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Immunocompetent  cells in mice begin to synthesize DNA in the f i rs t  hours af ter  secondary  
antigenic st imulation with diphtheria toxoid, and DNA synthesis takes place in three succes -  
sive waves.  Among the intensively multiplying cel ls ,  a group of pyroninophilic smal l  lympho- 
cytes can be distinguished, charac te r ized  by a high rate of proteIn synthesis and a relat ively 
low rate  of RNA synthesis .  Following intensive prol i fera t ion of the pyroninophilic smal l  
lymphocytes,  re t icu la r  cells  begin to part icipate in the process .  

In recent years, synthesis of antibodies and DNA in lymphoid cells during immunogenesis has been 
investigated cytologically and biochemically [3,9,10,12,14,19]. Plasma cells, hemocytoblasts, and In some 
cases medium-sized and small lymphocytes are active producers of antibodies [17,19]. However, the im- 
portance of the lymphocyte in antibody formation is small, and its role is considered to be that of precursor 
of the plasma cells [4,17]. The function of storage of immunologic memory has been ascribed to the lym- 
phocyte [7,15]. Reticular cells are also regarded as ancestors of antibody-forming cells [21]. Hence, de- 
spite the many investigations of this problem,  the points of conflict regarding its principal  aspects  remain 
unresolved and the kinetics of DNA synthesis  in cells part icipating in the antigenic response has not been 
studied in sufficient detail. 

The object of this investigation was to study the dynamics of DNA synthesis during the secondary im- 
mune response and to a s se s s  the part icipat ion of ceils of different types in DNA synthesis at different t imes 
after injection of antigen. 

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

Experiments  were car r ied  out on 119 male mice of line Balb, weighing 18-22 g. The mice were im- 
munized by a single injection of diphtheria toxoid in a dose of 20 Lf per  animal.  Between 2 and 3 months 
ta ter ,  the animals  received a second injection of diphtheria toxoid in the same dose. At different t imes af-  
ter  st imulation the animals were sacr i f iced  and the spleens t r ans fe r r ed  to a medium (Eagle's medium + 
Hank's solution, 1 :1 )  containing one of the radioactive p r e c u r s o r s  of nucleic acids and protein (uridine-H 3, 
10 #Ci /ml ;  thymidine-H 3, 4 # C i / m l ;  leucine-H 3, 20 pCi /ml ) ,  The cells with p r ecu r so r s  were incubated at 
37 ~ for 30 rain in the case of thymidine, 45 min for uridine,  and 60 rain for leucine, with periodic shaking. 
Af ter  incubation and washing with cold Hanks 's  solution, fi lms were  made of the ceils which were fixed in 
a 3 : 1  mixture of alcohol and acet ic  acid for  10 rain. The f i lms were t reated with 5% TCA for  20 rain at  4 ~ 
and then covered with type M (NII KhIMFOTO) emulsion.  After  development, the films were  staIned with 
methyl  g r e e n - p y r o n i n e  by Brache t ' s  method and with azure  I I - e o s i n  by Romanovsky 's  method. As a con- 
trol  of incorporat ion of nucleic acid p r e c u r s o r s  and staIning, some of the preparat ions were t reated with 
r ibonuclease and deoxyribonuclease.  The n u m b e r  of cells labeled with thymidine-H 3 was determined by 
analysis  of 2000-5000 ceils.  The resul ts  were subjected to s tat is t ical  analysis  by the method of confidence 
intervals  (from 6 to 12 animals  were taken for each period of the immune response).  To rule out the influ- 
ence of the c i rcadian rhythm of mi tos is ,  the animals were  sacr i f iced at the sam~ time of day. 

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

Investigation of films of spleen cells f rom sensit ized animals not receiving a secondary  stimulation 
(control) revealed a fa i r ly  s tandard picture.  The proport ion of Cells synthesizing DNA was 1.2 • 0.22%, 
and DNA was synthesized by blast  cells and medium-s ized  and small  lymphocytes.  The picture changed 
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Fig .  1. P e r c e n t a g e  of pyron inophi l i c  
s m a l l  and m e d i u m  lymphoey te s  (I) 
and ce l l s  labeled  with t hymid ine -H  3 
(II) in the m o u s e  sp leen  at  v a r i o u s  
t imes  a f t e r  a second  in jec t ion  of an -  
t igen.  

abruptly 4 h after secondary stimulation. A large proportion of 

the cells (8.2 • 0.74%) began to synthesize DNA. After 8 h the 

proportion of labeled cells fell slightly (differences not signifi- 

cant), but by 16 h after stimulation the response had fallen to 

4.7 • 1.2%. Fresh increases in the proportions of labeled cells 

took place at the end of the first (11.8 • 0.36%) and third (22.6 • 
1.4%~ days after injection of antigen, the maximum occurring on 
the third day (Fig. I.). At intermediate points (36 and 48 h) a 
decrease in the number of cells in the S period was observed, 
with some increase to 9.7% 60 h after seconda, ry stimulation. In 
the other papers we have consulted, no such pattern was de- 
scribed, probably because of the techniques used. In most in- 
vestigations thymidine-H 3 was injected into the animals either 
repeatedly over a long period of time or as a single injection, 
with a long interval between the times of injection and taking the 
material. 

A momentary picture of DNA synthesis in the population of 
lymphoid cells was thus obtained at various times after the se- 

cond injection of antigen, disclosing synchronization of DNA synthesis in ceils participating in the response 
to the antigen~ Cell proliferation in the spleen of intact animals is known to be desynchronized [6], but some 
investigators describe fluctuating or cyclic processes taking place in lymphoid organs under the influence 
of an antigenic stimulus [13,16]. It may be postulated that synchronization of periods of DNA synthesis dur- 
ing the secondary response is due to the fact that metabolism in the ceils in contact with the antigen is acti- 
vated at precisely the same time. According to the findings of Cohen and Talmage [12], proliferation of 
cells participating in the response begins 5-6 h after the second injection of antigen. On the basis of the 
present observations and bearing in mind that the length of the S-period in most mammalian cells is 7-8 h 
[Ii], it may be postulated that contact with antigen leads within the first few hours to activation of the proc- 
esses necessary for entry of the ceils into the S-period. The results of this investigation are confirmed by 

those of others. The work of Duttonand co-workers[14], for instance, showed that for activation of DNA 
synthesis the time of contact of the cells with the antigen is not important. Grutman [3], who investigated 
nucleic acid synthesis during immunogenesis, showed that the amount of DNA is increased 2 h after injec- 
tion of the antigen~ 

An analysis was next carried out of ceils labeled with thymidine-H 3 belonging to various types. The 
proportion of plasma cells increased in the course of the immune response from 0.05% in the control to 

1.5% on the 4th day after stimulation. The number of blast cells increased significantly on the 2nd day after 
immunization to reach a maximum at the 72nd hour of the response. At this time about 64% of all the blast 
ceils were labeled with thymidine-H 3. 

In the nonstimulated animals, the number of labeled reticular cells was small, amounting to 0.1-0.5% 
of the total number of reticular cells in the film and to 21.4% of the total number of labeled cells. During 
development of the immune response, the number of labeled reticular cells increased to 14.8 • 1.3% (of the 
total number of reticular cells), and their proportion of the total number of labeled cells increased to 39.6 • 
1.12% on the 2nd day after injection of antigen. 

In the group of intensely proliferating cells, ceils with structural features of small and medium lym- 
phocytes but differing from them in the distinct pyroninophilia of their cytoplasm could be distinguished. 
Such ceils had a high rate of DNA synthesis and a characteristic morphology. As a rule these cells 
were round or oval in shape and of the same size as the small or medium lymphoeytes. Large chromatin 
granules were visible in their nuclei, but less frequently the nucleus of these cells appeared vitreous and 
homogeneous. Often binuclear forms or cells with a deep indentation of their nucleus were seen, The vol- 
ume of the cytoplasm was larger than in typical small and medium lymphocytes, and it is clearly stainedby 
pyronine (this effect was abolished by ribonuclease). 

The number of these cells was small in the nonstimulated animals (3.8 • 0.22%). The number of py- 
roninophilic small lymphocytes 4 h after stimulation increased to 12.6 • 0.38%, and it remained at this 
level, with slight fluctuations, until 60 h, thereafter increasing to reach a maximum 96 h after stimulation 
(Fig. i). 
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Fig. 2. Pyroninophil ic  lympho-  
cyte intensely labeled with leu-  
c ine-H 3. Methyl g r e e n - p y r o -  
nine, 1200 x. 

At a l l  s tages  of the immune response ,  among the pyroninophil ic  
lymphocytes  was a smal l  number  of cel ls  with pycnotic and f ragmented  
nuclei .  This group of cel ls  p ro l i f e ra t ed  rapidly.  With an i nc rea se  in 
the total  number  of labeled cei ls  4 h a f t e r  s t imulat ion,  the number  of  
cel ls  of this type among  them was pa r t i cu l a r ly  high, namely  64.3 • 
2.6%. At l a te r  per iods  the re la t ive  propor t ion  of these cel ls  in the 
population of labeled cells  diminished,  but neve r the l e s s  r emained  
fa i r ly  high (32.4 + 1.3% 72 h a f t e r  s t imulat ion) .  The r a t e  of p r o -  
tein synthes is  (reflected by incorpora t ion  of leuc ine-H ~) in the popula-  
t ion of pyroninophil ic  lymphocytes  was m o r e  than twice as  high as the 
ve loc i ty  of pro te in  synthes is  in typical  smal l  lymphocytes  (Fig. 2, p r e -  
l im ina ry  data). The veloci ty  of RNA synthes is  in these cel ls  was much 
lower  than in typical  sma l l  lymphocytes ,  but in some cel ls  of this type 
the ra te  of RNA synthes is  was sharp ly  inc reased ,  and was comparab le  
with that in the b l a s t  cel ls .  

The appea rance  of pyroninophil ic  sma l l  lymphocytes  during immunogenes i s  has been observed  by 
some inves t iga tors  [2,5,17] who a s soc i a t e  the inc rease  in the r ibonueleoprote in  content in these cel ls  with 
antibody synthes is ,  Fr idenshte in  and Lebedev [8], obse rved  the appearance  of a large number  of pyronino-  
philic sma l l  lymphocytes  in the late s tages  of the immune response .  

On the other  hand, at  ce r t a in  s tages  of immunogenes i s ,  typical  (not pyroninophilic) sma l l  lymphocytes  
with a high ve loc i ty  of RNA synthes is  appea r  [1,9,18], poss ib ly  a ref lec t ion of the convers ion  of such l ym-  
phocytes into the pyroninophil ic  form.  

The fac ts  descr ibed  above provide an adequate just i f icat ion for  a future  m o r e  detai led invest igat ion 
of the me tabo l i sm ,  s t ruc tu re ,  and functions of the pyroninophil ic  lymphocytes  descr ibed.  
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