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R E A C T I V I T Y  OF T H E  L I V E R  TO G L U C O C O R T I C O I D S  D U R I N G  

C H E M I C A L  H E P A T O C A R C I N O G E N E S I S  
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Liver  cells  during chemical  carc inogenesis  (3 ' -methyldimethylaminoazobenzene)  and cells  of 
p r i m a r y  hepatomas re ta in  the p roper ty  of react ing to par t ia l  hepatectomy by increased incor-  
porat ion of 3H-thymidine into DNA, just  as under normal  conditions this p rocess  is inhibited 
by dexamethasone.  The inducibility of tyros ine  amino t rans fe rase  (EC 2.6.1.5) l ikewise 
remained  unchanged, whereas induction of tryptophan pyr ro la se  (EC 1.13.11.11) in p r imary  
hepatomas was abolished. The adequacy of a model of chemical  carcinogenesis  of an organ 
if the heterogenei ty  of its cel l  populations is d is regarded  is discussed. 
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It is now widely recognized that among the p roper t i es  of neoplasms as a whole p r im a ry  and secondary  
proper t ies  must  be distinguished [2]. The p r i m a r y  p rope r t i e s ,  possessed  by both benign and malignant tumors ,  
include uncontrol led cel l  prol i fera t ion,  whereas  the secondary  p roper t i e s  include sys temic  action of the tumor 
on the host a r i s ing  in the course  of its p rog res s ion  and charac te r iz ing  only t issue which has undergone malig-  
nant change, ability to produce metas tases ,  ch romosomal  anomal ies ,  and absence of control  over  specific func- 
tions belonging to the homologous t issue.  It is evident that during the investigation of uncontrolled cel l  p ro-  
l i ferat ion cha rac t e r i s t i c  of a neoplasm attention must  be di rected to concre te  control  mechanisms.  The object  
of this investigation was to study the action of glucocort icoids ,  which inhibit DNA synthesis and cel l  division 
both in the l iver ,  in which they induce the synthesis  of var ious enzymes ,  notably ty ros ine  amino t rans fe rase  
(TAT) and tryptophan py r ro l a se  (TP), and in the t issues  in which they give a catabolic effect  ( lymphocytes,  
f ibroblas ts ,  etc.) [2, 11, 13]. It was hoped to elucidate changes in the regulat ion of DNA synthesis  and induction 
of enzyme synthezis  by glucoeort icoids  during chemical  carc inogenes is .  

E X P E R I M E N T A L  M E T H O D  

Male Wistar  ra t s  weighing 150-250 g, kept on an ord inary  diet  or  on a spec ia l  diet including 3 ' -me thy l -  
dimethylaminoazobenzene (3'-MDAB) (diet No. 3 according to [9]), were  used. Animals with Zajdela asci tes  
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TABLE 1. Dependence of 
Inhibition of Incorporat ion of 
3H-thymidine into DNA of 
Liver  Ceils on Time of Ad- 
minis t ra t ion of Dexametha-  
sone af ter  Par t ia l  Hepatectomy 
Time of administra- 
tion of dexametha- Radioactivity of 
sone after opera- DNA, cpm//lg 
rich, h 

l 40-~13" 
l0 60~_20 
'2O 1004-47 

*Deviation of mean values 
cor responds  to 0.95 level of 
probabili ty in Student's test.  
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Fig. 1. Kinetics of incorporat ion of aH- 
thymidine into DNA of r a t  l iver cells af ter  
par t ia l  hepatectomy. (Deviation of mean 
values here and in Figs.  2 and3 cor responds  
to 0.95 level of probabili ty in Student's test). 
Absc i ssa ,  t ime (in h); ordinate,  cpm/#g. 

hepatoma (ZAH) were used on the 4th day after  transplantat ion of the tumor.  Hepatectomy was per formed by 
Higgins '  method [7] between 8 and 10 a.m. in order  to reduce  to a minimum diurnal fluctuations in mitotic 
activity.  Dexamethasone (the p ropr i e t a ry  product  Dexasone) was injected intraperi toneal ly in a dose of  1 
rag/100 g body weight 1 h af ter  the operation. 3H-thymidine (12.8 Ci/mmote) was injected 1 h before sacr i f ice  
of the ra t s ,  26 h af ter  hepatectomy. Each animal received 100 #Ci. Nucleic acids were precipitated f rom a 
25% (by volume) liver homogenate by the addition of HC104 at 0~ to a final concentrat ion of 0.2 M. The residue 
was washed three t imes with 0.2 M HCIO 4 until the radioact ivi ty disappeared f rom the washings. The res idue  
was dissolved in 0.5 M HC104 and hydrolyzed for 15 min at 70~ DNA in the supernatant  was determined by 
Bur ton 's  method. Radioactivity was measured  in "Ria-Sol ~ liquid scint i l lator  on a Mark II counter (Nuclear 
Chicago). 

TAT and TP a re  l iver enzymes with a high turnover  ra te  and a re  widely used as convenient models with 
which to study the molecular  and physiological  mechanisms of enzyme induction [10, 13]. During investigation 
of the various factors  influencing TAT and TP activi ty the animals were decapitated and the liver quickly 
removed,  minced, and homogenized in a glass homogenizer  in 3 volumes of 0.1 M sodium-phosphate  buffer, 
pH 7.6, containing 0.14 M KC1. The homogenate was centrifuged for 15 min at 15,000g. The supernatant  was 
used to determine enzyme activi ty quickly af ter  it had been obtained. In the case of TAT the effect of the gluco- 
eort icoids was as sessed  not only f rom changes in activity of the enzyme but also f rom changes in its absolute 
quantity, determined by the immunoprecipi tat ion in agar  method with specific antibodies [1]. TAT activity was 
determined by a modified Br iggs '  method [10]. The react ion mixture contained 10 mM ~-ketoglutara te ,  4 mM 
L- ty ros ine ,  40 pM pyridoxal  phosphate, 50-200 pl of the tes t  supernatant,  and 0.3 M sodium-phosphate  buffer, 
pH 7.6. The final volume of  the mixture  was 3 ml. Incubation was ca r r i ed  out for 1 h a t  37~ The react ion 
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Fig. 2. Effect of dexamethasone on incorporat ion of 3H-thymidine into DNA. A) After par t ia l  hepatec- 
tomy: 1) ra ts  received ord inary  diet, 2-6) ra ts  received diet with 3 '-MDAB: 2) for 14 days, 3) 30 days, 
4) 60 days, 5) 90 days, 6) p r imary  hepatomas (120 days). Black columns - control;  unshaded c o l u m n -  
hepatectomy; obliquely shaded c o l u m n -  hepatectomy+ dexamethasone. B) in ZAH cells. Black c o l u m n -  
control ,  obliquely shaded c o l u m n -  dexamethasone. Ordinate, cpm/~g. 

Fig. 3. Effect of dexamethasone on induction of TAT and TP during chemical  carcinogenesis  ; a) TAT 
level; black columns - control ,  unshaded c o l u m n -  4 h af ter  administrat ion of dexamethasone; b) TP 
level. 1) Rats received ordinary diet; 2-6) ra ts  received diet with 3 ' -MDAB: 2) for 14 days, 3) 30 days, 
4) 60 days, 5) 90 days, 6) p r imary  hepatoraas (120 days). Ordinate: a) D850/rag , b) D365/rag. 

was stopped by the addition of 0 2 ml 50% TCA. The residue was removed by centrifugation and 2 ml of the 

supernatant was treated with 1 ml 1% KH2PO 4 and 1 ml 3% ammonium molybdate in 5 M HCI. The optical 

density of this solution was measured 1 h later at 850 nm on the SF-16 spectrophotometer. 

TP activity was determined by a modified Abdulla's method [3]. To 3 ml of the test supernatant 1 ml of 

0.03 M L-tryptophan, 3 ml of 0.3 M sodium-phosphate buffer, pH 7.6, 5 ml H20 and methemoglobin in a final 

concentration of 3 " 10 -6 M were added at 0~ The reaction mixture (3 ml) was incubated for 75 rain at 37~ 

The reaction was stopped by the addition of 0.2 ral 50% TCA. To 2 ml supernatant 0.3 ml of 1 M NaOH was 

added. The optical density was measured 30 rain later at 365 nra on the SF-16 instrument. 

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

The time corresponding to maximal  incorporat ion of 3H-thymidine into DNA and the conditions under 
which the action of glucocort icoids on this p rocess  was studied differed in investigations by different workers  
[4, 5, 12]; accordingly  the optimal condition for detection of each of these effects were f i rs t  determined (Fig. 1; 
Table 1). In accordance  with the resul ts  of these pre l iminary  experiments ,  in the main experiments both con- 
trol  ra ts  and animals receiving 3 '-MDAB with their diet were killed 27 h af ter  the operation and dexamethasone 
was injected 1 h af ter  par t ia l  hepatectomy. As Fig. 2 shows, liver cells during chemical  carc inogenesis ,  and 
even cells of p r ima ry  hepatomas separated f rom the remaining liver t issue,  still p reserved  their ability to 
r eac t  to par t ia l  hepateetomy by an increase  in the incorporat ion of 3H-thymidine into their DNA; just as 
normally,  this p rocess  also was inhibited by dexamethasone.  The results  now obtaineddo n o t a g r e e w i t h F o d g e ' s  
hypothesis [6] ; this worker ,  having shown that glucoeortieoids inhibit DNA synthesis in cultures of normal  
fibroblasts but do not affect it in cells t ransformed by vi rus ,  concluded that this disturbance is specific for neo- 
plasms.  According to data in the l i terature,  during hepatoeareinogenesis  l iver cells lose their ability to 
respond to part ial  hepatectomy by a burs t  of mitoses [4, 5, 12]. Since stimulation of DNA synthesis after pa r -  
t im hepatectomy was p rese rved  both in the liver throughout the period of carcinogenesis  and in p r ima ry  hepa- 
tomas,  it is natural to suggest  that the block preventing these cells f rom start ing mitosis retains  them in the 
G2-phase. 

The inducibility of TAT was unchanged during hepatocarcinogenesis ,  whereas ability to respond to dexa- 
raethasone by the induction of TP was lost in the primary hepatomas (Fig. 3). These observations agree with 

the view that the disturbance of differentiation is secondary, i.e., is unnecessary for neoplasms. The absence 

of changes in TAT induction is in good agreement with the observations of Laishes [8], who, using a different 
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c a r c i n o g e n -  2 -ace ty laminof luorene  - l ikewise found no changes in the inducibility of TAT by dexamethasone.  
It is in teres t ing to note that ZAH cel ls ,  cel ls  of a t ransplantable  and highly mal ignant  hepatoma,  comple te ly  
lost  thei r  abi l i ty to respond to dexamethasone,  for nei ther  TAT nor TP could be induced in them and, as is 
c l ea r  f r o m  Fig. 2, dexamethasone  did not affect  the incorpora t ion  of 3H-thymidine into the DNA of this tumor .  
Dmi t r i eva  et al. [14], in the w r i t e r s '  l abora tory ,  showed prev ious ly  that d i sappearance  of inducibility of TAT 
in ZAH by the hormone  is due to d is turbance  of t rans loca t ion  of the h o r m o n e - r e c e p t o r  complex f rom cy top lasm 
into nucleus of the hepatoma cel ls .  The absence  of induction of TP in p r i m a r y  hepatomas while the r e sp o n se  to 
TAT was p r e s e r v e d  can hardly be explained by a dis turbance of this t rans locat ion.  A more  likely explanation 
is that specif ic  aeceptor  zones in ch romat in  r e spons ib l e  for ac t ivat ion of the gene coding TP lose their  abi l i ty 
to r e a c t  with the h o r m o n e - r e c e p t o r  complex.  The poss ibi l i ty  l ikewise cannot  be ruled out that d i f ferent  
r e c e p t o r s  a r e  n e c e s s a r y  for  different  enzymes to be act ivated by the s a m e  hormone.  

In conclusion the inadequacy of the data so far  as they re la ted to the understanding of the mechan i sms  of 
neoplast ic  t r ans fo rma t ion  mus t  be emphas ized ,  for  both the no rma l  l iver  and the l iver  during chemica l  c a r -  
c inogenesis  a re  highly heterogeneous cell  populations. Never the less ,  this model  can be used for another  pu r -  
pose ,  namely to study the causes  of convers ion  of hormone-dependent  tumors  into hormone- independent  ones.  
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