
Biochimica et Biophysica Acta, 469 (1977) 345--349 345 
© Elsevier/North-Holland Biomedical Press 

BBA Report 

BBA 71308 

CALCIUM METABOLISM IN EHRLICH ASCITES TUMOUR CELLS 

A. CITTADINI, D. BOSSI, G. ROSI, F. WOLF and T. TERRANOVA 

Institute of General Pathology, Catholic University, School of Medicine, Rome (Italy) 

(Received June 16th, 1977) 

Summary  

Ehrlich ascites tumour  cells are able, under the proper experimental con- 
ditions, to extrude a substantial amount  of  Ca 2 ÷ from the intracellular space. 
The Ca 2 + extrusion mechanism, probably located at the plasma membrane 
level, appears to be similar to that  found in red blood cells. It is energy- 
dependent  and both respiration and glycolysis are able to drive it. The use of  
some inhibitors and uncouplers,  besides showing that  this activity is different 
from that  linked to  the mitochondrial  Ca 2 + pump which acts in the opposite 
direction, proposes some speculations on the energy compar tmenta t ion in the 
Ehrlich ascites turnout  cells. 

The regulation of  intracellular calcium metabolism and concentrat ion is 
one of  the most  interesting problems in cell biology [1]. Much evidence is ac- 
cumulating which shows the importance of  this cation in the regulation of  dif- 
ferent cellular metabolic pathways,  such as glycolysis, respiration, guanyl- 
cyclase and protein phosphokinases activation, and cell properties, such as 
intercellular communication,  permeability,  deformabili ty,  adhesiveness and 
cell growth [2--14].  Furthermore calcium is thought  to play a primary role in 
the determination of  some peculiar tumour  cells characteristics (e.g. glycolytic 
rate, Crabtree effect  and uncontrol led growth), which would depend on an im- 
pairement of  tumour  cell calcium metabolism [7,15,16].  In contrast  with the 
findings of  previous authors [6,7,17,18] we have already shown that  Ehrlich 
ascites tumour  cell cytoplasmic membranes are permeable to calcium and that  
these cells are able, under certain circumstances, to take up calcium from the 
external medium by a metabolism-driven pump related exclusively to the 
mitochondrial  activity [ 19,20].  

In this communicat ion we report  the existence in the Ehrlich ascites 
turnout  cell of  a Ca 2 +-extruding mechanism, supported by metabolic energy, 
most  probably located at the cell membrane level and closely resembling the 
Ca 2 +-extruding pump found in red blood cells [21]. 

The results of  our experiments show that Ehrlich ascites turnout  cells are 
able to bring about  the extrusion of  abou t  45 mmol Ca 2 +/kg cell protein and 
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that  this extrusion mechanism requires energy derived either from respiration 
or glycolysis. The use of  some well known inhibitors of mitochondrial  Ca 2 + up- 
take clearly leads to the conclusion that  this activity is different from that  
present in the mitochondria  and procedes in the opposite direction. 

Ehrlich ascites turnout  cells (ATC) (hyperdiploid strain) were grown, as 
usual, by weekly intraperitoneal transplantation in Swiss albino mice. The cells 
harvested after 7--9 days were washed twice (see medium below) and resus- 
pended at a concentrat ion of about  4--6 mg dry wt./ml. The medium used 
throughout  the present investigation had the following composit ion:  0.225 M 
mannitol,  0.075 M sucrose, 0.001 M MgC12, 0.0013 M CaC12 and 0.010 M 
Tris. HC1, pH 7.4. This medium has been utilized in order to avoid possible 
interference of  other ions on calcium movements  [19].  The cell suspension 
was incubated for different lengths of  time in an ice-bath (0--1°C) and, after 
gassing with pure 02 ,  warmed to 38°C in the presence of  the appropriate 
substrates and inhibitors in Warburg vessels for the contemporary  measure- 
ment  of  oxygen uptake. Aliquots (usually 1 ml) of  cell suspension were with- 
drawn after the incubation (both at 0--1 and 38°C) and stratified over a layer 
of  0.3 M sucrose (sait-free) in conical centrifuge tubes. The samples were rapid- 
ly centrifuged at 3200 rev./min in a bench centrifuge for 75 s. The clear super- 
natant  was discarded by a suction pump and the tube wails carefully dried 
with the aid of tissue paper avoiding any contact  with the cell pellet. This 
procedure has been shown to be essential to avoid contamination of  the cells 
by  the Ca 2 + of  the incubation medium and gives highly reproducible and reli- 
able estimates of  intracellular calcium. The cell sediment was subsequently 
dried in an oven at 100--120°C for at least 4 h and the Ca 2 ÷ quantitatively 
extracted by 3 ml of  0.1 N HNO3 [22].  Samples of  the extract were analyzed 
for calcium by atomic absorption spec t rophotometry  in the presence of 1% 
LaCls. The protein concentrat ion was determined by  the biuret reaction 
modified for turbid solutions [23].  

Ascites tumour  cells incubated in a medium containing 1.3 mM Ca 2 ÷ at 
0--1°C, hence in conditions of  inhibited endogenous metabolism, take up a 
substantial amount  of  Ca 2 + from the external medium. The accumulation is 
linear during the first 60 min and declines thereafter,  reaching the equilibrium 
in the following 30 min at a level of  about  70 mmol/kg cell protein (Fig. 1, 
solid circles). When the cells are incubated under favourable metabolic condi- 
tions, namely at 38°C in the presence of an oxidizable substrate, a rapid and 
substantial extrusion of  Ca 2 ÷ takes place. Fig. 1, in fact, shows that  the level 
of  ATC intracellular Ca 2 + quickly falls to about  25--30 mmol/kg protein, both 
after 30 and 90 min of cold incubation (open circles in Fig. 1). The relation- 
ship be tween  Ca 2 ÷ extrusion and ascites tumour  cell metabolism is further 
shown by  the results of  Table I. It can be seen that  the lower the ra te  of  O2 up- 
take, the higher the level of  cellular Ca 2 ÷. In fact, ascites tumour  cells respiring 
with a Qo~ of  4.7 (endogenous substrates or 10 mM glucose) extrude Ca 2+ in 
an amount  of  about  3 0 - 3 5  mmol /kg  protein, while respiring with a Qo of 
7.3 (10 mM pyruvate)(+55% of  the endogenous),  they extrude about  45 ~ mmol 
Ca 2 +/kg protein. In the experiments shown, ascites tumour  cells fail to  exhibit  
the classical Crabtree effect  (inhibition of the respiration by glucose) and we 
suppose that  this can be due to the special condit ion in which the cells are in- 
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Fig. 1. Time course of  Ca 2+ accumulat ion  at 0--I°C (e)  and extrus ion at 38°C (o)  by  Ehzlich ascites 
tumour  ceils (ATC) supplemented  with 10 mM pyrgvate,  incubated in: 225  mM mannito l ,  75  mM 
sucrose, 1 .0  mM MgCI 2 , 1 .3  mM CaCI=, and 10  mM Tris • HCI, p H  7,4 .  _The inhibiting e f f ec t  o f  the 
antibiotic  ionophore  A 2 3 1 8 7  ('=) on cell  Ca 2+ extrusion is also reported. 

TABLE I 

TOTAL CALCIUM CONTENT A N D  OXYGEN UPTAKE OF INTACT EHRLICH ASCITES TUMOUR 
CELLS INCUBATED IN MST MEDIUM AT 0- - I °C A N D  3S°C IN ENDOGENOUS A N D  SUBSTRATES 
SUPPLEMENTED CONDITIONS 

Incubation was conducted  for 4 5 - - 5 0  min at 0---I° C in an ice bath, the same cell  suspension was, then,  
transferred at 38°C in Warbuzg vessels for addit ional  30  rain in aerobic condit ions.  Lactate product ion is 
also reported for the glucose-supplemented cells. For  further technical  details see the text.  

Incubat ion Addit ions Calcium 02 uptake  
( m m o l / k g  protein)  ( Q O ; ) * *  

Lactate product ion  
0 ~ m o l / 1 0 0  mg 
dry wt .130 min)  

4 5 - - 5 0  rain at 0 - - I ° C  

4 5 - - 5 0  rain at 0 - - 1 °  C 
and 3 0  ra in  at 3 8  ° C 

None  73.1 ± 3 .8 (56)*  

None  4 3 . 2  ± 1 . 9 ( 5 5 )  - 4 . 7  + 0 . 3 ( 2 1 )  
1 0  mM glucose 37 .1  -+ 2 . 6 ( 2 9 )  - 4 . 7  ± 0 . 3 ( 1 4 )  
1 0  mM pyruvate  2 6 . 7  ± 1 . 1 ( 4 8 )  - 7 . 3  ± 0 . 2 ( 2 7 )  

5 .0  + 0 . 9 ( 1 2 )  

*Mean + S.E.M.  (number  of observations).  
**/~lfn/mg dry wt. 

cubated (Na ÷, K ÷ and Pi-free medium). However the phenomenon requires 
further investigation. Glycolysis is one of  the most  impressive features of  
cancer cell metabolism [24] and its role in the biology of  such cells is still an 
intriguing problem. Indeed, the energy derived from the glycolytic pathway, 
in cancer cells, has been shown to be as effective as the mitochondrial one in 
many respects and in particular in the maintenance of  cell ion gradients [25] .  
In preceding reports, we underlined that glucose fails to  support Ca 2 ÷ uptake 
by ascites tumour cells [19 ,20] .  On the contrary, the energy from glycolysis is 
as effective as that from respiration in supporting the extrusion of  Ca 2 ÷ from 
the cell. Table II shows such results. Rotenone blocks the Ca 2 ÷ extrusion in 
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T A B L E  II 

E F F E C T  O F  R O T E N O N E  A N D  T T F B  IN T H E  P R E S E N C E  O R  A B S E N C E  O F  G L U C O S E  O N  T H E  
C A L C I U M  E X T R U S I O N  BY E H R L I C H  A S C I T E S  T U M O U R  C E L L S  I N C U B A T E D  F O R  3 0  r a i n  A T  
3 8 ° C  A F T E R  P R E I N C U B A T I O N  A T  0 - - 1 ° C  F O R  4 5 - - 5 0  r a i n  

F o r  m o r e  e x p l a n a t i o n s ,  see the  t ex t .  

A d d i t i o n s  G l u c o s e  C a l c i u m  
( 1 0  r aM)  ( m m o l / k g  protein) 

L a c t a t e  production 
( /~mol /100  m g  d r y  w t . 1 3 0  r a in )  

R o t e n o n e  6 .7  ~M - 7 6 . 9  + 7 . 6 ( 1 9 ) *  
+ 4 1 . 6  + 2 . 9 ( 3 6 )  3 8 . 5  + 3 . 5 ( 7 )  

T T F B  2 .6 /~M - 6 5 . 8  -+ 4 . 0 ( 1 4 )  
+ 35.0 +- 3.5(9) 54.5 + 2.5(6) 

* M e a n  +- S .E.M.  ( n u m b e r  of  o b s e r v a t i o n s ) .  

endogenous conditions, but  the activity is restored by the addition of glucose, 
condit ion in which the level of  Ca 2 ÷ is equal to that  found in the uninhibited 
endogenous conditions (Table I). Similar results are obtained using the un- 
coupler 4,5,6,7-tetrachloro-2-trifluoromethylbenzimidazole (TTFB) (Table II). 
The uncoupling inhibits calcium extrusion, which is, however, restored by the 
addition of glucose to the cells. The amount  extruded is still the same as in 
endogenous conditions. The above-mentioned TTFB experiments, besides 
stressing the energy-dependence of the ascites turnout  cells Ca~+-extruding 
mechanism, show that  the mitochondrial  Ca 2÷ pump is no t  involved in the 
phenomenon since, in these conditions, mitochondria  loose calcium while the 
cells gain it. Furthermore,  the same results propose interesting speculations on 
the competi t ion among different  energy-utilizing systems in tumour  cells 
("energy compar tmenta t ion")  [ 26,27]. In fact, the ability of glucose to sup- 
port  cell Ca 2÷ extrusion in the presence of  the uncoupler,  together with its 
inability to support  the Ca 2÷ uptake by the ascites tumour  cell mitochondria  
in vivo [ 19,20] suggests that  in these cells the plasma membrane Ca2+-extruding 
mechanism competes favourably with mitochondrial  ATPase for cytosolic ATP. 
This could be due to: (a) higher affinity of  the cell membrane Ca 2÷ pump for 
cytosolic ATP, and/or  (b) alteration of  turnout  mitochondrial  ATPase, the 
ability of which to hydrolyze exogenous (cytosolic) ATP could be deeply 
impaired, as shown by Pedersen et al. [28]. These considerations which of 
course require further  proof,  are in contrast  with the results obtained by 
others on different  normal cell preparations, which show that  cytosolic ATP 
freely reacts with mitochondrial  ATPase [29]. Finally the effect  of  the anti- 
biotic ionophore A23187 on Ca 2÷ extrusion by ascites tumour  cells is reported 
in Fig. 1. This compound,  which equilibrates the concentrat ion of  divalent 
cations (especially Mg 2÷ and Ca 2+ ) across many biological membranes [30], 
exhibits an inhibiting effect  also on Ca 2+ extrusion by ascites turnout  cells. 

On the basis of  the above experiments, we draw the following conclu- 
sions: ascites turnout  cells are capable of extruding f rom the intracellular space 
substantial amounts  of Ca 2 + and the mechanism is metabolism- and energy- 
dependent.  The extrusion is proportional to the rate of  O2 consumption.  
Ascites turnout  cell glycolysis is capable of supporting cell Ca 2 + extrusion dif- 
ferently f rom that  found in other  perenchymal  cell species; in such respect, 
the mechanism resembles the one acting in red blood cells. Furthermore,  the 
net  extrusion is not  dependent  on the exchange diffusion of Na +, which is 
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absent from the incubation medium, and seems to be in good agreement with 
the recent report about  Ca 2 +-ATPases found in ascites tumour  cells and other 
tumour  cell plasma membranes [33,34]. All these features make the Ehrlich 
ascites tumour  cells the ideal experimental model to study the regulation of 
cell Ca 2 + content  and the effect of Ca 2 + on cell metabolism. Experiments are 
in progress in both directions. 
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