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E N Z Y M I C  A N D  I M M U N O L O G I C A L  A C T I V I T I E S  

O F  L Y M P H O C Y T E S  D U R I N G  C H E M I C A L  C A R C I N O G E N E S I S  

G.  P .  A i r a p e t ' y a n ,  I .  N. M a i s k i i ,  
R .  B.  G u d k o v a ,  a n d  L .  K.  A i r a p e t ' y a n  
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During chemica l  ca rc inogenes i s  in Wis ta r  ra t s  the act ivi ty  of acid phosphatase  and ce r t a in  dehy- 
d rogenases  in the blood lymphocytes  was compa red  with the development  of ce l lu lar  immunity  
revea led  by  the macrophage  migra t ion  inhibition test .  In the ea r ly  per iods  of ca rc inogenes i s  
the changes in succinate  dehydrogenase  and acid phosphatase  act ivi ty were  shown to co r re spond  
to a high level  of immunological  reac t iv i ty  of ce l lu la r  type in 66% of the animals .  During p r o -  
g r e s s i v e  growth of the tumors  in the r a t s  the enzyme balance in the lymphocytes  was dis turbed 
and, at the s ame  t ime,  the immunological  r e sponse  was depressed .  

KEY WORDS: chemica l  ca rc inogenes i s ;  lymphocytes ;  enzyme activity;  ce l lu lar  immunity.  

Because of the inadequacy of immunological  p ro tec t ion  against  mal ignant  growth, the d i scovery  of the 
mechan i sm of this phenomenon is e x t r e m e l y  important .  It follows f r o m  communicat ions  published prev ious ly  
[1, 2, 4, 7-10, 12] that during the development  of the  immune r e sponse  of the o rgan i sm to antigens of infectious 
and noninfectious nature  definite changes a r i s e  in me tabo l i sm of the lymphocytes .  Suggestions have been made 
fo r  an approach to the elucidation of the degree  of in fo rmat iveness  of the cy tochemica l  changes in the cel ls  of 
the immunocompetent  s y s t e m  as a means  of predic t ing  the cour se  of d i seases  and the ef fec t iveness  of t r e a t -  
ment  [3]. 

The object  of this invest igat ion was to study the enzyme act ivi ty of lymphoeytes  and to compare  this ac -  
t ivity with the manifes ta t ion  of reac t ions  of ce l lu la r  immuni ty  in the course  of chemica l  carc inogenes is .  No 
invest igat ions of this type on this pa r t i cu l a r  model have been descr ibed.  

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

The carc inogen  DMBA was injected in t r amusuc la r ly  in a dose of 3 mg pe r  animal  into Wis ta r  ra ts .  Be- 
fore  t r ea tmen t  with the carc inogen  and fo r  the 5 months a f t e r  its injection, the dynamics  of act ivi ty  of th ree  
enzymes was studied in the blood lymphocytes:  succinate  dehydrogenase  (SD; EC 1.3.99.1), a - g l y c e r o p h o s -  
phate dehydrogenase (a-GPD; EC 1.1.2.1), and acid phosphatase  (AP; EC 3.1.3.2). Activi ty of the dehydrogen-  
ases  was de te rmined  by N a r t s i s s o v ' s  method [6] and of AP by the method of Goldberg and Barka  [11]. In o rde r  
to cha rac t e r i ze  the act ivi ty of these enzymes  a f t e r  the number  of s tained granules  had been counted in 50 
lymphocytes ,  mean  values pe r  cell  were  obtained. 
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Fig. 1. Comparison of enzymic and im-  
munological activity of lymphocytes dur -  
ing carc inogenesis .  Abscissa :  months 
of carc inogenesis ;  0) indices before ex-  
periment;  ordinate: scale II) index of 
inhibition of migrat ion of macrophages  
f rom capil lary tubes; log of mean values 
of AP, SD, and ~-GPD activit ies.  

TABLE 1. Rate of Change of Mean Values 
of Logari thms of Enzyme Activities in 
Lymphocytes during Carcinogenesis* 

Enzyme 

SD 
c~ -GPD 
AP 

Time of carcinogenesis (inmonths) 
0--2  

- -0 ,012  
-.}-0,012 
-.}-0,022 

2--3  

--0,065 
--0,341 
--0,04 i 

3--4  

+0.054 
4-1,106 
+0,059 

4--5 

- -0 ,012  
- -0 ,024  
- -0 ,042  

*Rate of decrease  of enzyme activity p r e -  
ceded by a minus sign, increase  by a 
plus sign. 

Cellular reactions of immunity at different t imes of carc inogenesis  were studied with the aid of the 
method of inhibition of migrat ion of macrophages  f rom capi l lary  tubes descr ibed previously [5]. The results  
were subjected to s ta t is t ica l  analysis  by the Minsk-22A computer .  To normal ize  the distr ibution of the values 
for scrutiny,  logar i thms were taken of the indices of enzyme activity, af ter  which the normali ty  of the dis t r ibu-  
tion was tested by the X 2 cr i ter ion.  In this way a relat ionship was obtained between the values of the logari thms 
and their  d i rec t  values. Standard deviations (dispersions) were calculated. The values of enzyme activity ob- 
tained were subjected to cor re la t ion  analysis.  The coefficients of cor re la t ion  were determined both to detect 
cor re la t ion  between the activit ies of each enzyme at different t imes in the course  of carc inogenes is  and their  
initial values under normal  condi t ions  and also to study corre la t ion  between the activities of individual en- 
zymes.  P iecewise - l inear  approximation of the result ing curves  to functions of the type log Q = f(t) was ca r r i ed  
out. The rates of change of enzyme activity in the different t ime intervals  were calculated. The degree of s ig-  
nificance of differences between groups was determined by the t test.  

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

In this investigation, three e n z y m e s  charac te r iz ing  different metabolic pathways in these cells (the 
Krebs cycle,  g lycolysis ,  and hydrolysis)  were  chosen for the cytochemical  study of the per ipheral  blood 
lymphocytes during the development of chemical ly  induced s a r comas .  The resul ts  of the experiments  to com-  
pare  enzymic and immunological  activity of the lymphocytes during carcinogenesis  are  i l lustrated in Fig. 1. 

Analysis of these indices shows that during carc inogenes is  the enzymic activity of the lymphocytes 
undergoes definite cyclic changes. 

After  2 months of carc inogenesis ,  when the immunodepress ive  action of the carcinogen was reduced, a 
significant dec rease  was observed in SD activity and an increase  in AP activity. According to data in the 
l i terature ,  such changes in lymphocyte metabol ism are  cha rac te r i s t i c  of the development of hypersensi t iv i ty  
of delayed type, which a r i ses  in various immune states.  These resul ts  show that at this stage of carc inogene-  
sis 66% of the animals were  producing one of the media tors  of cel lular  anti tumor immunity, for  the m a c r o -  
phage migrat ion inhibition index was 0.55. 

By the third month of carc inogenes is ,  a t ime when p rogress ive  growth of the tumors  began in most  rats ,  
the level of all three enzymes was considerably  reduced. This decrease  in enzymic activity of the lymphocytes 
had a l ready s ta r ted  af ter  2.5 months.  Low dehydrogenase  activity is linked with increas ing sever i ty  of the 
pathological p rocess .  The maerophage migrat ion inhibition index remained at its previous level, but this t e s t  
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was positive in only 58% of animals.  The decrease  in AP activity at this stage of carc inogenesis  will be noted 
but is difficult to explain. It may perhaps be connected with the beginning of exhaustion of the immunological  
response.  

In fact,  by 4 months the macrophage migrat ion inhibition index remained fa i r ly  high (0.53) in only 36% 
of rats .  Although the enzyme activity was increased  again at this time, t h e  dehydrogenase activity had not r e -  
gained its original  level. 

Changes in the enzymic status of the lymphocytes during carcinogenesis  were also revealed by c o r r e l a -  
tion analysis .  Before adminis t ra t ion of the carcinogen,  moderate  positive corre la t ion  was found between the 
activity of the dehydrogenases ,and the coefficient of cor re la t ion  (r) was 0.40. After 2 months of carc inogene-  
sis,  cor re la t ion  between them was now negative (r = -0 .43) ,  confirming a compensa tory  increase  in ~-GPD 
activity associated with a dec rease  in SD activity. Later  associat ion between the dehydrogenases  was absent 
(r = -0 .13) ,  and as the tumors  developed progress ive ly ,  it was not again res tored.  

The disturbance of the energy balance of the lymphocytes was confirmed by determinat ion of corre la t ion  
between the activities of each of the enzymes and this index under normal  conditions. The data on ~-GPD ac-  
tivity are  par t icu lar ly  interest ing in this respect .  Significant negative cor re la t ion  was found for  this enzyme 
at 4 months of carc inogenesis  (r = - 0.53), but by 5 months, when corre la t ion  had a l ready ceased for  the other 
two enzymes,  it still continued to r i se  for  a -GPD (r = -0 .68) .  

The calculation of the rate and di rec t ion of changes in the mean values of the logar i thms of enzyme ac-  
tivity is given in Table 1. Examination of these resul ts  shows that between the third and fourth months of 
carcinogenesis  the rates  of increase  of SD (0.054) and AP (0.059) activity did not differ significantly f rom 
their  decrease  in the previous t ime interval.  Meanwhile the rate of r i se  of c~-GPD activity (1.106) was more  
than three t imes g rea t e r  than the rate of its decrease  between the second and third months. 

To sum up these findings, it can be postulated that in the later  stages of carcinogenesis  there  is a dis-  
turbance of the enzyme metabol ism of the lymphocytes,  so that the c~-glycerophosphate shunt possesses  the 
grea tes t  activity. 

The resul ts  of these experiments thus showed that during carc inogenesis  complex enzymic changes, 
which affect the development of immunological  insufficiency during growth of malignant neoplasms in a defi-  
nite manner,  take place in the lymphocytes.  

The authors are  grateful  to Dr. Med. Sei. R. P. Nar ts issov,  Director  of the Labora tory  of Cytochemistry ,  
Institute of Pedia t r ics ,  Academy of Medical Sciences of the USSIL and to colleagues for  helpful advice. 
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