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Mast  Cells ,  C o - C a r c i n o g e n e s i s  and A n t i - C a r c i n o g e n e s i s  in the  Skin  of Mice 

I t  is now widely accepted  t h a t  chemical  carcinogenesis  
in t he  skin of the  mouse  is a 2-stage process, in i t ia t ion 
followed by  p romot ion  (co-carcinogenesis)x,2. In i t i a t ion  
seems to  imply  some form of genetic  change:  i t  is more  
easi ly achieved in mi to t ica l ly  ac t ive  skin t h a n  in skin in 
which the  synthesis  of D N A  has been t empora r i ly  sup- 
pressed 3,4. The  al tered cell m a y  then  lie d o r m a n t  th rough-  
ou t  the  l ife-span of the  individual ,  unless forced to declare 
i tself  t h rough  the  pers is tent  ac t ion  of a p romoter .  The  
carc inogenic  hydrocarbons  are  ' comple te '  carcinogens,  
in i t ia tors  and promoters .  However ,  by  apply ing  the  hydro-  
ca rbon  once on ly  and  in low dosage, i ts  ac t ion  can  be 
l imi ted  to  t h a t  of an  ini t ia tor .  Hi ther to ,  the  mos t  p o t e n t  
p r o m o t e r  has  been c ro ton  oil 5, f rom which  HECKER 8 and  
his group h a v e  recent ly  isolated a h igh ly  ac t ive  pr inciple  
named ,  for convenience,  'Compound  A, ' .  Cer ta in  o ther  
substances  have  an opposi te  effect on carcinogenesis  : such 
ant i -carc inogens  are  mus t a rd  gas ~, b romo-benzene  8 and 
e thy l  pheny l  propio la te  ~,1° (Figure 1). Armed  wi th  pure  
ini t iators ,  pure  p romoters  and  the i r  respec t ive  an tago-  
nists, we are  now in a posi t ion to  devise  mode l  experi-  
men t s  on mouse  skin in the  hope of ident i fy ing  morpho-  
logical  changes which are  of s ignii icance ix. The  present  
repor t  is par t icu la r ly  concerned wi th  the  par t i c ipa t ion  of 
t he  t issue m a s t  cell in carcinogenesis  when  min imal  doses 
of t he  above  agents  are  employed.  

F r o m  the  ear ly  days  of t a r -pa in t ing  i t  has  been real ized 
t h a t  b o t h  epidermis  and  dermis  are  invo lved  in the  re- 
sponse of  mouse  skin  to  t h e  surface appl ica t ion  of a 
carc inogen 1~. E p i d e r m a l  hyperplas ia ,  w i th  damage  to  ha i r  
follicles and  sebaceous glands,  is accompanied  by  fading 
of  t h e  ba semen t  m e m b r a n e  and a teaz ing  ou t  and  loss of 
re f rac t i l i ty  of t he  subepidermal  collagen ~3. Concomi tan t ly  
there  g radua l ly  develops  a mast-cel l  reac t ion  wi th in  the  
dermis  of the  t r ea ted  area  x4,15. N o r m a l l y  the  m a s t  cells in 
mouse  skin are  disposed in 2 layers,  1 in t he  upper  dermis,  
and a deeper  layer  in re la t ion to the  muscu la r  'panniculus  
carnosus ' .  These  are  t he  typ ica l  m a s t  cells of Ehrl ich,  
filled wi th  basophilic,  m e t a c h r o m a t i c  granules.  The  car- 
cinogenic mast-cel l  reac t ion  begins even  more  super-  
ficially, w i t h  the  appearance  of small  poor ly  granula ted ,  
o r thochromat i c  cells i m m e d i a t e l y  under  the  hyperp las t ic  
epidermis.  These  cells increase in number ,  size and  
g ranu la r i ty  to  reach  a m a x i m u m  a t  t he  base of  a pap i l loma 
(Figure  2). W i t h  t he  f inal  t r ans fo rma t ion  to  cancer  t he  
mast-cel l  reac t ion  is over-run.  2 ques t ions  thus  arise. Is  a 
mast-cel l  react ion a s ignif icant  fea ture  of carcinogenesis  
in mouse  skin ? I f  so, w h a t  does i t  signify ? 

The mast-cell  reaction and  promotion.  Presen t  evidence 
suggests t h a t  the  mas t  cell is i nvo lved  in the  p romot ion  
phase  of carcinogenesis ix. Thus,  some years  ago, Professor  
KAI SETALX of Hels inki  p e r m i t t e d  me  to stain for mas t  
cells adequa t e ly  f ixed his tological  ma te r i a l  f rom mice 
which had  been pa in ted  repea ted ly  wi th  var ious  carcino- 
gens and co-carcinogens.  On the  basis of the  mast-cel l  
reac t ion  the  series could be a r ranged  in descending order  
of effect iveness:  hydrocarbons ,  c ro ton  oil, Tween-60,  
Tween-20,  oleic acid and  Span-60;  t h a t  is, according to  
the i r  p o t ency  as promoters .  The  mast -ce l l  reac t ion  was 
a lways  grea te r  in p r o m o t e d  skin which  had  first  been  
ini t ia ted.  A single smal l  in i t i a t ing  dose of hydrocarbon ,  
or  ure thane ,  a lone lef t  no  de tec tab le  histological  change 
in t he  skin. 

Now, th rough  the  kindness  of Professor  HECKER in 
supply ing  me wi th  a sample  of Compound  A 1 (the ac t ive  
principle  of c ro ton  oil), I h a v e  been  able to re -examine  
the  sequence of even ts  in mouse  skin dur ing  carcino- 

genesis. A m i n u t e  dose of 7, 12-d imethylbenz  (0¢) an thra -  
cene (0.005~o in acetone) was appl ied once, as an ini t ia tor ,  
by  means  of a single brush-s t roke  over  the  cent re  of the  
back.  The  controls  received ace tone  only. 1 week la ter  
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Fig. 1. A composite representation of mouse skin undergoing carcino- 
genesis (left to right). The black dots are the mast cells. Note the 
progressive development of a new mast-ceU reaction immediately 
below the hyperplastie epidermis, reaching a maximum under a 
papilloma. 
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Fig. 2. Mast  cells (dark  objects)  a t  the  base  of a papi l loma.  The i r  
i n t i m a t e  associa t ion  wi th  the  hyperp las t ic ,  pre-cancerous  ep i the l ium 
suggests a functional relationship. In the centre of the field is a 
r e m n a n t  of a ha i r  follicle. Toluid ine  blue.  × 215. 
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Hecker ' s  Compound  A 1 (1.5 mg/100 ml  acetone) was 
s imilar ly  appl ied to bo th  groups 3 t imes  a week for the  
nex t  20 weeks, by  which t ime  the  in i t i a t ed -p romoted  
group were developing mul t ip le  papi l lomas.  W i t h  the  
above  dosage, there  was no u lcera t ion  a t  any  t ime,  mere ly  
a s l ight  epi la t ion over  the  pa in ted  area. Mice were killed 
a t  in terva ls  of 3-4 weeks and the  ent i re  t r ea ted  area  was 
f ixed i m m e d i a t e l y  in Baker ' s  calc ium-formol ,  b locked in 
paraffin,  cu t  a t  8 Vt and s ta ined wi th  to lu id ine  blue a t  
p H  2.0 for mas t  cells. 

The  results fully suppor t  the  hypothesis ,  p rev ious ly  ex- 
pressed n,~5, t h a t  a mast-cel l  react ion in some way  reflects 
the  changes  occurr ing  in the  upper  dermis  dur ing the  
p romot ion  phase of carcinogenesis:  the  connec t ive  t issue 
core of the  first small  pap i l loma to appear  a t  12 weeks 
was filled wi th  mas t  cells. However ,  a fu r the r  cont ro l  was 
made  by  repea t ing  the  above  expe r imen t  af ter  adding  to  
the  Compound  A 1 0.0005% sod ium selenide, an ant i -  
o x id an t  which, as SHAMBERGER and RUDOLF 1~ find, nulli-  
fies comple te ly  the  p romot ing  effect of crude croton oil. 
No  mast-cel l  reac t ion  now occurred in e i ther  in i t ia ted  or 
non- in i t ia ted  skin and no t umour s  emerged. 

Mast cells and anti-carcinogens. For  a long t ime  i t  was 
bel ieved t h a t  ep idermal  cancer  can  be caused by  'chronic  
i r r i t a t ion '  alone. Now i t  seems more  p robab le  t h a t  pro-  
longed mechan ica l  i r r i ta t ion  is mere ly  a con t r i bu to ry  
factor  in carcinogenesis:  a co-carcinogen.  The  effects of 
chemical  i r r i tants  are more  complex.  Many  years  ago 
BERENBLUM, inves t iga t ing  var ious  forms of chronic  irri- 
t a t ion  on the  t a r red  skin of mice, found,  unexpec ted ly ,  
t h a t  cer ta in  chemical  ' i r r i t an t s '  are, in fact,  ant i -carc ino-  
gens. The  first  to be d iscovered was mus ta rd  gasL Sub- 
sequent ly ,  CRABTREE $ showed t h a t  m a n y  ha logena ted  
compounds  b e h a v e  in th is  way.  Recent ly ,  a ye t  more  
powerful  an t i -carc inogen has  been found in e thyl  pheny l  
propiola te  9,10. 

Since carcinogenic hydrocarbons  and promoters  s t imu-  
la te  an epidermal  hyperp las ia  in the  in tac t  skin, i t  m igh t  
h a v e  been  an t ic ipa ted  t h a t  the  ant i -carc inogens  would  
have  an  opposi te  effect,  inhibi t ing  the  g rowth  of t he  
et~idermis. This  is ce r ta in ly  no t  so. Ant i -carc inogens  pro-  
voke  an ep idermal  hyperp las ia  as do carcinogenic hydro-  
carbons  and the  non-carcinogenic  promoters .  I t  is when  
we examine  condi t ions  in the  under ly ing  dermis,  begin-  
ning a t  the  basemen t  membrane ,  t h a t  clear morphologica l  
differences are encountered  be tween  the  effects of pro-  

and ant i -carc inogenic  agents  on mouse  skin. Pro longed  
t r e a t m e n t  wi th  the  ant i -carcinogen,  e thy l  phenyl  propi-  
olate,  p rovokes  an epidermal  hyperplas ia ,  wi th  associated 
epi la t ion and des t ruc t ion  of sebaceous glands, as does a 
typ ica l  carcinogenic hydrocarbon .  B u t  ins tead ot sub- 
epi thel ial  f ibri l lary collagen and a progress ive  mast-cel l  
reaction,  there  develops  ins tead a d is t inc t  b roaden ing  and 
s tabi l iza t ion of t he  ba semen t  m e m b r a n e  zone. The  hyper -  
plast ic  epidermis  nov,- rests f i rmly  on a base of poor ly  
refract i le  connec t ive  t issue:  th is  is somet imes  so th ick  as 
to be visible on gross examina t ion  of the  t issue block. 
Such mast-cel l  react ion as develops lies deep to this. 

Thus,  by  refining the  expe r imen ta l  condit ions,  step by  
step, f rom pa in t ing  the  skin wi th  crude coal t a r  to  the  use 
of pure  ini t iators ,  p romote r s  and ant i -carcinogens,  a t  low 
dosage, we a r r ive  a t  a po in t  a t  which a t  least  1 morpho-  
logical fea ture  di f ferent ia tes  pre-cancerous  (or co-carcino- 
genic) skin f rom hyperp las t ic  normal  skin (or skin t rea ted  
wi th  an ant i-carcinogen).  This  is the  basemen t  m e m b r a n e  
zone, consist ing of the  basemen t  m e m b r a n e  itself and the  
ad jacen t  th in  band  of refract i le  collagenous dermis.  An  
index  of the  t rend  towards  cancer  is the  gradual  and pro-  
gressive d e v e l o p m e n t  of a mast-cel l  react ion wi th in  this  
zone. The  fact  of  such a react ion is now es tabl ished:  i ts  
significance remains  to  be de te rmined  17. 

Zusammen[assung. W e n n  auf  der  H a u t  der  Maus eine 
Karz inogenese  mi t  min imalen  Dosen eines re inen In i t ia -  
tors  und eines re inen P romote r s  (Co-karzinogen) induzier t  
wird, t r i t t  eine Mastze l l reakt ion  auf. Diese Reak t ion  er- 
re icht  ein M a x i m u m  un te r  den  Papi l lomen.  Sic kann  durch  
Appl ika t ion  eines Ant ikarz inogens  ve rh inde r t  werden.  
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Role of Symbiotes in Tanning of Termite Cuticle 

In  a recent  s tudy  on the  role of symbiotes  in termites ,  
Reticulitermes assamensis Gardner ,  i t  was found t h a t  the  
f lagellate symbio tes  in the  h ind-gu t  of workers,  as in 
Zootermposis angusticollis I, die shor t ly  before each ecdysis 
and  the  recent ly  moul ted  and de fauna ted  workers  regain  
thei r  infect ions by  the  sol ic i ta t ion of p roc todae l  ' food ' ,  
which conta ins  ac t ive  protozoa,  f rom thei r  non-moul t ing  
associates. But ,  when  the  freshly moul ted  defauna ted  
workers  were p reven ted  f rom reinfection,  t h e y  displayed 
abnormal  symptoms .  T h e y  became less ac t ive  and the i r  
abdomens  were  seen to  be smal ler  and s l ight ly f la t tened.  
The  length  of the  t i m e  requi red  for abnormal i t i es  to  
appea r  depends  on the  kind of food fed a f te r  ecdysis, t he  
more  decayed  the  wood, the  longer  i t  is before  any  
abnormal i t i es  appear .  In  2 or  3 days  a f te r  this f irst  
s y m p t o m  was not iced  the  abdomen  became  still  more  

f la t tened.  Dea th  occurred,  in some instances in less t h a n  
15 days,  and in a few cases af ter  20 days,  t he  longest  
being 30 days.  I t  was s t r iking to  not ice t h a t  the  de fauna ted  
workers  were l ighter  in colour  t h a n  the  re- infected ones 
which became  deep a m b e r  coloured 5 days  a f te r  ecdysis. 
Similar ly  when the  workers  were  ar t i f icial ly de fauna ted  
by  exposing to 45 lb of O 3 for 1.5 h, t h e y  moul ted ,  b u t  
t h e y  failed to become deep amber  coloured as the  normal  
ones. This  recalls the  repor t  of SCHNEIDER 2 in Sitophilus 
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