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Disappearance  of m e d i u m - s i z e d  and la rge  pyroninophil ic  lymphocytes ,  adsorbed on the s u r -  
face of t a rge t  cel ls ,  was shown to take place  a f t e r  the addition of phytohemagglutinin (PHA). 
After  incubation for  45 min in the p r e s e n c e  of PHA no c i s t e rns  of the g ranu la r  endoplasmic  
re t i cu tum could be found in the lymphocytes  and the mi tochondr ia  were  fewer  in number .  Cells 
labeled with thymid ine-H 3 had p rac t i ca l ly  comple te ly  d i sappeared .  A population of sma l l  lymph-  
ocytes  with smooth  outlines and pale  cy toplasm,  poor  in organe l les ,  and with r i b o s o m e s  
sca t t e r ed  f r ee ly  in them appeared .  Af ter  incubation for  24-48 h they were  t r a n s f o r m e d  into 
b las t  cel ls ,  l a r g e r  cel ls  with a pale nucleus and pale cytoplasm,  in which no c i s t e rns  of the 
g ranu la r  endoplasmic  re t icu lum could be found. 
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Phytohemagglut inin (PHA) is a powerful  mitogen which induces b las t  t r ans fo rma t ion  of lymphocytes  in 
v i t ro  [13] and induces a cytotoxic act ion of no rma l  lymphocytes  in a cul ture of t a rge t  cel ls  [10, 11]. The 

w r i t e r s  showed prev ious ly  that  during the f i r s t  hours of 
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Fig. 1. El iminat ion of la rge  pyronino-  
phil ic cel ls  by the action of PHA: 1) im-  
mune lymphocytes ;  2) immune lympho-  
cytes  + PHA ; 3) immune lymphocytes  + PHA 
3 h a f t e r  beginning of contact  with cul ture  
of L -ce l l s .  Absc i s sa ,  t ime  a f t e r  addition of 
lymphocytes  to cul ture  of L-ce l l s  (in h); o r -  
dinate,  number  of cel ls  (in %). 

incubation of no rma l  and a lso  of immune lymphocytes  
with PHA, only a ve ry  few med ium-s i zed  and large py-  
roninophil ic cel ls  can be found in the cytotoxic tes t  [1]. 
E l e c t r o n - m i c r o s c o p i c  invest igat ion revea led  an e l ec t ron-  
opt ical ly  dense mat r ix ,  e lements  of a re t icu lum,  and 'ce l l s  
r e s e m b l i n g  p l a sma  cel ls  in the i r  s t r u c t u r e  in the popula-  
tion of immune lymphocytes  and a qual i tat ively different  
morphologica l  p ic ture  in cel ls  incubated with PHA [2]. 

In this invest igat ion the action of PHA during the 
f i r s t  15-90 rain of incubation on the s t ruc tu re  and u l t r a -  
s t ruc tu re  of immune lymphocytes  in a culture of t a rge t  
cel ls  was studied. 

EXPERIMENTA L METHOD 

Experiments were carried out with the system of 
Rosenau and Moon [16]. Inbred BALB/c mice aged 8-16 
weeks were used as the source of lymphocytes, and trans- 
plantable L-cells grown in tubes and flasks with cover 
slips by the method described previously [3] were used 

as the target cells. 
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Fig. 2. Ultrastructure of immune lymphocytes 15-90 min and 

48 h after incubation with PHA : a) lymphocytes after incuba- 

tion for 15 min with PHA (2500 x); b, c) areas of cytoplasm 

of lymphocytes after incubation for 15 rain with PHA (30,000 x); 

d) lymphocytes after incubation for 90 rain with PHA (3500 x) ; 

e) area of cytoplasm of lymphocytes after incubation for 48 h 

with PHA (i00,000 x). 

Immune lymphocytes were obtained from the regional lymph glands of BALB/e mice 8 days after a 
single immunization with L-cells (ii �9 106-20.106 cells per mouse). Normal and immune lymphoeytes of 
BALB/c mice were obtained by means of a Potter's homogenizer, washed 3 times, suspended in medium 

No. 199, and added to washed cultures of L-cells in a concentration of 4 " i0 ~ eells/ml. PHA (Difco) was 

used in a concentration of 50 #g/ml. Altogether 5 series of experiments were carried out, with immune 

lymphocytes, normal lymphocytes, immune lymphocytes and PHA, and normal lymphocytes and PHA added 

to the culture of target cells. In one series of experiments, 3 h after the beginning of incubation the immune 

lymphocytes were removed, and PHA was added to fresh medium not containing cells. Films were made at 
the same time from suspensions of normal and immune lymphocytes and also of lymphocytes which had been 

incubated with PHA for 1.5 h. 

The cells were washed with medium No. 199 and fixed by Carnoy's method 1, 3, 6, 9, 24, and 48 h after 
the addition of lymphocytes to the culture of L-cells (3 flasks at each time) and stained with methyl green- 

pyronine. In order to tag the large pyroninophilic cells (LPC), thymidine-H 3 (specific activity II Ci/mmole) 

1117 



was added i n a  concentrat ion of 3 # C i / m l  to the suspensions of Iymphocytes and also to the cultures in the 
experiments  in which the immune lymphocytes were removed,  3 h before the addition of PHA. 

These prepara t ions  were washed 3 t imes with medium No. 199 heated to 37~ fixed by Carnoy ' s  
method, t reated with a 4% solution of HCIO 4 for  20 rain at 4~ washed 3 t imes with distilled water  at the 
same tempera ture ,  and coated with type M (NIKFD emulsion. The duration of exposure  was 4 days. 

F rom 300 to 500 cells were counted in each preparat ion,  depending on the number  of "living" lympho- 
cytes,  which had to be not less than 200. In the experiments  in which PHA was added 3 h after  the beginning 
of incubation of the immune lymphocytes with L-cel ls  the cultures were fixed for  e l ec t ron -mic roscop ic  in- 
vestigation for  5 min in 1% glutaraldehyde solution in phosphate buffer, then by Dalton's  method after  15, 
30, 45, and 90 rain. The prepara t ions  were  then embedded in a mixture of Epon and Araldite by Dalton's  
method [8]. Ultrathin sections were cut on the LKB-4880 u l t ra tome and stained with a 1% aqueous solution 
of uranyl  acetate and lead c i t ra te ;  the preparat ions  were examined in the IEM-100V electron microscope  
with an inst rumental  magnification of 5000, 30,000, and 50,000 • 

EXPERIMENTAL RESULTS 

The proportion of a plaque-forming cells (PFCs) in the population of immune lymphocytes incubated 
with PHA in a culture of L-cells did not exceed 5-6% during the first 9 h of incubation, whereas the propor- 
tion of these cells during incubation without PHA after contact for 6-9 h with L-cells reached 20%. Later 
the proportion of PFC in this group of experiments gradually decreased, whereas in the presence of PHA 
the number of blast cells increased, to reach 34% after incubation for 48 h (Fig. i). The content of medium- 
sized lymphocytes also fell: 9% in the experimental and 18% in the control series (of all cells incubated 
without PHA). The addition of PHA to the culture of immune lymphocytes 3 h after the beginning of incuba- 
tion led to a decrease in the number of PFCs from 17 to 1% (Fig~ i) and of medium-sized lymphoeytes from 

33 to 3%. The content of cells labeled with thymidine-H 3 fell from 10-12 to 1-2%. 

A study of the ultrastrueture of the immune lymphocytes showed that after incubation for 15-45 rain 
with PHA no eisterns, of the granular endoplasmic reticulum could be seen in the cells (Fig. 2a, b, c) ; after 
90 rain (Fig. 2d) a qualitatively new and homogeneous population of cells appeared : with pale cytoplasm, 
containing only free ribosomes and single mitochondria, and not containing any graunular endoplasmic retic- 
ulum. Only solitary ribosomes were found in the cytoplasm of the cells 46 h after incubation (Fig. 2e). 

According to Rosenau's observations [17], the addition of PHA to the culture medium reduces the in- 
tensity of the eytotoxic effect. Instead of immune PFCs, the ]ymphocytes are transformed into PHA-blasts, 
with no cytotoxic activity [6]. The addition of concanavalin A to the medium had a similar action [19]. In- 
hibition of the eytotoxie activity of rat lymphocytes against mouse fibroblasts has also been demonstrated 
after destruction of PFCs by L-asparaginase [5]. The use of labeled acridine, which binds free phosphate 
groups of DNA, showed that during the first 7 rain of incubation of the lymphocytes with PHA the bond be- 
tween DNA and histone is weakened and the structure of the chromatin is altered [9, 15, 18]. The action of 
PHA is connected with derepression of parts of the genome, as confirmed by an increase in the acetylation 
of nuclear histones [14] and stimulation of the phosphorylation and dephosphorylation of histones and lipopro- 

teins in the lymphoeytes [12]. RNA synthesis is activated 15 min after the addition of PHA [14], but during 
the first 30 rain of incubation the cytoplasmic RNA of the lymphocytes is destroyed, after which synthesis 
of a new RNA begins ; during the first few hours of action of PHA this RNA is not ribosomal [7]. 

In the present experiments disappearance of the medium-sized and large pyroninophilic lymphocytes 
was demonstrated after the addition of PHA. The number of LPCs was reduced by about 15 times and the 
number of medium-sized lymphocytes by I0 times after incubation for 3 h with PHA. The number of cells 
labeled with thymidine-H 3 decreased from 10-12 to i-2%, indicating destruction of cells synthesizing DNA 
in the presence of PHA. This conclusion does not, however, extend to the fate of the effector lymphocytes, 
and no direct proof of their death was obtained. On electron-microscopic examination no cisterns of the 
granular endoplasmic reticulum could be found in the lymphocytes 15-45 rain after incubation of the immune 

lymphocytes with PHA, and only free ribosomes could be seen in their hyaloplasm, their number decreasing 
considerably after 24-48 h. The phenomenon of morphological dedifferentiation is also characteristic of 
other cell organoids, especially mitochondria. Mainly cells with a small amount of cytoplasm and with a 
dedifferentiated endoplasmic reticulum were seen in the preparations 90 rain after incubation with PHA. 
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