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SUMMARY: Leukemia L-1210 cel ls  grown in vitro to s ta t ionary phase and cooled 
for  1 hr  at 4 °, undergo a lag of  approximately 2 hr  before they resume growth upon 
addition of 9 volumes of f resh  (37 ~) medium.  This  lag is  abolished by cyclic CMP, 
and resumpt ion  of cel l  growth is  detected within 15 rain. Under the same conditions 
of growth, cyclic AMP, cyclic GMP or  cyclic  UMP prolong the 2 hr  lag by 1.5 - 22 
hr;  in the presence  of cyclic CMP this  extended lag is abolished.  It is  suggested 
by these  observat ions  that cyclic CMP can a s sume  a growth regulatory function. 

INTRODUCTION: In a recent  communicat ion (1) we reported the p resence  of cyclic 

CMP in ext rac ts  of leukemia L-1210 cel ls .  Although proof that this  cyclic nucleo-  

t ide is a t rue  cei l  component and not an ar t i fact  of the isolat ion procedure  is  st i l l  

outstanding, it  has the capacity,  descr ibed in this  paper,  to ini t ia te  the growth of 

s ta t ionary phase leukemia L-1210 ce l l s .  

EXPERIMENTAL: Leukemia L-1210 cel ls  were grown for 40 hr  in a 250 ml sp inner  

f lask containing 100 ml of RPMI 1630 medium + 10% dialysed calf  se rum,  100 u / m l  

of penic i l l in  and 100 # g / m l  of s t reptomycin .  A 50 ml portion of the cul ture  contain-  

ing 1 - 3  x 106 c e l l s / m l  was then cooled at 4 ° for  1 hr ,  and 9 volumes of f resh  medi-  

um (37 ~) containing 20 mM HEPES buffer were added to a des i red  port ion of the cool-  

ed cul ture .  To aliquots of this  cul ture,  the var ious cyclic nucleotides,  dissolved in 

0.1 ml of sal ine per  10 ml of cu l t u r e ,  were added. The same amount of sal ine was 

added to al iquots serv ing  as  control .  In exper iments  involving re la t ive ly  short  pe r i -  

ods of incubation (up to 8 h r ) ,  the cul tures  were maintained in 100 ml sc rew-cap  

cul ture  f lasks ,  and samples  were removed f rom the bott les at the specified in te rva ls .  

To avoid the repeated exposure of the same cul ture  to a i r ,  in exper iments  where 

many samples  were  taken over  prolonged per iods  of incubation,  1 ml  al iquots of the 

cul ture  were introduced into 16 x 125 mm screw-cap  cul ture  tubes,  which were in -  
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cubated at 37 ° for  the specified length of t ime ,  and were then assayed individually.  

To de te rmine  cell  numbers  and cel l  viabil i ty,  0.5 ml aliquots of the cul tures  

were diluted with 0.5 ml of a 0.1% solution of t rypan blue. Counting in duplicate,  

was ca r r i ed  out on a s tandard hemocytometer(SWBC sect ions being counted each 

t ime) ,  and viabil i ty was determined on the bas is  of dye exclusion.  

F o r  protein  de te rmina t ions ,  50 ml cul tures  contained in 100 ml cul ture  

f lasks were incubated under  the conditions specified, and af ter  removal  of two 0.5 

ml aliquots for  counting, the cul tures  were e e n t r i ~ g e d  at approximately 500 x g, 

washed 5 t imes  with 10 ml amounts  of sal ine,  and the protein  content was d e t e r m i n -  

ed by the method of Lowry (2)o 

RESULTS 

Leukemia L-1210 cel ls  grown in vitro for  40 hrs  to s ta t ionary phase (as de-  

t e rmined  by the absence of any fu r the r  i nc rease  in cell  number) ,  and cooled subse-  

quently at 4 ° for  1 hr,  resumed growth only af ter  a lag of approxin~ately 2 hr  follow- 

ing the addition of 9 volumes of f resh  (37 ~) medium (Fig 1)o When cyclic CMP at 

1 x 10-4M was added to the cul ture  together  with the f resh  medium, resumpt ion of 

cell  division was detected within 15 mino At this  t ime ,  the inc rease  in cel l  number  

amounted to approximately 3% above control ,  and af ter  2 hr  of incubation the inc rease  

amounted to approximately 22% (Fig. 1). Cell viabil i ty in this  and al l  other  exper i -  

ments  reported here was approximately 99%, based upon dye exclusion.  The ini t ia l  

rate of growth obtained in the p resence  of cyclic CMP was essent ia l ly  the same as 

that of control  (Fig° 1) and a dec rease  in th is  rate was seen af ter  1 hr  of incubation. 

If, at this  t ime ,  a second addition of 1 x 10-4M cyclic CMP was made, the onset of 

the decline in rate was postponed for 1.5 hrs .  

The extent of growth s t imulat ion was dependent upon the concentrat ion of 

cyclic CMP used f rable  1), and af ter  2 hr  of incubation ranged f rom approximately 

-4 
9% at 1 x 10-8M cyclic CMP to approximately 22% at 1 x 10 -M. Since counting of 

the cel ls  by hemoc~tometer  is  subject to some e r r o r  (with respect  to the actual total 

cell  number  present) ,  the protein  content of the cul tures  was also de termined,  and 

as exemplified by the data in Table  1, the coincidence between the two measu remen t s  
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Fig .  1. 
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Effect  of cyc l ic  CMP and cyc l ic  AMP on the in vi t ro  growth of 
l eukemia  L-1210 c e l l s .  The ce l l s  se rv ing  as  the inoculum were  grown 
to s t a t iona ry  phase  and cooled at  4 °, and the cycl ic  nuc leo t ides  were  added 
toge the r  with 9 volumes of f r e s h  (37 °) m e d i a .  ~ : cont ro l ,  O : cyc l ic  CMP 
(10-4M), • : cyc l i c  AMP (10-6M), [ ]  : cyc l i c  AMP (10-4M), X : cyc l ic  AMP 
(10-4M) + cycl ic  CMP (10-5M). 

was very  good. It should be pointed out that  the values  given in a l l  i n s t ances  a r e  

a v e r a g e s  of at  l e a s t  t h r e e  de t e rmina t i ons .  Unlike cyc l ic  CMP, cyt idine  2 ' , 3 ' - ( c y c l i c )  

monophosphate ,  5 ' - C M P ,  CDP, CTP,  cyt id ine  o r  cy tos ine  did not abol i sh  the 2 h r  

lag.  

Under  the s ame  condi t ions of growth (Fig 1), cyc l ic  AMP,  at 1 x 10-6M, 

pro longed  the 2 h r  lag  of the con t ro l  cu l tu re  by app rox ima te ly  3 h r  (total 5 hr) ,  and 

at 1 x 10-4M, by app rox ima te ly  22 h r  (total 24 h r  ) (data not shown). At 1 x 10"5M 

cyc l i c  AMP,  the to ta l  lag was app rox ima te ly  12 hr ,  and at  5 x 10-5M it  was 15 h r .  

Cycl ic  GMP and cyc l ic  UMP, at 1 x 10-5M, caused  a to ta l  lag  of 3 .5  and 4 h r  ~ r e -  

spec t ive ly .  

When cyc l ic  CMP at 1 x 10-~M was added to the cooled cu l ture  toge the r  

with 1 x 10-4M cyc l ic  AMP,  the  24 h r  lag  was abo l i shed  (Fig 1), but the ensuing 

r a t e  of growth was somewhat  l e s s  than the one effeeted by cyc l ic  CMP alone.  Lower  

concen t ra t ions  of cyc l ic  CMP (1 x 10 - 6 -  1 x 10-7M) a l so  abol i shed  the lag,  but the 

r a t e s  of growth d e c r e a s e d  p ropor t iona te ly .  
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Table  1° Effect of the Concentrat ion of Cyclic CMP on the Extent of 
. 

Growth of Leukemia L-1210 Cells  In Vitro 

Concentrat ion of 

Cyclic CMP 

Percent  Increase  Relative 
, 

to Control af ter  2 h r s  of Incubation 

Cell Number  Prote in  

M 

10 -4 22.2 22° 4 

10 -5 19.5 20.9 

10 -6 18.0 17.4 

10 -7 13o 2 12.4 

10 -8 10ol 9.3 

The ce l l s  serv ing  as the inoculum were grown to s ta t ionary phase 
and were then cooled for 1 hr  at 4 °. Nine volumes of f resh  (37 ~) 
medium containing the specified concentra t ions  of cyclic CMP were 
added, and the cul tures  were incubated for 2 hrs .  The cell  number s  
were de termined by hemocytometer ,  and the amount of protein  by the 
method of Lowry et a_l (2). 

DISCUSSION: 

The observat ion that cyclic CMP can ini t ia te  the growth of leukemia L-1210 

cel ls  t rea ted by methods which supposedly a r r e s t  them in G 1 (3 - 5), might indicate 

that this  cyclic nucleotide is  involved in the regulat ion of cel l  growth. We have r e -  

cently detected the presence  of cyclic CMP in extracts  of L1210 cel ls  (1), but proof that 

the compound is  not an ar t i fact  of the isolat ion procedure  is  s t i l l  outstanding. Cyclic 

CMP may exert  i ts  growth s t imulatory  effect by antagonizing cyclic AMP, which has 

long been shown to play a role in the densi ty-dependent  inhibition of cel l  prol i fera t ion 

(6-8) and which, when supplied exogenously, has been observed to inhibit the growth 

of var ious cell  l ines  (9-12). The fact that cyclic CMP can prevent  not only the 2 hr  
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lag seen upon incubation of the cooled stationary phase culture, but can equally pre-  

vent the extended lag resulting upon addition of exogenous cyclic AMP, supports this 

suggestion. Of course, in the latter case, competition between exogenous cyclic CMP 

and cyclic AMP for cellular uptake cannot be excluded, although cyclic CMP can pre-  

vent the lag even at 1/10 - 1/100 the concentration of cyclic AMP. 

Further  studies are obviously required to substantiate the suggestion that 

cyclic CMP has a growth regulatory function, and to elicit the mechanism by which 

cyclic CMP initiates the growth of the L-1210 ceils. 
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