
MORPHOLOGICAL CHANGES IN NORMAL LYMPHOCYTES 

TREATED WITH PHYTOHEMAGGLUTININ AND 

METHOTREXATE FOLLOWING THEIR INTERACTION 

WITH TARGET CELLS 

S. N. Bykovskaya, ~ E. G. Slavina, 
Z. G. Kadagidze, and I. Yu. Chernyakhovskaya 

UDC 615.336:577.164.17.014] 
.015.44:612.112.94 

In terac t ion  between no rm a l  a l logeneic  lymphocytes  and t a r g e t  cel ls  was studied in the p r e s -  
ence of phytohemagglut inin (PHA) and metho t rexa te .  In the p r e s e n c e  of PHA inc reased  a d -  
sorpt ion  of  lymphocy tes  on the su r f ace  of the t a r g e t  cel ls  was obse rved  dur ing the f i r s t  few 
hours  of  in te rac t ion .  Blast  ce l l s  appea red  48 h a f t e r  the beginning of contact  and the i r  n u m -  
ber  r eached  56% af te r  120 h. Meanwhile the number  of smal l  lymphocytes  fell  while the n u m -  
ber  of m e d i u m - s i z e d  lymphocytes  rose .  In the p r e s e n c e  of me tho t r exa t e  the deg ree  of ad -  
sorpt ion  of lymphocytes  on the t a rge t  cel ls  was indis t inguishable f r o m  normal ;  however ,  if 
added to a cu l ture  of  immune  lymphocy tes ,  l a rge  lymphocytes  began to appea r  dur ing the 
f i r s t  few hours  of  in terac t ion .  

In terac t ion  between immune  lymphocytes  and t a rge t  ce l l s  is a model  sui table  for studying the m e c h a n -  
i s m s  of t ransp lan ta t ion  immuni ty  in v i t ro  [19]. The cytotoxic act ion of nonimmune lymphocytes  under  the 
influence of var ious  ac t i va to r s  has  been demons t r a t ed  [5, 8-13,  15, 16, 20]. The subs tance  me tho t r exa t e  [2], 
an effect ive i m m u n o d e p r e s s a n t  and folic acid an t imetabol i t e ,  has a s i m i l a r  action.  Ea r l i e r  [1], in a m o r p h o -  
logical  study of in te rac t ion  between immune  lymphocytes  and t a rge t  ce l l s ,  l a rge  lymphocytes  appeared  d u r -  
ing the f i r s t  few hours  of  contact  be tween the ce l l s .  

This  pape r  d e s c r i b e s  a morpholog ica l  study of lymphocytes  ac t iva ted  by phytohemagglut inin (PKA) and 
me tho t r exa t e  dur ing the i r  in te rac t ion  with a l logeneic  t a rge t  cel ls .  

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

Inbred BALB/c  and C57BL/6j  mice  aged 8-16 weeks were  used.  

The t a r g e t  ce l l s  were  embryonic  f ib rob las t s  f r o m  C57BL/6j  m i c e  grown in tubes  and f lasks  with 
cove r s l i p s  as  de sc r ibed  p rev ious ly  [3]. The immune  lymphocytes  w e r e  obtained f r o m  the regional  lymph 
glands of BALB/c  m i c e  8 days  a f t e r  immunizat ion with a s ingle injection of  spleen ce l l s  of C57BL/6j  mice .  
Normal  and immune  lymphocytes  of BALB/c  mice  were  washed th ree  t i m e s ,  suspended in med ium No. 199, 
and injected into washed cu l tures  of t a r g e t  ce l l s  in a concent ra t ion  of 4 �9 106 c e l l s / m l  as desc r ibed  e a r l i e r  
[4]. 

PHA (Difco M) was used  in a concent ra t ion  of 50 p g / m l .  Methotrexate  (Lederle) ,  batch No. 44-419, 
149-211, 0.54-291, was used  in a concentra t ion  of 0.01 p g / m l .  
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TABLE 1. Mean Number  of  BALB/c  
LymphoCytes (normal) Immunized  with 
C57BL Cells ,  T rea t ed  with Methot rex-  
ate  and PHA Adsorbed on the Surface 
of One C57BL Fibroblas t  

Lymphocytes 
Hours after addition of lymphocytes 
to culture of tar et cells 

1 a l 6  9 [ 24 48[96 

Normal 
Immune 
Normal + 

methotrexate 

Normal + PHA 

l 1,1 11,9 4,3 2,7 2.8 

2,2 0,7 1.7 

5,4 9,6 8,2 

3i3l~ 0:; 1~ 
4,7 1,9 1,5 -- 

7,7 1,7 0,6 

Four s e r i e s  of expe r imen t s  were  c a r r i e d  out in which 
the t a rge t  cel ls  we re  t r ea t ed  with: immune lymphocytes ,  
n o r m a l  lymphocytes ,  n o r m a l  lymphocytes  and PHA, and 
no rma l  lymphocytes  and metho t rexa te .  Before  addition to 
the cul ture  of  t a rge t  cel ls  f i lms  were  made  f r o m  suspensions  
of immune  and no rma l  lymphocytes  and a lso  of lymphocytes  
incubated with PHA or  me tho t r exa t e  for  1 h at 37~ 

The cel ls  we re  washed with med ium No. 199 and fixed 
by Carnoy ' s  method 1, 3, 6, 9, 24, 48, 72, and 120 h a f te r  
addition of the lymphocytes  (3 f lasks  a t  each t ime) and stained 
with a z u r e - e o s i n  or  with methyl  g r e e n - p y r o n i n e  by Kur -  
n i ck ' s  method [14]. 

To study the act ivat ion of DNA synthes is  in the lympho-  
cytes  thymid ine-H 3 (specific act iv i ty  4 Ci /ml)  was added to 
the cul ture  med ium s imul taneous ly  with the lymphocytes  in 
a concentra t ion of  0.5 m C i / m l .  After  fixation the p r e p a r a -  

t ions were  t r e a t ed  with 4% HC104 solution for  20 rain at 4~ - washed 3 t imes  with dis t i l led wate r ,  and coated 
with type M emuls ion .  Exposure  las ted  7 days.  

In each p r epa ra t i on  f r o m  300 to 1000 ce l l s  w e r e  counted depending on the number  of "living" lympho-  
cy t e s ,  which mus t  not be below 200. The mean  n u m b e r  of  lymphocytes  adsorbed  on one t a rge t  cel l  was d e -  
t e r m i n e d  in 100 t a rge t  cel ls .  Large  lymphocytes  and b las t  ce l l s  we re  combined into one group desc r ibed  
as  l a rge  lymphocy tes .  

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

T h e , u m b e r s  of l a rge  lymphocytes  in the or ig inal  suspens ions  was 1.4% among n o r m a l  ]ymphocy tes ,  
1% among  lymphocytes  t r e a t ed  for  1 h with PHA, 1.6% among  lymphocytes  t r ea t ed  with me tho t rexa te ,  and 
3.6% among immune  lymphocytes .  During the f i r s t  few hours  of  contact  the lymphocytes  we re  adsorbed  on 
the su r face  of the t a rge t  ce l l s .  On the ave r age  9.6 lymphocytes  t r ea t ed  with PHA, 0.7 lymphocyte  t r e a t ed  
with me tho t r exa te ,  2.7 immune  lymphocy tes ,  and 1.1 n o r m a l  lymphocytes  w e r e  adsorbed  on one t a r g e t  cel l  
3 h a f t e r  combined incubation (Table 1). 

The number  of  l a rge ,  m e d i u m - s i z e d ,  and smal l  lymphoeytes  was counted among  the "l iving" lympho-  
cy tes  only. A high pe rcen tage  of sma l l  lymphocytes  was obse rved  in the group of ce l l s  t r ea t ed  with PHA 
in the f i r s t  9 h of  contac t  (86-97). The n u m b e r  fell  a f t e r  24 h to 59-75% and a f t e r  48 h to 31-35%. The p e r -  
centage  of m e d i u m - s i z e d  lymphocytes  i nc reased  f r o m  1.5-13.4 in the f i r s t  9 h of contact  to 19-38% a f t e r  
24 h; a f t e r  48 h the i r  number  was 42-46.5%, and by 96 h it  had fal len to 28-33%. The number  of  l a rge  l y m -  
phocytes  began to i nc r ea s e  after- 48 h of  contact  (18-27%) and reached  36-56% af te r  incubation for  3-4 days  
(Fig. 1, I and Fig. 2b). 
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Fig.  1. 
a) immunized  with C57BL cel ls ;  b) normal ;  and c) t r e a t ed  with PHA (1) and 
me tho t r exa te  (II). Absc i s sa ,  t ime  (in h); 1, 2, 3) No. of exper iment ;  o rd ina te ,  
p ropor t ion  of  ce l l s .  

P ropo r t i on  of l a rge  lymphocytes  among lymphocytes  of  BALB/c  mice :  
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Fig.  2. Morphological  and autoradiographic  
p i c tu re s  of  BALB/c  tymphocytes  t r ea t ed  with 
PHA (a and b) and with me tho t r exa t e  (c), added 
to the C 5 7 B L c u l t u r e :  a a n d b - 4 8 h ,  c - 3 h  
a f t e r  beginning of contact .  LL) Large  lympho-  
cyte;  SL) smal l  lymphocyte ;  FB) f ibroblas t ;  
900 • 

The number  of labeled cel ls  i nc reased  toward 
24-48 h of  incubation and a f te r  72-96 h nea r ly  all  the 
l a rge  lymphocytes  we re  labeled (Fig. 2a). Whereas  
in the expe r imen t  with PHA f r o m  1 to 3% of cel ls  w e r e  
labeled in the f i r s t  few hours ,  on the addition of i m -  
mune lymphocytes  to the s y s t e m  f r o m  10 to 12% of 
labeled lymphocytes  were  found on the t a rge t  cel ls .  

Among lymphocytes  t r ea t ed  with me tho t rexa te  
l a rge  Iymphocytes  began to appea r  during the f i r s t  
few hours  of contact  (Fig. 1, [I and Fig. 2c). Thei r  
number  a f t e r  6 h r eached  19-21% and it fell  toward 
the end of the day. The number  of m e d i u m - s i z e d  l y m -  
phocytes  a f t e r  incubation for  6 h was 55%, and this  
a l so  fell toward the end of tile day. The number  of 
smal l  lymphocytes  gradual ly  inc reased ,  and a f te r  48 
h it was 70-90%. In the or iginal  suspens ions  the lyre ~ 
phocytes  t r e a t ed  with me tho t r exa t e  did not incorpora te  
thymid ine -H 3. During the f i r s t  few hours  of  contact  
with the t a rge t  cel ls  the number  of  labeled lympho-  
cytes  i nc rea sed  to co r r e spond  to the number  of  l a rge  
lymphocytes  adsorbed  on the su r face  of the t a rge t  cel ls  
and it fell toward the end of the day. 

On incubation of  the immune  lymphocytes  with 
the t a rge t  ce l l s  a m a r k e d  i n c r e a s e  was found in the 
number  of  l a rge  lymphocytes  during the f i r s t  f ewhours  
of  contact :  22-36.3% af te r  incubation for 1 h (Fig. 1, 
I). The number  of m e d i u m - s i z e d  lymphocytes  in-  
c r e a s e d  toward 24 h of  incubation and then fell. The 
pe rcen tage  of smal l  lyrnphocytes fell toward the end 
of the f i r s t  day,  then gradual ly  i nc reased  to 95 a f t e r  
incubation for  96 h. On the addition of  no rma l  l ympho-  
cytes  the pe rcen tage  of l a rge  Iymphocytes  was low and 
they could be obse rved  only during the f i r s t  few hours  
of contact .  In the d i f ferent  expe r imen t s  the p e r c e n t -  
age of l a rge  lymphocytes  2 h a f t e r  the beginning of  in-  
cubation va r i ed  f rom 6 to 0.6. The number  of  m e d i u m -  
s ized lymphocytes  at  the var ious  t imes  ranged f r o m  
20 to 4% (after incubation for  72 h); the pe rcen tage  of 
smal l  lymphocytes  was not below 70, and 72 h a f t e r  the 
beginning of contact  it was 96. In the p r e s e n c e  of PHA 
the normal  mouse  lymphocytes  adsorbed  on the s u r -  
face of the t a rge t  ce l l s  we re  thus conver ted  a f t e r  72-  

120 h into b las t  ce l l s .  The cytotoxie act ion of  lymphoeytes  on t a rge t  cel ls  in the p r e s e n c e  of PHA has been 
studied in detai l  [10 -12,  17, 18]. E l e c t r o n - m i c r o s c o p i c  invest igat ions  of  t r a n s v e r s e  sec t ions  through the 
ce l l s  of a m o n o l a y e r  [6, 7] demons t r a t ed  intensive adsorpt ion of lymphocytes  on t a rge t  cel ls  and the deve l -  
opment  of c lose  contact  ove r  l a rge  a r e a s  of the su r face  of those  cel ls .  In tile p r e sen t  expe r imen t s  ad so rp - .  
t ion of lymphocy tes  on the su r f ace  of t a rge t  ce l l s  was obse rved  dur ing the f i r s t  few hours  of contact;  d e -  
s t ruc t ion  of the mono laye r  of  t a rge t  cel ls  was obse rved  a f t e r  24-48 h and the fo rmat ion  of blas t  ce l l s  a f t e r  
72-120 h. 

The expe r imen t s  with immune  lymphocytes  showed that  m o s t  l a rge  lymphocytes  a r e  found dur ing the 
f i r s t  few hours  of contact .  

Morphological  changes in no rma l  lymphocytes  in the p r e sence  of me tho t r exa t e  we re  s i m i l a r  to the 
changes in the population of immune  lymphoey tes ,  al though the or ig ina l  suspens ion  of  lymphocytes  ~reated 
with me tho t r exa t e  contained only 1.6% of l a rge  lymphocytes .  The m e c h a n i s m  of action of  rnethotrexate  in 
this s y s t e m  is not c l ea r .  
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The process of interaction of immune lymphocytes and normal lymphocytes after treatment with PHA 
or methotrexate with target cells is thus not identical. 
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