
O N C O L O G Y  

TUMOR- HOST RELATIONS IN 14C-THIAMINE 

Yu. M. Ostrovskli, * R. V. Trebukhina, 
and G. N. Mikhal'tsevieh 

UTILIZA TION 

UDC 577.161.11:577.124.25 

The  content of i4C- th iamine  and act ivi ty  of the th iamine-dependent  enzyme t r anske to l a se  (TK), 
and the th iamine  diphosphate (TDP) content we re  studied in mouse  t i s sues  during the develop-  
ment  of E r h l i c h ' s  asc i tes  t umor .  The  TDP concentra t ion  in the l i ve r  of an imals  with t u m o r s  
fell s teadi ly  for  10 days a f t e r  inoculation, and the TDP level  in the t u m o r  i t se l f  fell  m o r e  s teeply  
toward  the t e rmina l  per iod  of t umor  growth (10th day). Meanwhile a sha rp  def ic iency of co-  
enzyme was found in the tumor ,  but t he r e  was an excess  of apoenzyme f o r m s  of TK. The in-  
c reas ing  th iamine  deficiency in the t umor  p laced a g r e a t e r  s t r a in  on th iamine  me tabo l i sm  and 
led to the appea rance  of compet i t ive  re la t ions  between t u m o r  and host,  which were  mani fes ted  
m o s t  c l e a r l y  agains t  a background of hypovi taminos is .  
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Development  of  t u m o r s  in an imals  is accompanied  by a d e c r e a s e  in the concent ra t ion  of th iamine  and i ts  
coenzyme  f o r m  th iamine  diphosphate (TDP) in the h o s t ' s  t i s sue s  [1, 6, 7]. Changes  in the  t i s sue  th iamine  
r e s e r v e s  may  be due to a d is turbance  of absorp t ion  o r  to i nc rea sed  excre t ion  of  the  v i t amin  with the ur ine  o r  
to a d is turbance of its me tabo l i sm during malignant  growth. The m e c h a n i s m s  of absorpt ion  of the v i tamin  and 
i ts  pene t ra t ion  into the t i s sues ,  l ike  the metabol ic  pathways of th iamine  i t se l f  under  conditions of mal ignant  
growth have not yet  been fully explained. The invest igat ions  into th is  p rob lem have so f a r  been concent ra ted  
on the study of  the  level  of  the  v i tamin  in the  t i s sue s  and i ts  excre t ion  with the ur ine.  No invest igat ions  with 
labeled  th iamine  have yet been under taken,  so that the poss ib i l i ty  of  fo rma t ion  of depots of v i tamin  B 1 o r  the 
dynamics  of i ts  renewal  in the  t i s s ue s  of an imals  with t u m o r s  has  not yet been explained.  

The  object  of the p resen t  invest igat ion was to study t u m o r - h o s t  re la t ions  in v i tamin  B 1 ut i l izat ion by 
admin i s t r a t ion  of 14 C- th i amine  to an ima l s  with an E h r l i c h ' s  a sc i t e s  t u m o r  followed by de te rmina t ion  of the 
label  in the t i s sues ,  and also act ivi ty  of the th iamine-dependent  enzyme t r anske to l a se .  

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

Expe r imen t s  we re  c a r r i e d  out on noninbred albino m i c e  weighing 20-22 g, kept on the no rma l  animal  
house diet. E h r l i c h ' s  a sc i t e s  t u m o r  was inoculated in a dose  of 1.5 • 106 ce i l s  in t raper i tonea l ly  f r o m  a donor 
mouse  on the 8th day of t u m o r  growth.  The animals  were  decapi ta ted  24 h and on the 1st, 5th, and 10th days 
a f t e r  inoculation with the tumor ,  i 4C-Th iamine  was injected in a dose  equivalent to the daily consumpt ion of 
th iamine  by the an imals  (10 # g / m o u s e  subcutaneously  24 h be fo re  decapitat ion).  Some of the  m i c e  were  kept 
on a synthetic diet [8] f r e e  f r o m  v i tamin  B1, the  l a t t e r  being g iven in a m e a s u r e d  dose by inject ion depending 
on the age of the exper iment :  to comple te ly  sa t i s fy  the r e q u i r e m e n t  of th iamine  - 10 #g,  a subnormal  dose  of 
th iamine  5 and 2 # g / m o u s e / d a y ,  leading to the development  of  a s ta te  of hypovi taminos is  in the an ima l s  in the  
c o u r s e  of two weeks [2]. 14C-Thiamine  was injected into these  an ima l s  in a dose  of 1 pg  p e r  mouse  24 h before  
decapitat ion.  The  quantity of  label  was e x p r e s s e d  in m i c r o g r a m s  pe rcen t .  Radioact iv i ty  was counted on a 
41 ~ g a s - s l o w  counter  of  the  2154-1-1M type and on a W a l l a k  81000 n liquid scint i l la t ion counter  ( f rom LKB, 
Sweden). A Walker-256 c a r c i n o s a r c o m a  was t r ansp lan ted  into female  r a t s  weighing 180-200 g in the  fo rm of 
t u m o r  t i s s u e  homogenized with physiological  sa l ine  (1 : 10) by subcutaneous inject ion in a dose  of 1 ml into the  
inguinal region.  The m a t e r i a l  was taken  f r o m  the donor r a t s  on the 7th day of t u m o r  growth.  The  an ima l s  
we re  decapi ta ted on the 4th, 8th, and 12th days a f t e r  inoculation of the t u m o r .  T r a n s k e t o l a s e  act ivi ty  in the 
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Fig.  1. Accumula t ion  of 14C-thiamine in l i ve r  (1) and t umor  ce l l s  (2) of mice  
kept on o rd ina ry  animal  house diet, during growth of E h r l i c h ' s  a sc i t e s  t umor .  
Shaded column r e p r e s e n t s  l i v e r  of  in tact  mice .  Ordinate ,  content  of 14C - 
th iamine  (in g percent) ;  a b s c i s s a ,  t ime  of growth of t u m o r  (in days).  

Fig.  2. Content of TDP and apo t ranske to la se  act ivi ty in l ive r ,  e ry th rocy tes ,  
and t umor  t i s s u e  in an ima l s  with •a lker -256  c a r c i n o s a r c o m a .  Unshaded 
columns r e p r e s e n t  content of apo t ranske to lase  in e ry th rocy tes ;  shaded 
columns the s a m e  in t umor  ce l l s  (in conventional units) .  Ordinate ,  TDP 
content  ( in /~g/g  t i ssue) ,  on lef t  in l ive r ,  on r ight  in tumor ;  absc i s sa ,  t ime  of 
growth of t u m o r  (in days).  

e ry th rocy tes ,  t i s sue  homogenates ,  and t u m o r  ce l l s  was de te rmined  by B r u n s '  method [5] and exp re s sed  in 
m i c r o m o l e s  sedohep tu lose -7-phospha te  per  g r a m  t i s sue  pe r  hour. The TDP-s t imula t ing  effect  was exp re s sed  
as  a pe rcen tage  of that  for  the  sample  t r e a t ed  under identical  conditions but without the addition of TDP.  The 
TDP level  was de te rmined  by an enzymic  method [9] and calcula ted in m i c r o g r a m s  per  g r a m  t i ssue .  

EXPERIMENTAL RESULTS 

The dynamics of distribution of 14C-thiamine is illustrated in Fig. I. During the first five days the 
label was taken up more actively by the tumor cells than the liver. This can evidently be explained by the 
competitive situation arising on the 5th day, when the liver was already beginning to fall behind appreciably 

14 " i i th t f with respect to this index. It was at this time that the absolute content of C -thlam'ne "n e wo types o 
tissue was closest. Later, when the tumor cells switched to assimilation of other (noncarbohydrate) substrates, 
the thiamine requirement was reduced and the content of label in the liver increased, whereas in the tumor 
cells it decreased. The negative correlation between the two indices (r=-0.63) can be regarded as a manifes- 
tation of competitive relations between the tumor and liver tissue in thi#mine assimilation. The increased 
uptake of labeled  th iamine  may  be due to the metabol ic  demands of the mal ignant  ce l l s  (TDP as  a coenzyme 
of t r anske to lase ) ,  the high mitot ic  act iv i ty  and need to provide  for  growth of which a r e  l inked with intensive 
ut i l izat ion of g lucose  [4]. Much of it i s  metabol ized  via the pentose  phosphate pathway i n t h e  ear ly  s tages  of 
growth.  At  l a t e r  t i m e s  of growth (Sth-12th day) the  tumor  cei ls  a s s imi l a t ed  m o r e  fat ty  acids [3] and pro te ins ,  
on account  of which the r e q u i r e m e n t s  of the ~carbohydrate  n v i t amin  was somewhat  reduced.  T r a n s k e t o l a s e  
act ivi ty  in the t u m o r  ce l l s  was reduced  by 40% (P =0.05) by this  t ime ,  in the e ry th rocy te s  it  was unchanged, 
and in the  l i v e r  i t  was reduced  by only 15% (from 257 ~- 9.4 to 223 -~ 16.7, P = 0.1) on the  8th day of t umor  growth.  
T h e r e  a r e  thus two types  of  re la t ionsh ips  in me tabo l i sm  and ut i l izat ion of th iamine  by the  txm~or and host .  
During the  f i r s t  f ive days binding of label  by l i v e r  t i s s u e  shows no signif icant  change,  whereas  the  t u m o r  a c -  
c u m ~ a t e s  14C - th iamine  p r o g r e s s i v e l y  m o r e  rap id ly  (a condition for  compet i t ive  re la t ions) .  L a t e r  the p ic ture  
changes quali tat ively:  the t u m o r  begins to lose  t i C - t h i a m i n e  whereas  the l i v e r  accumula tes  i t .  

Th iamine  m e t a b o l i s m  was studied in m o r e  detail  on a different  object  (Walker-256 ca r c inosa rcoma) .  The 
following indices were  de te rmined  in this s e r i e s  of  exper iments :  the  concentra t ion  of f r e e  th iamine  and i ts  
coenzyme f o r m  (TDP), the TDP-s t imu la t ing  effect  in v i t ro  in the  t r a n s k e t o l a s e  reac t ion .  The  TDP content 
in the l i v e r  of  an imals  with t u m o r s  fell s teadi ly  during the 10 days a f t e r  inoculation, whereas  the TDP level  
in the t u m o r  i t se l f  fell m o r e  s teeply  as  t i m e  went on (Fig. 2). Meanwhile a sha rp  deficiency of coenzyme and 
excess  of  apoenzyme f o r m s  of t r anske to la se ,  detected in exper iments  in vi t ro  on the addition of the specif ic  
coenzyme,  were  obse rved  in the tumor .  S imi la r  r e su l t s  we re  obtained during the invest igat ion of the s a m e  
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Fig. 3. Binding of i4C-thiamine in l iver  (1) 
and tumor cells (2) in mice with Ehrlichts 
ascites tumor kept on synthetic diet with 
added vitamins, i4C-Thiamine given in 
dose of 1 vg per mouse. Ordinate, concen- 
tration of 14C-thiamine (in pg %); abscissa, 
daily dose of thiamine per mouse (in #g). 

indices in mice with Ehrlich's ascites tumor. When these relationships are assessed, it will be noted that 
stimulation of transketolase, characteristic of TDP deficiency in the tumor, increased all the time, reflecting 
an increase in its deficiency. In the erythrocytes, on the other hand, the picture was relatively stable. The 
free thiamine (the transport form of the vitamin) level in the liver of the rats fell progressively during growth 
of the Walker-256 earcinosarcoma: 0.20 �9 0.035 (4th day of tumor growth), 0.14 �9 0.032 (Sth day), 0.07 �9 0.022 
(12th day); the tumor tissue, however, accumulated thiamine: 0.05 • 0.017 (8th day), 0.20 • 0.041 (12th day). 
Considering the data given earlier on TDP deficiency in the tumor tissue, it can be tentatively suggested that 
the process of phosphorylation of the vitamin to coenzyme forms was disturbed in it. 

On the basis of the data given above it might be expected that the increasing thiamine deficiency in the 
tumor would place a greater strain on thiamine metabolism, and that the appearance of competitive relations 
between tumor and host would be most marked in the presence of a small over-all deficiency of the vitamin. 
Accordingly an additional experiment was carried out on mice kept on optimal, semi-optimal, and deficient diets 
as regards the supply of the vitamin. 

The experimental results are given in Fig. 3. A reduction of the thiamine intake with the diet from i0 
to 2 ~g daily had the effect that additional administration of labeled thiamine by subcutaneous injection into 

the animals was accompanied by different distributions of the label in two extreme situations. In mice receiving 
a higher dose of the vitamin the liver incorporated more label than the tumor. In the presence of marked 

hypovitaminosis the level of label in the liver and tumor was about equal, i.e., in this situation it could be 
concluded that the liver and the kunor were equal (and noticeably competitive) consumers of the vitamin. 

When the role of vitamin B i in tumor growth is assessed it will be recalled that the eoenzyme hmctions 
of TDP, linked with the supply of energy (pyruvate and ketoglutarate dehydrogenase reaction) are not absolutely 
essential. Both reactions can be replaced by any other energy-yielding process. The other aspect of the 
problem - the role of TDP in the transketolase reaction in the pentophosphate cycle - is more important. The 
enzyme is a factor controlling the formation of ribose-5-phosphate and its utilization, i.e., metabolism of 
phosphoribosyl pyrophosphate, a precursor of all nucleotides. 

Consequently the discovery of competitive relations in the field of factors (vitamins) absolutely essential 
and irreplacable in metabolic processes is consequently of fundamental importance. 
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