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demonstrated. The results of Expt.  6 also indicate that  the presence of 6-methyl- 
salicylate in the reaction mixture repressed the endogenous formation of patulin 
from acetyl-SCoA precursors. This finding, and the fact that  only trace amounts of 
6-methylsalicylate itself were detected in t?;xpts. I to 5 supports the contention that  
this aromatic compound is not an obligatory precursor of the antibiotic, but that  it is 
in reversible equilibrium with a common acetyl-SCoA-derived open-chain inter- 
mediate. 
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An enzymic study on the cellular origin of the D U N N I N G  and 
the NOVIKOFF hepatomas in the rat 

Because of technical difficulties that  are difficult to surmount, the literature on the 
biochemistry of cancer is filled with comparisons of questionable validity. For example, 
in comparing liver cells and hepatoma cells, any such comparison can be questioned 
on the basis of whether the hepatoma cells have been derived from parenchymal liver 
cells*, from bile-duct epithelium, or from still other cells that  occur in liver tissue. 
A number of studies summarized by POTTER 3, 4 in relation to the"delet ion hypothesis" 
have shown that  several enzymes normallv found in liver are either missing or present 
in very small quantities in the NOVIKOFF hepatoma, which has been regarded by some 
to be derived from parenchymal liver cells (discussed by NOVlKOFFS). Several of these 
enzymes were later reported by PIVOT et al. 6 to be present in the DUNNING hepatoma 
and these authors questioned the significance of the earlier comparisons of NOVIKOFF 
hepatoma and liver, while further studies by DE VERDIER AND POTTER 7 with the 
DUNNING hepatoma revealed new- differences between this tumor and normal and 
regenerating liver. 

Abbrevia t ions:  3'-Me-DAB, 3t-methyl-dimethylaminoazobenzene;  dCMP, deoxycytidylie 
acid; Tris, t r i s (hydroxymethyl )aminomethane .  

That  the parenchymM cells of the liver lobule differ quant i ta t ively  in their  enzyme content  
depending on their  anatomical  location in the lobule has been shown by SHANK et al. 1 and by 
SCHUMACHER 2. Such differences, which are small  in comparison with the major  fluctuations in 
enzymic activity shown by the liver as a whole, may  reflect the blood flow and oxygen tension 
in various zones of the liver lobule ~. 
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A n  i n t e r e s t i n g  e x a m p l e  g i v i n g  the  a p p e a r a n c e  of t h e  c o n x e r s e  of dc]e t ion ,  i.e., 

a n  e n z y m e  n o t  present_ in  l ive r  s b u t  p r e s e n t  in t h e  ,NOVII<OFF hepat--on~a '~', v a s  r e p o r t e d  

b y  M!u.E'~- aND MALEY, w h o  f o u n d  d C M P  d e a m i n a s e  in t h e  t u m o r  b~:~1: n o t  fi~ a d u l t  

r a t  l iver* .  E a r l i e r  s t u d i e s  on r e g e n e r a t i n g  r a t  l i ve r  b y  H1¢CHT A,WD P©TTF.I~ ~o i u d i c a f e d  

t h e  use  of a p a t h w a  3 f rom u r idy l i c  to  t h y m i d y l i c  ac id  w i t h o u t  ti~e neces~ i tv  % r  J=,rs~.: 

f o r m i n g  d e o x y c y t i d y ] i c  acid,  a n d  m a d e  i t  u n n e c e s s a r y  to  a s s u m e  tba~  dee>c7 cytid3ziic 

ac id  d e a m J n a s e  s y n t h e s i s  was  s u p p r e s s e d  in  n o r m a l  l i ve r  a n d  reich, sed or i n d u c e d  Jn 

N o v I ~ o I ~  h e p a t o m a  a n d  r e g e n e r a t i n g  !h,er.  

P r i o r  to  t h e  prese:~t  s t u d y  DUNNING h e p a t o m a s  were  a.%<ayed ~ f o r  d C M P  

deaminase and appeared to  coll tah3 ?-lone of the enzyme..~{ALEY AND MALEY ~ yepor t ed  

s l i gh t  a c t i v i t y  of t h e  e n z y m e  in 24--48 h r e g e n e r a t i n g  l i ve r ;  howe-,:cr, wc were  n o t  

ab le  to  r e p r o d u c e  t h i s  r e s u l t  c o n s i s t e n t l y .  R a t s  b e a r i n g  t h e  DUN>7?:,,(? hepa!o~:~a ,..~ere 

s e n t  to  ~ALEY a n d  MAL]~Y, w h o  c o n f i r m e d  t h e  a b s e n c e  of t h e  deamina.~-e f rom lh i s  

t u m o r  12. T h i s  f i nd ing  ]eft. u n e x p l a i n e d  t h e  o c c u r r e n c e  of c o n s i d e r a h l e  ;u-noun,s  of !he  

e n z y m e  in t h e  NOVIKOFF h e p a t o m a  ~, a r e s u l t  w h i c h  we h a v e  conf in>c.d  In  o r d e r  {o te.a~ 

t he  h y p o t h e s i s  t h a t  t h e  NOVmO~:F hep~H:oma is d e r i v e d  f r o m  a call t y p e  el-i-leT t h a n  t h a t  

f r o m  w h i c h  t h e  DUNNINg h e p a t o m a  s t ems ,  w h i c h  cou ld  n o w  b e  a r g u e d  to be der i ,  ed 

f rom a p a r e n c h y m a l  ]Jver  cell on t h e  bas i s  of e n z y m e s  b o t h  presun~,: ~; a~d  a i ' s e~U -~, ~;~ 

e x a m i n e d  t h e  l i ve r s  f rom a n i m a l s  fed  a dieU a con l : a in ing  o.o6 % 3 'C\ . Ie-DAB ** for 

s h o r t  pe r i ods  of t i m e  suf f ic ien t  to  p r o d u c e  e × t e n s i v e  b i l e - d u c t  proiifer?,.tJon b > t  ?,'o 

t u m o r s ,  as s h o w n  b y  P J u c ~  e/, al. 14, As s h o w n  in  3"able I, t h e s e  l ive rs  con ta i> : ,d  r e a d i l y  

d e m o n s t r a b l e  a m o u n t s  of t h e  d C M P  d e a m i n a s e .  W h e n  t he  a n i m a ! s  were  mmovec ;  

f rom t h e  d ie t  a n d  fed l a b o r a t o r y  c h o w  for  2 4 e e k s ,  t h e  d e a m i n a s e  a c t i v i i y  '.~ a~.~ J~ot  

T,\ BLE ] 

All assays were performed on the S:; fraci:ion (microsome-free supcrna.l:a~t) p:epa~ ed ~on3 2o(~ 
isotonic 1-2(21 homogenates o f  the respective tissues. The incubation xesse]s contained o.:,  n:] S~,: 
fraction, o.2 ml 0.03 3g  dCMP (Calif. Corp. for Biochemical l~csea.rch) dissolved i~: oIe i~" Tris H(_'i 
buffer, pH 8.o, oA rnl o.~ 3f KF, and o.2 n?l oA54 37 KC1 ~. The reactio~ i-i~w~¢ was 2o rain. The 
reaction was stopped wKh 4.o mi of r N HCIO 4. After centrifugation t o  remo--e the precipitated 
protein, the supernatant  vas neutralized with I£OH usil~g phenol red as ai~ ndicatn' .  The tubes 
were let t  at  o ° overnight and the resulting crystals of J~C]() 4 ,;ere centrifuged down. ]Uc super- 
na tan t  was decanted onto 6 >; ? cm columns of Dowex ~ i~? the formate form r~nci i:he m',c]eotides 
and nucleosides sepa.rated and analyzed 1737 the nne~hod of ]31~t;NN AND J )O ' lq ' ]~7 ,  ' 1 I  , / 'he  e~?zyn~e 

activities are expressed as /tmo]es deoxyurJdylic acid formed/h/2 tis~:ue. 

Normal ]J\e~ o, o, o 
Embryonic  !ire,; (~ 7--'o days; 58 , 20 
Regenerat ing liver (48 hi o, v, 5 
D U N N I N G  g - ( [ I S  hepatoma~ o, o, o, o 
NOVII<OFF hcpatoma.~ .~ 7% 59, 66, ,~:~ 
Li\er ,  3'-Me-DAB diet - 22 Days ~:, ~ ,  ~ ,  ~' 
Liver, 3'-Me-DAY~ diet - 36 Da.ys 7, 5, ~, 5 
IAver, 3"-Me-D \]3 diet ~7 days, followed by 

~5 days I.a1>oratory Chow ])ie~: o, o, o, 0. 4 

5 Maintained in Fischer strain inbred rats originally supplied 1)v Dr. I:% t::. ])u?~>v×c-, !L of 
Miami, Coral Gables 46, Florida. 

§ § Obtained in ~956 from Dr. A. ]3. NO\:JI<OFF, Albert Eil~stein School of 51<dieJ~nc, 7qew York 
City. 

* We are i~debted to M/,,LEV ~ND ~iALE5 Jor send.i~g us their  lnanuscript  ~q ::;:-i(~ - to ];ub]ica.t~c!'. 
* "  These animals were idJ~d] 3 supplied h,y Drs. J. A. MILLJtR and E. C. 3]rLL>;~;. 
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measurable. Histologic sections taken at this time showed an almost complete dis- 
appearance of bile-duct proliferation*. 

These results suggest the possibility that the NOVlKOFr hepatoma cell is derived 
from a cell that resembles bile-duct epithelium more than it resembles parenchymal 
liver cells, while the DUNNING hepatoma cell may be more closely related to paren- 
chymal liver cells. It is of interest that despite their marked differences with respect to 
the deaminase, the two hepatoma strains resemble each other in their weak activity 
with respect to uracil and thymine deoxyribose transferring enzyme v and their 
inability to catabolize uracil and thymine. The latter results will be reported elsewhere. 
The biochemical indications for a relationship between the two hepatomas and their 
possible normal prototypes support a combined biochemical and pathological study 
undertaken by PITOT, CLARK AND ~'ARBER 6(cf. PITOT15). DAOUST 1¢ has carried out 
biochemical and cytological studies on heterogeneous cell populations and perhaps 
by these or by additional techniques ~ further evidence for the derivation of these 
hepatomas, as well as others now under study, can be accumulated. 

This work was supported in part by a grant (No. C-646 ) from the National Cancer 
Institute, National Institutes of Health, U.S. Public Health Service. 
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