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ENZYMIC AND IMMUNOLOGICAL ACTIVITIES
OF LYMPHOCYTES DURING CHEMICAL CARCINOGENESIS

G. P. Airapet'yan, I, N. Maiskii, UDC 616-006,6-02:615,277,
R. B. Gudkova, and L. K. Airapet'yan 41-092.9-07:616.155,3.07

During chemical carcinogenesis in Wistar rats the activity of acid phosphatase and certain dehy-
drogenases in the blood lymphocytes was compared with the development of cellular immunity
revealed by the macrophage migration inhibition test. In the early periods of carcinogenesis

the changes in succinate dehydrogenase and acid phosphatase activity were shown to correspond
to a high level of immunological reactivity of cellular type in 66% of the animals. During pro-
gressive growth of the tumors in the rats the enzyme balance in the lymphocytes was disturbed
and, at the same time, the immunological response was depressed.

KEY WORDS: chemical carcinogenesis; lymphocytes; enzyme activity; cellular immunity.

Because of the inadequacy of immunological proteétioh against malighant growth, the discovery of the
mechanism of this phenomenon is extremely important, It follows from communications published previously
(1, 2, 4, 7-10, 12] that during the development of the immune response of the organism to antigens of infectious
and noninfectious nature definite changes arise in metabolism of the lymphocytes. Suggestions have been made
for an approach to the elucidation of the degree of informativeness of the cytochemical changes in the cells of
the immunocompetent system as a means of predicting the course of diseases and the effectiveness of treat-
ment [3].

The object of this investigation was to study the enzyme activity of lymphocytes and to compare this ac~
tivity with the manifestation of reactions of cellular immunity in the course of chemical carcinogenesis. No
investigations of this type on this particular model have been described.

EXPERIMENTAL METHOD

The carcinogen DMBA was injected intramusuclarly in a dose of 3 mg per animal into Wistar rats. Be-
fore treatment with the carcinogen and for the 5 monthg after its injection, the dynamies of activity of three
enzymes was studied in the blood lymphocytes: succinate dehydrogenase (SD; EC 1.3.99.1), a-glycerophos-
phate dehydrogenase (a-GPD; EC 1.1.2.1), and acid phosphatase (AP; EC 3.1.3.2). Activity of the dehydrogen-
ases was determined by Nartsissov's method [6] and of AP by the method of Goldberg and Barka [11]. In order
to characterize the activity of these enzymes after the number of stained granules had been counted in 50
lymphocytes, mean values per cell were obtained.

Research Laboratory of Experimental Immunobiology, Academy of Medical Sciences of the USSR. (Pre-
sented by Academician of the Academy of Medical Sciences of the USSR N, N. Zhukov-Verezhnikov,) Trans-
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol, 81, No. 5, pp. 591-594, May, 1976. Original
article submitted August 15, 1975,

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

738



AP SD a=GPD TABLE 1. Rate of Change of Mean Values

Lm— t\ of Logarithms of Enzyme Activities in
e |z % T~ . Lymphocytes during Carcinogenesis*
/‘\o
" / \ . - ey 72
270410 10f - Enzyme Time of carcinogenesis (in months)
1 L 0—2 2—-3 | 3—4 4—3
1oyzez: 108 / - SD 0,012 | —0,065 | 0,054 | —0,012
L e - —0, —, B —U,
a9 a7 . GPD o-GPD 40012 | —0,341 | +1,106 | —0,024
a8lzs4t AP -+0,022 | —0,041 | 10,059 | —0,042
a7 N/ AP
06246104104} ¢ : N
ast - Frrmieg *Rate of decrease of enzyme activity pre-
g4+ 0zf ceded by a minus sign, increase by a
EL - plus sign.
0zf -
a1y r Y I

Fig., 1. Comparison of enzymic and im-
munological activity of lymphocytes dur-
ing carcinogenesis, Abscissa: months
of carcinogenesis; 0) indices before ex~
periment; ordinate: scale II) index of
inhibition of migration of macrophages
from capillary tubes; log of mean values
of AP, SD, and a-~GPD activities.,

Cellular reactions of immunity at different times of carcinogenesis were studied with the aid of the
method of inhibition of migration of macrophages from capillary tubes described previously [5]. The results
were subjected to statistical analysis by the Minsk-22A computer. To normalize the distribution of the values
for scrutiny, logarithms were taken of the indices of enzyme activity, after which the normality of the distribu-
tion was tested by the x? criterion. In this way a relationship was obtained between the values of the logarithms
and their direct values. Standard deviations (dispersions) were calculated, The values of enzyme activity ob-
tained were subjected to correlation analysis. The coefficients of correlation were determined both to detect
correlation between the activities of each enzyme at different times in the course of carcinogenesis and their
initial values under normal conditions. and also to study correlation between the activities of individual en-
zymes, Piecewise-linear approximation of the resulting curves to functions of the type log Q = £(t) was carried
out. The rates of change of enzyme activity in the different time intervals were calculated. The degree of sig-
nificance of differences between groups was determined by the t test.

EXPERIMENTAL RESULTS

In this investigation, three enzymes characterizing different metabolic pathways in these cells (the
Krebs cycle, glycolysis, and hydrolysis) were chosen for the cytochemical study of the peripheral blood
lymphocytes during the development of chemically induced sarcomas. The results of the experiments to com-
pare enzymic and immunological activity of the lymphocytes during carcinogenesis are illustrated in Fig. 1.

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

After 2 months of carcinogenesis, when the immunodepressive action of the carcinogen was reduced, a
significant decrease was observed in SD activity and an increase in AP activity. According to data in the
literature, such changes in Iymphocyte metabolism are characteristic of the development of hypersensitivity
of delayed type, which arises in various immune states. These results show that at this stage of carcinogene-
sis 66% of the animals were producing one of the mediators of cellular antitumor immunity, for the macro-
phage migration inhibition index was 0.55.

By the third month of carcinogenesis, a time when progressive 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 already started after 2.5 months. Low dehydrogenase activity is linked with increasing severity of the
pathological process. The macrophage migration inhibition index remained at its previous level, but this test
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was positive in only 58% of animals. The decrease in AP activity at this stage of carcinogenesis 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 migration inhibition index remained fairly high (0.53) in only 36%
of rats. Although the enzyme activity was increased agam at this time, the dehydrogenase activity had not re-
gained its original level.

Changes in the enzymic status of the lymphocytes during carcinogenesis were also revealed by correla-
tion analysis. Before administration of the carcinogen, moderate positive correlation was found between the
activity of the dehydrogenases,and the coefficient of correlation (r) was 0.40, After 2 months of carcinogene-
sis, correlation between them was now negative (r = —0,43), confirming a compensatory increase in o-GPD
activity associated with a decrease in SD activity, Later association between the dehydrogenases was absent
(r =—0,13), and as the tumors developed progressively, it was not again restored.

The disturbance of the energy balance of the lymphocytes was confirmed by determination of correlation
between the activities of each of the enzymes and this index under normal conditions, The data on @-GPD ac-
tivity are particularly interesting in this respect, Significant negative correlation was found for this enzyme
at 4 months of carcinogenesis (r = —0,53), but by 5 months, when correlation had already ceased for the other
two enzymes, it still continued to rise for o-GPD (r = —0.68).

The calculation of the rate and direction of changes in the mean values of the logarithms of enzyme ac-
tivity is given in Table 1. Examination of these results 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 from
their decrease in the previous time interval, Meanwhile the rate of rise of @-GPD activity (1.106) was more
than three times greater 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 metabolism of the lymphocytes, so that the a-glycerophosphate shunt possesses the
greatest activity.

The results of these experiments thus showed that during carcinogenesis 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,
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