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phosphol tp ids ,  g a n g i i o s i d e s ,  na tu ra l  k i l l e r  c e l l s ,  e y s t o s t a s i s .  

S e n s i t i v i t y  of t u m o r  c e l l s  to cy to tox ic  T [ y m p h o c y t e s  has  been  shown to depend on the p r o p e r t i e s  of  the 

phospho l i p id s  and a lso  on the o r i g i n a l  s u r f a c e  c h a r g e  of the m e m b r a n e  [9]. D i s t u r b a n c e  of  b i o s y n t h e s i s  of 

g a n g i i o s i d e s  [8] and of  the p r o p e r t i e s  of  t h e i r  c e r a m i d e  m o i e t y  [7] i s  of g r e a t  i m p o r t a n c e  fo r  s e n s i t i v i t y  of  

t u m o r  c e l l s  to na tu ra l  k i l l e r  c e i l s .  

The a im  of t h i s  i n v e s t i g a t i o n  was  to d e t e r m i n e  which  p a r t s  of the l ip id  m o l e c u l e  a r e  m o s t  r e s p o n s i b l e  
fo r  the i n c r e a s e  in s e n s i t i v i t y  of t u m o r  c e l l s  to the m e m b r a n e - t o M e  and cy tos t a t i c  ac t ion  of  na tu ra l  sp len ic  

e f f e e t o r s .  

EXPERIMENTAL METHOD 

C h a r a c t e r i s t i c s  of the [ ip ids  used  a re  g iven  in Table  1. L i p o s o m e s  w e r e  ob ta ined  with the aid of the 

U Z D G - 1  u l t r a s o n i c  appa ra tu s ,  as  d e s c r i b e d  p r e v i o u s l y  [4]. T a r g e t  c e l l s  (TC) w e r e  t r e a t e d  with  a so lu t ion  of 

g a n g l i o s i d e s  and (or) with l i p o s o m e s  con ta in ing  phospho l ip id s  f o r  2 h at 37~ in m e d i u m  R P N I - 1 6 4 0  with 10~ 

fe t a l  s e r u m  and 100 U / m l  of p e n i c i l l i n  and s t r e p t o m y c i n .  They w e r e  then washed  t h r e e  t i m e s  with m e d i u m  

199 with  10% bovine  s e r u m .  A c c o r d i n g  to [5], unde r  t hose  cond i t ions  l ip ids  a r e  i n c o r p o r a t e d  into the ce l l  

m e m b r a n e .  The m e m b r a n e - t o x i c  t e s t  was  c a r r i e d  out as  d e s c r i b e d  p r e v i o u s l y  [1]. To t e s t  the cy to s t a t i c  ac -  
t ion of  the sp l enoey t e s ,  a mod i f i ed  me thod  [61 was  used.  S p l e n o c y t e s  f r o m  B A L B / c  m i c e ,  t r e a t e d  b e f o r e h a n d  

with a c t i n o m y c i n  D to p r e v e n t  i n c o r p o r a t i o n  of 3H-ur id ine ,  w e r e  incuba ted  with t u m o r  c e i l s  of a P - 8 1 5  m a s t o -  

c y t o m a  of DBA m i c e  f o r  4 h in 96 -wa l l  p l a t e s  in m e d i u m  RPMI-1640  with 10% fe ta l  s e r u m  and 1 mM g lu t amine .  

Next,  e i t h e r  3H-ur id ine  o r  3H- thymid ine  (in a f inal  c o n c e n t r a t i o n  of  1 #Ci p e r  wel l )  was  added to each  wel l .  

Af ter  4 h the c e i l s  w e r e  t r a n s f e r r e d  by m e a n s  of  a 12-channe l  h a r v e s t e r  to " F l o w "  No. 1203 f i l t e r s .  I n c o r p o r a -  

T A B L E  1. C h a r a c t e r i s t i c s  of L i p i d s  Used  

Lipids Source Fatty acids 

Phosphatidylcholine 

Phosphatidylethanolamine 

Cardioli pin 

1, 2- Dipalmitoyl- glycero- 3- 
phosphocholine (f/om Serva, 
West Germany} 

Mi~ea~rea~f gangliosides (from 

Hens" eggs 
m 

Bovine heart muscle 

Synthetic 

Bovine brain 

Position 1 --16:0 -- 707.6; 18:0--24~ 18:1 --5% 
Position 2 --18:1 -- 61%; 18:2 -- 3t%; 20:4 -- 4% 
Position 1 --  16:0 -- 27,3%; 18:0 -- 37,4%; 

18:t -- 23,3% 
Position 2 -- 18:I -- 40,7~ 18:2 -- 22,4%; 

20:4-  13% 
Position 1 -- 18:1 -- 9%: 18:2 -- 84% 
Position 2 -- 18:1 -- 5,5%; 18:2 -- 82%; I8:3--12% 
Position 1 ---- 16:0 
Position 2 --- 16:0 

I4:0 -- 0,5%; 16:0-- 3,1%; 18:0 -- 88,6% 
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Fig. 1. Effec t  of  l ip ids  on sens i t iv i ty  of t a rge t  ce l l s  
to m e m b r a n e - t o x i c  and cy tos t a t i c  act ion of sp lenocytes .  
I) Concen t ra t ion  (in #g /mg) ,  II) i n c r e a s e  (in ~),  III) de-  
c r e a s e  (in 9). Unshaded c o l u m n s -  m e m b r a n e - t o x i c i t y ,  
obl iquely  s h a d e d -  c y t o s t a s i s  with r e s p e c t  to RNA syn-  
thes i s ,  b l a c k -  c y t o s t a s i s  with r e s p e c t  to DNA synthes is .  

t ion of  aH-thymtdine  and aH-ur id tne  into TC was  e s t i m a t e d  on a P a c k a r d  3320 b e t a - c o u n t e r .  The cy tos ta t i c  
index (CI, in %) was  ca lcu la ted  by the equation 

= [ 1 - e o u a t s / m i n  ia e x p e r i m e n t a l  w e l l s -  counts / ra in  ia wel ls  with s p l e a o e y t e s ' ~  
CI eoun i s / rn in  wel l s  with TC -/�9 100. 

In cont ro l  wel ls  sp l enocy te s  alone o r  TC alone were  incubated with labeled nucleot ides .  

EXPERIMENTAL RESULTS 

As will be c l e a r  f r o m  Fig.  1, t r e a t m e n t  of  TC with phospha t idy le thano lamine  caused  an i n c r e a s e  in the i r  
sens i t iv i ty  in the m e m b r a n e - t o x i c  t e s t  with c o n c e n t r a t i o n s  of  lipid of  200 and 20 pg /ml .  With these  same  con-  
c en t r a t i ons  an i n c r e a s e  in sens i t iv i ty  of the t u m o r  ce l l s  a lso  was  o b s e r v e d  in the cy tos t a t i c  tes t .  Card io l ip tn  
and phosphat idy lchol ine  i n c r e a s e d  the sens i t iv i ty  of TC to splenic  e f f e c t o r s  ne i the r  in the m e m b r a n e - t o x i c  nor  
in the cy tos ta t t c  t e s t  (data not given}. T r e a t m e n t  of TC with p r e p a r a t i o n s  of b ra in  gang l io s tdes  led to a m a r k e d  
d e c r e a s e  in t he i r  sens i t iv i ty  to sp lenocytes .  Dipa lmi toy lphospha t idy lcho l ine  r e d u c e d  the s ens i ty  of TC.  

It will be c l e a r  f r o m  Fig.  1 that  the combina t ions  of  egg p h o s p h a t i d y l c h o l t n e -  b ra in  gang l io s tdes  used 
led to a m a r k e d  i n c r e a s e  in sens i t iv i ty  of TC re l a t ive  to e f f e c t o r  ce l l s .  This  ef fec t  depended on the dose  of 
ganglio side s. 

The combina t ion  p h o s p h a t i d y l e t h a n o l a m t n e - b r a i n  gang l to s ides  i n c r e a s e d  the sens i t iv i ty  of  TC to spleno-  
c y t e s  in the m e m b r a n e - t o x i c  t e s t  by a l e s s e r  d e g r e e  than the combina t ion  p h o s p h a t t d y i c h o l i n e - b r a i n  gangl io -  

�9 s ides.  In cy tos t a t t c  t e s t s  the i n c r e a s e  in sens i t iv i ty  of TC when the combina t ion  p h o s p h a t i d y l e t h a n o l a m i n e -  
gang l io s ides  was  used was  l e s s  m a r k e d  than when phospha t tdy le thano lamine  alone was  used.  T r e a t m e n t  of TC 
with d tpa lmt toy lphospha t idy lcho l ine  and b ra in  gang l io s ide s  led to a g r e a t e r  d e c r e a s e  in sens i t iv i ty  to splenic 
e f f e c t o r s  than a f te r  t r e a t m e n t  with d ipa lmt toy lphospha t tdy lcho l ine  alone. 

The e x p e r i m e n t s  thus  showed tha t  ovotec i th in  alone, in t roduced  into the m e m b r a n e  of the t u m o r  TC, did 
not affect  i ts  sens i t iv i ty  to the cy tos ta t i c  and m e m b r a n e - t o x i c  act ion of  splenic  e f fec to r s ,  w h e r e a s  a mix tu re  
of b r a in  gang l lo s tdes  ac tua l ly  reduced  the sens i t iv i ty  of TC. In t roduc t ion  of  ovolect th in  and a m i x t u r e  of b ra in  
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gangl[osides into the TC membrane  significantly [ncreased the sensit ivity of TC to the eytostatic and mem-  
brane- toxic  action of the effector ceils.  

It was shown previously [2] that brain gangliosides depress ,  whereas  thymus gangliosides increase  the 
sensit ivity of tumor  cei ls  to the membrane- tox ic  action of splenic effectors.  Fur ther  analysis  [31 showed that 
the increase  in sensit ivity was mainly due to introduction of unsaturated fatty acids into the membrane,  and 
part ly to the difference in s t ructure  of the polar  heads of the gangliosides. It can be postulated that the in- 
c rease  in sensitivity of the tumor  celt in the present  investigation to the cytostatic and membrane- tox ic  ac- 
tion of splenic ef fec tors  also was mainly due to a change in its membrane  under the influence of unsaturated 
fatty acids of egg phosphatidylcholine, and that the p roper t i es  of the carbohydrate  heads of the brain ganglto- 
sides, inserted into the TC membrane,  are the second essential  condition for the action of effectors  on TC. 
This is shown by the fact that t rea tment  of TC with [ iposomes of dipalmitoylphosphatidyicholine,i .e. ,  a phos- 
pholipid not containing unsaturated fatty acids, led to a decrease  in sensitivity of TC. When the combination 
dipalmi toylphosphat idylchol tne-bra in  gangliosides was used, an even more  marked decrease  in sensitivity of 
the tumor ceil to the membrane- tox ic  action of splenocytes was observed. 

It has  been shown [9] that an increase in the content of phosphat[dylcholine and sphingomyelin in the 
tumor  cell membrane  is accompanied by increase  in the sensit ivity of TC. However, the authors  cited do not, 
study changes in the fatty acid composition of phospholtpids. There is evidence [8] that the concentrat ion of 
cer ta in  gangliosides (GM1, GDta, GDlb, and GT) in the TC membrane  cor re la t e s  posit ivety with its sensitivity 
to normal  k i l ler  (NK) cells. The authors cited consider  that these cel ls  offer an alternative pathway of gang- 
lioside synthesis.  A contradiction exists  between these data and the resul ts  obtained by other  workers ,  who 
found that an increase  in the sialtc acid concentrat ion on the surface of TC increases  its res i s tance  to NI~ 
cells. The ceramide  par t  of the molecule was not studied by these workers .  In [7] attention is drawn to a 
connection between the sensit ivity of the tumor  cell to NK ceils  and ceramide par t s  of the glyeophingolipids 
of the tumor  cell membrane,  but fatty acids in the ce ramides  were not analyzed. 

For  fur ther  analysis  of the role of the p roper t i es  of tumor  cell membrane  phospholipids and the role of 
s t ructure  of the polar  heads of the gangliosides in interaction between TC and effector  cells, a more  pene- 
t rat ing physicochemical  analysis  of membranes  of the effector cel ls  and ta rge ts  on the same models  is 
necessary .  
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