
t ients with a longer  per iod  of survival  [5, 8, 14]; the state of the B-dependent  zones and the d i scovery  of sinus 
his t iocytosis  have been in te rpre ted  different ly  [5, 8, 10, 12]; weak act ivi ty or  exhaustion of LN is r ega rded  as 
a bad prognost ic  sign [8, 10]. The resu l t s  conf i rm exist ing views on the connection between metas tas iza t ion  
and act ivi ty of regional  LN. Meanwhile absence of a r e sponse  of the remote  LN will be noted. 

The resu l t s  a re  evidence that growth of HAPC in mice is accompanied not only by a leukemoid response  
of myeloid type [4],  but also by atrophy of the thymus, act ivat ion of T-  and B-dependent  zones in the regional  
ips i la te ra l  and con t ra la te ra l  LN, with p rese rva t ion  of the usual s t ruc tu re  of distant  LN (mesenter ic  LN and 
P e y e r ' s  patch) .  Activation of LN may be connected with the immunologic response  to the tumor  or  it: may be 
a compensatory reaction to the developing lymphocytopenia in the blood and gradually increasing atrophy of the 
thymus. 
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The important biological role of gangliosides is largely determined by their location on the cell surface. 
Cell recognition and cell adhesion, and the ability of normal cells to exhibit contact inhibition and the loss of 
this property during malignant transformation all depend on the ganglioside composition of membranes. The 
membrane receptor of Vibrio cholerae is a ganglioside; gangliosides of the cell surface participate in reception 
of other bacterial toxins, viruses, interferon, and peptide hormones [4]. There is evidence of the role of ganglio- 
sides in serotonin reception [2, 12]. 
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Fig. 1. T h i n - l a y e r  ch roma tog raphy  of gangl ios ides .  
1) Asc i t es  hepa toma 22a cells;  2) a sc i t e s  fluid; 3) 
med ium conditioned by hepatoma cel ls .  

TABLE 1. Effect  of Gangl ios ides  of Hepa-  
toma on Pro te in  Synthesis in Hepatoma 22a 
Cells 

Ganglioside 

GMz 

GD1a 

Concentration, 
~M 

0,01--0,04 
0,07--0,1 
0,05--0,08 
0,I--0,5 

Protein synthesis, %* 

40rain I 6Omin 

127 205 
150 217 
129 211 
160 232 

Legend. *) Incorpora t ion  of [ 14C1 leucine into 
pro te in  in absence  of gangl ios ides  taken as 
100%; cel l  concentra t ion 3 x 105/ml; mean  
resu l t s  of five expe r imen t s  shown, e r r o r  
~10%. 

Gangliosides can take pa r t  in in t r ace l lu l a r  r egu la to ry  functions of  se ro tonin  and o ther  biogenic mono-  
amines  [1, 12]. Data indicating the exis tence  of these functions have been obtained on embryon ic  and tumor  
cel ls  [8, 10]. It has been  shown, in pa r t i cu la r ,  that many s t ruc tu ra l  analogs of biogenic monoamines  which act  
at the in t r ace l lu la r  level  speci f ica l ly  inhibit  cell  divis ion and pro te in  b iosynthes is  [1, 17]. Exper imen t s  on 
ea r ly  sea  urchin  e m b r y o s  have shown that these ef fec ts  grow weaker  or  d i sappea r  comple te ly  if  gangl ios ides  
a r e  added to the medium [8 ]. It t he re fo re  s eemed  impor tan t  to c a r r y  out s i m i l a r  expe r imen t s  on tumor  cel ls ,  
m o r e  espec ia l ly  because  that would allow the cor responding  effects  to be tes ted not only for  exogenous gangl io-  
s ides ,  but also for  gangl ios ides  s e c r e t e d  into the medium by the ce l l s  t hemse lves .  

In the invest igat ion desc r ibed  below the effect  of gangl ios tdes  s e c r e t e d  into the med ium by celIs  of mouse  
a sc i t e s  hepatoma 22a on the sensi t iv i ty  of these cei ls  to indocarb,  a cytotoxtc analog of serotonin,  was inves t i -  
gated. This  subs tance  was chosen as a highly act ive serotoninolyt ie  [5] which inhibits prote in  b iosynthes is  in 
embryonic  and tumor  cel ls  [7, 81. The effect  of gangl iosides  on the in tens i ty  of pro te in  synthes is  a lso  was 
studied, for  sens i t iv i ty  of the cel ls  to indocarb  was judged by the changes in this p a r a m e t e r .  

E X P E R I M E N T A L  M E T H O D  

Tumor  cel ls  were  isolated f r o m  the per i tonea l  cavi ty  of male  (CBA • C57BL/6)  F 1 m i e e o n  the 9th day 
a f te r  t ransplanta t ion,  washed three  t imes  with physiological  sal ine,  and resuspended  in Eag l e ' s  medium with- 
out leucine,  diluted with physiological  sal ine (1 : 1 or  1 : 2). The intensi ty of pro te in  b iosynthes is  was d e t e r -  
mined by the s tandard  method based  on incorpora t ion  of [14C]leucine (Amersham Corporat ion,  England; spee t f -  
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T A B L E  2. Ef fec t  of Gangl ios ides  of  Hepa-  
toma  on Sens i t iv i ty  of  Hepa toma  22a Cells  

Exper imea ta l  
condi t ions  Concen t ra t ion ,  ~M 

Inhibi t ion o f  
protein syn- 
thesis, % of  
cont ro l  

l ndoca rb  
fndocarb  ]- ~NI2 
Indocarb  i- GM2 
Indocarb -i- GDIa 

13 
13 ! ( 0 , 01 - -0 ,04 )  
1 3 + ( 0 , 0 7 - - 0 , 1 )  
13 i-(0,05--0,08) 

43* 
2 ] :~: * 
20** 
1 7  * * 

Legend.  * ) I n c o r p o r a t i o n  of  [ ~4C ] leuc ine  into 
p ro te ins  in E a g l e ' s  m e d i u m  taken as 100%, 
�9 *) con t ro l  i n c o r p o r a t i o n  of  [ 14C]leuoine into 
p ro te ins  d e t e r m i n e d  in p r e s e n c e  of s a m e  
c onc e n t r a t i ons  of gang l ios ides ;  cel l  c o n c e n -  
t r a t ion  3 x 105/ml; mean  r e s u l t s  of  six ex -  
p e r i m e n t s  shown; e r r o r  �9 10%. 

ic activity 330 mCi/mmole, activity in incubation medium 0.08-0.1 #Ci/ml) in the protein fraction insoluble 
in hot TCA. The suspensions (IX I0 s or 3 x 105 cells in I ml) were incubated at 37~ with continuous shaking 
for 40-60 rain in the presence of the test ganglioside fractions; indoearb was added, followed 20 rain later by 
[t4Clleucine, and the mixture was then incubated for a further 20 rain. Sometimes instead of gangliosides, in- 
cubation medium conditioned by cells was used. To obtain it, the donor's cells (3 x 107 in 1 ml) were incubated 
in the usual way for 60 rain, after which the cells were removed by centrifugation and the recipient's cells 
(3 x 105 in I ml) were resuspended in the resulting conditioned medium. 

The gangliosides were studied as follows. Native ascites hepatoma (1 x 108 cells in I ml) was centrifuged 
(30 rain, 5000 rpm) and the sedimented cells were washed three times, resuspended in Eagle's complete 
medium (I x 108 or I x 105 cells/ml) and incubated for 45-60 rain at 37~ after which they were sedimented 
by centrifugation and used for isolation of gangliosides [9]. The ascites fluid and conditioned medium after re- 
moval of the cells were lyophilized and the gangliosides were extracted and isolated [9]. Analytical chromatog- 
raphy of the gangliosides was carried out on 6 x 6 cm plates with KSK silica-gel (5-7 # ) in a chloroform- 
methanol-2.5 N ammonia (60 : 35 : 8) system; the ehromatograms were developed with resorcin reagent [ 1 ]]. 
Preparative isolation of gangliosides GM2 and GDI a from the hepatoma cells was carried out as described 
previously [6]. The sialic acid content was determined as in [11]. 

E X P E R I M E N T A L  RESULTS 

In agreement with data obtained previously, the hepatoma 22a cells contained two principal gangliosides 
- GM2 and GDI a (57 and 17Y0 respectively) - and also a number of minor components [6]. The total ganglio- 
side content was 4 Mg per I x 108 cells. The same principal types of gangliosides were present in the ascites 
fluid and in medium conditioned by cells (I x I0 s cells in 1 ml; Fig. I). The ganglioside content was 0.7 #g/ml 
in ascites fluid and 0.4#g/ml in the conditioned medium. 

Dilution of the native hepatoma cell suspension (1 x 108 cells/ml) 300-fold had little effect on the relative 
intensity of protein synthesis in them, whereas addition of gangliosides to the incubation medium in concentra- 
tions comparable with their concentrations in ascites fluid or even in lower concentrations stimulated protein 
biosynthesis appreciably in a liquid cell suspension (Table I). Indocarb, in a concentration of 4-6 #g/ml (10-16 
#M), inhibited protein biosynthesis in the diluted cell suspension (3 x 105 cells/ml; Table 2). In the case of the 
native suspension (I x 108 cells/ml) hepatoma cells were in general insensitive to indocarb in this concentra- 
tion. 

The inhibitory action of indocarb was completely or partly prevented in cases when the "diluted" hepa- 
toma cells (3 x 105/ml) were resuspended in conditioned incubation medium. Gangliosides GM2 and GDI a, 
taken in concentrations close to those in the incubation medium, also had a better protective action against in- 
docarb. 

Ascites hepatoma 22a cells, taken in the native concentration (I x I08/mi), thus secrete gangliosides 
GM2 and GD1 a into the incubation medium in sufficient quantities to make these cells insensitive to the action 
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of indocarb,  a s t r uc tu r a l  analog of serotonin.  When the cell  concentra t ion  in the medium is 3 • 10S/ml the con- 
cent ra t ion  of gangl ios ides  s ec r e t ed  by them is insuff icient  to exhibit  the i r  p ro tec t ive  action and the ce l l s  r e -  
main  sens i t ive  to indocarb.  The i r  sens i t iv i ty  weakens or  d i sappea r s  comple te ly  if  the cel ls  a re  suspended in 
incubation medium,  i .e. ,  in med ium with a suff icient ly high ganglioside concentra t ion  o r  in the p r e sence  of 
exogenous gangl ios ides .  

The p ro tec t ive  action of gangl ios ides  against  indocarb  is evidently not the s imple  r e su l t  of the abil i ty of 
the gangl ios ides  to s t imula te  prote in  b iosynthes i s  in hepa toma cei ls .  To judge f rom the resu l t s  of expe r imen t s  
with r e suspens ion  of cei ls  in conditioned medium,  a p ro tec t ive  action agains t  indoearb was obse rved  not onIy 
in the complete  absence  of s t imulat ion of pro te in  synthes is ,  but also when synthes is  was apprec iab ly  inhibited. 

The m e c h a n i s m  of the p ro tee t ive  and s t imulat ing action of gangl ios ides  sec re t ed  into the medium by 
hepa toma 22a cel ls  is not ye t  c l ea r .  We know that e l ec t ro s t a t i c  in teract ion takes place in solutions between 
gangl ios ides ,  on the one hand, and sero tonin  and i ts  s t ruc tu ra l  analogs on the other  hand [31. However,  the 
p ro tec t ive  effect  now demons t r a t ed  cannot be explained by s imple  binding of indocarb with gangl ios ides  in the 
medium,  for  the eoneent ra t ion  of indoearb used was two o r d e r s  of magnitude higher  than the p ro tec t ive  concen-  
t ra t ion  of gangl ios ides .  Gangl iosides  of a s c i t e s  fluid or  of the conditioned medium evidently affect  su r face  and 
(or) in t r ace l lu la r  r e c e p t o r s  of the eel ls .  Gangl ios ides  of the medium are  evidently in a s ta te  of equi l ibr ium 
exchange with gangl ios ides  of the cy top lasmic  m e m b r a n e s .  It can be tenta t ively  suggested that d is turbance  of 
this equi l ibr ium taking place ,  in pa r t i cu la r ,  on dilution of the cell  suspension,  leads  to changes in the r ecep to r  
p r o p e r t i e s  of  the cel ls .  Exchange of gangI ios ides  between cel ls  and surrounding medium can be r ega rded  in 
this case  as a na tura l  r egu la to ry  mechan i sm.  
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