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E H R L I C H  A S C I T E S  T U M O R  C E L L S *  

J E S S E  F, SCOTT .XND E D G A R  B. T A F T  

John Collins lt"arre~ Laboratories, Huutil~gton Memorial Hospital, Department o] _qnatomy a~zd 
Department o/ Pathology, Harvard .lledical Nchool, Bosto~L Mass. (U.S.A.) 

E x p e r i m e n t s  wi th  microbiaP,  ~, mammalian2-V, 9,26, and  neoplas t ic  cells 8 have sup- 
por ted  the  concept  of conservat ion  of the  cons t i tu ten t s  of deoxyr ibonucle ic  acid 
(DNA) th roughou t  the  life of the  cell. S imi l a r  s tudies  on r ibonucleic  acid (RNA), on 
the o ther  hand,  have  y ie lded  a va r i e ty  of results.  Conservat ion of phosphorusL 2 and 
pur ines  1° of R N A  in E.  coli dur ing  log-phase growth  has been demons t ra ted .  In  vivo 

exper iments  wi th  m a m m a l i a n  tissues have  de mons t r a t e d  loss of incorpora ted  radio-  
a c t i v i t y  u from RNA.  SIMINOVlTCH 2 has recen t ly  shown tha t  suspensions of cells 
der ived  from adu l t  mouse connect ive t issue growing in log phase in t issue cul ture  
conserve 3~p in the  RNA.  Work ing  with  the Ehr l ich  ascites tumor ,  R~v~sz  et al. s have  
d e m o n s t r a t e d  an in t e rmed ia t e  s i tua t ion  in which labeled cells lose about  3o°/:o of the 
r a d i o a c t i v i t y  in the  R N A  following t r ansp lan ta t ion .  Fol lowing this in i t ia l  loss, the  
remain ing  pur ine  is conserved.  MOLDaVE 12, 13 has publ i shed  d a t a  which show a loss of 
nucleic acid pur ines  from labeled cells i ncuba ted  in  vivo in sacs of dia lys is  membrane  
i m p l a n t e d  in the  per i toneal  c av i t y  of mice. These condi t ions  pe rmi t  one cell-doubling,  
bu t  no increase in cell mass. BENNETT .~ND SKIPPER 14 have suggested tha t  R N A  
purines  of a solid t r ansp l an t ab l e  t umor  (Sarcoma 18o) are conserved.  

In q u a n t i t a t i v e  his tochemical  exper iments  we had  de mons t r a t e d  15 in ra t  l iver  
a p ropo r t i ona l i t y  between the concent ra t ion  of acid-soluble inorganic plus labi le  
organic phospha te  and the concent ra t ion  of RNA.  This p ropor t i ona l i t y  was not  observed 
in tumors  ar is ing from the l iver  under  the  influence of p -d ime thy laminoazobenzene  
and,  further ,  the concent ra t ion  of R N A  appea red  to be independen t  of the acid-soluble  
phospha te  concentra t ion .  Reasoning from these d a t a  we reached an hypothes is  t ha t  in 
these tumors  there was l i t t le  if any  tu rnover  of the RNA.  A t t e m p t s  to test  this  hypo-  
thesis with the solid l iver  tumors  were inconclusive for m a n y  reasons 16, and  we tu rned  
to the mouse asci tes tumor.  In  this  l a t t e r  t umor  we have found a conservat ion of 
pyr imidines  of R N A  and of I)NA. 

M.VI'I;.RIAI.S AND METHOI)S 

Strain .\ mah' mice bearinR eithur ol  two  lines of Ehr l ich ascites tumor ,  the hyperd iphf id  nr the 
te t raphml ,  have been used ( 'ond i t ions of inoculatim~ are described under the appropr ia te  experi-  
ments, The tumor  cells Wel-C harvested af ter  var ious in terva ls  of t ime by repeated rinMnR ~1 the 

* This wo rk  was supported by ('.S. Publ ic  Hea l th  Service Grant  C 55 s and an ins t i tu t iona l  
g ran t  f rom the . \mer ican ( 'ancer Society, lnc, to the Massachusetts General H~sp i t a ]  This- is  
publication no. QI 7~ (tf the ('ancer CommisMon of Harvard t 'niversitv 
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a b d o m i n a l  c av i t y  of t he  hos t  an i ma l  w i t h  smal l  v o l u m e s  of cold o . i 4 M  NaC1 con ta in ing  approx i -  
m a t e l y  ioo  U S P  u n i t s  of hepa r i n  in 25 ml. Recovered  cells and  w a s h i n g s  were pooled and  m a d e  to 
v o l u m e  in a 25 ml  vo lume t r i c  flask kep t  in c racked  ice. Al iquots  were r e m o v e d  for cell coun t  and  for 
d e t e r m i n a t i o n  of t o t a l  R N A  and  DNA.  The  r e m a i n d e r  of t he  cells was  reserved  for d e t e r m i n a t i o n  
of specific a c t i v i t y  of R N A  a n d  D N A  and  to ta l  radioact iv i ty_in  t he  acid-soluble  f ract ion.  Al iquots  
for ana lys i s  were cen t r i fuged  and  t he  s u p e r n a t a n t  fluid d iscarded.  The  pel lets  were frozen and  
s to red  a t  - -  35°C unt i l  all s amp l e s  f r om a single e x p e r i m e n t  h a d  been  collected. 

Al iquo ts  for cell coun t s  were d i lu ted  5 °- or ioo-fold depend ing  on t he  expec ted  cell n u m b e r  to 
a final v o l u m e  of io ml  wi th  lO% citr ic  acid con t a in ing  to lu id ine  blue. Af te r  t h o r o u g h  m i x i n g  t he  
cells were coun ted  in a b r igh t l ine  h e m o c y t o m e t e r .  The  s t a n d a r d  error  of t he  c o u n t i n g  level was 
neve r  g rea t e r  t h a n  15%. 

Tota l  R N A  and  D N A  were d e t e r m i n e d  by m e a n s  of t he  combined  SCHMIDT-THANNHAUSER 17- 
SCHNEIDER TM m e t h o d s  on repl icate  a l iquots .  R N A  was  e s t i m a t e d  by  t he  orcinol  m e t h o d  19 and  D N A  
by  t h e  d i p h e n y l a m i n e  reac t ion  2°. 

The  m a j o r  por t ion  of t he  cells was  s epa ra t ed  in to  acid-soluble,  R N A ,  and  D N A  frac t ions  by  
m e a n s  of essent ia l ly  t he  p rocedure  of HECHT AND POTTER 7. The  p rocedure  was modif ied by  sub-  
s t i t u t i n g  7% t r ich lorace t ic  acid (TCA) to p rec ip i t a te  t he  acid- insoluble  f rac t ion  and  5% TCA to 
w a s h  t h e  precipi ta te .  I n  order  to reduce  t he  m a s s  on t he  p l a n c h e t s  used  for m e a s u r e m e n t  of radio  
ac t i v i t y  in t h e  acid-soluble  f ract ion,  t he  TCA was  des t royed  by  h e a t i n g  t he  so lu t ion  on a boiling 
wa t e r  b a t h  for 2 hours .  

The  specific and  to t a l  ac t iv i t ies  of t he  th ree  f rac t ions  were d e t e r m i n e d  in t he  following m a n n e r .  
Microscope coverglasses  (Corning No. 2915, 22 or 25 m m  circles, Th icknes s  No. 2) were used  as 
p lanche t s* .  To ob ta in  even  sp read ing  of t he  p la ted  so lu t ions  t he  coverg lasses  were sc rubbed  wi th  
S h a m v a  * *, r insed  wi th  dist i l led wate r ,  and  al lowed to dry.  The  glasses were t a r ed  and  t he  we igh t ing  
was  r epea t ed  af te r  t h e  s amp l e  h a d  been  dr ied u n d e r  a h e a t  l amp.  A Nuclear  Chicago coun t e r  wi th  a 
Micromil  end -w i ndow de tec to r  was  used  to m e a s u r e  t h e  rad ioac t iv i ty .  The  s t a n d a r d  error  of t h e  
coun t i ng  level was  neve r  g rea te r  t h a n  3 %. All c o u n t s  were cor rec ted  for se l f -absorpt ion .  The  to ta l  
f rac t ion  of R N A  a n d  D N A  was  p l a t ed  in all expe r imen t s .  Af t e r  coun t ing ,  t h e  R N A  a n d  D N A  on 
t he  p l a n c h e t s  was  e lu ted  w i t h  w a t e r  and  t he  to t a l  p h o s p h o r u s  of t he  e lua te  was  d e t e r m i n e d  by  t he  
m e t h o d  of KING 21. T he  p h o s p h o r u s  va lues  were conve r t ed  to m g  R N A  and  D N A  us ing  respec t ive ly  
9 .16% P and  9 .43% P and  were t h e n  used  to  ca lcu la te  specific ac t iv i t ies .  To ta l  c o u n t s  were  cal- 
cu la ted  as specific ac t iv i ty  t i mes  to t a l  a m o u n t  of R N A  or D N A  present .  I n  some  e x p e r i m e n t s  all 
t h e  acid-soluble  f rac t ion  was  p la ted ;  in o the r s  an  a l iquo t  was  p la ted .  To ta l  a c t i v i t y  of t he  acid- 
soluble f rac t ion  was  d e t e r m i n e d  direct ly .  

Orot ic  acid-614C*** h a d  a specific ac t iv i ty  of 1.36 /~C/umole. I t  was  used w i t h o u t  added  
carr ier  as a neu t r a l  so lu t ion  con ta in ing  io /2C/ml .  

RESULTS 

I n  F i g .  I t h e  p o o l e d  r e s u l t s  o f  t w o  e x p e r i m e n t s  a r e  p r e s e n t e d .  I n  e a c h ,  a g r o u p  o f  

I 0  a n i m a l s  w a s  i n o c u l a t e d  a t  t i m e  z e r o  w i t h  e q u a l  a l i q u o t s  o f  E h r l i c h  h y p e r d i p l o i d  

cel ls .  O n  t h e  t h i r d  d a y  e a c h  a n i m a l  r e c e i v e d  I b~C o f  o r o t a t e - 6 - 1 4 C ,  B e g i n n i n g  o n  t h e  

f o u r t h  d a y  t h e  a n i m a l s  w e r e  k i l l e d  i n  p a i r s ,  a n d  t h e  t u m o r  h a r v e s t e d .  D u r i n g  t h e  s i x -  

d a y  i n t e r v a l  t h e  i n c r e a s e  i n  ce l l  n u m b e r  w a s  l o g a r i t h m i c §  w i t h  c o n s i d e r a b l e  v a r i a t i o n .  

I n  t h i s  s a m e  i n t e r v a l  t h e  t o t a l  n u m b e r  o f  c o u n t s  r e c o v e r e d  i n  R N A  a n d  i n  D N A  re -  

m a i n e d  e s s e n t i a l l y  u n c h a n g e d ;  a g a i n  w i t h  c o n s i d e r a b l e  v a r i a t i o n .  T h e  l i n e s  d r a w n  a r e  

t h e  b e s t  f i t  ( l e a s t  s q u a r e s )  f o r  a s t r a i g h t  l i n e  t o  t h e  p o i n t s  a s  p l o t t e d .  B o t h  l i n e s  h a v e  a 

p o s i t i v e  s l o p e  s u g g e s t i n g  a g a i n  i n  t o t a l  c o u n t s  w i t h  t i m e ,  b u t  n e i t h e r  s l o p e  is  s i g n i f i -  

c a n t l y  d i f f e r e n t  f r o m  z e r o  (tuRN A ~ + 0 . 0 1 6  ~ O . I I  c . p . m .  ( l og  u n i t s ) / d a y ;  mDN A 

+ 0 . 0 0 8  ± O.O12 c . p . m .  ( log  u n i t s ) / d a y ) .  T h e  t o t a l  c o u n t s  i n  t h e  a c i d - s o l u b l e  f r a c t i o n  

* These  coverg lasses  h a v e  low b u t  apprec iable  r ad ioac t iv i t y  wh ich  is no t  m e a s u r a b l y  reduced 
by  t he  r ange  of m a s s  per  un i t  a rea  p la ted  in these  e x p e r i m e n t s .  

* * A  me ta l log raph ic  pol ish ing agen t  ob ta ined  f rom the  Go lwynne  Magnes i te  and  Magnes ia  
Corporat ion,  420 L e x i n g t o n  Avenue ,  New York.  

*** Tracer lab ,  13o High  Street ,  Bos ton ,  M assachuse t t s .  
§ W h e n  t he se  d a t a  are p lo t t ed  as ~l~'cell n u m b e r  23, t h e  cor re la t ion  coefficient for a s t r a i gh t  

line fit to the  po in t s  is no t  s igni f icant ly  different  f rom t h a t  for t he  loga r i thmic  plot  used  here.  
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Fig. I. Re ten t ion  of labeled nucleic acid pyri-  
midines by  ascites t u m o r  cells in hos t  animals  
receiving orotate-6-14C. Two sets of I o mice each 
were inoculated wi th  equal  volumes  of Ehrl ich 
hyperdiploid ascites t u m o r  ceils at  t ime zero. 
On the  thi rd  day each animal  received i pC of 
orotate-6-14C intraperi toneal ly.  Animals  f rom 
each set were sacrificed in pairs  at  the  indicated 
t imes.  The tota l  t u m o r  cell popula t ion  was  
washed f rom the  abdomina l  cavi ty  of the  ani- 
mals. Total  cell n u m b e r  and tota l  radioact iv i ty  
in R N A  and DNA were determined as described 
in the text .  The two exper iments  were run  at  

separate  t imes. 
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Fig. 2. Retent ion  of labeled nucleic acid 
pir imidines bv  ascites t u m o r  cells when t rans-  
planted to unlabeled hosts.  Three mice bearing 
a 6-day Ehrl ich hyperdiploid t u m o r  received 
i #C of orotate-6-z4C intraperi toneal ly.  Twenty-  
four hours  later t he  cells were collected and 
pooled. Aliquots were t aken  for cell count,  de- 
t e rmina t ion  of radioactivity,  and analysis  as 
described in the text .  Aliquots were also injected 
into each of I o animals  which were subsequent ly  
sacrificed in pairs  on the  days indicated. The 
progeny of the injected cells were harvested,  
counted, and analysed as described. The ar rows 
indicate the total  n u m b e r  of counts  in the 
al iquot of cells received by  each animal. The 

acid-soluble fraction contained 8 c.p.m. 

were very low and variable, but were of the order of o . I - I  % of the sum of the counts 
in RNA plus DNA. 

The organs, principally the livers 23, of the animals in these experiments, contained 
labeled nucleic acids as well as did the tumors. The livers contained an average of 
3000 counts in RNA on the fourth day and 17oo counts on the tenth day. It  is con- 
ceivable that activity lost from these organs could be incorporated into the tumor 
nucleic acids and thus obscure a loss from the tumors. To avoid this uncertainty the 
following experiment was done. Each of three animals bearing a 6-day Ehrlich hyper- 
diploid tumor were injected intraperitoneally with I t*C of orotate-6-a4C. Twenty-four 
hours later the cells were harvested into ice-cold tubes and centrifuged. The cells were 
resuspended in ascitic fluid in a total volume of IO ml. Each of io animals received 
a 0.5 ml aliquot of the suspension containing 7.6- lO 7 cells. Aliquots were also taken for 
determination of radioactivity and for analysis. The results are shown in Fig. 2. The 
total counts in both RNA and DNA remain essentially unchanged during the period 
3 to 7 days after injection. There is good agreement between the counts recovered and 
the counts injected in the RNA fraction. The agreement in the case of DNA is not 
good and one can only suspect some error in the analysis of the DNA fraction of the 
aliquots of injected cells, particularly since the range of recovered counts is small and 
the number of counts recovered is greater than the found number iniected. An experi- 
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ment of the same general type using the tetraploid tumor yielded the same result. This 
experiment differed in that 2 animals bearing a 3-day tumor each received 3 /zC of 
orotate-6-~4C in I/ ,C intraperitoneal doses given at 2-hour intervals. Twenty-four hours 
after the last injection the cells were collected and treated as in the previous experi- 
ment. Each animal received 7-9" lO7 labeled cells. The results are shown in Table I. In 
these latter experiments the total counts in the acid-soluble fraction of the recovered 
cells ranged between o 5 % of the total counts in RNA plus DNA. 

T A B L E  I 

RETENTION OF LABELED NUCLEIC ACID PYRIMIDINES BY ASCITEN TUMOR CELLS 

RNA DNA 
,4 nimal Days aJter Cell number 

transplant Total counts rain 

I 3 19 "Io7 
2 3 26 * * 
3 4 29 4 o I  655 
4 4 29 425  611 
5 5 38 53 ° 641 
6 5 54 561 818  
7 6 60  5 2 0  612  
8 6 94  635  584  
9 7 93 354  81 I  

IO 7 lO2 362 515 
M e a n  474  6 5 6  
I n j e c t e d  a l i q u o t s * *  7.9 4 5 7  669  

* S a m p l e s  los t .  
** A c i d - s o l u b l e  f r a c t i o n  c o n t a i n e d  63 c . p . m ,  t o t a l .  

T w o  m i c e  b e a r i n g  a 3 - d a y  E h r l i c h  t e t r a p l o i d  t u m o r  e a c h  r e c e i v e d  3 p C  of  o r o t a t e - 6 - 1 4 C  in-  
t r a p e r i t o n e a l ! y  in  3 d o s e s  o f  I /~C e a c h  a t  2 - h o u r  i n t e r v a l s .  T w e n t y - f o u r  h o u r s  l a t e r  t h e  cel ls  w e r e  
c o l l e c t e d  a n d  t r e a t e d  as  d e s c r i b e d  in l e g e n d  of  F i g .  2. 

DISCUSSION 

Conservation of labeled constitutents of DNA previously reported to occur in many 
cells and tissues (see INTRODUCTION) is confirmed for these ascites tumor cells, at least 
with regard to pyrimidines. 

In each of these experiments there is also conservation of the pyrimidines of 
RNA during a six-fold logarithmic increase in cell number. This latter finding appears 
to be at variance with the findings of some other workers (see I N T R O D U C T I O N ) .  It  should 
be emphasized at this point that our observations have been confined to pyrimidines 
while others have followed purines. The work of R~v~sz el al .  8 is most interesting in 
this regard, in that with essentially the same protocol* as that used in the latter two 
experiments, they observed a 3o% loss of RNA purines between the time of injection 
of the labeled cells and the time of first sampling of the progeny 48 hours later. There- 
after the purine label was conserved at the 7 o% level. This striking difference in the 
behaviour of the purines and pyrimidines is most interesting in the light of recent 

* The.~e an thol -S  e s t i m a t e d  t h e  a m m m t  of l abe l  r e t a i n e d  b y  t i le  ce l ls  d u r i n g  t h e  e x p e r i m e n t  o n  
t h e  b a s i s  of t h e  p r o d u c t  of  spec i f i c  a c t i v i t y  of n u c l e i c  a c i d  p u r i n e s  m u l t i p l i e d  b v  cel l  n u m b e r .  T h i s  
p r o c e d u r e  i m p l i e s  t h a t  t h e  a m o u n t  of  R N A  as  we l l  a s  t h e  a m o u n t  of  I ) N A  p e r  a v e r a g e  cel l  r e m a i n s  
c o n s t a n t  d u r i n g  t h e  e x p e r i m e n t .  R e s u l t s  r e p o r t e d  in  t h e  p r e s e n t  p a p e r  a r e  i n d e p e n d e n t  of  t h i s  
v a r i a b l e .  
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implication of adenosine triphosphate in the activation of amino acids ~4, and of RNA 
and guanosine polyphosphate in the incorporation of amino acids into the protein of 
microsomes in in vitro systems 25. 

The experiments described in this paper were based on an hypothesis derived from 
the interpretation of results obtained on solid, primary tumors. Attempts to carry out 
experiments in which labeled ascites cells are implanted subcutaneously have so far 
been unsuccessful because of the early destruction of cells and the early onset of central 
necrosis after growth begins. BENNETT AND SKIPPER 14 have stated that during a six- 
fold increase in mass of Sarcoma 18o growing subcutaneously in mice which had 
received formate-14C there is no significant decrease in the 14C-content of the purines of 
RNA or DNA of the tumor. Although this experiment apparently suffers from the 
same ambiguity as the first experiment described above (Fig. I), it strongly suggests 
that conservation of RNA purine-labeling also occurs in solid tumors. 

In cases of conservation of labeled components of nucleic acids, it should be 
possible to determine by examination of the acid-soluble fraction of the cell whether 
the RNA and DNA molecules are stable once formed or whether there is breakdown 
and very efficient reutilization of the components. In our experiments the activity in 
the acid soluble fraction has ranged between o 5 % of the total counts found in RNA 
plus DNA. The results were highly variable between animals. The possibility of 
enzymic breakdown or acid hydrolysis during harvest of the cells or the early stages 
of fractionation cannot be eliminated in the experiments reported, and the results are 
therefore inconclusive. 

In a population of cells in logarithmic growth each component of the cell, con- 
sidered statistically, must be synthesized at a rate which is proportional to the amount 
of that component present. In these experiments the ratio of total activity in RNA to 
total activity in DNA is always less than the ratio of total mass of these compounds. 
The fact that orotic acid is available only for a short time interval 23, suggests that the 
immediate precursor pool for DNA pyrimidines differs in specific activity from that 
for RNA pyrimidines and that it reaches a higher specific activity. 

Experiments done bv others (see INTRODUCTION) using mammalian tissues have 
consistently indicated a loss of labeled constitutents from RNA. This has been called 
"renewal" or "turnover" of these constituents, and, with some reservations n, has 
been taken to indicate renewal or turnover of the whole of the RNA studied. 

The loss from mammalian tissue cells stands in' sharp contrast 'to the essentially 
complete retention of label in RNA by many microorganisms in rapid growth. This 
same conservation of RNA-components can also be found in mammalian cells growing 
logarithmically in suspension in tissue culture z. Our results, those reported by BENNETT 
.\ N 1) S 1< 1PI'F. RI 1, a n d ,  at least in part, those reported by R~v~sz el al. s, taken together 
demonstrate a conservation of pyrimidines and purines of RNA by neoplastic cells, 
both ascitic and solid. 

In all instances where conservation of RNA has been demonstrated the cells 
studied have been in rapid growth. It might be argued that the conservation of cellular 
constituents is simply a kinetic matter associated with the rapid synthesis of new cells. 
However, rapid growth of the liver of 4-week old rats and of regenerating rat liver does 
not prevent loss of labeled pyrimidines from RNA "~. 

One of the outstanding features of the malignant cell is a fundamental independ- 
ence of whatever mechanisms act to regulate the growth of normal cells. In a sense, 
Re/eremites p. 5o. 
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cells  g r o w i n g  in  s u s p e n s i o n  in  vitro a re  a l so  i n d e p e n d e n t  of  s u c h  i n f l u e n c e s .  I t  is 

s u g g e s t e d  t h a t  t h e  c o n s e r v a t i o n  of  R N A  m a y  b e  m o r e  t h a n  a q u a n t i t a t i v e  c o n s e q u e n c e  

of  h i g h  g r o w t h  r a t e  a n d  f u r t h e r  t h a t  i t  is  a r e f l e c t i o n  of  s o m e  q u a l i t a t i v e  d i f f e r e n c e  in  

cells  w h i c h  a r e  i n d e p e n d e n t  of  g r o w t h - r e g u l a t i n g  m e c h a n i s m s .  

T h e  a u t h o r s  w i s h  g r a t e f u l l y  to  

KARLEN. 
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SUMMARY 

Essential ly all of the 14C of orotic acid-6-14C incorporated into the pyrimidines of RNA and DNA of 
Ehrlich mouse  ascites t u m o r  cells (hyperdiploid and tetraploid lines) is retained for periods of 
7 - I  o days in vivo during which the  cells are increasing six-fold in numbe r  at a logari thmic rate. This 
resul t  is observed whether  the cells are mainta ined in the animals  in which the labeling is effected or 
whe the r  the labeled cells are removed to hosts  which have received no radioactivity.  
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