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The morphologica l  composi t ion of the population of cel ls  in immune lymph glands in 
contact  with the cor responding  al logeneic t a rge t  cel ls  changes during incubation for  
6-10 h: the propor t ion  of sma l l  lymphocytes  d e c r e a s e s  while that of m e d i u m - s i z e d  
lymphocytes  and b la s t  cel ls  r i s e s ;  these changes a r e  accompanied  by an i nc rea se  in 
the propor t ion  of lymphocytes  labeled with thymidine-H 3 and in the intensity of in- 
corpora t ion  of ur id ine-H 3. These  changes a re  absent  or  a re  much l e s s  m a r k e d  in 
normal  adsorbed  lymphocytes  and in immune lymphocytes  not adsorbed  on the c o r -  
responding ta rge t  cel ls  or  adso rbed  on t h i rd -pa r ty  t a rge t  cel ls .  

The cytotoxic effect  (CE) of immune lymphocytes  on a l logeneic  t a rge t  cel ls  is not the r e su l t  of pass ive  
contact ,  but of the act ive  function of the lymphocytes ,  for  which r e sp i r a t i on  [14], functional activity of the 
lymphocyte  m e m b r a n e s  [8], and the synthes is  [3, 9] and intact s t ruc tu re  of the cell pro te ins  [4] a re  nec-  
e s s a r y .  However ,  the behavior  and fate of the immunolymphocytes  during their  in teract ion with ta rge t  cel ls  
have not been studied. The difficulty in the way of such an invest igat ion is the smal l  p ropor t ion  (not m o r e  
than 2%) of act ive lymphocytes  in the population [16]. Recently the "pe r ipo les i s "  of lymphocytes  [8], the 
penet ra t ion  of the i r  nucleic acids into the cy top lasm of t a rge t  cel ls  [5], phagocytos is  of f r agmen t s  of dead 
lymphocytes  by t a rge t  cel ls  [6], and an inc rease  in the propor t ion  of p l a s m a  cel ls  during contact  with t a rge t  
cel ls  [15] have been descr ibed.  The connection between these  phenomena and the mechan i sm of CE r e -  
mains  p rob lemat i ca l .  

The object  of the p re sen t  invest igat ion was to study morphologica l  changes in normal  and immune 
lymphocytes  in the course  of the i r  in teract ion with cor responding  and with " th i rd -pa r ty"  t a rge t  cel ls .  

EXPERIMENTAL METHOD 

Experiments were carried out on mice of inbred lines C57BL/10, BI0.D2, and A aged 8-16 weeks. 

Macrophages of the peritoneal exudate, obtained by injection of an irritant and seeded two days before 

the experiment in flat-sided test tubes on cover slips in concentrations of 2 �9 105/ml, were used as target 

cells. 

Immune lymphocytes were obtained from the regional lymph glands of BI0.D2 mice 8 days after a 
single immunization with cells of an allogeneic sarcoma MKhlI, indueed with methylcholanthrene and sub- 

cultured in C57BL/10 mice. 
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Fig. 1. Changes in proport ions of different 
groups of B10.D2 and B10.D2 ant i-C57BL 
lymphocytes during interaction with target  
cells.  A) C57BL target  cells.  Continuous 
line represen ts  immune lymphocytes ,  broken 
line normal  lymphocytes.  1, 2, 3, 4) Serial 
Nos. of experiments .  Vert ical  lines show 
standard deviations. Absc issa ,  incubation 
t ime (in h); ordinate,  proport ion of blast  
cells (in %); B) Target  cells:  C57BL (1), 
A (2), B10.D2 (3). Incubation for 6 h. 
Shaded columns represen t  immune,un-  
shaded columns normal  lymphocytes .  
S - small ,  M - medium, L - large 
lymphocytes .  I and/3) Serial Nos. of 
experiments .  Vert ical  lines show confi-  
dence l imits .  Ordinate, proport ion of 
lymphocytes (in %). 

The exper iments to  study CE of immune lymphocytes 
on allogeneic target  cells were  ca r r i ed  out as described 
previously [1, 2]. Normal and immune lymphocytes of 
B10.D2 mice were washed three t imes,  suspended in 
medium 199, and injected into washed cultures of ta rge t  
cells in concentrations of 5 " 106-10 �9 106/ml. F rom 30 
min to 24 h la ter  the cover  slips (3 at each time) and 
films of suspension of lymphocytes were washed three 
t imes with medium 199, fixed for  20 min with methanol, 
and stained with azure-eos in .  The preparat ions  were  
examined under a magnification of 900x, and in each 
film 600-1000 "living" lymphocytes (i.e., with normal 
s tructure)  and the corresponding number of target  cells 
were  counted. The lymphocytes were  subdivided into 
small ,  medium, and large,  the large lymphocytes and 
blast  cells being combined into one group. 

To study synthesis of RNA or DNA in the lympho- 
cytes,  uridine-H 3 (Radiochemical Center,  Amersham,  
England; 460 mCi/mmole)  in a concentration of 3.5 ~Ci /  
ml or thymidine-H 3 (from the same firm, 2.7 Ci/mmole)  
respect ively was added to the culture medium. The thy- 
midine-H 3 concentration fell f rom 6 to 1/~Ci/ml as the 
incubation period lengthened f rom 1 to 24 h. A 1 : 1 mix-  
ture of Eagle ' s  solution and 0.5% lactalbumin hydrolyzate 
solution was used as culture medium in the experiments  
with uridine-H 3, and medium 199 in the experiments  with 
thymidine-H 3. Uridine-I-I 3 was added 1 h before fixation 
of the specimens,  and thymidine-H 3 was added at the 
same time as the lymphocytes.  At different t imes af ter  
the beginning of incubation the preparat ions  were  washed 
as descr ibed above, fixed in Carnoy ' s  fluid, t rea ted  with 
4% HC104 solution for 20 min at 4~ washed three t imes 
with distilled water ,  and coated with type M (NIKFI) emul-  
sion. After exposure for 7 days and staining withmethyl  
green-pyronine ,  at least  200 "living" lymphocytes (i.e., 
lymphocytes with a g reen  nucleus andpink cytoplasm) 

were  counted in each preparat ion,  the total number being made up of 80-150 small  and 40-60 medium 
lymphocytes and 15-25 blast  cells.  

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

The proport ion of blast  cells in the original suspensions var ied  f rom 2 to 6% among the immune lymph- 
ocytes and 0.9-3% among the normal  lymphocytes in different experiments .  

In the f i r s t  few hours af ter  the beginning of incubation immune and normal  lymphocytes were inten- 
sively and equally adsorbed on the target  cells;  after  10 h the difference was appreciable;  and after  24 h 
it was highly signif icant:  the number of adsorbed normal  lymphocytes was considerably reduced. In the 
course  of incubation with the corresponding target  cells significant changes took place in the population 
of immune lymphocytes  adsorbed on the cover  slip: the proport ion of small  lymphocytes fell gradually 
f rom 53-72% after  1 h of incubation to 24-38% after  24 hl the proport ion of medium lymphocytes increased 
f rom 20-37% after  1 h to 48-62% af ter  24 h; and the proport ion of blast  cells increased to 9-13% after  6 h 
(in one experiment  to 31%) and reached 14-21% 24 h af ter  the beginning of incubation. Conversely,  in the 
population of normal  lymphocytes no significant changes took place on incubation with target  cells (Fig. 
1A). The mean number of blast  cells adsorbed on one target  cell increased during incubation of the im-  
mune lymphocytes f rom 1 to 10 h f rom 0.3 to 0.6 respect ively.  This index in normal  lymphocytes did not 
exceed 0.14. 
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Fig. 2. Incorporat ion of thymidine-H 3 (a) and ur id ine-H 3 (b) into 
B10.D2 and B10.D2 anti-C57BL lymphocytes  during in teract ion 
with C57BL ta rge t  cells  (curves) and A target  cells  (columns). 
Abscissa ,  t ime of incubation (in h); ordinate:  A) propor t ion of 
labeled lymphocytes  (in %), B) mean label per  labeled lymphocyte.  
Continuous line and shaded columns show immune lymphocytes ,  
broken line and unshaded columns normal  lymphocytes .  1) Large;  
2) medium; 3) small  lymphocytes .  Ver t ical  lines indicate s tandard 
deviation. 

Fig. 3. Morphological (I) and autoradio-  
graphic (IT) p ic tures  of B10.D2 ant i-C57BL 
lymphocytes  incubated with C57BL m a c r o -  
phages for  3 h. MP) macrophages;  B)blas t  
ceils;  SL) small  lymphocytes;  ML) medium 
lymphocytes; stains: I) azure-eosin; II) 
thymidine-H 3 ; methyl green-pyronine, 900 • 

The changes in the relative proportions of the cells 
described above were absent in the same experiments 
in films of immune lymphocytes not adsorbed on C57BL 
target ceils, but "free-floating" in the culture medium. 
These changes likewise did not occur during incubation 
of immune lymphocytes with syngeneic target cells of 
BI0.D2 mice or with ,third-party,, allogeneic target cells 
of line A mice (Fig.IB), on which the BI0.D2 anti-C57BL 
lymphocytes have no cytotoxic effect [2]. 

The proportion of immune lymphocytes labeled 
with thymidine-H 3 increased to 20-30% 1-6 h after the 
beginning of incubation with C57BL target cells and it 
fell to 13-14% after 24 h. The proportion of labeled nor- 
mal lymphocytes incubated with the same target cells 
and of immune lymphocytes incubated with A target cells 
did not exceed 10%, although in one case it rose to ii- 
13% after 24 h (Fig. 2A). 

On the addition of uridine-H 3 to the medium label 
was found in 95-98% of living lymphocytes. During the 
first 6 h of incubation the mean label per labeled lympho- 
cyte was much higher in the immune lymphocytes in- 
cubated with the corresponding target cells than in nor- 
mal or immune lymphocytes incubated with "third-party" 
target cells. Determination of the mean label (in the 
experiment with uridine) and the proportion of labeled 
cells (in the experiments with thymldine) in groups of 
small, medium, and large lymphoeytes separately showed 
no significant differences between the immune and nor- 
mal lymphocytes incubated with target cells (Fig. 2b). 
This means that the difference in the dynamics of DNA 
and RNA synthesis between the immune and normal lymph- 
ocytes on contact with target cells was due, not to changes 
in synthesis within individual morphological groups of 
lymphocytes, but to the quantitative changes between the 
populations themselves as described above. 
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The morphologica l  and autoradiographic  p ic tures  a re  i l lus t ra ted  in Fig. 3. 

During the f i r s t  6-10 h of contact  between immune lymphocytes  and t a rge t  cel ls  the morphological  
composi t ion of the population thus changed: the propor t ion  of smal l  lymphocytes  was r educedwhi l e  the 
propor t ions  of med ium lymphocytes  and b las t  cel ls  inc reased ,  and these changes were  accompanied  by an 
inc rease  in the synthes is  of DNA and RNA in the population of lymphocytes  as a whole. These  changes were  
immunological ly  specif ic  and were  detected only in the p re sence  of CE. They were  absent  or  were  much 
l e s s  conspicuous in immune lymphocytes  not absorbed  on the corresponding t a rge t  cel ls  or  adsorbed  on 
syngeneic or  " t h i rd -pa r ty"  al logeneic t a rge t  cel ls .  I t  mus t  be supposed that  the inc rease  in the propor t ion  
of "activated,,  lymphoeytes  is e s sen t i a l  for  CE, which may be connected with the synthes is  of protein,  de-  
s t roying the t a rge t  cel ls ,  in those lymphocytes  [11]. This hypothesis  is in a g r e e m e n t  with r e su l t s  indi- 
cating the absence  of CE a f te r  dest ruct ion of b las t  cel ls  by L - a s p a r a g i n a s e  [7] in exper iments  in which 
r a t  lymphocytes  acted in v i t ro  on mouse  t a rge t  cel ls .  

The inc rease  in the propor t ion  of med ium lymphocytes  and b las t  cel ls  during contact  with t a rge t  cel ls  
could be due e i ther  to se lec t ive  absorp t ion  of these cel ls  f r o m  the original  suspension or to b l a s t - t r a n s -  
fo rmat ion  of smal l  lymphocytes  r e spons ib le  for  the CE [13, 16]. This p rob lem requ i r e s  fu r the r  study. 

Since act ivat ion of DNA synthes is  in immune lymphocytes  does not occur  even under optimal  con-  
ditions before  48 h of incubation with the cor responding  soluble antigen [10], m e m b r a n e  antigens of living 
ta rge t  ce l l s  can be r e g a r d e d  as a m o r e  powerful  inducer of b l a s t - t r a n s f o r m a t i o n  than soluble or  co rpus -  
cular  antigens isola ted f r o m  living cel ls  [12]. 

The authors  a r e  gra teful  to P r o f e s s o r  A. Ya. Fr idenshte in  and P r o f e s s o r  B. B. Fuks for  their  advice,  
to G. N. Vornakova for  exper t  technical  help, and to N. N. Solov'ev for  help in p repar ing  the pho tomic ro -  
graphs .  
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