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Under the influence of 1 mM cyc l i c - adenos ine -3 ' , 5 ' -monophospha te  (cyclic-AMP) the degree  
of surv iva l  and ra t e  of reproduct ion  of Chinese h a m s t e r  ce l l s  in cul ture  were  reduced to 27 
and 42 % of the control  level ,  r e spec t ive ly .  Addition o f0 . 02mM thymidine along with the c y c -  
l i c -AMP a lmos t  complete ly  abolished the cytos ta t ic  effect  of the la t t e r .  Thymidine also p r e -  
vented the cytosta t ic  effect  of noncyclic 5 ' -AMP,  but did not affect  death of the ce l l s  due to 
the action of dibutyryl  cyc l ic -AMP and theophylline.  Thymidine did not p revent  the inhibitory 
act ion of cyc l i c -AMP on a mutant  line of mouse  ce l l s  deficient  in thymidine k inase .  It is con-  
c ludedthat ,  ln the  concentra t ions  used,  the cytos ta t ic  action of exogenous cyc l i c -AMP on 
m a m m a l i a n  ce l l s  i s  the r e s u l t  of i t s  split t ing to 5 ' - A M P  in the cul ture  medium,  and that  it 
ac t s  by blocking one of the s tages  of TMP b iosyn thes i s .  
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An impor tan t  aspec t  of the r egu la to ry  function of cyc l i c - adenos ine -3 ' , 5 ' -monophospha te  (cyclic-AMP) 
in the cel l  is i ts  p re sumpt ive  ro le  in control l ing the r a t e  of cel l  p ro l i fe ra t ion  [1-4]. Among the a rguments  
conf i rming this hypothesis ,  inves t iga tors  cite,  in pa r t i cu la r ,  the r e s u l t s  of expe r imen t s  to show the inhibi- 
tory  effect  of exogenous cyc l i c -AMP on cell  division in cul ture  [5, 6]. However,  there  is  evidence that the 
use  of p r e p a r a t i o n s  of cyc l ic -AMP,  espec ia l ly  in cel l  cul ture ,  does not re f lec t  the mechan i sm of action of 
in t race l lu la r  cyc l ic -AMP,  the level  of which in the  cel l  c a n b e i n c r e a s e d  by the use  of agents such as dibutyryl  
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Fig. I. Effect  of thymidine (0.02 mM) and deoxyuridine (0.02 mM) 
on cytosta t ic  effect  of 1 mM cyc l ic -AMP.  Unshaded columns - 
surv iva l  r a t e ,  Shaded columns  - r a t e  of cel l  division. 

Fig. 2. Effect  of thymidine (0.02 mM on cytosta t ic  effect  of 1 mM 
cycl ic -AMP,  0.1 mM dibutyryl  cyc l ic -AMP,  1 mM 5 ' -AMP,  and 0.35 
mM theophylline. Unshaded column - inhibitor,  shaded column - in-  
hibitor + thymidine.  
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Fig. 3. Effect of thymidine 
(0.02 raM) on inhibitory ac- 
tion of 0.75 mM cyclic-AMP 
on growth of mouse cells dif- 
fering in their thymidine ki- 
nase activity. Number of cells 
counted after incubation for 
various times with cyclic- 
AMP in presence of thymidine 
(control) or in its absence. 1) 
L-cells (TK +) treated with cy- 
clic-AMP; 2) L-cells (TK +) 
treated with cyclic-AMP and 
thymidine; 3) 3T3-4E cells 
(TK-) treated with cyclic AMP; 
4) 3T3-4E cells (TK-) treated 
with cyclic-AMP and thymidine. 

cycl ic-AMP,  theophylline, cer tain hormones,  and so on [7]. It is 
suggested that this fact may be connected with extracel lular  enzy-  
mic breakdown of cyc l ic -AMP to noneyclic 5 ' -AMP. There is thus 
some doubt about the specificity of cyc l ic -AMP as an inhibitor of 
cell  proliferat ion,  

This paper descr ibes  the resu l t s  of the study of the effect of 
thymidine on the cytostat ic  effect of cycl ic-AMP,  dibutyryl cyc l i c -  
AMP, 5 ' -AMP, and theophylline, on the bas is  of which the inhibition 
of cell  growth by exogenous cyc l ic -AMP can be interpreted in a new 
light. 

EXPERIMENTAL M E T H O D  

Chinese hamster  f ibroblasts  of transplantable line BII d - i i -  
F A F - - 2 8 ,  clone 237, mouse cel ls  of line L(TK +) with normal  thymi-  
dine kinase activity, and cel ls  of line 3T3(TK-), deficient in thymi-  
dine kinase, were  used. The survival ra te  was studied by counting 
the number of colonies after seeding 200-300 cel ls  on a Petr i  dish 
(diameter 5 cm) after 10 days of growth on Eag le ' s  medium with 
10 % bovine serum in an atmosphere containing 5 % CO z. The ra te  
of cell division was determined as the rat io between the total num- 
ber  of cells  per  dish and the number of colonies on that d i sh( the  
mean number of cells  per colony) or by counting the number of ce l l s  
per dish at different t imes after seeding 50,000 cel ls  on the dish. 
Each point of the graph and the f igures on the d iagrams ref lec t  the 
mean value of counts on four dishes in three repet i t ions of the ex- 
periment.  

E X P E R I M E N T A L  R E S U L T S  

To study the cytostat ic effect the concentrat ions of the inhibitors were chosen so that, following their 
use, the rate  of survival  and of division of the cel ls  was 25-50% of the control.  In par t icular ,  the presence  
of 1 mM cyc l i c -AMP in the medium reduced the survival ra te  to 27% and reduced the mean number of cells  
per colony to 42 % of the control.  If thymidine (0.02 raM) was present  together with cyclic AMP in the me-  
dium, the survival ra te  and ra te  of division of the cells  were r e s to red  almost  to the control  level. Deoxyuri-  
dine in a s imilar  concentrat ion had a much less  marked protect ive action (Fig. 1). The resu l t s  showing the 
effect of thymidine on the cytostat ic action of cycl ic-AMP, dibutyryl cycl ic-AMP,  5 ' -AMP, and theophiline 
are  given in Fig. 2. Thymidine had a marked protect ive action, when added to the medium together with 
cyc l i c -AMP and 5 ' -AMP, on spatial organization, but it did not affect the cytostat ic action of dibytyryl  cyc -  
l ic-AMP and theophylline. Cycl ic-AMP and 5 ' -AMP thus have a s imilar  mechanism of inhibition of cell 
growth, and one that differ s f rom the mechanism of action of dibutyryl cyc l ic -AMP and theophylline. Some con-  
clusions regarding this meehaai  sm canbe  drawn f rom the data in Fig. 3. The curve s in Fig. 3 ref lect  changes in 
the number of cells  aRer  different t imes  of growth in the presence  of cyc l ic -AMP and thymidine in two cultures 
of mouse cel ls  differing in their level of activity of thymidine kinase, the enzyme responsible  for phosphor-  
ylation of exogenous thymidine. L(TK +) cells, with normal  activity of the enzyme, can be protected against 
the cytostatic action of cyc l ic -AMP by the addition of thymidine. Cells of the mutant line 3T3-4E(TK') ,  
deficient in thymidine kinase, die if exposed to the action of cyc l ic -AMP despite the presence  of thymidine 
in the medium. The initial cell  concentration in both cases  was 50,000 per dish. Phosphorylation of exo- 
genous thymidine is thus evidently an essent ial  condition for depression of the inhibitory effect of cyc l i c -  
AMP on cell division. P resumably  cycl ic-AMP,  like 5 ' -AMP,  if p resen t  in the nutrient medium, induces 
TMP deficiency in the cel ls  by blocking at least  one stage of its biosynthesis  de novo. Since deoxyuridine 
gives only a negligible protect ive effect, this block possibly takes place in the transi t ion f rom dUMP to TMP. 
In cel ls  with normal  thymidine kinase activity TMP is formed through bypassing of the block by phosphory-  
lation of exogenous thymidine; for that reason  the viability of the cells  is r e s to red  by the addition of thy- 

midine to the medium. 

On the basis  of these resu l t s  the following mechanism of the cytosta t ic  action of exogenous cyc l i c -  
AMP in cell culture can be postulated. 1) Under the influence of fac tors  in the nutrient medium (probably 
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se rum phosphodies te rase)  cyc l i c -AMP b reaks  down to 5 ' -AMP.  2) 5 ' -AMP or  its metabol ic  products  block 
the format ion  of TMP f rom dUMP, leading to inhibition of DNA synthes is  and of cell  division. The mechan i sm 
of the cytostat ic  effect  of cyc l i c -AMP and of the " r e scue"  of the ce l l s  by thymidine can be r e p r e s e n t e d  sche-  
mat ica l ly  as follows: 

dUMP ~TMP ~TDP "~TTP -~ DAN 

Hypothetical block I ~ [  pathway 

Cyclic-AMP -~5'-AMP Thymidine 

Inhibition of growth of ce l l s  in cul ture  in the p re sence  of cyc l i c -AMP is thus not spec i f i c , and  it can-  
not be in te rp re ted  in the light of the r egu la to ry  function of in t race l lu la r  cyc l ic -AMP.  The mechan i sm of 
blocking of TMP synthes is  r e m a i n s  obscure  and r e q u i r e s  specia l  investigation.  
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