
bra in  and skin t i s sue  was revea led  for  the f i r s t  t ime during the latent  per iod a f te r  injection of neur inoma 
cei ls .  I t  can be tentat ively suggested that  a f t e r  r emova l  of the ac t iva to r  and a reduction in act ivi ty of the 
enzyme,  favorable  conditions were  c rea ted  for  growth of the graft .  In fact,  on the 8th-9th day the tumor  nodule 
in the bra in  t i s sue  could be detected morphologica l ly  and visually.  The inc rease  in a rg inase  act ivi ty on the 
16th day in the neoplasm was  an independent phenomenon, for  no change in a rg inase  act ivi ty  could be found in 
o ther  p a r t s  of the bra in  or  skin. This fact  can evidently be explained by the c h a r a c t e r i s t i c s  of me tabo l i sm of 
th is  tumor .  A s i m i l a r  change in arginine act ivi ty  has  been obse rved  in hepa tomas  induced by azo compounds,  
and assoc ia ted  with the need for  rapidly  growing t i s sue s  to synthesize additional po lyamines  [7]. The poss i -  
bi l i ty cannot be ruled out that  the t r ans ien t  i nc rea se  in a rg inase  act ivi ty  in the neur[noma was due to the same 
cause.  The r e su l t s  of these exper iments ,  indicating sporadic  changes  in a rg inase  act ivi ty during the per iod 
of growth of the neurinoma,  a re  in ag reemen t  with the concept  of nonuniformity of t umor  growth. 
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A se r ious  obs tac le  to the detailed study of m i c r o s o m a l  mono-oxygenases  (MMO) in tumor  cel ls ,  e spec i -  
al ly during l o n g - t e r m  passage ,  is  the i r  e x t r e m e l y  low activity.  Never the less ,  this  is a p rob lem of g rea t  p r a c -  
t ical  impor tance ,  because  MMO metabol ize  not only important,  endogenous subs t r a t e s  (hormones,  choles terol) ,  
but also mos t  hydrophobic xenoblot ics ,  for  they act ivate  and detoxicate many  ant i tumor  agents.  The m o s t  im-  
por tan t  aspec t  of the p rob lem is the study of f a c t o r s  de termining  MMO activity.  In normal  ce l l s  act ivi ty of 
th is  ve ry  impor tan t  sys t em of adaptive enzymes  is de te rmined  not only by the c h a r a c t e r  of the subs t r a t e s  to 
be metabol ized  ( inducers,  inhibitors),  and by sex, age, l inear ,  and t i s sue  d i f fe rences  [3, 12], but also by the 
posit ion of the cell  in the complex s t ruc tu re  of the organ [2]. 

The a im of this invest igat ion was to de te rmine  how act ivi ty of aryl  hydroxylase  (AH), one of the mos t  
impor tant  c h a r a c t e r i s t i c s  of MMO, depends on the type of organizat ion of the tumor  cel ls .  In pa r t i cu la r ,  ac-  
t ivity and inducibility of AH were  compared  in a sc i t e s  and solid f o r m s  of th ree  t ransplantable  tumors .  

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

Male mice  weighing 23-25 g were  used, eight to 10 an imals  in each exper imenta l  group. S a r c o m a  MCh-  
11 [8] was t ransplan ted  into C57BL/6j mice ,  hepatoma 22a [15] into C3HS mice ,  and Eh rHch ' s  t umor  (from the 
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T A B L E  1. AH A c t i v i t y  (in p i c o m o l e s  3 - O H / B P / m i n / m g  p r o t e i n )  in T u m o r s  ( N ~ m )  

Solid Ascites In culture Tumor 

Hepatoma 22a 
Ehrlich's tumor 
Sarcoma MCh- 11 

control 

1,33+__0,20 
0,804-0,20 
0,584-0,10 

] expt. (3-MCh) 

1,87_0,3 
2,14-0,5 

1,224-0,10 

control 

0,04_+0,02 
0 

0,054-0,03 

I expt. (3- MCh) 

0,17___0,03 
0 

0,10_+0,04 

control 

5 , 7 •  

[ expt. (3-MCh) 

I0,3+_2,4 

T A B L E  2. E f f ec t  of  I n h i b i t o r s  on AH A c t i v i t y  
in T u m o r s  (M~m)  

Tumor 

Residual activity, % 
during action of during action of 
7,8-benzoflavone metyrapone 

expt. espt. 
control (3-MCh) control (3-MCh) 

HeDatoma 22a 
ifl culture 
Ascites 
In culture 

Sarcoma MCh- 11 

12,6___4,5  7 , 4 + 2 , 4 9 8 , 5 _ _ _ 7 , 0  113_+17 " 
- -  12 5 ~ 2 , 0  - -  81--_+12 

3 5 , 6 + 6  0 II  6 + 3  0 I 0 1 _ 4  9 2 , 6 •  139 ~ I ! - 

Laboratory of Tumor Strains, All-Union Oncologic Scientific Center, Academy of Medical Sciences of the USSR) 
into noninbred mice. Microsomes were isolated from solid tumors 12-14 days after subcutaneous injection of 
10 ~ ascites cells, when the tumor weighed 1.5-2 g. The ascites form of tumor was studied on the 7th day after 
intraperitoneal injection of 106 ascites cells. As inducer of the MMO system 3-methylcholanthrene (3-MCh, 
from Koch Light, England) in olive oil was injected in a dose of 50 mg/kg for 2 days before the experiment. In 
the case of solid tumor growth the inducer was injected intraperitoneally, and in the case of ascites growth - 
subcutaneously. A culture of hepatoma 22a was grown in Eagle's medium with 50% lactalbumin hydrolysate 
and 20% serum. 3-MCh was added to the culture medium 48 h before isolation of the microsomes up to a con- 
centration of 0.2 pg/ml. The cells were detached with trypsin. Microsomes were isolated at 4~ in a solution 
of 1.15% KCI, 0.05 M Kh2PO 4, 1 mM EDTA, 1 mM dithiothreitol, and 0.1% trasylol, pH 7.4. During isolation 
of microsomes from solid tumors a 20% tissue homogenate was obtained by means of a Potter 's mechanical 
homogenizer. Ascites ceils and cells from a culture of hepatoma 22a were washed three times in isolation 
medium and disintegrated on an MSE ultrasonic homogenizer (500 W). Ultrasonic treatment of homogenates 
of solid tumors did not affect MMO activity. The resulting tissue homogenates were centrifuged at 9000 g for 
20 min, then at 105,000 g for 1 h. The residue was resuspended in 0.1 M Na4P207 and 1 mM EDTA, pH 7.4, 
and reeentrifuged for I h at 105,000 g. AH activity was determined by measuring 3-OH-benzpyrene (BP) [1, 9] 
on a Perkin Elmer spectrofluorometer. The incubation time was 45 rain at 37~ and the concentration of mi- 
crosomal protein 1.5-2 mg/ml. The calibration curve was plotted over the range from 5 to 500 pM 3-OH-BP. 
To determine the effect of inhibitors, 7,8-benzoflavone was added to a concentration of 10 -5 I in the incubation 
medium, and metyrapone to a concentration of 10 -4 M. Protein was determined by Lowry's method in the 
modification in [5]. 

EXPERIMENTAL RESULTS 

The p r e s e n c e  of f u n c t i o n a l l y  ac t i ve  N A D P H - d e p e n d e n t  AH w a s  d e m o n s t r a t e d  in t h e s e  e x p e r i m e n t s  in m i -  
c r o s o m e s  i s o l a t e d  f r o m  so l id  f o r m s  of  t u m o r s  (Tab le  1). The b a s a l  l eve l  of a c t i v i t y  in the  t u m o r s  s tud i ed  was  
low, in a g r e e m e n t  with da ta  in the  l i t e r a t u r e  [1, 2, 10, 12], and was  c l o s e l y  s i m i l a r ,  even though in the  o r i g i n a l  
t i s s u e s  t h i s  p a r a m e t e r s  d i f f e r s  by  m o r e  than  one o r d e r  of  m a g n i t u d e :  l i v e r  > m a m m a r y  g land  > v a s c u l a r  
e n d o t h e l i u m  [3]. C o n v e r g e n c e  of t h i s  k ind  m a y  be  due not on ly  to known f a c t o r s  (ma l ignan t  change ,  s e l e c t i o n ,  
p r o g r e s s i o n ) ,  but  a l so  to the  f ac t  tha t  c e l l s ,  which  e x i s t e d  p r e v i o d s l y  in an o r g a n  with  a s t r i c t l y  de f in i t e  s t r u c -  
t u r e ,  f ind a m o r e  u n i f o r m  o r g a n i z a t i o n  when they  a r e  p r e s e n t  in the  t u m o r .  

A change  in o r g a n i z a t i o n  of the  t u m o r  c e l l s  (g rowth  in the  a s c i t e s  f o r m )  l ed  to a m a r k e d  and p a r a l l e l  
change  in MMO a c t i v i t y  (Tab le  1). The q u a n t i t y  of 3 - O H - B P  f o r m e d  f r o m  B P  by m i c r o s o m e s  of  h e p a t o m a  22a 
and s a r c o m a  M C h - l l  c e i l s  w a s  30 and 11 t i m e s  l e s s  r e s p e c t i v e l y  than  in the  so l id  t u m o r s ,  and in the  c a s e  of 
E h r l i c h ' s  t u m o r  none w h a t e v e r  w a s  found. I t  i s  d i f f i cu l t  a s  y e t  to judge  the u n i v e r s a l i t y  of t h i s  phenomenon  
b e c a u s e  of the  a b s e n c e  of  c o m p a r a t i v e  s t u d i e s  of  t h i s  k ind  in the  l i t e r a t u r e .  The on ly  r e f e r e n c e  found iS to an 
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Fig. 1. Dependence of AH activity on duration of growth 
of asci tes  hepatoma 22a. Ordinate, enzyme activity (in 
picomoles  3 - O H - B P / m i n / m g  protein). Black columns 
~ndicate basal level of AH activity in tumor,  obliquely 
shaded c o l u m n s -  level of AH activity in tumor after in- 
duction by 3-:MCh. 1) 3rd day, 2) 5th day, 3) 7th day of 
growth of tumor.  

ex t remely  low cytochrome P-450 level in cei ls  of Yoshida;s asci tes  hepatoma [10], but this was not compared 
with the corresponding solid form. 

The AH level in asc i tes  and solid fo rms  of sa rcoma MCh-11 was raised equally. In Ehrlich~s solid 
tumor  it was increased by 2.6 t imes,  but in the asc i tes  form no 3-OH-BP could be found even after  the action 
of the inducer. Incidentally, hepatoma 22a cells,  adapted to growth in culture, had a higher level of basal and 
induced MMO activity than cei ls  of the original  tumor  (Table 1). This could be the resul t  not only of a change 
in the form of organizat ion of the cells, but also of their  selection as a resul t  of long- te rm culture in vitro.  
The importance of this last  fac tor  when asc i tes  and solid fo rms  are compared is less than in the case with a 
culture of hepatoma 22a~ for  solid t umors  were obtained in every  experiment  by subcutaneous injection of 
asci tes  cells. Under these c i rcumstances  the rate of growth and activity of MMO did not differ in tumors  ob- 
tained by so l id -  solid and a s c i t e s -  solid transplantation. 

To compare  the qualitative composit ion of MMO in tumors,  inhibitor analysis  was undertaken. Two AH 
isozymes,  differing in the action of 7,8-benzoflavone on them in vitro, are known to exist  in normal  t issues:  
activity of one isozyme is potentiated, whereas  that of the other  is inhibited, by 7,8-benzoflavone [3]. In the 
presen t  exper iments  7,8-benzoflavone inhibited both basal and induced MMO activity (Table 2). 

The other  inhibitor of the MMO system, metyrapone,  was ineffective. The isoform cytochrome P~-450 
was thus found in both connect ive- t issue and epithelial tumors.  The resul t s  agree with those obtained by other 
worke r s  [12], who showed that cy tochrome P~-450 is the predominant  [soform in mouse tumor ceils. This fact 
is evidence of convergence of the ~properties of M~O in tumor  cells  in the same direction. 

Although analysis  of individual fac tors  influencing MIVIO activity in asci tes  and solid tumors  is difficult 
because of their  complexity and interdependence, they can be conventionally subdivided into "humoral"  and 
"geomet r ic . "  We know, for example [6], that cel ls  of one of the L sublines (LSF), adapted to growth on se rum-  
free medium, are more  capable of oxidizing BP under these conditions that the original L cel ls  or  LSF cells  
on medium with serum. The possibil i ty cannot be ruled out that cel ls  existing in the depth of the tumor  nodule 
are par t ly  adapted to existence under conditions of res t r ic ted  access  to nutrients and oversaturat ion with 
metabolic products  by a compensa tory  r ise  of MMO activity. Asct tes  tumor  cells, at least in the logari thmic 
phase of growth, are under more  optical conditions and their  MMO activity may be lower. 

Since the asc i tes  tumor  is more  homogeneous in the degree of prol i ferat ive activity of the system than 
the solid tumor  [11], it was decided to study dependence of AH activity on the time of development of the tu- 
more.  It was found that the basal level of AH activity on the 3rd or  5th days of growth of heptama 22a is 
higher than on the 7th day, but much lower than in the solid tumor  (Fig. 1). However, after  induction by 3-MCh, 
MMO activity in tumor  mic rosomes ,  isolated on the 3rd and 5th days of growth of the tumor,  was increased 
and was equal to the basal  level of activi ty in the solid tumor.  These data are  interesting in connection with 
the resu l t s  of exper iments  on cell lines [7]. These cells,  with a low basal  AH level, were most  sensitive to 
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induction in the S -phase  of the cel t  cycle .  The  g r e a t e r  inducibil i ty of the MMO s y s t e m  of a se i t e s  hepatoma 22a 
cel ls  on the 3rd and 5th day of t u m o r  growth to perhaps  connected a lso  when the l a r g e r  number  of cei ls  in the S-  
phase,  which a r e  m o r e  sens i t ive  to the act ion of the inducer .  Not only redact ion of the p ro l i fe ra t ive  pool, but 
a l so  a shit~ in cel l  composi t ion,  may  play a ro le  in the depress ion  of induction act ivi ty  onthe 7th day of growth, as is the 
case  of Ehr l ich '  s IFKh tumor ,  in which the rat io  between the two original  subclones changes with growth of 
the t umor  [4]. As r e g a r d s  the role  of " g e o m e t r i c "  fac tors ,  it has  been shown on p r i m a r y  l iver  cul tures ,  by 
changing the adhes iveness  of the subs t ra te ,  that  AH act ivi ty  and the cy tochrome P-450 concentrat ion depend 
on the degree  of spreading of the cel ls .  Maximal  act ivi ty  of MMO e n z y m e s  was obse rved  [n hepatocytes  cul-  
tured on highly adhesive s u b s t r a t e s  [13]. F u r t h e r m o r e ,  d i f fe rences  connected with the influence of sur round-  
ing t i s s u e s  a r e  found for  a sc i t e s  and solid cei ls .  We know [14] that  the concentra t ion of cy tochrome P-450 
is higher  in M o r r i s  hepa tomas  7795 and 5123D, t ransplan ted  into the l iver ,  than in the same t u m o r s  growing 
in t ramuscu la r ly .  

On the whole the r e s u l t s  of this  invest igat ion are  evidence that  MMO act ivi ty in tumor  ce l l s  may  be de- 
te rmined ,  as well as  by o ther  fac to rs ,  by the fo rm of the i r  organizat ion.  
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