
This investigation thus showed that ICO-II MAB block the response of patients' lympho- 
cytes to tumor tissue extract in the LAI test in vitro, but have no effect ~.~nder these cir- 
cumstances on the response of patients' lymphocytes to normal tissue extract, or on spon- 
taneous adhesion of normal human lymphocytes. Consequently, the results indicate that ICO-II 
MAB block the binding of T cells, producing the LAI factor, with tumor-associated antigen. 
The ability of ICO-II MAB to block activity of different subpopulations of immunocompetent 
cells was described previously in other immunologic tests. ICO-II MAB blocked activity of 
natural killer cells of healthy blood donors, aimed against K-562 and Molt~4-4 target cells, 
and also depressed activity of cytotoxic T lymphocytes, induced in a 7-day mixed lymphocyte 
culture [2]. It has also been shown that ICO-II MAB have a dose-dependent inhibitory in- 
fluence on the lymphocyte blast transformation response to phytohemagglutinin and that they 
inhibited EH-rosett e formation in healthy blood donors [2]. 

Determination of the molecular weight of the antigens by immunoblotting showed that 
ICO-II MAB revealed a polypeptide with mol. wt. of 180 kilodaltons from lysates of human 
blood mononuclear cells and thymocytes [2]. The spectrum of cells expressing the antigen 
revealed by ICO-II MAB, the blocking of natural killer-cell activity [i] and of the lympho- 
cyte blast transformation reaction, and the molecular weight of the antigen revealed indi- 
cate that ICO-II MAB are aimed against the ~-chain of a functionally-associated lymphocyte 
antigen [2]. Blocking of the reaction of ICO-II MAB in the LAI test thus indicates a pos- 
sible role of the ~-chain of the functionally associated antigen in ~inding of the tumor" 
associated antigen by T cells in the phase of induction of the lymphocyte adhesion inhibition 
reaction. 
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DYNAMICS OF ENDOGENOUS DEOXYRIBONUCLEASE ACTIVITY OF MOUSE 

THYMUS AND SPLENIC LYMPHOCYTE NUCLEI DURING THE IMMUNE RESPONSE 
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S. S, Aleksandrova, and I. I. Votrin 015.1:577.152.314 

KEY WORDS: endogenous deoxyribonucleases, Ca/Mg-dependent endonuclease, lymphocyte 
nuclei, primary immune response. 

Cellnuclei of animals and man contain various nucleases, among them endogeneous deoxy- 
ribonucleases (endo-DNases) [12]. The functions of these enzymes in higher eukaryotes have 
not yet been,explained. However, data obtained on prokaryotes show that endonucleases take 
part invarious genetic processes, mainly DNA recombination and repair. Most probably the 
nucleases of the cell nucleus must also perform similarfunctions. For endonucleases of one 
type, associated with chromatin, namely apurine/apyrimidine endonucleases, their participation 
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Fig. i. Kinetics of breakdown of supercoiled pBR 322 DNA under the in- 
fluence of endo-DNases from thymus (a) and splenic (b) cell nuclei. 
Abscissa, time (in min); ordinate, DNA content (in %). 1-3) Supercoiled, 
open ring, and linear DNA. 

Fig. 2. Dynamics of activity of endo-DNases from splenic (a) and thymus 
(b) cell nuclei during the immune response. Abscissa, time after immuni- 
zation (in days); ordinate, endo-DNase activity (in %). Results of three 
experimental series are given: in each series activity of enzymes of the 
animals of the control group was taken as 100%. 

in excision repair of DNA is determined by the substrate specificity of these enzymes and 
has been confirmed by experiments in vitro [9]. The functional role of the other endonu- 
cleases of the cell nucleus remains unexplained, although the participation of these enzymes 
in genome function seems sufficiently well founded. 

Our understanding of the function of endo-DNases of cell nuclei can be improved by the 
study of changes in their activity and spectrum in various biological processes. Some ob- 
servations have shown that these changes take place during differentiation, malignant trans- 
formation, and hormonal induction. An interesting model with which to study the functional 
role of the DNases of cell nuclei is activation and differentiation of lymphocytes during 
the immune response. Processes of reorganization of the genome, which lie at the basis of 
antigen-dependent and antigen-independent stages of lymphocyte differentiation have been 
proved, and they suggest that enzymes, either endo-DNases themselves or possessing endo-DNase 
activity, play a role in them [7]. 

The aim of this investigation was to study activity of chromatin-associated endo-DNases 
of lymphocytes during formation of the primary immune response in vivo. 

EXPERIMENTAL METHOD 

Male CBA mice weighing 20-25 g were used. The mice were immunized with sheep's 'red 
blood cells (SRBC), injected intraperitoneally in a dose of 5"107 cells per animal. At dif- 
ferent times after immunization the mice were killed by cervical dislocation. Cell nuclei 
were isolated from thymus and splenic lymphocytes as described previously [3], except that 
the concentration of dense sucrose was 2 M and the pH of all solutions was 8.5. 
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Fig. 3. Changes in ratio between 
activities of endo-DNases from 
thymus and splenic cell nuclei 
during the immune response. Re- 
sults of three experimental se- 
ries shown. Abscissa, time after 
immunization (in days). 

The isolated cell nuclei were extracted with 0.3 M KCI solution in 0.075% Triton X-100 
(pH 7.4) at 0-4~ for 30 min. The extracts were centrifuged at 12,000g and activity of the 
endo-DNases present in them was determined as follows. 

All incubations were done in buffer solution containing i0 mM Tris-HCl (pH 7.4), 5 mM 
MgCI2, 1 mM CaCI2, and 5 mM mercaptoethanol. The incubation samples contained, in a total 
volume of 50 ~i: 0.25 ~i protein of extracts (in a volume of 0.5-i ul) and 0.5 ~g DNA of 
plasmid pBR322 (in a volume of 0.5-1 ~i in i0 mM Tris-HCl, pH 7.4). Incubation was carried 
out at 37~ for between i0 and 30 min, and was stopped by cooling the samples to 0~ The 
samples were treated with i0 ~i of 50% glycerol with bromphenol blue. DNA was fractionated 
by electrophoresis in horizontal blocks of 1.2% agarose (Bio-Rad, USA) in Tris-acetate buffer, 
under a voltage of I0 V/cm for 3 h. Gels were stained with ethidium bromide, photographed, 
and DNA determined quantitatively as described previously [3]. 

The unit of endo-DNase activity was taken to be that quantity of it which led to accumu- 
lation of 1 ~g of the linear form of plasmid pBR 322 DNA during incubation for i0 min at 
37~ in a buffer solution containing 5 mM MgCI2, 1 mM CaCI2, 5 mM mercaptoethanol, and i0 mM 
Tris (pH 7.4). The plasmid DNA was isolated as described previously [4] and strain 
Escherichia coli HB i01, maintaining stable replication of the plasmid in monomer form, was 
used as the source. Titers of antibodies to SRBC were determined by the direct hemagglutina- 

tion test [2]. 

EXPERIMENTAL RESULTS 

Extraction of the cell nuclei with solutions of salts (usually sodium chloride) with 
ionic strength of 0.1-0.4 M led to solubilization of most of the endo-DNases active at neu- 
tral pH values in the presence of divalent cations, and associated with chromatin [8]. An 
increase of ionic strength led to activation of the nucleases. To extract the lymphocyte 
nuclei, we used KCI in the presence of the nonpolar detergent Triton X-100. When their final 
concentration in the extracting solution were 0.3 M and 0.075%, respectively, affective so- 
lubilization of the lymphocyte endo-DNases, associated with chromatin, took place. Maximal 
activity of the resulting extracts was exhibited in the presence of Mg 2+ and Ca 2+. Addition 
of EGTA in the presence of Mg2+ inhibited activity by more than 90%. 

The main activity of solubilized endo-DNases is thus connected with Ca/Mg-dependent 
endonuclease. Similar data are to be found in the literature also [I0]. 

The kinetics of degradation of plasmid pBR 322 DNA by extracts of lymphocyte nuclei 
from mouse spleen and thymus is shown in Fig. i. In the presence of Ca and Mg, the co- 
valently closed plasmid DNA was cleft with the formation of open-ring and linear DNA. Mea- 
surement of endo-DNases on the basis of their action on supercoiled circular DNA is a sen- 
sitive and precise method of detection of these enzymes, and accordingly it was used in the 
present investigation. The measure of activity was taken to be accumulation of linear DNA 
and not reduction of the quantity of substrate supercoiled DNA, for the extracts which we 
obtained might have contained enzymes interacting with supercoiled DNA, notably DNA topo- 
isomerases [5]. 

It will be noted that under theexperimental conditionsused accumulation of the linear 
form of DNA under the influence of endo-DNases from splenocyte nuclei took place more rapidly 
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than when the enzymes from thymocyte nuclei were used, thus demonstrating the greater activity 
of endo-DNases from splenocyte nuclei. 

After immunization of the mice the titer of antibodies to SRBC in the blood (log2; M • 
m) was 0.3 • 0.4 after 12 h, 1.0 • 0.7 after 24 h, 4.5 • 0.3 after 2 days, 5.8 • 1.0 after 3 
days, 8.2 • 0.7 after 4 days, 8~ • 0.8 after 6 days, and 8.5 • 0.6 after 7 days. 

In the course of the immune response marked changes were observed in endo-DNase activity 
from nuclei of both splenocytes and thymocytes (Fig. 2). The data in Fig. 2 are shown sepa- 
rately for three experimental series, in each of which 25-35 animals were used. it will be 
clear from Fig. 2 that marked changes in endo-DNase activity in splenic and thymus cell nu- 
clei were observed 12 h after immunization. In the spleen, during the ist day, activity of 
the enzymes fell, but in the thymus, on the other hand, it rose, i.e., reciprocal changes 
were observed in endo-DNase activity in cell nuclei of splenocytes and thymocytes. After the 
Ist day endo-DNase activity in splenocyte nuclei as a whole began to increase during develop- 
ment of the immune response; in two of the three series activity reached a peak on the 5th day 
after immunization. In the thymus, in the period from the 2nd to the end of the 3rd day after 
immunization, activity fell or reverted to the control level. On the 6th day after immuniza- 
tion a marked increase in activity was observed. 

As was pointed out above, endo-DNase activity in cell nuclei of splenic lymphocytes of 
the immunized animals was 2-4 times greater than that from thymocyte nuclei. Data showing 
changes in the ratio of activity of the thymus enzymes to activity of the splenic enzymes in 
the course of the immune response are given in Fig. 3. It will be clear from Fig. 3 that 
after immunization two clearly marked periods of reversal of activity were observed, i.e., 
activity of endo-DNases from thymocyte nuclei exceeded that of the enzyme from splenic nu- 
clei by 2-3 times. These periods corresponded to the Ist and 6th days after immunization. 

Immunization of the animals with thymus-dependent antigen (SRBC) thus led to marked 
changes in endo-DNase activity in the cell nuclei of splenic and thymus lymphocytes. These 
changes began in the early (inductive) phase of the immune response and were characterized 
by a definite phasic nature. The changes in endo-DNase activity discovered in the cell nu- 
clei evidently characterize changes in the functional properties and structure of the lympho- 
cyte populations of the spleen and thymus. In this respect they correlate well with known 
biochemical and cytologic data on the phasic character of proliferative and antibody-pro- 
ducing activity of lymphocytes in the course of the immune response [I]. Possibly endo-DNase 
activity of lymphocyte nuclei can be usefully regarded as an enzymic marker of immune pro- 
cesses. 

Analysis of the mechanisms of specific and nonspecific lymphocyte stimulation shows 
that the primary changes in this case take place at the genome level and are connected with 
changes in the spectrum of expressed genes, the conformation of chromatin, and the character 
of methylation of DNA (as a rule, with lowering of the methylation level [7, 13]). In the 
course of the immune response, not only immunocompetent cells, but also a considerable pro- 
portion of the lymphocyte population become involved in proliferation and differentiation 
processes, so that detection of the corresponding biochemical changes is possible not only 
in vitro, but also in vivo. In particular, it has been shown that T killer cells with 
spliced C~-genes appear in the spleen [6]. Data in the literature are evidence on the whole 
that induction of the immune response leads to increased functional activity of the lympho- 
cyte genome with respect to transcription, replication, and recombination. The correspond- 
ing processes are accompanied, or largely determined by changes in the chromatin. Endogenous 
nuclear endonucleases, primarily Ca/Mg-dependent, are distributed nonrandomly in the chroma- 
tin and they may be associated with functionally active regions of the genome [3, II]; spe- 
cifically cleaving DNA, they may lead under these circumstances to local and selective 
changes in chromatin conformation [14]. In addition, the writers showed previously that ex- 
cessively methylated regions of DNA in the composition of the chromatin are distinguished 
by their hypersensitivity to endogenous Ca/Mg-dependent cell nuclear endonuclease [4], so 
that a role for this enzyme in demethylation of specific regions of the genome can be postu- 
lated [3]. 

It accordingly seems reasonable to suggest that the changes which we discovered in ac- 
tivity of cell nuclear endo-DNases are linked with a change in the functional status of the 
lymphocytes during the immune response, possibly on account of a change, under the influence 
of these enzymes, in the level of DNA methylation and in the conformation of chromatin re- 
gions activation of which is essential for the initiation of differentiation. 
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