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I. In t roduc t ion :  The Hypothesis of Neoplas t ic  Development 

Typica l ly  t h e  process  of ca rc inogenes i s  a s  observed i n  v ivo  is 

c h a r a c t e r i z e d  by a long l a t e n c y  pe r iod  which i s ,  a s  t h e  term impl i e s ,  

concealed and more o r  l e s s  c l i n i c a l l y  asymptomatic. Depending on dose,  

dose r a t e ,  and ,potency  of t h e  carc inogenic  i n s u l t ,  months, y e a r s ,  o r  

even decades e l a p s e  between t h e  f i r s t  exposure and the ' appea rance  of 

t h e  neoplasm. I n  t h e  c a s e  of ch ron ic ,  low-level carcinogen exposure, 

t h i s  i s  i n  p a r t  a f u n c t i o n  of t h e  accumulat ion of a " c r i t i c a l "  dose, 

b u t  long  l a t e n c y  p e r i o d s  a r e  a l s o  observed fo l lowing  s i n g l e  carc ino-  

genic  i n s u l t s .  Since i t  is  known t h a t  p e r s i s t a n c e  of t h e  carcinogen 
. . .  

is  not r e q u i r e d ' . f o r  t h e  l a t e r  development of malignancy, g e n e t i c  o r  
, 

ep igene t id  changes must have occurredwhich a r e  f u l l y  expressed only 

! when t h e  appearance of a "tumorv' s i g n a l s  t h e  presence of a c e l l  popu- 

l a t i o n  endowed wi th  d e s t r u c t i v e  and unl imi ted  growth capac i ty .  What 

even t s  occur  i n  t h e  t ime span between exposure and t h e  onse t  of  

. recognizable  tumor growth is  s t i l l  l a r g e l y  unknown. 

From a mul t i t ude  of c l i n i c a l  and exper imenta l  obse rva t ions  ( f o r  
. . 

review and d i s c u s s i o n  s e e  r e f e rences  11, 12;13) t h e  concept h a s  

developed t h a t  fo l lowing  t h e  " i n i t i a t i n g "  e v e n t ( s ) ,  p rog res s ive ly  

changing c e l l  popula t ions  emerge. which possess  a n  i n c r e a s i n g  pro- 

p e n s i t y  t o  a c q u i r e  t h e  b i o l o g i c a l  p r o p e r t i e s  of cancer  c e l l s .  

Morphological ly  and biochemical ly abnormal c e l l s  appear  du r ing  t h e  

l a t e n c y  per iod  which c o n s i s t u t e s  what a r e  be l i eved  t o  be  preneo- 

p l a s t i c  l e s i o n s .  Depending on t h e  animal  s p e c i e s  and t h e  organ  



system, t h e s e  have been descr ibed  a s  h y p e r p l a s t i c  a r e a s ,  e a r l y  and l a t e  

h y p e r p l a s t i c  nodules ,  and hyperbasophi l ic  f o c i  ( l i v e r ) ;  a s  metaplas ias  

w i th  va ry ing  degrees of a t y p i a ,  d y s p l a s i a s ,  and carcinomas -- i n  s i t u  

( u t e r i n e  c e r v i x ,  b ladder ,  l a rynx ,  and bronchus);  and a s  a l v e o l a r  hyper- 

p l a s i a s ,  d u c t a l  h y p e r p l a s i a s ,  o r  a t y p i c a l  l o b u l e s  (mammary g land)  t o  

name j u s t  a ' . few ( f o r  d i s c u s s i o n  s e e  3.5). 

The concept ,  however, t h a t  n e o p l a s t i c  d i s e a s e  is  a n  evolu t ionary  

p rog res s ion  i n  which " i n i t i a t e d "  c e l l s  g ive  rise . .  t o  . succes s ive  gener- 

a t i o n s  of p r e n e o p l a s t i c  c e l l s  and t h e s e  i n  t u r n  g ive  r i s e  t o  neo- 

p l a s t i c  progeny, i s  l a r g e l y  based on in fe rences  and c i r c u m s t a n t i a l  

evidence.  While t h i s  evidence i s  indeed h i g h l y  sugges t ive ,  t h e  exac t  

r e l a t i o n s h i p s  between t h e  v a r i o u s  presumed p recu r so r  l e s i o n s  on one 

hand and between them and f u l l  f l edged  neop la s i a  on t h e  o t h e r  hand, 

are n o t  known. A temporal sequence does n o t  neces sa rz ly  imply a  

progenitor-prbgeny r e l a t i o n s h i p .  This  l a c k  .of r e a l  i n s i g h t  i n t o  t h e  

p,rocess of n e o p l a s t i c  development provokes many fundamental ques t ions .  . . 

Are t h e  carcinogen-induced s t r u c t u r a l  c e l l  and t i s s u e '  abnorma l i t i e s  

which can be observed i n  e p i t h e l i a l  t i s s u e s  phenotypic express ions  of 

t h e  n e o p l a s t i c  process ,  i .e .  a r e  a l l  of t h e s e  l e s i o n s  p recu r so r s  of 

cander ,  o r  a r e  some' perhaps "end-stag'e" l e s i o n s ? '  A r e  t h e  apparent .  

s e q u e n t i a l  changes fo l lowing  carcinogen exposure morphological mani- 

f e s t a t i o n s  of an  evo lu t iona ry  p rog res s ion  i n  t h e  sense  of progeni tor-  

progeny r e l a t i o n s h i p s ?  An a l t e r n a t i v e  is  t h a t  they  a r e  independent. 

exp res s ions  of c l u a l i t a t i v e l y  and d i f f e r e n t  abnorma l i t i e s  



having vary ing  "incubat ion" pe r iods .  Are some of t h e  l e s i o n s  

r e v e r s i b l e - a b o r t i v e  a t t empt s  of n e o p l a s t i c  development? What s t a g e s  

of n e o p l a s t i c  development can be d iscerned?  What s t a g e s  do v a r i o u s  

l e s i o n s  r ep re sen t?  Is n e o p l a s t i c  development perhaps a  process  of 

s e l . ec t ion  r a t h e r  t han  p rog res s ion?  O r  ' i s  i t  both?  These and many 

o t h e r  r e l a t e d  ques t ions  pose g r e a t  cha l l enges  t o  t h e  s t u d e n t s  of car -  

c inogenes is .  They a r e  of  fundamental s i g n i f i c a n c e  f o r  our  under- 

s t and ing  of t h e  development of e p i t h e l i a l  n e o p l a s i a s  and a r e  a l s o  of 

p r a c t i c a l  importance i f  we a r e  t o  make p rog res s  i n  t h e  e a r l y  d i agnos i s  

and therapy  of n e o p l a s t i c  d i s e a s e s .  

. . 
One of t h e  most common f a t a l  n e o p l a s i a s  i n  man is bronchogenic 

carcinoma. 1ti e t i o l o g y  is c l e a r l y ' l i n k e d  t o ' t o b a c c o  smoke and c e r t a i n  

occupat iona l  exposures  such  a s  coke oven e f f l u e n t s ,  a s b e s t o s ,  chromates,  

uranium o r e  d u s t ,  and o t h e r s  ( f o r  a  r e c e n t  review s e e  1 4 ) .  Time and 

dose dependent c y t o l o g i c a l  and h i s t o l o g i c a l  abnorma l i t i e s  have been 

r epor t ed  i n  smokers and i n  smoking uranium miners and o t h e r  "high . ' 

. . .  

r i s k "  occupat ions (2,3,4,15,30) .  A d e s c r i p t i o n  of a temporal sequence . 

of l e s i o n  development, l a r g e l y  based on c y t o l o g i c a l  specimens (29) 

lists l l r e g u l a r " ~ m e t a p l a s i a  a s  t h e  e a r l i e s t  and probably most non- 

s p e c i f i c  change, fol lowed by m e t a p l a s i a . w i t h  va ry ing  d e g r e e s . o f  

c e l l u l a r  a t y p i a  (and h i s t o l o g i c a l  . . d i so rgan iza t ion )  carcinoma i n  s i t u  . . . . .  . 

and i n v a s i v e  carcinoma. A v a r i e t y  o f  tumor i n d u c t i o n  s t u d i e s  (e.g. 
. . .. . . . 
18,  31, 'and f o r  review s e e  2 7 )  a s  w e l l  as s ~ v e r a l ' m o r p h o g ~ n e s i s '  s t u d i e s  

wi th  p e r i o d i c  sampling of  t i s s u e  o r  cytology specimens (1,20,26,32) ,  



c l e a r l y  i n d i c a t e  t h a t  a  morphological sequence, s i m i l a r  t o  t h a t  de- 

s c r i b e d  i n  humans, can  be produced i n  l a b o r a t o r y  animals  by r a d i a t i o n  

as w e l l  a s  chemical carcinogens.  I n  p r i n c i p a l ,  t h i s  provides  t h e  b a s i s  

Tor experimental  s t u d i e s  of t h e  p u t a t i v e  p recu r so r  l e s i o n s  observed 

d u r i n g . t h e  e v o l u t i o n  of r e s p i r a t o r y  t r a c t  neoplas ia .  However, numerous 

t e c h n i c a l  and l o g i s t i c  o b s t a c l e s  need t o  be overcome i n  o r d e r  t o  make 

such i n v e s t i g a t i o n s  f e a s i b l e :  More o f t e n  than  not '  t h e  d i agnos i s  of 

p r e n e o p 1 a s i a . i ~  made by morphological  means, which i n  most c a s e s  pre- 

c lude  f u r t h e r  s tudy .  Even i f  t h e  v i s u a l  obse rva t ions  a r e  made on l i v e  

t i s s u e  w i t h  t h e  a i d  of a  bronchoscope, t h e  p o s s i b l e  h e t e r o g e n e i t y  

w i t h i n  l e s i o n s  and t h e  u s u a l l y  sma l l  t i s s u e  mass a v a i l a b l e  f o r  s t u d y  

p r e s e n t  s e r i o u s  d i f f i c u l t i e s .  I n  a d d i t i o n ,  t h e  most impor tan t  inform- 

a t i o n  concerning t h e  "exposure h i s t o r y "  of any g iven  l e s i o n  is a lmost  

c e r t a i n l y  m i s s i n g : .  How o l d  i s  t h e  l e s i o n ,  t o  what carc inogen  dose . . 

w a s  t h e  t i s s u e  of o r i g i n  exposed, what i s  t h e  d u r a t i o n  of exposure,  
. .. . .. .. . . .  . 

when d i d  exposure cease ,  e t c . ?  The f a c t  t h a t  bo th  i n  man as w e l l  a s  

i n  most animal  models, i t  is imposs ib le  t o  p r e d i c t ,  from what p r e c i s e  

t a r g e t  a r e a  t h e  l e s i o n ( s )  t o  b e  s t u d i e d  w i l l  a r i s e ,  i n t r o d u c e s  ano the r  

s e r i o u s  complicat ion.  I n  t h e  most widely used exper imenta l  l ung  cancer  

models, t h e  carc inogen  i s  in t roduced  i n t o  t h e  airways by i n h a x a t i o n  o r  

by i n t r a t r a c h e a l  i n j e c t i o n .  I n  e i t h e r  ca se  i t  is  d i f f i c u l t  t o  determine 

wi th  any degree of accuracy t h e  carcinogen dose s u s t a i n e d  by a  g iven  
. . 

a r e a  of t r a c h e a l  o r  b r o n c h i a l  mucosa. 



To s y s t e m a t i c a l l y  i n v e s t i g a t e  t h e  evo lu t ion  of neoplas ia  i n  

r e s p i r a t o r y .  t r a c t  epi. thelium from i ts  incep t ion  and t h e  development 

and f a t e  of p reneop la s t i c  l e s i o n s ,  i t  was necessary  t o  des ign  a n  

exper imenta l  s y s t e m  t h a t  would minimize these  problems. I n  t h e  

I f o l lowing  we w i l l  d e s c r i b e  t h e  development of such an exper imenta l  

model and. d i s c u s s  ou r  r e c e n t  f i n d i n g s  obta ined  i n  s t u d i e s  concerned 

wi th  t h e  evo lu t ion  of e p i t h e l i a l  neop la s i a .  F i n a l l y  we w i l l  d i s c u s s  

r e l a t e d  i n v e s t i g a t i o n s  of o t h e r  i n v e s t i g a t o r s .  

11. An Experimental Model f o r  t h e  Study of I n c i p i e n t  Neoplasia 

The e s s e n t i a l  f e a t u r e s  of t h e  exper imenta l  model a r e  a s  fo l lows:  

( a )  Carcinogen exposure is  c a r r i e d  o u t  i n  vivo.  A p r e s e l e c t e d  a r e a  

of  r e s p i r a t o r y  t r a c t  t i s s u e ,  namely t r a c h e a ,  is  exposed t o  a known 

q u a n t i t y  of carcinogen f o r  a predetermined per iod  of time. (b) To 

e s t a b l i s h  e p i t h e l i a l  c u l t u r e s  i n  v i t r o  and t o  expand t h e  exposed c e l l  

popu la t ions ,  t h e  pre-exposed t i s s u e s  o r  c e l l s  a r e  placed i n  v i t r o  

under  cond i t i ons  f avo r ing  growth of  e p i t h e l i a 1 , c e l l s .  (c )  Abnormal 

growth behavior  i s  used as an  i n d i c a t o r  f o r  "carcinogen a l t e r e d "  

' ( i n i t i a t e d ? )  c e l l  popula t ions .  (d)  Phenotypic changes i n d i c a t i v e  of 

. n e o p l a s t i c  t ransformat ion  a r e  sought  du r ing  cont inued i n  v i t r o  main- 

tenance  of e p i t h e l i a l  c u l t u r e s .  



A. I n  v ivo  Exposure System -- 

1. Hetero topic .  t r a c h e a l  t r a n s p l a n t s  

It was p rev ious ly  shown by Crocker and Nielsen (9) t h a t  t r a c h e a s  

from s u c k l i n g  r a t s  can be  t r a n s p l a n t e d  s u c c e s s f u l l y  i n t o  i s o g e n i c  

r e c i p i e n t s  and t h a t  such t r a n s p l a n t s  s u r v i v e  i n d e f i n i t e l y .  A f t e r  

i n i t i a l  s t u d i e s  i n  a v a r i e t y  of animal s p e c i e s  (19 ) , .we  chose t h e  

Fisher-344 inbred  l i n e  of rats f o r  our  transp1antation.experiments. 

Donor and r e c i p i e n t  animals  a r e  8-12 weeks o ld .  Tracheas a r e  t r ans -  , . 
. . 

p lan ted  subcutaneously on t h e  backs of a p p r o p r i a t e l y  prepared rec ip-  

i e n t s  near  t h e  . scapula ,  one t r a c h e a  on each s i d e  (F-1). ' D u r i n g  t h e  F- 1 

f i r s t  few days t h e  t r a n s p l a n t s  l i v e  by d i f fus ion , and  many of t h e  

e p i t h e l i a l  c e l l s  d i e  and s lough o f f .  However between days 3 and 4, 

v a s c u l a r i z a t i o n  of t h e  g r a f t  occurs  followed by a  marked r e g e n e r a t i v e  

response  of t h e  remaining ep i the l ium.  By day 7  t h e  t r a c h e a l  g r a f t  

assumes a near-normal appearance and is  l i n e d  by t a l l  columnar muco- 

c i l i a r y  ep i the l ium.  By 2 weeks t h e  g r a f t e d  t r achea  i s  p r a c t i c a l l y  

i n d i s t i n g u i s h a b l e  from t h e  h o s t s  own t r achea  (16). 

2. Carcinogen exposure 

Routinely t r a c h e a l  t r a n s p l a n t s  a r e  exposed t o  carc inogens  4  

weeks a f t e r  g r a f t i n g  by i n s e r t i n g  carcinogen-containing p e l l e t s  i n t o  

t h e  t r a c h e a l  lumen. Tumor i n d u c t i o n  s t u d i e s  (17,26) showed t h e  tumor 
. . 

response t o  be carcinogen dose dependent (Table I ) . ' . ~ h e  m a j o r i t y  of T- I 

t h e  tumors a r e  squamous c e l l  carcinomas; The appearance of ca rc in -  

omas i s  preceded by v a r i o u s  e p i t h e l i a l  abnorma l i t i e s  and f o c a l  l e s i o n s ,  



metap la s i a s  w i t h  and wi thout  c e l l u l a r  a t y p i a s  of vary ing  degrees (Fig. 2) F- 2 

s i m i l a r  t o  t h o s e  descr ibed  i n  humans.' I n ' t h e  ---- i n  vivo-in v i t r o  s t u d i e s  

t o  be descr ibed  below, t r a c h e a ~  exposed i n  t h i s  manner t o  d i f f e r e n t  

doses of DMBA were used a s  source  of " i n i t i a t e d "  t i s s u e s  o r  c e l l s .  

B. -- I n  v i t r o  Systems f o r  Analysis  of C e l l u l a r  Changes 

Two d i f f e r e n t  approaches a r e  be ing  used t o  s tudy  t h e  i n i t i a t e d  

c e l l s  i n  v i t r o .  The f i r s t  one is a n  explant-outgrowth system (23-25) 

i n  which e p i t h e l i a l  c e l l  c u l t u r e s  a r e  e s t a b l i s h e d  from outgrowths 

which develop when p i e c e s  of t r a c h e a  a r e  p laced  on t h e  bottom of 

t i s s u e  c u l t u r e  d i s h e s  (Fig. 3 ) .  Mul t ip l e  outgrowths can be  obta ined  

from t h e  same exp lan t  by repea ted  p l a n t i n g  (Fig. 4) I n  t h i s  way c e l l s  

a r e  allowed t o  e s t a b l i s h  themselves i n  c u l t u r e  over  a per iod  of days 

o r  a few weeks wi th  a minimum amount of d i s r u p t i o n  and trauma. I n  t h e  

second approach (37) ,  t h e  e n t i r e  ep i the l ium i s  removed from pre- 

exposed t r a c h e a s  by a combination of mechanical  and enzymatic procedures  

and d i spe r sed  c e l l s  are seeded i n t o  c u l t u r e  d i shes .  I n  t h i s  c a s e  t h e  

i n  v i t r o  s tudy  s t a r t s  w i t h  a known number of c e l l s ,  which are a l l  a t  -- 

t h e  same t ime submi t ted  t o  a cons ide rab le  trauma and s t r e s s .  

111. ---- I n  vivo-In v i t r o  S tud ie s  w i t h  t h e  Explant-Outgrowth System 

S tud ie s  were designed t o  determine whether  t r a c h e a l  ep i the l ium 

exposed i n  v ivo  f o r  a r e l a t i v e l y  s h o r t  pe r iod  of t ime would a c q u i r e  . , 

i n  v i t r o  growth c h a r a c t e r i s t i c s  d i f f e r e n t  from t h a t  of  normal t r a c h e a l  -- 

ep i the l ium (22,24).  Tracheal  g r a f t s  were removed. from t h e i r  h o s t s  



I of t h e  carc inogen  w a s  d e l i v e r e d  from p e l l e t s  con ta in ing  165 pg and 

1 1000 pg of  DMBA r e s p e c t i v e l y .  Cont ro l  g r a f t s  were e i t h e r  no t  exposed, 

~ rece ived  empty p e l l e t s ,  o r  p e l l e t s  c o n t a i n i n g  0.5% c ro ton  o i l .  Histo-  

, l o g i c a l  examinat ion of s e c t i o n s  prepared  from randomly s e l e c t e d  

t r a c h e a l  g r a f t s  showed t h a t  t h e  e n t i r e  mucosal s u r f a c e  of  t r a c h e a s  

exposed t o  t h e  two DmA doses had been converted t o  a t h i c k  squamous 

ep i the l ium.  The v a r i o u s  c o n t r o l  t r a c h e a s  showed most ly h y p e r p l a s t i c  

( c r o t o n . o i 1 )  o r  normal mucoci l ia ry  ep i the l ium (Fig. 5 ) .  Mul t ip l e  

outgrowths were e s t a b l i s h e d  from e x p l a n t s  ob ta ined  from t h e s e  t r a c h e a s  

by r epea t ed  -- i n  v i t r o  p l an t ing .  

The most s t r i k i n g  obse rva t ion  made du r ing  t h i s  p a r t  of t h e  exper i -  

ment is  t h a t  many outgrowths e s t a b l i s h e d  from carcinogen-exposed 

t r a c h e a l  p i e c e s  surv ived  a s  primary c u l t u r e s  a f t e r  removal of t h e  

exp lan t s ,  w h i l e  outgrowths from c o n t r o l  e x p l a n t s  d i d  not s u r v i v e  beyond 

3 weeks i n  Waymouthvs medium con ta in ing  f e t a l  bovine serum w i t h  o r  

wi thout  i n s u l i n  and hydrocor t i sone .  Only when t h e  medium was en r i ched  

wi th  a d d i t i o n a l  amino a c i d s ,  f a t t y  a c i d s ,  pu t r e sc ine ,  and sodium 

pyruvate  could  primary c u l t u r e s  from c o n t r o l  t r a c h e a s . b e  maintained 

(Table I I ) .  

The n e x t  s t e p  i n  t h e  experiment was t o  determine whether t h e  

p r imar i e s  e s t a b l i s h e d  from t h e  v a r i o u s  t r a c h e a l  e x p l a n t s . c o u l d  be  sub- 

c u l t u r e d .  A s  can be seen  i n  Table 11, c e l l  l i n e s  were e s t a b l i s h e d  from 

t h e  low a s  w e l l  a s  t h e  h igh  carc inogen  dose groups. .In marked c o n t r a s t ,  



no c e l l  l i n e s  could  be  e s t a b l i s h e d  from t h e  c o n t r o l  p r imar i e s  even wi th  - 

use  o f  t h e  enr iched  medium. Typica l  examples of t h e  morphology of  some 

I of t h e  primary c e l l  c u l t u r e s  a s  w e l l  a s  t h e  subcu l tu red  c e l l  l i n e s  are 

1 shown i n  F igure  6a & b. A l l  t h e  p r imar i e s  as w e l l  as t h e  c e l l  l i n e s  

were e p i t h e l i a l  i n  c h a r a c t e r .  Many of t h e  c e l l  l f n e s  s t a i n e d  p o s i t i v e  

f o r  k e r a t i n  w i t h  t h e  Papanicolaou procedure. '  Others  c l e a r l y  showed 

t h e  presence  of ke ra tohya l in  g ranu le s  i n  the'  t op  laykrs of t h e  s loughing  
. , 

c e l l s .  The e p i t h e l i a l  n a t u r e  of t h e  c e l l  l i n e s  was, f u r t h e r  a s c e r t a i n e d  

by e l e c t r o n  microscopic demonstrat ion of desmosomes and tonof i laments  

(Fig. 6c ) .  

We then  determined whether t h e ' c e l l s  t h a t  have acqu i r ed  t h e  

capac ' i ty  t o  grow i n d e f i n i t e l y  i n  v i t r o  are n e o p l a s t i c ,  o r  w i l l  become 

s o  a f t e r  propagat ion  i n  v i t r o .  The c e l l  l i n e s  ob ta ined  from t h e  low 

and h i g h  carc inogenic  doses  were propagated cont inuous ly  i n  v i t r o  

and were t e s t e d  p e r i o d i c a l l y  f o r  two c h a r a c t e r i s t i c s - - l o s s  of anchorage 

dependency of growth and i n  v ivo  tumor igenic i ty .  The r e s u l t s  of  t h i s  

las t  phase of t h e  s tudy  a r e  summarized i n  F igure  7. 

The e p i t h e l i a l  c e l l  l i n e s  de r ived  from t r a c h e a s  exposed t o  t h e  

low carc inogen  dose were nega t ive  f o r  growth i n  s o f t  a g a r  and f o r  - 

i n  v i v o  tumor igenic i ty  when f i r s t  t e s t e d  a f t e r  about  150 days in. cu l -  : -- 

t u r e .  Two tes.tedr p o s i t i v e  f o r  growth i n  s o f t  a g a r  a f t e r  350 days ,  -bu t  

s o  f a r  a r e  nega t ive  i n  t h e  tumor igen ic i ty  test. 

Some of t h e  c e l l  l i n e s  der ived  from t r a c h e a s  exposed t o  t h e  h i g h  

DMBA dose were a l r e a d y  p o s i t i v e  i n  s o f t  a g a r  when f i r s t  t e s t e d  between 



100 and 150 days in culture. 'The others tested positive between 

200-400 days in culture. Once the cell lines had become positive, the 

efficiency for colony formation in agar increased with subsequent 

passages (see 22). Six out of 8 cell lines have become tumorigenic 

between 175-425 days in culture. The tumorigenicity tests were 

carried out in immunosuppressed, isogeneic recipients. Two of the 

cell lines produced tumors that regressed when first tested (1000 CD, 

1000 MG). Invasive carcinomas developed upon inoculation of later 

passages. All tumorigenic lines have produced invasive keratinizing 

squamous cell carcinomas at one time or other (Fig. 8). 

The following conclusions can be drawn from the experiments 

described above. (1) Carcinogen-exposed tracheal epithelium 

acquired a markedly enhanced in vitro growth capacity as early as 

2 weeks after start of exposure, i.e. many months before tumors develop 

in the original hosts. This alteration manifested itself in two,ways: 

primary epithelial cultures from carcinogen-exposed tracheas had much 

simpler nutritional requirements than cultures from control tracheas; 

and permanent cell lines could be established only from cultures 

derived from carcinogen-exposed tracheas. (2) Progression of neo- 

plastic development occurs in vitro. This was evident from three 

types of observations: cell lines that were negative in the test for - 
anchorage independent growth at early passages became positive at 

later passages; cell lines first negative in the tumorigenicity test 

became positive later on; two of the cell lines first producing 

regressing tumors produced invasive carcinomas when inoculated at 

later passage. 



It is  c l e a r  from t h i s  s tudy, tha t ,  among the  c e l l s  harvested from 

t racheas  a t  the  termination of a  2-week exposure t o  the  high carcinogen 

dose, were the  progeni tors  of l a t e r  appearing neop las t i c  c e l l s .  It . 

1 remains t o  be seen whether the  c e l l s  t h a t  have acquired t h e  capaci ty  

t o  su rv ive  i n  c e l l  c u l t u r e  a f t e r  exposure t o  the  low dose of DMBA w i l l  

, a l s o  eventual ly  e x h i b i t  tumorigenici ty.  

I V .  ---- In  vivo-In v i t r o  Studies  wi th  Dispersed E p i t h e l i a l  C e l l s  

I n  the  experiments repor ted  s o  f a r ,  carcinogen-exposed t r a c h e a l  

mucosa was sampled and s tud ied  i n  v i t r o  a t  the  end of a  s h o r t  carcino- 

gen exposure period.  We decided t h a t  i t  would be  important t o  know 

whether c e l l s  sampled a t  d i f f e r e n t  times during the  "post i n i t i a t i o n  

phase," i . e . ,  a t  d i f f e r e n t  times a f t e r  termination of t h e  i n  vivo 

carcinogen exposure, would s i m i l a r l y  show an increased i n  v i t r o  growth 

capaci ty .  Would t h e  r e l a t i v e  frequency wi th  which such c e l l s  occur 
. . 

i nc rease  o r  decrease a s  a  func t ion  of time? Would the .growth r a t e  of 

c e l l s  obtained e a r l y  a f t e r  i n i t i a t i o n  d i f f e r  from t h a t  of c e l l s  . 

obtained l a t e  a f t e r  i n i t i a t i o n ?  Would c e l l s  sampled late i n  t h e  post- 

i n i t i a t i o n  phase show s i g n s  of n e o p l a s t i c  t ransformation e a r l i e r  o r .  

a t  higher frequency than c e l l s  sampled e a r l y ?  Would we be  a b l e  t o  

i d e n t i f y  any "markers" i n d i c a t i v e  of the  r e l a t i v e  p o s i t i o n  i n  t h e  

neop las t i c  evolut ion  i n  which c e l l  populat ions obtained a t  va r ious  

times a f t e r  i n i t i a t i o n ,  have a r r i v e d ?  



The s t u d i e s  i n i t i a t e d  t o  approach t h e s e  ques t ions  a r e  c u r r e n t l y  i n  

p rog res s  (37) and a r e  t h e r e f o r e  s t i l l  incomplete.  They have n e v e r t h e l e s s ,  

even a t  t h i s  e a r l y  d a t e ,  y i e l d e d  important  in format ion .  

The carcinogen exposure w a s  c a r r i e d  o u t  as d e t a i l e d  above. Tracheal  

t r a n s p l a n t s  were exposed f o r  4 weeks ( i n s t e a d  of  2 weeks as i n  t h e  previous  

s t u d y )  t o  beeswax p e l l e t s  con ta in ing  165 ug of DMBA. A t  t h i s  t ime t h e  

p e l l e t s  were removed. The DMBA dose d e l i v e r e d  was 160 pg. C e l l s  were 

removed from t r a c h e a l  t r a n s p l a n t s  by t r y p s i n i z a t i o n  a t  0 t ime ( i . e . ,  time 

of  p e l l e t  removal),  8 weeks, 16 weeks, and 32 weeks post-exposure and were 

seeded i n  v i t r o .  -- 

T o t a l  c e l l  y i e l d s ,  pe rcen t  v i a b i l i t y  (dye e x c l u s i o n ) ,  and g e n e r a l  

cytology of t h e  c e l l  suspens ion  were noted. The c e l l s  ob ta ined  from each 

t i s s u e  were p l a t e d  s e p a r a t e l y  a t  comparable v i a b l e  c e l l  d e n s i t i e s .  Forty- 

e i g h t  hours  a ' f t e r  seeding ,  each d i s h  w a s  scored  t o  determine t h e  t o t a l  

number of a t t ached  e p i t h e l i a l  c e l l s  ( seeding  e f f i c i e n c y ) .  Two weeks a f t e r  

seeding ,  t h e  d i s h e s  were scored  f o r  p r o l i f e r a t i n g  e p i t h e l i a l  f o c i  and the.  
. . 

s i z e  of each focus  was recorded.  A l l  d i s h e s  were monitored as necessary  ' 

f o r  changes i n  s i z e  of each focus  o r  d i s i n t e g r a t i o n  of f o c i  p rev ious ly  

de t ec t ed .  Foci  a t t a i n i n g  a s i z e  of 1 cm i n  diameter  were i s o l a t e d  and 

subcultured. A f t e r  two t o  t h r e e  succes s ive  passages,  such  cell  popula t ions  

were f rozen  down f o r  f u t u r e  s t u d i e s .  

The r a t i o n a l e  f o r  p a r t i c u l a r  d e t a i l s  o f  t h e  above desc r ibed  p ro toco l  

a r e  a s  fo l lows .  (1)  Parameters  such a s  t o t a l  c e l l  y i e l d s , . v i a b i l i t y ,  

s eed ing  e f f i c i e n c y ,  and c e l l  morphology a l low us  t o  make some judgement 



concerning s t a t e  of t h e  t i s s u e  under s tudy ,  e .g .  whether t h e  t i s s u e  is  a t r o p h i c ,  

h y p e r p l a s t i c ,  o r  m e t a p l a s t i c .  (2) The presence of p r o l i f e r a t i n g  f o c i  at  2 

weeks o r  more a f t e r  p l a t i n g  i s  an  e a r l y  i n d i c a t i o n  t h a t  c e l l s  w i t h  a n  

"a l t e r ed"  -- i n  v i t r o  behavior  a r e  p re sen t  (normal c e l l s  do no t  s u r v i v e  f o r  

more than  a  few days) .  (3)  Changes i n  t h e  s i z e  of  i n d i v i d u a l  f o c i  w i t h  

t ime y i e l d  some measure of t h e  r e l a t i v e  i n  v i t r o  growth r a t e  of t h e  c e l l s  . 

c o n s t i t u t i n g  a p a r t i c u l a r  focus.  (4) The c a p a c i t y  of a focus-derived 

popu la t ion  t o  p r o l i f e r a t e  through t h e  t h i r d  passage completes t h e  i n i t i a l  

phase of t e s t i n g  f o r  a l t e r e d  growth p o t e n t i a l  i n  v i t r o .  ( 5 )  Frozen, focus- 

de r ived  c e l l  popula t ions  w i l l  be  used i n  f u t u r e  i n  vivo and i n  v i t r o  s t u d i e s  -- 

t o  d e t e c t  markers of n e o p l a s t i c  t ransformat ion  i n  popula t ions  ob ta ined  

e i t h e r  a t  a  f i x e d  t ime i n t e r v a l  a f t e r  exposure t o  d i f f e r e n t  carc inogen  

doses o r  a t  v a r i o u s  t ime i n t e r v a l s  a f t e r  exposure t o  t h e  same carc inogen  

dose. 

Table 3 summarizes p re l imina ry  d a t a  ob ta ined  a t . v a r i o u s  t i m e s  a f t e r  . T- 3 

a 4-week exposure of t r a c h e a l  t r a n s p l a n t s  t o  a  dose of 160 pg of DMBA. 

.Seve ra l  p o i n t s  a r e  of i n t e r e s t .  Except f o r  t h e  group t e s t e d  a t  8 weeks 

post-exposure ( t h i s  group is  p r e s e n t l y  be ing  r e t e s t e d ) ,  t h e  f r a c t i o n  of 

t r a c h e a s  w i t h  p r o l i f e r a t i n g  f o c i  ( 1  month a f t e r  p l a t i n g )  i s  remarkably ' 

cons t an t  from 0 t ime t o  32 weeks post-exposure. Second, t h e  f r a c t i o n  of . . 
I 

. . . . 

t r a c h e a s  w i t h  p r o l i f e r a t i n g  f o c i  which y i e l d  2nd and 3rd passage  c e l l  . 
s t r a i n s  a l s o  remains r e l a t i v e l y  cons t an t  (60-75%). Thi rd ,  t h e  minimal 

t ime necessary  f o r  f o c i  t o  a t t a i n  a  s i z e  of 1 cm diameter  i s  very  s i m i l a r ,  

(22-25 days)  a t  a l l  t ime i n t e r v a l s  t e s t e d .  Likewise, t h e  d i s t r i b u t i o n  of 



growth r a t e s  of t h e  most r a p i d l y  p r o l i f e r a t i n g  f o c i  i n  p o s i t i v e  t r a c h e a s  

remains q u i t e  s i m i l a r  from 0 t o  32 weeks a f t e r  exposure (Fig. 9 ) .  The 

l a t t e r  3 obse rva t ions  sugges t  t h a t  n e i t h e r  s u b c u l t u r a b i l i t y  nor  i n  v i t r o  

growth r a t e  r e f l e c t  t h e  r e l a t i v e  degree t o  which t h e  carcinogen-induced 

a l t e r a t i o n  approaches t h e  n e o p l a s t i c  s t a t e  ( o r  t h e  r e l a t i v e  p o s i t i o n  i n  t h e  

l a t e n c y  pe r iod ) .  Because t h e  f i r s t  tumors can be d e t e c t e d  h i s t o l o g i c a l l y  

i n  vivo a t  32 weeks (unpublished obse rva t ion ) ,  one would expec t  s y s t e m a t i c  -- 
changes i n  t h e s e  parameters  from 0 t o  32 weeks i f  t hey  r e f l e c t e d  more than  

t h e  presence of t h e  i n i t i a l  carcinogen-induced a l t e r a t i o n .  Four th ,  (Table 3) 

t h e  average number of p r o l i f e r a t i n g f o c i ' . p e r  pos5 t ive  t r a c h e a  ( t r a c h e a s  w i t h  

1 o r  more p r o l i f e r a t i n g  f o c i )  remains e s s e n t i a l l y  c o n s t a n t  u n t i l  1 6  weeks 

a f t e r  exposure bu t  i s  markedly inc reased  a t  32 weeks post-exposure. We 

b e l i e v e  t h a t  t h i s  sugges t s  t h e  p r o l i f e r a t i v e  expansion o f  a l r e a d y  e x i s t i n g  

l e s i o n s : . i n  t h e  t r a c h e a s  r a t h e r  than  development of  new ones s ince.  n e i t h e r  

t h e  number of t r a c h e a s  wi th  f o c i  change wi th  t ime (except  f o r  t h e  p o s s i b l e  

r educ t ion  a t  8 weeks) nor  t h e  p ropor t ion  of f o c i  which can  be  subcul tured .  

I n  o rde r  t o  demonstrate  t h e  a p p l i c a b i l i t y  o f  t h i s  approach t o  o t h e r  

organ systems and t o  carcinogens adminis te red  s y s t e m i c a l l y ,  rats were g iven  

t o t a l  doses of 225 and 450 mg/kg of body weight  of n-nitroso-heptamethylen- 

eimine (NHMI) i n t r a g a s t r i c a l l y  over pe r iods  of 1 5  and 30 weeks r e s p e c t i v e l y .  

C e l l s  were then  removed by t r y p s i n i z a t i o n  from t h e  lungs ,  t r a c h e a s ,  and . 
I 

esophagi  a t  3 weeks and 20 weeks a f t e r  t h e  l a s t  exposure, t h e  e x a c t  pro- 

cedure vary ing  wi th  t h e  p a r t i c u l a r  t i s s u e  involved.  The r e s u l t s  from t h i s  

p i l o t  s tudy  a r e  summarized i n  Table 4 .  Following sys t emic  n i t ro samine  

admin i s t r a t i on ,  c e l l s  w i t h  an  a l t e r e d  growth c a p a c i t y  can  be  d e t e c t e d  i n  



t h e  lung, t rachea,  and esophagus wi th  the  i n  v i t r o  assay. A l l  t h r e e  organs -- 

a r e  known t o  be t a r g e t s  f o r  the  carcinogenic a c t i o n  of NHMI ( 3 6 ) .  The 

number of animals wi th  "a l tered"  c e l l  populat ions i n  t h e s e  t a r g e t  organs 

inc reases  a s  a funct ion  of time a f t e r  exposure. This is  i n  c o n t r a s t  t o  

t h e  observations made fol lowing t o p i c a l  admin i s t r a t ion  of DMBA t o  t h e  

t rachea .  The reason f o r  t h i s  apparent  d i f f e rence  i s  p resen t ly  n o t  c l ea r .  

With l a r g e r  sample s i z e s  and a d d i t i o n a l  dose groups now under s tudy,  w e  

hope t o  e l u c i d a t e  t h i s  discrepancy. 

These experiments;though incomplete, support  i n  genera l  t h e  f indings  

of the  ---- i n  vivo-in v i t r o  s t u d i e s  using t h e  explant-outgrowth system s ince  

they a l s o  show the  appearance of c e l l s  endowed with an increased i n  v i t r o  -- 

growth capaci ty  i n  carcinogen exposed organs during t h e  tumor l a t ency  

perdod. Noteworthy i s  t h e  f ind ing  i n  the  study wi th  DMBA t h a t  t h e  number 

. of t racheas  y ie ld ing  -- i n  v i t r o  f o c i  and c e l l  l i n e s  remains r e l a t i v e l y  

cons tant  throughout t h e  32 weeks s tud ied ,  bu t  t h a t  t h e  number of f o c i  t h a t  

can be obtained from these  t racheas  dramat ica l ly  inc reases  a t  t h i s  l a s t  t i m e  

poin t .  This sugges ts  t h a t  t h e  s i z e  of t h e  carcinogen-al tered ce l l  popu- 

l a t i o n s  wi th in  these  t racheas  may remain constant  f o r  many weeks u n t i l ,  

. at 32  weeks, they have s t a r t e d  t o  expand. F i n a l  conclusions can be  drawn 

only when we have obtained information on the  n e o p l a s t i c  p o t e n t i a l  of the  

c e l l  l i n e s  derived from t h e  f o c i .  Also c r u c i a l  f o r  i n t e r p r e t a t i o n  of t h e  

da ta  a r e  t h e  r e s u l t s  from t h e  ongoing i n  vivo s t u d i e s  concerned w i t h  the  

development and f a t e  of carcinogen-induced e p i t h e l i a l  l e s i o n s .  



V. Discussion: Altered -- i n  vivo Growth Capacity, 

A Common Feature of Carcinogen-Exposed Cel ls  

The main purpose of t h e  experiments described above is  t o  develop 

means f o r  t h e  i n v e s t i g a t i o n  of t h e  "neoplas t ic  process" a s  i t  occurs i n  

f u l l y  matured and organized e p i t h e l i a l  organs o r  t i s s u e s .  We t h e r e f o r e  

exposed r e s p i r a t o r y  t r a c t  mucosa t o  carcinogens i n  vivo and s tud ied  

subsequently t h e  a l t e r e d  growth behavior of e p i t h e l i a l  c e l l  populat ions 

obtained from the  pre-exposed mucosa a t  d i f f e r e n t  times during t h e  "latency" 

period. This -- i n  v i t r o  assay,  while in t roducing a  c e r t a i n  a r t i f i c i a l i t y  

i n t o  t h e  s t u d i e s ,  provides t h e  opportunity t o  expand t h e  c e l l  populat ions 

we hope t o  i n v e s t i g a t e ,  t o  observe themwhi le  a l i v e ,  and t o  s tudy them 

q u a n t i t a t i v e l y  under con t ro l l ed  and manipulable condit ions.  The term 

I 1  x ~ e u y l a s t i c  process" a s  used i n  t h i s  context  i s  meant t o  encompass a l l  

events  occurr ing  subsequent t o  i n i t i a t i o n .  Thus i t  dea l s  a l s o  wi th  those c e l l  

and t i s s u e  a l t e r a t i o n s  t h a t  a r e  not  included i n  the. term neop las ia  b u t ,  

i f  recognized a t  a l l ,  a r e  usual ly  ca tegor ized  a s  preneoplas t ic .  

In  v i t r o  s t u d i e s  wi th  p reneop las t i c  and e a r l y  neop las t i c  l e s i o n s ,  i-e. -- 

t i s s u e s  i n i t i a t e d  i n  vivo,  a r e  no t  new. The f i r s t  i n v e s t i g a t i o n s  seem t o  

have been c a r r i e d  out  wi th  human t i s s u e s .  Wilbanks reviewed i n  1969 (38) 

and i n  1975 (39) t i s s u e  c u l t u r e  s t u d i e s  concerned wi th  var ious  preneo- 

p l a s t i c  l e s i o n s  of t h e  u t e r i .  He and o the r s :have  found t h a t  epi- 

t h e l i a l  c e l l s  from such l e s i o n s  a r e  endowed wi th  an increased s u r v i v a l  

and growth capaci ty  a s  measured i n  v i t r o .  Ce l l s  from c e r v i c a l  i n t r a -  

e p i t h e l i a l  neoplas ia  could be subcultured 30-50 t imes,  un l ike  e p i t h e l i a l  

c e l l s  from normal cervix.  Other i n v e s t i g a t o r s  (8) have drawn a t t e n t i o n  



t o  a l t e r e d  -- i n  v i t r o  growth c h a r a c t e r i s t i c s  of mesenchymal c e l l s  under ly ing  

such c e r v i c a l  l e s i o n s .  

Shabad and h i s  c o l l a b o r a t o r s  r epo r t ed  i n  1966 and i n  a number of 

subsequent p u b l i c a t i o n s  ( f o r  r e f e rence ,  s e e  33) s i m i l a r  f i n d i n g s  i n  

i n i t i a t e d  an imal  t i s s u e s .  These i n v e s t i g a t o r s  desc r ibed  t h a t  e x p l a n t s  

from embryonic lung t i s s u e  of rats and mice, t r a n s p l a c e n t a l l y  exposed t o  

v a r i o u s  carc inogens ,  e x h i b i t  a marked enhancement of growth -- i n  v i t r o .  

They a l s o  r epo r t ed  development of  adenomas a f t e r  c u l t u r e  of such t i s s u e s  

f o r  4-14 days. Subsequently s e v e r a l  o t h e r  workers extended t h e s e  obser- 

v a t i o n s  made on t i s s u e s  t r a n s p l a c e n t a l l y  exposed t o  carcinogens.  DiPaolo 

(10) developed a host-mediated i n  vivo-in v i t r o  a s say  f o r  chemical carcino-  

genes i s  u s ing  t r a n s p l a c e n t a l  exposure of hamster  embryos t o  a v a r i e t y  of 

carcinogens.  Laerum and Rajewsky (21) and Roscoe and Claisse (28) found 

t h a t  g l i a l  c e l l s  from r a t  f e t u s e s  exposed t o  N-ethyl-N-nitrosourea had 

acqui red  inc reased  growth c a p a c i t i e s  a s  determined i n  v i t r o .  The former 

au tho r s  a l s o  showed t h a t  such c e l l s  acquixed through a s e r i e s  of  s t a g e s ,  

n e o p l a s t i c  c h a r a c t e r i s t i c s ,  i n  v i t r o .  S imi l a r  obse rva t ions  were r epo r t ed  

by Borland and Hard (5 ,6)  who showed t h a t  c e l l s  i s o l a t e d  from kidneys of 

r a t s  , i n j e c t e d  wi th  a s i n g l e  dose of d imethyln i t rosamine  (Dm) have acqu i r ed  

a n  inc reased  i n  v i t r o  s u r v i v a l  capac i ty .  While c o n t r o l  cells d i e  o f f  a f t e r  

a few passages ,  c e l l s  (probably f i b r o b l a s t s )  from carcinogen-exposed rats 

i s o l a t e d  from 20 hours  t o  seven days fo l lowing  DMN i n j e c t i o n  can b e  

cont inuous ly  c u l t u r e d .  Such c e l l s  e x h i b i t e d  v a r i o u s  phenotypic  cha rac t e r -  

i s t i c s  be l i eved  t o  be  a s s o c i a t e d  w i t h  n e o p l a s t i c  t ransformat ion .  Obser- 

v a t i o n s  made by Brand and h i s  c o l l a b o r a t o r s  (7)  i n  f o r e i g n  body tumorigenesis  



s t u d i e s  a l s o  i n d i c a t e  t h a t  during the  process of carcinogenesis  -- i n  vivo,  

c e l l s  appear which can be detec ted  i n  v i t r o  by v i r t u e  of t h e i r  growth 

advantage over normal c e l l s .  

A l l  of these  s t u d i e s ,  inc luding our own, demonstrate t h a t  carcinogen- 

exposed c e l l s  of var ious  o r i g i n s  have .one  f e a t u r e  i n  common, a markedly 

increased capaci ty  t o  su rv ive ,and  grow i n  v i t r o .  This profound change 

occurs very e a r l y ,  long before  n e o p l a s t i c  c e l l s  appear. It is tempting t o  

specu la te  t h a t  t h i s  a c q u i s i t i o n  of a l t e r e d  growth con t ro l  c o n s t i t u t e s  one 

of the  fundamental changes occurring during the  e a r l y  developmental phase 

of t h e  n e o p l a s t i c  process. Obviously a t  t h i s  s t age ,  during t h e  tumor 

l a t ency  per iod ,  con t ro l  of growth is  n o t  completely l o s t  s i n c e  t h e r e  i s  no 

i n d i c a t i o n  t h a t  t h e  c e l l s ,  when l e f t  i n  vivo o r  when r e i n j e c t e d  i n t o  com- 

p a t i b l e  hos t s ,  grow without l i m i t .  Thus i n  vivo,  regula tory  mechanisms, 

no t  e x i s t i n g  o r  funct ioning i n  v i t r o ,  keep the  carcinogen-al tered c e l l  

populat ion i n  check preventing t h e  express ion of t h i s  newly acquired 

growth p o t e n t i a l .  

We do n o t  mean t o  imply t h a t  a l l  c e l l s .  having acquired t h i s  increased 

growth capac i ty  w i l l  n e c e s s a r i l y  become malignant. Conceivably, however, 

such c e l l s  have an increased propensi ty  t o  become neop las t i c .  This  

increased growth capaci ty  may even be a p r e r e q u i s i t e  f o r  the  u l t ima te  

express ion o f '  t h e  neop las t i c  s t a t e .  It may be one of the  changes r equ i red ,  

b u t  by i t s e l f  not  s u f f i c i e n t , f o r  the  development of neoplasia.  I n  our 

i n i t i a l  s t u d i e s  (see  Fig. 8) s e v e r a l  e p i t h e l i a l  c e l l  l i n e s  der ived from 

t racheas  exposed t o  the  low carcinogen dose d id  =become n e o p l a s t i c  even 

a f t e r  -- i n  v i t r o  maintenance f o r  over 450 days. Recent experiments on the  



e f f e c t s  of t h e  promoting agent  t e t r adecanoy l  phorbol  a c e t a t e  (TPA) on 

t r a c h e a l  ep i the l ium i n  v i t r o  (34) have s h o ~ m  t h a t  TPA, which is n o t  ( o r  

on ly  weakly) carc inogenic ,  can a l s o  induce a n  inc reased  growth capac i ty .  

Whether t h e s e  c e l l  l i n e s  obta ined  from TPA-exposed e p i t h e l i a l  c e l i s  w i l l  

show s i g n s  of t r ans fo rma t ion  remains t o  be determined. This  w i l l  be 

impor tan t  f o r  t h e  i n t e r p r e t a t i o n  of t h e  d a t a  d i scussed  h e r e  and may'help 

t o  e l u c i d a t e  t h e  s i g n i f i c a n c e  of t h e  a l t e r a t i o n  of growth c o n t r o l  i n  t h e  

e a r l y  developmental phase of t h e  n e o p l a s t i c  process .  . . 
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Fig. 1. Diagrammatic representation of the in'vivo carcinogen exposure 

system using heterotopic tracheal transplants. 

Fig. 2. Me.taplastic lesions induced in heterotopic transplants by 

carcinogenic aromatic polycyclic hydrocarbons. 

a) nonkeratinizing metaplasia with little or no cellular atypia, 

orderly stratification. 

b) corni fylng meraplasia wlch disorderly arrangement ot closely packed 

small, undifferentiated cells. 
. . 

c) nonkeratinizing metaplasia with considerable cellular atypia and 

loss of polarity in some parts of the lesion. 

d) nonkeratinizing (left) and keratinizing (right) lesion with almost 

complete loss of differentiation and stratification in the left half of 

the lesion, cellular atypia and lymphocyte infiltration. 

Fig. 3. Tracheal explant with outgrowth , 

a) Explant above center of the outgrowth which is a mixedepithelial 

cell-fibroblast culture SEM. 

b) Cross-section through explant showing outgrowth cells which have 

migrated onto the culture dish. 

Fig. 4. Diagrammatic representation of the in vivo-in vitro system ' . 
. . 

for the establishment of epithelial cell cultures from tracheal trans- 

plants pre-exposed in vivo to carcinogens. 



Fig. 5. ~ ~ o r p h o l o g i c a l  appearance of exp lan t s  and e a r l y  outgrowth. 

a )  mucosa from c o n t r o l  t r achea  

b )  mucosa from D?IBA-exposed t r achea  showing ex tens ive  squamous 

me tap la s i a  

c )  e a r l y  outgrowth from DMBA-exposed exp lan t ,  exp lan t  margin v i s i b l e  

i n  l e f t  upper corner .  Marchok, -- e t . a l . : ;  1977 (24). 

Fig. 6. E p i t h e l i a l  c e l l  c u l t u r e s  de r ived  from DMBA-exposed e x p l a n t s .  

a )  primary c u l t u r e ,  60 days a f t e r  removal of exp lan t  

b )  c e l l  l i n e  der ived  from above primary c u l t u r e .  Note similar 

morphological  appearance and p i l i n g  up of c e l l s  i n  s e v e r a l  a r e a s .  

c )  e l e c t r o n  micrograph showing desmosomes and t o n o f i b r i l s  o f  c u l t u r e d  

c e l l s ,  i n d i c a t i v e  of t h e i r  e p i t h e l i a l  n a t u r e .  Marchok, e t  al. ,  1977 (24) .  

Fig. 7. Diagrammatic r e p r e s e n t a t i o n  of development of phenotypic  

changes i n  c e l l  l i n e s  de r ived  from carcinogen-exposed t r a c h e a l  ep i the l ium.  

Cross-hatched a r e a  i n d i c a t e s  when .ce l1  l i n e  t e s t e d  p o s i t i v e  f o r  growth i n  

0.3% aga r ;  b l ack  a r e a  i n d i c a t e s  when c e l l  l i n e  t e s t e d  p o s i t i v e f o r t u m o r i -  

6  
g e n i c i t y  ' (0.5-1.0 X 10  c e l l s  t a r n . )  and produced i n v a s i v e  squamous 

c e l l  carcinomas; grey area i n d i c a t e s  t h a t  c e l l  l i n e  " .; , produced benign 

tumors ( o r  k e r a t i n i c  c y s t s )  which r eg re s sed  a f t e r  s e v e r a l  weeks. . . ,  

%elil,.;line des igna t ion  on l e f t  ; c i r c l e d  numbers i n d i c a t e  number 

of passages a t  t h a t  time. Marchok, 1977 (22).  



Fig. 8. Tumors formed in immunosuppressed rats following i.m. 

inoculation of epithelial cell line (1000 MG, see Fig. 7). 
c. 

a) highly keratinizing cystic tumor which subsequently regressed 

induced by inoculation of cells from passage 13. 

b) invasive keratinizing squamous cell carcinoma following inoculation 

of cells from passage 26. 

Fig. 9. Growth index of epithelial foci derived from carcinogen- 

exposed tracheas. Horizontal axis: time required for the first focus of 

any trachea producing foci to reach a size of 1 cm in diameter; vertical. 

axis: the relative number of tracheas with (first)foci of a given growth 

rate. Numbers in right corner of each frame indicate duration of in vivo 

carcinogen exposure and postexposure time in vivo in weeks. Terzaghi, 



Twcnty-two months tu!norigenesis s tudy w i t h  low DMBA doses 

a To ta l  number o f  t racheas 
E f fec t  ve Time un t  i 1 carcinoma development (cnnths)- 

DMGA (ug) no. of - 
b 

w i t h  h i s t o l o g i c a l l y  
per  p e l l e t  t racheas ' 8 10 12 14 16 18 20 2  2- conf i rmed carcinomas 

8eeswax 
o n l y  

Unt rea ted 

A 

a - The t ime when p r o g r e s s i v e l y  e n l a r g i n g  tumors reached 1.0 cm i n  s i z e .  A 1  1 tLmors were 

conf i rmed h f s t o l o g i c a l l y ,  Two tracheas w e r e . g r a f t e d  per rat:, 

b  - A l l  t racheas remaining a f t e r  22 months were harvested and examined m i c r o s c o p i c a l l y  f o r  

evidence, o f  neoplas l a .  

5 Number of t racheas w i t h  tumors. The numbers i n  parentheses I n d i c a t e  number o f :  t rans 'p lants 

w i t h  sarcomas, 

d - One t r b c h c a l  carcinoma metastasized t o  the lung.  
*Griesecler;:'::et' .- - a!. , 1977 (17). 

. , 



Table I.I* 

Establishment of primary cel l  cultures and cell lines from successive plantings of tracheal explants exposed to DMBA 
\ , 

Group 1st Planting 2nd Planting 3rd Planting 4th Planting 5th Planting 6th Planting 7th Planting - 
kdium: E M/O S / T ~  E NO S/T E NO S/1 E NO S/T E NO S/'T E M/O S/T E NO S/T 

W-FBS 11 0/11 - 11 2/9 2/2 9 1/7 - 6 0/2  - 2 0/2 - 

I1 (640 pg DMBA) 

W-FBS 10 2/10 - 10 1/2 1/1 2 1/2 - 2 1/2 - 2 1/2 0/1 2 0/2 - 2 0/2 - 
Wihc-FBS 5 2/5 2/2 . 5  2/5 2/2 5 3/5 2/2 5 3/5 2/2 .2' 1/2 1/1 4 2/4 1/1 4 2/2 1/1 

25 2/2 . 2 /2  

Ill (0 DMBA) 

W-FBS 11 O/O - O/11 - 11 O/11 - 11 O/11 - '1156/9 0/6 1152/11 0/2 11: 4/11 0/2 

Wihc-FBS 11 O/11 - 11 0/11 - 11 0/11 - 11 O / l l  - 1 1 5 3 / 1 ~  .0/3 l o C - 6 / 9  0/3 8: 7/8 0/4 

ZMediuin i n  which cultures were lnltiated at the first planting. A l l  explants wsre moved into Wihc-FBS at the second planting. 

E, number of explants; M/O, number of primary cultures maintoined/number of outgrowths; S/T, numbei of primary cultures subcultured for at least five porsages/nurnbe~ 
of primary cultures tested. 

c - Explants moved into WRihc-FBS medium 

* 
Marchok, -- et al., 1977 (25). 



Table 111 

Focus formation and es tab l i shment  of c e l l  l i n e s  from t r a c h e a l  ep i the l ium obta ined  

a t  d i f f e r e n t  t imes a f t e r  4 weeks of exposure t o  DMBA. 

Percent  t r acheas  Percent  t racheas  Average number 
T o t a l  w i t h  p r o l i f e r a t i n g  y i e l d i n g  2nd and p r o l i f e r a t i n g  E a r l i e s t  time (days) 

Weeks a f t e r  number of f o c i  1 month a f t e r  3rd passage c e l l  f o c i  per  t o  1 cm diam. focus 
p e l l e t  removal t r acheas  p l a t i n g  i n  v i t ro=A s t r a i n s = B  B / A  X 100 t r zchea  a f t e r  p l a t i n g  i n  v i t r o  

8 18 

16  21 

3 2 2 0 

Control  15 

* 
Terzaghi ,  1977 (37) 



* 
Table I V  

Focus formation wi th  ep i the l ium from d i f f e r e n t  

organs obta ined  a f t e r  exposure t o  

T o t a l  Number of r a t s  w i t h  

dose . Weeks after p r o l i f e r a t i n g  f o c i  

mglkg last  exposure i n  d i f f e r e n t  organs  

t r a c h e a  

lung  

t r a c h e a  

lung  

t r achea  

lung  

t r achea  414 

l ung  4 1 4  

esophagus - 212 ., 

* 
Terzaghi ,  1977 (37) 
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