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D e l a y e d  H y p e r s e n s i t i v i t y  in  B A L B [ c  and  C h a r l e s - R i v e r  M i c e  I n j e c t e d  at  B i r t h  w i t h  a S i n g l e  D o s e  
of  7 , 1 2 - D i m e t h y l b e n z  ( a )  A n t h r a c e n e  ( D M B A )  

R e d u c t i o n  of h u m o r a l  a n t i b o d y  r e s p o n s e  a n d  cell- 
m e d i a t e d  i m m u n i t y  h a v e  been  o b s e r v e d  in a n i m a l s  g iven  
chemica l  c a r c inogens  e i the r  a t  b i r t h  or  l a t e r  in life 1-6, a n d  
in mice  t r e a t e d  w i t h  severa l  oncogen ic  v i ru se s  7-1~. 

W e  h a v e  r e c e n t l y  r e p o r t e d  t h a t  Swiss  mice  in jec ted  a t  
b i r t h  w i t h  a s ingle  dose  of 7, 1 2 - d i m e t h y l b e n z  (~) a n t h r a -  
cene (DMBA)  s h o w  a n  i m p a i r e d  p r i m a r y  i m m u n e  re- 
s p o n s e  to  sheep  e r y t h r o c y t e s  13. T h e  p r e s e n t  s t u d y  w a s  de- 
s igned  to  s t u d y  f u r t h e r  t h e  r e l a t i o n s h i p  b e t w e e n  D M B A  
g iven  a t  b i r t h  a n d  i m m u n e  r e sponse ,  as  fa r  as cell- 
m e d i a t e d  i m m u n i t y  is concerned .  

N e w - b o r n  B A L B / c  a n d  C h a r l e s - R i v e r  mice  of o u r  
co lony  were  s.c. in jec ted  w i t h  a s ingle  dose  of 100 ~zg of 
D M B A  ( E a s t m a n  O rgan i c  Chemica ls )  in  0.05 ml  of 
pu r i f i ed  olive-oil.  U n t r e a t e d  l i t t e r s  we re  k e p t  as  cont ro ls .  
A t  21 d a y s  of age, t h e  a n i m a l s  were  s e p a r a t e d  a c c o r d i n g  
to  sex. 

G r o u p s  of 21- to  30, a n d  90- to  100-day  old DMI3A 
t r e a t e d  a n d  u n t r e a t e d  mice  were  p a i n t e d  twice,  7 d a y s  
a p a r t ,  Oil b o t h  s ides  of t h e  ears  w i t h  a 3% so l u t i on  in 
ol ive-oil  of t h e  sk in - sens i t i z ing  a g e n t  2 - p h e n y l - 4 - e t h o x y -  
m e t h y l e n e - 5 - o x a z o l o n e  (oxazolone)  or  w i t h  olive-oil.  24 
a n d  48 h a f t e r  t h e  second  p a i n t i n g  t h e  t h i c k n e s s  of  t he  ears  

w a s  m e a s u r e d  w i t h  a P a n t e r ' s  m i c r o m e t e r  a n d  t h e  r e su l t s  
were  e x p r e s s e d  in u n i t s  of 10 -~ cm.  

T a b l e  I s h o w s  t h a t  a f t e r  o x a z o l o n e  t h e r e  is n o t  s ignif i-  
c a n t  d i f fe rence  in ea r  t h i c k n e s s  b e t w e e n  D M B A  t r e a t e d  
a n d  u n t r e a t e d  21- to  30-day-o ld  mice.  Since t he se  r e su l t s  
m a y  be i n t e r p r e t e d  as  due  to  a c o n d i t i o n  of u n r e s p o n s i v e -  
ness  of t h e  y o u n g  mice  to  oxazo lone ,  t h e  ea r  t h i c k n e s s  of  
t h e  c o n t r o l  mice  p a i n t e d  w i t h  o x a z o l o n e  or  ol ive-oil  w a s  
c o m p a r e d .  A s ign i f i can t  ea r  swel l ing  w a s  o b s e r v e d  o n l y  in 
mice  sens i t i zed  w i t h  oxazo lone .  T h e r e f o r e  it  w a s  c o n c l u d e d  
t h a t  c o n t a c t  s e n s i t i v i t y  c a n  be  i n d u c e d  in y o u n g  mice  of  
o u r  s t r a ins .  

Tab l e  I I  p r e s e n t s  t h e  r e su l t s  o b t a i n e d  in 90- to  100-day-  
old mice  a n d  t h e  inc idence  of o b s e r v e d  t u r n o u t s .  I t  is 
clear  t h a t  t h e r e  is a s t a t i s t i c a l l y  s ign i f i can t  r e d u c t i o n  in 
ea r  swel l ing  a f t e r  o x a z o l o n e  in t h e  a n i m a l s  t r e a t e d  w i t h  
DMt3A, as  c o m p a r e d  w i t h  t h o s e  n o t  g iven  D M B A .  

T h e  e x p e r i m e n t s  r e p o r t e d  he re  i nd i ca t e  t h a t  D M B A  
g iven  a t  b i r t h  does  n o t  i nduce  a r e d u c t i o n  of c o n t a c t  sens i -  
t i v i t y  to  oxazo lone  in y o u n g  21- to  30-day-o ld  an ima l s .  
On  t h e  c o n t r a r y ,  i t  s e e m s  to  r educ e  t h i s  t y p e  of cell- 
m e d i a t e d  i m m u n e  r e s p o n s e  in a n i m a l s  sens i t i zed  90 to  100 
d a y s  a f t e r  b i r t h  a n d  D M B A  t r e a t m e n t .  

Table I. Average ear thickness in 21- to 30-day-old BALB/c and Charles-River mice treated at birth with DMBA 

Strain Treatment Ear thickness 

24 h Significance 48 h Significance 

BALB/e DMBA Oxaz. (8) 23.57 -4- 2.40 0.5 > P > 0.4 24.69 ~: 1.36 0.2 > P > 0.1 
- Oxaz. (9) 24.72 4- 3.16 26.16 4- 2.22 
DMBA Oil (5) 22.504-1.00 0 .2>  P > 0 . 1  24.304-0.75 0 .5> P > 0 . 4  
- Oil (4) 21.38 -4- 1.10 23.63 4- 1.60 

Charles- DMBA Oxaz. (11) 22.00 • 1.79 0.2 > P >  0.1 23.13 4- 1.39 0.05 > P >  0.02 
River - Oxaz. (10) 23.00 4- 1.02 24.50 =E 1.02 

DMBA Oil (5) 21.20 4- 3.05 0.4 > P > 0.3 22.00 ~ 2.42 0.5 > P > 0.4 
- Oil (5) 19.80 4- 1.03 21.00 4- 1.27 

The results are expressed in units of 10 3 cm as absolute values. 

Table II. Average ear thickness and tmnour incidence in 90- to 100-day-old BALB/c and Charles-River mice treated at birth with DMBA 

Strain Treatment Ear thickness 

24 h Significance 48 h Significance 

Total No. of 
tumour-bearing 
Mice with : 

Malig- Other 
nan t  turnouts  
lym- 
phoma 

BALB/c DMBA Oxaz. (10) 12.08 4- 7.44 0.02 > P > 0.01 11.98 -4- 6.26 0.05 > P > 0.02 3 i b 
- Oxaz. (10) 18.88 4- 2.81 17.20 -4- 3.78 - 
DMBA Oil (6) 0.54 -L 0.64 0.1 > P > 0.05 1.35 • 1.14 0.2 > P > 0.1 1 - 
- Oil (6) 1.97 -t- 1.52 2.75 4- 1.53 - - 

Charles- DMBA Oxaz. (20) 9.61 i 5.43 0.001 > P 12.07 -E 5.41 0.01 > P > 0.001 7 1 c 
River - Oxaz. (7) 20.50 -4- 5.02 18.73 4- 3.02 - 

DMBA Oil (8) 0.84 ~= 1 .52  0 .8> P > 0 . 7  1.43-t-1.40 P > 0 . 9  1 I a 
- Oil (4) 1.13 4- 2.36 1.45 4- 2.45 

The results are expressed in units of 10 -a em as increase in thickness, b Subcutaneous Rabdomyosarcoma. c Mucous adenocarcinoma of 
glandular stomach, a Lung adenoma. 
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I t  has  r ecen t ly  been  shown  t h a t  t h y m u s - d e p e n d e n t  
cells p l ay  a n  essent ia l  role in  t he  response  to oxazolone  15. 
W e  h a v e  p rev ious ly  ind ica t ed  14 t h a t  D M B A  given  a t  
b i r t h  ac ts  on  t h e  t h y m u s ,  a n d  cons equen t l y  m a i n l y  on  t he  
long- l ived t h y m u s - d e p e n d e n t  l y m p h o i d  cell p o p u l a t i o n  
ca r ry ing  immuno log i ca l  m e m o r y  16,~7, t h a t  in r oden t s  
h a v e  a p o t e n t i a l  life span  of some m o n t h s  is. Therefore,  if 
some t h y m u s  cells h a v e  escaped f rom t he  effect  of t he  
carcinogen,  we can  as sume  t h a t  a t  20 to 30 days  of age, a t  
leas t  p a r t  of t i le t h y m u s - d e p e n d e n t  cell p o p u l a t i o n  is 
p re sen t  a n d  D M B A  fails to  exe r t  a n  i n h i b i t o r y  effect  on 
ce l lmed ia ted  i m m u n i t y :  

B e t w e e n  90 to  100 days,  i.e. up  to a n  age co r re spond ing  
a p p r o x i m a t e l y  to  one - th i rd  of t h e  life s p a n  of a mouse,  t he  
long- l ived t h y m u s - d e p e n d e n t  l y m p h o c y t e s  could be  
a l m o s t  comple t e ly  e l imina t ed  b y  t he  effect  of D M B A  
g iven  a t  b i r th ,  and  b y  t h e  i n v o l u t i o n  of t he  cells de r ived  
f rom those  wh ich  escaped t h e  effect  of t he  carcinogen.  
The i r  dep le t ion  expla ins  t he  fa i lure  of t h e  a d u l t  mice  
g iven  D M B A  a t  b i r t h  to  show a n o r m a l  de layed  h y p e r -  
s ens i t i v i ty  response.  

W e  h a v e  p rev ious ly  shown  t h a t  D M B A  in jec ted  a t  
b i r t h  in  mice  g rea t ly  r e d u c e s  t h e  p r i m a r y  i m m u n e  re- 
sponse  pr ior  to  t he  appea rence  of t h e  t u m o u r s  13. The  
p r e s e n t  resul t s  i nd i ca t e  t h a t  such  t r e a t m e n t  also reduces  
ce l l -media ted  i m m u n i t y .  T he  r educ t i on  of b o t h  h u m o r a l  
a n d  ce l l -media ted  i m m u n e  responses  is t h u s  c o m p a t i b l e  
w i t h  t h e  sugges t ion  t h a t  t he re  is a r e l a t ionsh ip  be tween  
i m m u n o d e p r e s s i o n  and  t he  h igh  f r equency  of t u m o u r s  
t h a t  D M B A  t r e a t m e n t  induces  13,14,19. 

Riassunto. U n a  iniezione n e o n a t a l e  di 100 ~g di D M B A  
in t op i  B A L B / c  e Char l e s -Rive r  depr ime  la r i spos ta  im-  
m u n i t a r i a ,  a t ipo  ipersens ib i l i t s  r i t a r d a t a ,  in  an ima l i  di  
90-100 giorni  di eta,  m e n t r e  n o n  pa re  agire  come f a t t o r e  

d e p r i m e n t e  in top i  v a l u t a t i  20-30 giorni  dopo la na sc i t a  
ed il t r a t t a m e n t o  oncogeno.  
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Further Studies  on Bovine  Red Cells Hav ing  a Different Glycoprote in  Coat 

In  a p rev ious  s t u d y  I an t igen ic  p roper t i e s  of b o v i n e  
n e u r a m i n i c  acid (NA) con ta in ing  e r y t h r o c y t e  muco id  
p r e p a r a t i o n s  h a v e  been  repor ted ,  us ing  reagen t s  for t he  
b lood group  an t igens  in all b o v i n e  b lood group-sys tems ,  
whereas  i m m u n i z a t i o n  p rocedures  w i t h  t he  same glyco- 
p ro te ins  were less successful 2. A n e x t  s tep  was t he  
i nves t i ga t i on  of some he te roph i l i c  recep tors  of t he  NA-  
free muco id  a. F ina l ly ,  a cor re la t ion  was found  b e t w e e n  
t he  th i ckness  of t h e  ou te r  N A - c o n t a i n i n g  g lycopro te in  
layer  of t he  red  cells (rbc) a n d  d i f fe ren t  fo rms  of t h e i r  
agg lu t inab i l i t y  w i t h  special  r ega rd  to ' i n com pl e t e '  an t i -  
bodies  4. 

N A - c o n t a i n i n g  recep tors  - l ike MN in h u m a n  rbc  - 
h a v e  no t  been  de tec ted ,  excep t  m y x o v i r u s - r e c e p t o r s l .  A 
c o m p r e h e n s i v e  rev iew of d i f fe ren t  recep tors  (virus, bio-  
logical, serological  and  pharmacolog ica l ) ,  where  N A  is 
involved ,  has  been  g iven  elsewhere 5. R e c e n t l y  a con t r i bu -  
t i on  has  been  m a d e  6 invo lv ing  N A  c o n t a i n i n g  b lood 
group  receptors  in  t h e  b o v i n e  i soan t igen  sys tem.  I t  was  
obse rved  t h a t  N A  is i nvo lved  in t he  specif ic i ty  of t he  
F - a n t i g e n  in bov ine  rbc. T he  a s s u m p t i o n  is based  on  t he  
fol lowing e x p e r i m e n t a l  d a t a :  a) The  F - a n t i g e n  is inac-  
t i v a t e d  b y  n e u r a m i n i d a s e  a n d  b) in F / F  h o m o c y g o t e  
r b c - s t r o m a  ti le N A - c o n t e n t  is la rger  t h a n  in F / V  rbc  and  
in t h e  l a t t e r  la rger  t h a n  in V / V  rbc.  

I n  spi te  of these  conv inc ing  da ta ,  however ,  t he  fol- 
lowing should  be  t a k e n  in to  considerat ion: ,  1. Obv ious ly  
t h e  F - a n t i g e n  h a v i n g  N A  is no t  p a r t  of t he  ou te r  muco id  
layer  and  accord ing ly  deeper  in  t he  m e m b r a n e  because  
o therwise  a) F should  be  i~artly r e m o v e d  b y  p ro teo ly t i c  
enzymes  and  b) the  co r respond ing  a n t i b o d y  should  be  
a n  agg lu t i na t i ng  one because  of t he  superf ic ia l  ' ou ts ide '  
loca l iza t ion  of the  an t igen  c) t he  muco id  should  be  a 
b e t t e r  i nh ib i t o r  (it  i nh ib i t s  on ly  weakly) .  

2. Accord ing ly  t he  F - a n t i g e n  could be long  to t he  NA-  
c o n t a i n i n g  glycolipid f r ac t ion  of t h e  s t roma.  This  would 
imp ly  a) r e m o v a l  b y  glycolipid e x t r a c t i o n  ( m e t h a n o l /  
chloroform) b) c rossreac t ion  of t he  a n t i - F  w i t h  o t h e r  
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