i l l  be c a r r i e d  ou t :  

Arsenic  T r i o x i d e  i n  S i l a s t i c  Pellets: 

40 t r a c h e a l  t r a n s p l a n t s  + S u r v i v a l  s tudy  (18 month d u r a t i o n )  
40 t r a c h e a l  t r a n s p l a n t s  + S e r i a l  s a c r i f i c e  (1 ,  3, 6 ,  1 2  month t imepoints)  
30 t r a c h e a l  t r a n s p l a n t s  + EF as say  (1-3-6 months) 

Nicke l  s u b s u l f i d e  i n  S t e a r y l  Alcohol P e l l e t s :  

The same number of t r a c h e a l  t r a n s p l a n t s  (one hundred t e n )  w i l l  be  used as 
f o r  t h e  s t u d y  wi th  Ni3S2 and t h e  same type  of s t u d i e s  w i l l  be c a r r i e d  o u t .  

I n  both  exper iments  a c o n t r o l  group of 30 t o  40 t r a c h e a l  g r a f t s  ca r ry ing  
e p i t h e l i a l  c e l l s  from 4-6 d i f f e r e n t  donors  will be exposed to  t h e  r e s p e c t i v e  blank 
p e l l e t s  f o r  18  months i n  o r d e r  t o  s t u d y  t h e  u n l i k e l y  p o s s i b i l i t y  o f  a d e l e t e r o u s  
e f f e c t  of e i t h e r  s i l a s t i c  o r  s t e a r y l  a l c o h o l  ( t h i s  l a s t  c o n t r o l  is common with 
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t h e  one desc r ibed  i n  D3a). A small number of t r a c h e a s  ( f i f t e e n  - t h i r t y )  w i l l  be 
a f f e c t e d  t o  t h e  s tudy  of e f f e c t s  of  s i l a s t i c  b l anks  du r ing  the  c o u r s e  of t h e  expe r i -  
ment. I n  t h i s  c o n t e x t ,  h i s t o l o g y  and EF a s s a y s  w i l l  be performed a f t e r  3, 6 ,  and 
1 2  months exposure  t o  t h e  b lank  p e l l e t s .  

(D5) S p e c i f i c  ------------------ aim No. 4 :  Development of xeno t ransp lan ted  r e p o p u l a t e d  e p i t h e l i a  
from o t h e r  o rgans  

I n  o r d e r  t o  e s t a b l i s h  t h e  p o s s i b i l i t y  of u s i n g  t h i s  system f o r  t h e  i n  v i v o  
"cu l tu re"  of human e p i t h e l i a l  c e l l s  o f  o t h e r  o r g a n s  we w i l l  a t t e m p t  t o  i s o l a t e  ce l l s  
from t h e  esophagus,  ep ide rmis ,  b l a d d e r ,  co lon ,  and c e r v i x  u t e r i  from immediate 
a u t o p s i e s  of t h e  same donors  ( a s  i n  D2a). Although t h e  i d e a l  number of c e l l s  t o  be 
i n o c u l a t e d  p e r  t r a c h e a ,  and t h e  p o s s i b i l i t y  of e s t a b l i s h i n g  i n i t i a l  p r imary  e x p l a n t  
c u l t u r e s  t o  expand t h e  e p i t h e l i a l  p o p u l a t i o n  w i l l  have t o  be exp lo red  independent ly  
f o r  each organ,  t h e  b a s i c  procedures  of cel l  i s o l a t i o n  and seed ing  i n  denuded 
t r a c h e a s  w i l l  be  similar t o  t h a t  d e s c r i b e d  f o r  t h e  r e s p i r a t o r y  t r ac t  t i s s u e s  ( s e e  
D2a). 

-- 

I n  a r e c e n t  p u b l i c a t i o n ,  w e  have d e s c r i b e d  t h e  p o s s i b i l i t y  of s e e d i n g  r a t  
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  i n  denuded t r a c h e a ,  esophagus,  i n t e s t i n e ,  b l a d d e r ,  
or ad hoc manufactured dacron  c o n t a i n e r s  (48).  
r a t  organs  o r  even  t h e  dacron  c o n t a i n e r s  f o r  s e e d i n g  and r e c o n s t i t u t i n g  e p i t h e l i a  
from o t h e r  human t i s s u e s  w i l l  be  e x p l o r e d ,  S ince  r e s p i r a t o r y  e p i t h e l i a l  ce l l s  grow 
b e t t e r  i n  denuded t r a c h e a s  than  i n  o t h e r  t u b u l a r  organs ,  i t  i s  p o s s i b l e  t h a t  ep i -  
t h e l i a l  cel ls  from o t h e r  human o rgans  w i l l  grow more e f f i c i e n t l y  i n  homologous 
denuded r a t  o rgans  than  i n  t r a c h e a s .  

The p o s s i b i l i t y  of u s i n g  t h e s e  o t h e r  

TABLE I 

Pe rcen tage  of Dark Basa l  E p i t h e l i a l  Cel l s  

Human Rat 
Spontaneous" DMBA treated (DMBA t r e a t e d  ) *I 

Lesion (au topsy  material)  (xeno t ransp lan t s )  

Regular  m e t a p l a s i a  9 2 2  
Mild d y s p l a s i a  13 2 3 
Moderate d y s p l a s i a  26 t 5 
Severe d y s p l a s i a  27 2 4 
Carcboma i n  s i t u  34  5 11 

6 + 2  

21 t 4 
28 f 5 

-- 

-- 

18 2 4 

43  t 12 
57 t 6 
7 1  2 6 

-- 
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LEGENDS TO FIGURES 

Fig. 1 A :  

Fig. 1B: 

Fig. 2: 

Fig. 3: 

F i g .  4 :  

Fig .  5: 

MuCOCiliaKy epithelium from the trachea of a human donor covering the 
tracheal lumen of a deepithelialized rat trachea transplanted subcu- 
taneously for 3 weeks after inoculation of human epithelial cells into 
the implant's lumen. Epon Toluidine blue x 400. 

Normal human karyotype from the same specimen as shown in figure JA. 
Small explants of the implanted trachea were harvested 3 weeks after 
transplantation. The explants were cultured for 1 4  days and then incu- 
bated i n  colchicine (1 p g / m l  medium) for 15 hours. Giemsa x 1200. 

Epidermoid metaplasia produced in human xenotransplanted-reconstituted 
epithelium, after 4 weeks exposure with a pellet containing SO0 pg 
DMBA. Note hyalinization and fibrosis of the subepithelial tissues. 
Paraffin HE x 400. 

Epidermoid metaplasia with moderate atypia after 8 weeks exposure 
with a pellet containing 500 pg DMBA. 
and hyalinization of the lamina propia. Paraffin HE x 400. 

Note lack of stratum corneum 

-- In vivo cumulative release of DMBA from beeswax and stearyl alcohol- 
beeswax pellets. 
of 4 rat tracheal transplants. 

Each point represents themean (2 standard deviation) 

Diagrammatic representation of the method of xenotransplantation and 
reconstitution of human epithelial cells in denuded rat tracheas. 
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F i g .  1A Fig .  1B 
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A u g u s t  5 ,  1980 

To : Animal Users 

Fron: 

Subject: NKR Animal Use Policy 

C. A. Bingham, D.V.kl/[/fl 0 .  

This memorandum is to  assure you that  the Biology Division is i n  
coapliance w i t h  the U.S.  P u b l i c  Health Service p o l i c y  concerning 
t h e  care and use of laboratory animals as prescribed i n  t he i r  
Instruction sheet for grant applications (PHS 398 Rev.  10/79). 
We have received t h e i r  acceptance of our l e t t e r  oE assurance of 
compliance v i t h  the i r  animal policy. 
assurance we have an act ive cotupittee chaired by Dr. R. A. Popp 
that reviews our animal policies and operations and o u r  animal 
f a c i l i t i e s  a r e  accredited by the American Association fo r  
Accreditation of Laboratory Animal Care. 

In keeping with this 

CAB:cr 
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CHECKLIST 

This i s  the requird last page of tho application. 

Chock the appropriate boxer and provide the infomation rquested. 
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0 Chango of Principal lnvorti~ator/Progrom Diroctor. 
Norno of formor Principal Invostigotor/Ptogrom Diroctor: 

ASSURANCES IN CONN ECTIOM WITH: 

Civil Right. Hondicoppod lndividuols Sex Discrimination 

B Not filod 

INDIRECT COSTS: 

Humon Subiocto Loborotory Animol I 
Gonorol Assuronco 

(If opplicoblo~ ( I  I oppllcobld 

Fi Iod 
Not fi lod 
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Not filod E 

Indicate the applicont orgonizotion's most recent indirect cost rote cstoblishd with the appropriate DHHS Regionol Office. If the opplicont 
organization is in the process of initiolly developing or renegotiating o rate, or has established o rote with another Federal ogency, i t  should, 
immediotely upon notification that an aword will be mode, develop o tentative indirect cost rote propasol based on its most recently completed 
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