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Resumen. E1 grado mayor  de prol iferacidn de las R E  
c61ulas despu6s del t r a t a m i e n t o  de endo tox ina  no fu6 
afectado p o t  la can t idad  de fdsforo del r@gimen de al imen- 

tac idn pero 1.0% del f6sforo abat i6  el t h y m i d i n e  incor- 
porado den t ro  del D N A  de la m6dula 6rea. 
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Splenic Cellular Responses in vitro After Tumour- Immuniza t ion  

Some c o m m i t t e d  small  l y m p h o c y t e s  cont inue  the i r  
immunologica l  role, w i th  rap id  t r an s fo rma t ion  to  prolif-  

e r a t i n g  cells in the  even t  of re-exposure  to  t he  ini t ia l ly 
sensi t izing an t i gen<  L y m p h o c y t e s  m a y  be s t imula ted  
mi to t ica l ly  or t r ans fo rmed  by  p h y t o h e m a g g u t i n i n  (PHA) 2. 
Al though  the  full s ignificance of such s t imula t ion  is no t  
known,  the  r eac t iv i ty  of l ymphocy te s  to  P H A  has been 
used as one of t he  pa rame te r s  for eva lua t ing  the  i m m u n e  
s ta tus  of indiv iduals  car ry ing  or immunized  to tu rnouts  a- 5. 
We have  descr ibed an induc t ion  of ac t ive  an t i - t umour  
i m m u n i t y  to  a t r ansp l an t ab l e  m e t h y l c h o l a n t h r e n e  induced  
sa rcoma w i t h  Sendai  v i rus- fused cells in A / J a x  mice  ~. In  
the  s tudies  repor ted  here we examined  cellular response  
of spleen lympt locytes  f rom immunized  mice wi th  and 
w i thou t  add i t ion  of P H A  in cultures.  

Materials and methods. Spleens were~removed f rom mice 
and  phys ica l ly  dissociated to produce  a suspens ion  of 
single cells. Cells were grown in Eagle ' s  m i n i m u m  essential  
m e d i u m  wi th  5% hea t  inac t iva ted  normal  r abb i t  serum 
and  1% glutamine.  )kntibiotics were added  to  t he  medium.  
P H A - P  (Difco Laborator ies ,  Detroi t ,  Michigan) was added  
to  some cul tures a t  di lut ions of 1 : 25 and  1 : 250 f rom the  
stock. Tr ipl icate  cul tures  of 2•  cells (2 ml) were 
p repa red  for each group in glass tubes  w i th  loosely f i t ted  
caps. 3H- thymidine  was purchased  f rom the  New E n g l a n d  
Nuclear  Corporat ion,  Boston,  Mass., w i t h  a specif ic i ty  
of 6.7 C/nM in sterile deionized water .  The ceils were  
incuba ted  a t  37~ in a humif ied  a tmosphe re  of 5 % CO 2 
in air. 

The incorpora t ion  of t r i t i a t ed  t h y m i d i n e  by  the  ceils in 
cul ture  was e s t ima ted  according to  t he  m e t h o d  descr ibed 
by  DENT ~. The resul ts  were  ca lcula ted  as counts  per  min  
(cpm) per  culture.  

Results and discussion. Splenic cell p repa ra t ions  were 
s tudied  f rom 5 i m m u n e  mice and  5 normal  control  mice of 
comparab le  age. The i m m u n e  mice had  been  given 3 sep- 
ara te  fused-cell  immuniz ing  doses and  were res i s tan t  to  
a t  least  one t u m o u r  challenge 6. The resul ts  are given in 
the  Table.  There  was good ag reemen t  be tween  the  individ-  
ual r ad ioac t iv i ty  levels wi th in  t r ipl icates ,  of the  order  of 
5 -10%.  However ,  a wide range of var ia t ions  in the  radio- 
ac t iv i ty  was found in individuals  wi th in  each group, 
especially among  those  f rom i mmu n e  mice. The da t a  was 
therefore  t r ans fo rmed  to logs to  s tabi l ize  the  var iance  and  
achieve addi t iv i ty .  As a resul t  of th is  t r ans fo rmat ion ,  the  
s t an d a rd  devia t ion  varies d i rec t ly  as the  mean.  

The control  spleen cell culture,  w i t h o u t  add ing  PHA,  
showed a low level of rad ioac t iv i ty .  By  contras t ,  i mmu n e  
spleen cells exh ib i t ed  a h igh  rise in rad ioac t iv i ty ,  th i s  
being 23 fold grea ter  t h a n  the  contro l  (the difference is 
s ignif icant  a t  1% level). These observa t ions  indica te  t h a t  
a h igh  degree of spon taneous  D N A  synthes i s  of lympho-  
cytes  occurred in the  i m m u n e  mice. This  is compat ib le  
w i th  an ongoing i mmu n e  response  ill the  immunized  
animals  in which  viable  t u m o u r  cells were in jec ted  15 days  
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Tritiated thymidine incorporation by normal and immune A/Jax mouse spleen cells with or without PHA stimulation in culture 

Experimental group 

~H-thymidine incorporation (mean cpm]culture ~- S.E. 

Unstimulated 

Ratio of incorporation 

PHA stimulated PHA 1 : 25 PHA 1 : 250 
stimulated/ stimulated/ 

1 : 25 1 : 250 unstimulated unstimulated 

Control 95 -4- 17 4,933 -t- 706 1,932 4- 261 
(2.45 • 0.22)~ (3.74 4- 0.07) (3.46 4- 0.08) 

Immune 2,211 =[= 1,548 7,248 -t- 1,877 4,884 :t= 896 
(2.95 + 0.28) (3.80 :t: 0.72) (3.65 -4- 0.10) 

Ratio of incorporation (immune]control) 23.3 1.3 2.5 

Difference (t-value) 3.45 b 0.95 3.31 c 

51.9 20.3 

3.3 2.2 

In these experiments, 2 • 106 spleen cells were cultured in 2 ml of medium with or without PHA for 48 h of culture. 2 [zc 3H thymidine in 0.2 ml 
was added for the final 5 h of culture. Results are expressed as the mean counts per rain (cpm) of 5 animals in each group having triplicate 
samples for each spleen in culture. The triplicates in each spleen culture have less than 10% variation in counts. �9 Figures in parenthesis 
indicate mean cpm/culture J: S.E. after log~0 (X) transformation, b Significant at 1% level; c Significant at 5% level. 
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before  t he  test .  F u r t h e r m o r e ,  t h i s  in  v i t ro  f i nd ing  seems 
to  be  in accord  w i t h  l y m p h o c y t o s i s  wh ich  is a s s u m e d  to be  
i n t i m a t e l y  i n v o l v e d  w i t h  t m n o u r  specific r e j ec t ion  s. 

The  r e s p o n s e  to  s t i m u l a t i o n  b y  P H A  was  t e s t e d  in 
sp leen  cells f r om i m m u n e  a n d  con t ro l  an imals .  I n  con t ro l  
sp leen  cells, a H - t h y m i d i n e  i n c o r p o r a t i o n  was increased  
more  t h a n  50-fold w i t h  t he  o p t i m a l  dose (1 : 25) 9 and  more  
t h a n  20-fold w i t h  t h e  lower  c o n c e n t r a t i o n  of P H A .  In  
con t ras t ,  t h e  e q u i v a l e n t  f igures  for ceils f r om the  i m m u n e  
an ima l s  a t  two  d i f fe ren t  P H A  levels were on ly  a b o u t  3.3 
a n d  2.2 t i m e s  t he  levels  found  in u n s t i m u l a t e d  i m m u n e  
spleen cell cu l ture .  A s ign i f i can t  d i f ference b e t w e e n  t h e  
i m m u n i z e d  a n d  con t ro l  groups  was d e m o n s t r a t e d  a t  5% 
level  in  response  to 1 :250 P H A ,  b u t  n o t  to  1 :25  P H A  
s t imu la t i on ,  The  absence  of s ign i f i can t  response  of spleen 
cells f r om the  i m m u n i z e d  an ima l s  to  a n  o p t i m a l  concen t r a -  
t i on  of P H A  could  be  a t t r i b u t e d  to  fa i lure  of i m m u n e  
cy to tox ic  l y m p h o c y t e s  to  r e spond  to  P H A  as d e m o n s t r a t e d  
by MACLENNAN and HARDING I0. 

A recent report dealing with PHA reactivity of spleen 
cells from tulnour-bearing mice and immunized mice, 
indicated that there was no difference from normal for 
the latter but less reactivity than normal for the tumour- 
bea r ing  an ima l s  ~. T h e  resu l t s  of t h a t  i n v e s t i g a t i o n  w i t h  
r ega rd  to  i m m u n i z e d  mice  are d i f fe ren t  f rom ours. In  
t h e i r  expe r imen t ,  t he  ' i m m u n i z e d '  mice, in  wh ich  t h e  
t u m o u r s  were r e m o v e d  4 weeks p rev ious ly  h a d  no t  been  
cha l l enged  w i t h  v iab le  t u m o u r  ceils, whi le  t he  m u l t i n u -  
cleate-cel l  i m m u n i z e d  mice used in our  s t u d y  h a d  been  re- 
exposed  to  v iab le  t u m o u r  cells 15 days  before  i n i t i a t i on  of 
t h e  cul tures .  As m e n t i o n e d  earlier,  a n  ongoing  i m m u n e  

response  t o g e t h e r  w i t h  specific t u m o u r  re jec t ion  in these  
i m m u n i z e d  mice  a p p e a r e d  to  h a v e  occur red  a t  t h e  t i m e  
of t h e  t e s t  t2. 

Rdsumd. L ' i n c o r p o r a t i o n  de 8I l tdr ,  en l ' absence  de 
P H A ,  a o b t e n u  u n  n i v e a u  61ev6 chez les a n i m a u x  i m m u -  
nis6s. Les cellules t 6moins  m o n t r g r e n t  une  r ad ioac t i v i t 6  
faible, s moins  qu 'e l les  n ' a i e n t  6t6 s t imul6es  p a r  la P H A .  
Les cellules spl6niques  des souris immuni s6es  ne  pr6sen-  
t~ ren t  a u c u n e  s t i m u l a t i o n  s ign i i i ca t ive  p a r  l ' u t i l i s a t i on  
d ' u n e  dose o p t i m u m  de P H A .  
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Induction of Delayed Hypersensitivity by Carrageenan 

Car rageenan  is a long-cha in  p o l y m e r  of su l fa ted  
galac tose  un i t s  t h a t  can  be  e x t r a c t e d  f rom m a r i n e  p lan t s .  
Ca r r ageenan  is used  widely,  n o t  on ly  in p h a r m a c e u t i c a l ,  
cosmet ic  a n d  da i ry  indus t r ies ,  b u t  also as a s u b s t a n c e  to 
p roduce  acu te  a n d  chron ic  i n f l a m m a t i o n  in t he  a n i m a l  
e x p e r i m e n t  1. We  found  t h a t  a n  i n t e n s i v e  h y p e r s e n s i t i v i t y  
r eac t i on  to  c e r t a i n  c a r r a g e e n a n  was i nduced  in gu inea  pigs  
b y  a s ingle  i n j ec t i on  of t h e  ca r rageenan .  T h e  r eac t ion  was  
cons idered  to  be  a t yp i ca l  d e l a y e d - t y p e  reac t ion .  

Delayed hypersensitivity to carrageenan. Intensive skin reaction was 
elicited by earrageenan (2.5-0.25 • 10 -4 g) in the sensitized guinea- 
pigs (left) but not in nonsensitized one (right). 

R a n d o m - b r e d  ma le  a lb ino  guinea-pigs  weigh ing  300-  
500 g were sens i t i zed  b y  ca r rageenan .  Ca r r ag een an  was 
suppl ied  f rom B u r t o n i t e  Co. Ltd . ,  New Jersey,  U S A  as 
1K. CP. V-40-E  (sample  of t h e  c a r r a g e e n a n  wil l  be  
suppl ied  f rom t h e  a u t h o r s  b y  reques t ) .  The  c a r r a g e e n a n  
c o n t a i n e d  a b o u t  1.5% p o l y p ep t i d e s  (as m e a s u r e d  b y  t h e  
LowRY method)  as some o t h e r  k i n d s  of ca r r ageenan .  F o r  
sens i t i za t ion  0.05 mI  of 1-0.05~o c a r r a g e e n a n  suspens ion  
in sa l ine  was in jec ted  i n t r a d e r m a l l y  to  1-6 s i tes  of t h e  
r i g h t  dorsa l  skin.  2 to  3 weeks l a t e r  sk in  t e s t s  were done.  
A vo lume  of 0.05 ml  of 0 .5-0 .05% of c a r r a g e e n a n  
suspens ion  was in jec ted  to  t h e  lef t  dorsal  sk in  of t h e  
sens i t i zed  animals .  Nonsens i t i zed  an ima l s  se rved  ' a s  
controls .  T h e y  were dep i l a t ed  w i t h  a b a r i u m  sulf ide- 
s t a r c h  pas t e  before  t h e  in jec t ion .  4 to  5 guinea-pigs  were 
used in each  group.  

W i t h i n  5 h a f te r  t h e  chal lenge,  sk in  r eac t ions  were  w e a k  
a n d  revea led  no  di f ferences  b e t w e e n  sens i t ized  a n d  
nonsens i t i zed  animals .  However ,  a n  i n t ens ive  e r y t h e m a  
a p p e a r e d  on  t h e  fol lowing d a y  on ly  in  t h e  sens i t ized  
an i ma l s  (Figure).  The  r eac t ion  was  f r e q u e n t l y  assoc ia ted  
w i t h  a pale  a rea  a t  t h e  centre ,  b leeding,  a n d  i n d u r a t i o n .  
I t  pers is ted,  a t  a s o m e w h a t  lower  in tens i ty ,  t h r o u g h  72 h. 
The  sk in  r eac t ion  was cha rac t e r i zed  his tological ly ,  a f te r  
48 a n d  72 h, b y  a f o r m a t i o n  of g r a n u l o m a  composed  
m a i n l y  of l y m p h o i d  cells an d  w i t h  s ca t t e r ed  g i an t  ceils. 
T h e  lesion p roduced  b y  c a r r a g e e n a n  in n o r m a l  gu inea  
pigs was  nonspeci f ic  w i t h  in f i l t r a t ions  of p o l y m o r p h o -  
nuc l ea r  cells p r e d o m i n a n t l y  a n d  m o n o n u c l e a r  cells in  
lesser degree. The  sens i t i za t ion  to c a r r a g e e n a n  pers i s t ed  
a t  l eas t  t h r o u g h  1 to 9 weeks a f te r  t h e  in jec t ion .  
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