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Ant i in f lammatory  React ion Associated with  Murine L1210 Leukemia  

B. H.  S. LAu, T. D. MASEK, YV. T. CHU a n d  J.  M. SLATER 1 

Departments  o /Microbiology and ]~adiology, School o/ Medicine,  Loma L i n d a  University,  L o m a  L i n d a  (California 92354, 
USA) ,  5 A p r i l  1976. 

Summary .  Mice b e a r i n g  L1210 l eukem i a  did n o t  s h o w  i m p a i r e d  h u m o r a l  or  ce l lu lar  i m m u n e  r e s p o n s e  to  an t igen ic  
s t i m u l a t i o n  d u r i n g  t h e  ea r ly  s t age  of t h e  t u m o r ,  a n d  a dep re s sed  r e s p o n s e  w a s  n o t e d  on ly  in t he  t e r m i n a l  s tage .  L1210 
cells were  s h o w n  to  s u p p r e s s  i n f l a m m a t o r y  r eac t ion  in v ivo .  

I m m u n o s u p p r e s s i o n  h a s  been  d e m o n s t r a t e d  in mice  
in fec ted  w i t h  m u r i n e  l e u k e m i a  v i ruses  2-s. T h e  i m m u n o -  
s u p p r e s s i v e  p r o p e r t y  of t he se  v i ruses  h a s  b e e n  s u g g e s t e d  
as p l a y i n g  an  i m p o r t a n t  role  in t he  l e u k e m o g e n i c  p r o -  
cess a, 4. W e  r e p o r t  in  t h i s  p a p e r  ou r  fa i lure  to  d e m o n s t r a t e  
i m m u n o s u p p r e s s i o n  in t h e  ea r ly  s t age  of t r a n s p l a n t a b l e  
L1210 l eukemia .  F u r t h e r m o r e ,  L1210 cells we re  s h o w n  to  
elicit a n  a n t i i n f l a m m a t o r y  r eac t i on  s imi l a r  to  t h a t  re- 
p o r t e d  b y  FAUVE et  al. 6 w i t h  o t h e r  m u r i n e  m a l i g n a n t  cells. 
I t  is p r o p o s e d  t h a t  t h e  a n t i i n f l a m m a t o r y  r eac t i on  el ici ted 
b y  t u m o r  cells m a y  p e r m i t  t h e  t u m o r  to  deve lop  in t h e  
su scep t ib l e  hos t .  

Methods and results. T h e  L1210 t u m o r  w a s  o r ig ina l ly  
o b t a i n e d  b y  LAW et  al. v in D B A  mice fo l lowing  sk in  p a i n t -  
ings  w i t h  m e t h y l c h o l a n t h r e n e .  I t  g r o w s  p r o g r e s s i v e l y  in 
D B A  mice  a n d  t h e  F 1 h y b r i d s .  A n  in j ec t ion  of as  few as 
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Effect of L1210 cells on inflammatory reaction elicited by C. albicans. 
Solid lines represent mean readings of 8 animals which received 
injections of C. albicans in left thighs (O--@) and saline in right 
thighs (2~--l~). Broken lines represent mean readings of 8 animals 
which received C. albicans in left thighs (Q--Q) and mixture of 
C. albicans and L1210 in right thighs (D--D). 

10 cells is l e tha l  in 100% of t h e  mice,  and  t h e  l eng th  of 
s u r v i v a l  is 10 to  12 days .  To m e a s u r e  h u m o r a l  i m m u n e  
r e sponse ,  g r o u p s  of D B A / 2  mice  o b t a i n e d  f r o m  the  Si- 
m o n s e n  L a b o r a t o r y ,  Gilroy,  Ca l i forn ia  were  i m m u n i z e d  
i n t r a p e r i t o n e a l l y  w i t h  sheep  e r y t h r o c y t e s  3 d a y s  p r i o r  
to,  on  t h e  s a m e  day ,  a n d  3 a n d  6 d a y s  a f t e r  t u m o r  t r a n s -  
p l a n t .  4 d a y s  a f t e r  t h e  i m m u n i z a t i o n ,  t he  sp leen  w a s  re- 
m o v e d  for  a s s a y  of a n t i b o d y - f o r m i n g  cells b y  t h e  p l a q u e  
t e c h n i q u e  s. Sera  col lected a t  t h e  s a m e  i n t e r v a l s  were  also 
t e s t e d  for  h e m a g g l u t i n i n  t i t e r s  u s ing  m i e r o t i t e r  t echn i -  
que  9. Tab le  I s h o w s  t h a t  mice  i m m u n i z e d  w i t h  sheep  
e r y t h r o c y t e s  3 d a y s  p r io r  to  t u m o r  t r a n s p l a n t ,  on  t h e  
s a m e  day ,  or  3 d a y s  a f t e r  t u m o r  t r a n s p l a n t  h a d  h i g h e r  
n u m b e r s  of m e a n  a n t i b o d y - f o r m i n g  cells pe r  sp leen  t h a n  
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Table I. Humoral response of mice bearing L1210 tumor to sheep erythrocytes ~ 

Time of imnmnization N umber of antibody-forlning 
relative to tumor cells per 
transplant b spleen • 10 ~ 

p-value o Hemagglutinin titer p-value o 

-- 3 days 38.8 ~- 2.2 > 0.20 102 j_ 10 > 0.20 
0 days 47.1 :t: 2.1 ~ 0.05 307 i 58 ~ 0.02 

+ 3 ays 42.6 i 3.9 > 0.20 166 i 26 > 0.20 
+ 6days 25.9 ~- 3.1 < 0.02 65 ~ 14 < 0.02 
Control (without tumor} 38.1 :L 3.2 134 j= 22 

Groups of 10 mice each, immunized i.p. with 108 sheep erythrocytes and tests were performed 4 days after the immunization. All figures 
represent Mean ~ SE. 
b Mice were iniinunized at 4 intervals: 3 days before tumor transplant (-- 3 days), on the same day (0 days), and 3 and 6 days after tumor 
transplant. Tmnor was transplanted by i.p. injection with 5,000 viable L1210 cells from a freshly killed tumor-bearing mouse. 
o Probability for t-test of means, compared with nornlal controls without tumor, two-tailed test. 



15.12. 1976 Specialia 

Table II. Footpad and lymphocyte transformation test results with PPD * 

1599 

Testing time Increase of footpad P-value c Lymphocyte 
relative to swelling (~o) transformation 
tumor transplant b stimulation index a 

P-value. 

0 days 52 :~: 3 -< 0.05 3.3 ~: 0.5 % 0.02 
+ 3 days 56 ~: 3 < 0.05 2.4 ~: 0.4 N.S. 
+ 6 days 54 j :  3 < 0.05 2.2 ~_ 0.2 N.S. 
+ 9 days 28 ~: 3 < 0.02 1.2 Jz 0.1 < 0.05 
Control (without tumor) 36 • 2 2.4 -~ 0.3 

Groups of 10 mice each, sensitized s.c. at 5 sites of the dorsuln with 0.5 ml complete Freund's adjuvant  containing 5 mg of killed Myco- 
bacterium tuberculosis 21 days prior to tumor transplant. 
b Tests were performed on the same day (0 days), and 3, 6 and 9 days after tumor transplants. All figures represent Mean :}: SE. 

Probability for t-test of means, compared with normal control, two-tailed test. N.S. denotes not significant. 
cpln of cultures with PPD 

a Stimulation index = 
cpm of cultures without PPD 

n o n - t u m o r - b e a r i n g  c o n t r o l s ,  A r e d u c t i o n  in  t h e  m e a n  
a n t i b o d y - f o r m i n g  cel ls  w a s  n o t e d  w i t h  t h e  g r o u p  i m -  
m u n i z e d  6 d a y s  a n d  t e s t e d  10 d a y s  a f t e r  t h e  t u m o r  t r a n s -  
p l a n t .  A s i m i l a r  r e s p o n s e  w a s  n o t e d  w i t h  h e m a g g l u t i n i n  
t i t e r s ,  in  t h a t  a s i g n i f i c a n t l y  l o w e r e d  t i t e r  w a s  n o t e d  o n l y  
in  t h e  t e r m i n a l  s t a g e  of  t h e  t u m o r .  

Ce l l u l a r  i m m u n e  r e s p o n s e  w a s  m e a s u r e d  b y  s e n s i t i z i n g  
m i c e  w i t h  b i l l ed  Mycobacter ium tuberculosis H 3 7  R a  
(Difco L a b o r a t o r i e s ,  D e t r o i t ,  M i c h i g a n )  3 w e e k s  p r i o r  to  
t u m o r  t r a n s p l a n t .  F o o t p a d  t e s t i n g  w a s  p e r f o r m e d  b y  in-  
j e c t i n g  0.025 m l  s t e r i l e  s a l i ne  in  t h e  le f t  h i n d  f o o t p a d  a n d  
a n  e q u a l  v o l u m e  of  50 ~g  P P D  ( C o n n a u g h t  L a b o r a t o r i e s ,  
T o r o n t o ,  C a n a d a )  in  t h e  r i g h t  f o o t p a d .  F o o t p a d  s w e l l i n g  
w a s  m e a s u r e d  w i t h  s l i d i n g  ca l i pe r s  24 h a f t e r  t h e  i n j e c t i o n .  
T h e  p e r c e n t a g e  of  i n c r e a s e  of  s w e l l i n g  of t h e  P P D - i n j e c t e d  
o v e r  t h e  s a l i n e - i n j e c t e d  f o o t p a d  w a s  c a l c u l a t e d .  I n  v i t r o  
l y m p h o c y t e  t r a n s f o r m a t i o n  t e s t s  w i t h  P P D  w e r e  pe r -  
f o r m e d  w i t h  s p l e e n s  r e m o v e d  f r o m  t h e  mice .  C u l t u r e s  
c o n t a i n i n g  2 • 105 s p l e e n  cel ls  p e r  m l  we re  s e t  u p  in  R P M I  
1640 m e d i u m  w i t h  10~o f r e s h  h u m a n  s e r u m  *0. P P D ,  10 
t ,g/0.1 ml ,  w a s  a d d e d  to  ' s t i m u l a t e d '  c u l t u r e s  in  t r i p l i c a t e  
w h i l e  t h e  c o n t r o l  c u l t u r e s  r e c e i v e d  s a l i ne  on l y .  A f t e r  a 
24 -h  i n c u b a t i o n  in  a c a r b o n  d i o x i d e  i n c u b a t o r ,  2 i, Ci of  
3 H - t h y m i d i n e  (specif ic  a c t i v i t y  6 C i / m m o l e ,  S c h w a r z -  
M a n n ,  O r a n g e b u r g ,  N .Y. )  w a s  a d d e d  to  e a c h  of  t h e  cul -  
t u r e s .  A f t e r  a n  a d d i t i o n a l  10 h of  i n c u b a t i o n ,  t h e  u n i n -  
c o r p o r a t e d  3 H - t h y m i d i n e  w a s  r e m o v e d  b y  w a s h i n g  t h e  
c u l t u r e s  w i t h  5 %  t r i c h l o r o a c e t i c  ac id .  T h e  i n c o r p o r a t i o n  
of  ~ H - t h y m i d i n e  w a s  d e t e r m i n e d  in  a l i qu i d  s c i n t i l l a t i o n  

c o u n t e r .  A s  s h o w n  in  T a b l e  I I ,  w i t h  t h e  e x c e p t i o n  o f  an i -  
m a l s  t e s t e d  9 d a y s  a f t e r  t h e  t u m o r  t r a n s p l a n t ,  n o  de -  
p r e s s i o n  of f o o t p a d  s w e l l i n g  o r  in  v i t r o  l y m p h o c y t e  t r a n s -  
f o r m a t i o n  w a s  o b s e r v e d  w i t h  t u m o r - b e a r i n g  mice .  

S e v e r a l  m u r i n e  m a l i g n a n t  t u m o r s  h a v e  b e e n  s h o w n  b y  
FAUVE e t  al. 6 t o  e l ic i t  a n  a n t i i n f l a m m a t o r y  r e s p o n s e  b o t h  
in  v i v o  a n d  in  v i t r o .  W e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of  a 
s i m i l a r  r e s p o n s e  w i t h  L 1 2 1 0  t u m o r .  A c u t e  i n f l a m m a t o r y  
r e a c t i o n  w a s  i n d u c e d  in  m i c e  b y  i .p.  i n j e c t i o n  of 3 m l  of  
R P M I  m e d i u m  a n d  c h e c k e d  for  t o t a l  n u m b e r  of  p e r i t o n e a l  
e x u d a t e  cel ls  a n d  p e r c e n t a g e  of  n e u t r o p h i l s  6 h l a t e r .  
T a b l e  I I I  s h o w s  t h a t  t h e  i n j e c t i o n  of  n o r m a l  m o u s e  k i d n e y  
cel ls  in  R P M I  1640 m e d i u m  d id  n o t  r e d u c e  t h e  m e a n  t o t a l  
of  p e r i t o n e a l  e x u d a t e  ce l ls  or  t h e  p e r c e n t a g e  of n e u t r o -  
ph i l s .  H o w e v e r ,  t h e  i n j e c t i o n  of  L 1 2 1 0  cells  s i g n i f i c a n t l y  
r e d u c e d  t h e  t o t a l  p e r i t o n e a l  e x u d a t e  cel ls  a n d  t h e  pe r -  
c e n t a g e  of n e u t r o p h i l s .  T h e  e f fec t  o f  L 1 2 1 0  cel ls  on  t h e  in-  
f l a m m a t o r y  r e a c t i o n  e l i c i t ed  b y  Candida albicans w a s  
a l so  s t u d i e d  b y  i n j e c t i n g  10 s C. a lb icam cel ls  i n t r a m u s c u -  
l a r l y  i n t o  t h e  le f t  t h i g h s  of  m i c e  a n d  a m i x t u r e  of  10 s C. 
albicans a n d  50,000 L 1 2 1 0  cells  i n t o  t h e  r i g h t  t h i g h s .  T h e  
t h i g h s  we re  m e a s u r e d  d a i l y  w i t h  s l i d i n g  ca l ipe r s .  A t  t h e  
e n d  of  o n e  week ,  t h e  a n i m a l s  w e r e  k i l l ed  a n d  t h i g h s  re-  
m o v e d  for  h i s t o p a t h o l o g i c a l  s t u d y .  T h e  F i g u r e  s h o w s  
s i g n i f i c a n t  r e d u c t i o n  in  t h e  loca l i zed  s w e l l i n g  w i t h  t h e  

10 W. H. ADLER, T. TAKIGUCHI, B. MARCH and R. T. SMITH, J. exp. 
Med. I37, 1049 (1970). 

Table III. Effects of L1210 cells oni nflalnmatory response ~ 

Substance inj ected Total peritoneal P-value ~ Neutrophils (~o) P-value b 
cells • 10 -~ (mean ~: SE) 
(mean :k SE) 

None 3.5 i 0.2 0 

RPMI 1640 11.2 :~ 0.9 60.3 @ 2.5 

50,000 normal mouse kidney 
cells in RPMI 1640 13.4 ~_ 1.2 N.S. 61.5 :j_ 3.9 N.S. 

50,000 L1210 
cells in RPMI 1640 3.8 ~ 0.3 < 0.001 14.3 ~ 1.4 < 0.001 

Each group consisted of 8 mice. 6 h after injection, total cell counts were performed with peritoneal washings and percentages of neutrophils 
were estimated by counting 500 cells in Gielnsa stained smears. 
b Compared with injection of RPMI 1640 alone. N.S. denotes not significant. 
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i n j e c t i o n  of  t h e  m i x t u r e  of  C. albicans a n d  L 1 2 1 0  cells.  
H i s t o p a t h o l o g i c a l  s t u d y  b y  a p a t h o l o g i s t  w i t h o u t  t h e  
k n o w l e d g e  of  t h e  e x p e r i m e n t a l  d e s i g n  c o n f i r m e d  t h i s  
f i n d i n g .  

Discussion.  T h i s  s t u d y  fa i ls  t o  d e m o n s t r a t e  i m m u n o -  
d e p r e s s i o n  in  m i c e  b e a r i n g  L 1 2 1 0  l e u k e m i a  u n t i l  t h e  t e r -  
m i n a l  s t a g e  of  t h e  d i sease .  O u r  d a t a  s u p p o r t  t h e  o b s e r -  
v a t i o n  of  STUTMAN 11 w h o  i n d i c a t e d  t h a t  i m m u n o s u p p r e s -  
s i o n  h a d  m i n i m a l  e f f e c t s  on  t u m o r  d e v e l o p m e n t  i n d u c e d  
b y  c h e m i c a l  c a r c i n o g e n s .  U s i n g  m e t h y l c h o l a n t h r e n e  o r  
u r e t h a n ,  S'rUTMAN d i d  n o t  d e t e c t  s i g n i f i c a n t  d i f f e r e n c e s  
in  t u m o r  i n c i d e n c e  o r  l a t e n t  p e r i o d  of  t u m o r  deve lopmen~c  
b e t w e e n  t h e  i m m u n o l o g i c a l l y  d e f i c i e n t  n u d e  m i c e  a n d  
t h e i r  n o r m a l  i m m u n o l o g i c a l l y  c o m p e t e n t  s ib l ings .  R e -  
c e n t l y ,  GILLE'I'~rE a n d  Cox*2 s h o w e d  t h a t  T-ce l l  d e f i c i e n c y  
d id  n o t  a f f e c t  t h e  t u m o r  i n c i d e n c e  a n d  l a t e n c y  of m i c e  
w i t h  m e t h y l c h o l a n t h r e n e  i n d u c e d  p r i m a r y  t u m o r .  

I~'AUVE e t  alf i  r e p o r t e d  t h a t  t h e  d e v e l o p m e n t  of  m u r i n e  
t e r a t o c a r c i n o m a  d id  n o t  i m p a i r  t h e  ce l l u l a r  i m m u n i t y  of  
t h e  h o s t  a g a i n s t  Listeria monocytogenes. T h e i r  d a t a  ac -  
t u a l l y  s h o w e d  a n  i n c r e a s e d  r e s i s t a n c e  a g a i n s t  L. mono- 
cytogenes b y  t h e  t u m o r - b e a r i n g  a n i m a l s .  T h e y  f u r t h e r  de -  
m o n s t r a t e d  t h a t  s e v e r a l  m a l i g n a n t  cel ls  e l i c i t ed  a n  a n t i -  
i n f l a m m a t o r y  r e s p o n s e  a n d  s u g g e s t e d  t h a t  t h i s  a n t i i n -  
f l a m m a t o r y  p r o p e r t y  m i g h t  h a v e  a l l o w e d  t h e  t u m o r  t o  
d e v e l o p  in  t h e  s u s c e p t i b l e  h o s t .  W e  s h o w  in  t h i s  s t u d y  
t h a t  L 1 2 1 0  cel ls  a re  a lso  c a p a b l e  of  s u p p r e s s i n g  t h e  in-  
f l a m m a t o r y  r e s p o n s e .  T h i s  a n t i i n f l a m m a t o r y  r e a c t i o n  
m a y  p o s s i b l y  f a c i I i t a t e  t h e  r a p i d  g r o w t h  of  t h e  t u m o r  in  
t h e  a b s e n c e  of  i m m u n o d e p r e s s i o n .  

11 O. STUTMAN, Science ]83, 534 (1974). 
12 R. W. GILLETTE and A. Cox, Cell. Immun.  79, 328 (1975). 

Staphylococcus epidermidis in the Circulating Blood of Normal and Thrombocytopenic Human 
Subjects: Immunological Data 
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Ana tomy ,  Umberto I Regional Hospital ,  1 -60100 Ancona  (Italy), 3 June  1976. 

Summary .  I m m u n o l o g i c a l  s t u d i e s ,  p e r f o r m e d  w i t h  h u m a n  s e r a  a n d  r a b b i t  a n t i s e r a  u p o n  s o m e  s t r a i n s  of  s taph,  epi- 
dermidis c a r r i e d  in  t h e  c i r c u l a t i n g  b l o o d  of  n o r m a l  a n d  t h r o m b o c y t o p e n i c  s u b j e c t s ,  i n d i c a t e  t h a t  t h e  r e a c t i v i t y  is 
v e r y  low a n d  a l m o s t  c o m p l e t e l y  r e l a t e d  to  a n t i g e n i c  p r o p e r t i e s  c o m m o n  to  Staph. aureus. 

T h e  p r e s e n c e  of  cell  wa l l  d e f i c i e n t  (CW'D) f o r m s  of  
G r a m  p o s i t i v e  Cocci  h a s  b e e n  r e c o g n i z e d  w i t h i n  t h e  
p l a t e l e t s  of  n o r m a l  h u m a n  s u b j e c t s * ;  f o e t a l  b l o o d  d r a w n  
a t  b i r t h  f r o m  t h e  u m b i l i c a l  co rd  s h o w e d  a c o m p a r a b l e  
s i t u a t i o n ~ ;  p a t i e n t s  a f f e c t e d  b y  t h r o m b o c y t o p e n i a  f r o m  
a u t o i m m u n e  d i s e a s e  c a r r i e d  in  a d d i t i o n  a r e l e v a n t  n u m b e r  
of  c o n v e n t i o n a l  f o r m s  free  in  t h e  c i r c u l a t i o n  a n d  p h a g o -  
c y t i z e d  b y  l e u c o c y t e s  a. F o l l o w i n g  BERGE'Z 4, s u c h  m i c r o -  
o r g a n i s m s  m a y  be  r e c o g n i z e d  as  b e l o n g i n g  t o  v a r i o u s  
s t r a i n s  of  Staphylococcus epidermidis.  H e r e  we  d e s c r i b e  
t h e  r e s u l t s  of  e x p e r i m e n t s  c a r r i e d  o u t  in  o r d e r  to  c o m p a r e  
s o m e  a n t i g e n i c  p r o p e r t i e s  of  o u r  i so l a t e s  w i t h  t h o s e  of  a 
s t r a i n  of  Staphylococcus aureus, a n d  a l so  to  e v a l u a t e  t h e  
i m m u n o l o g i c a l  s i t u a t i o n  of  n o r m a l  a n d  t h r o m b o c y t o p e n i c  
h u m a n  s u b j e c t s  w i t h  r e g a r d  to  s u c h  m i c r o o r g a n i s m s .  

Methods. T h e  s e r a  of  2 a u t o i m m u n e  t h r o m b o c y t o p e n i c  
p a t i e n t s  a n d  s e r a  f r o m  n o r m a l  s u b j e c t s  we re  u sed .  T h e i r  
r e a c t i v i t y  w a s  t e s t e d  a g a i n s t  s o m e  s t r a i n s  of  Staph. epi- 
de fmidis  c u l t u r e d  f r o m  t h e  b l o o d  of  n o r m a l  a n d  t h r o m b o -  
c y t o p e n i c  s u b j e c t s  a n d  a g a i n s t  Staph. aureus R o s e  A T C C  
14154.  
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Table I. Human  sera: each specimen tested against Staph. aureus Rose and some strains of Staph. epidermidis 

hmnunologieaI tests No. and origin 
of serum specimens 

Staph. aureus Rose Staph. epidermidis 

of post- End point of n of n of positivies/ End point of 
tivities/ positive sera strains n of proofs positive sera 
n of proofs 

Slide agglutination 2 thrombocytopenic 2]2 160 6 7/12 a 1/12 b 5 20 ~ 10 ~) 
4 normal 4/4 320-1280 6 15/24 ~ 5/24 b 5-20 ~ 5-10 b 

Complement fixation 2 throlnbocytopenic none - 4 none 
32 normal 8/32 50 4 3/128 ~ none b 10 * none b 

Indirect agglutination 2 thromboeytopenic none - 4 none - 
3 normaI 3/12 ~ 512 ~ 4 3/12 o 3 32~ 

Indirect immuno fluorescence 2 thrombocytopenic 2/2 5 4 8/8 ~ 1/8 b 5 ~ 5 b 
3 normal 3/3 10 a 4 12/12 ~ 3/12 b,o 5 ~, 5 b 

~, ~ Before and after absorption of the sera with Staph. aureus Rose. o The positive data  refer to a single serum specimen showing a strong 
agglutinating activity towards Staph. au*eus Rose (titre 1280). d Strong positivity, further dilutions not tested. 


