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Lymphocyte Survival and Macrophage Growth in Long Term in vitro Leucocyte Cultures 

Li t t l e  work  has  been  done  on  t he  l ong - t e rm  m a i n t e n a n c e  
of n o r m a l  b lood l y m p h o c y t e s  in  cul ture .  However ,  i t  is 
k n o w n  t h a t  p h y t o h a e m a g g l u t i n i n  (PHA)  increases  t h e  
in -v i t ro  su rv iva l  of r a b b i t  ~ and  h u m a n  2 l y m p h o c y t e s ;  
also t h a t  low c o n c e n t r a t i o n s  a of P H A  ( sub th resho ld  
doses) are able  to  m a i n t a i n  l y m p h o c y t e s  v iab le  for up  
to 6 weeks. 

The  fac tors  i nvo lved  in t he  e n h a n c e d  su rv iva l  oI lym-  
phocy t e s  b y  s u b t h r e s h o l d  doses of P H A  h a v e  been  
inves t iga ted .  

Leucocy te  suspens ions  were p r e p a r e d  f rom hepa r in i zed  
n o r m a l  b lood b y  free s e d i m e n t a t i o n  a t  37 ~ 3 • 106 lym-  
phocy t e s  were cu l tu red  in 5 ml  bo t t l e s  in 2.5 ml  of cu l tu re  
m e d i u m  TC 199 (Glaxo) and  0.5 ml  n o r m a l  p lasma.  3 t ypes  
of dup l i ca t e  cu l tu res  were set  up. a) S h o r t - t e r m  cu l tures  
us ing  a n  o p t i m u m  mi togen ic  dose of P H A  (0.03 ml  of 
r e c o n s t i t u t e d  P H A  (Wellcome) pe r  bo t t l e ) ;  t hese  were 
h a r v e s t e d  a f t e r  3 days.  b) L o n g - t e r m  cu l tu res  us ing  
s u b t h r e s h o l d  doses of P H A  (1/30 and  1/150 of t he  mi to-  
genic dose). Medium,  p l a s m a  a n d  P H A  were renewed  
weekly  w i t h o u t  c en t r i f uga t i on  b y  p i p e t t i n g  off t he  super-  
n a t a n t .  Af te r  28 days  t he  s u b t h r e s h o l d  dose of P H A  was 
replaced  b y  a mi togen ic  dose a n d  t h e  cells were h a r v e s t e d  
3 days  later ,  c) L o n g - t e r m  cont ro l  cu l tu res ;  as in b) b u t  
w i t h o u t  s u b t h r e s h o l d  doses of P H A .  B la s t  t r a n s f o r m a t i o n  
a n d  D N A  syn thes i s  were assessed morphologica l ly ,  b y  
3 H - t h y m i d i n e  i n c o r p o r a t i o n  ~, a n d  b y  a u t o r a d i o g r a p h y  5. 

The  resu l t s  in 10 shor t -  a n d  l ong - t e rm  cu l tures  are 
s h o w n  in F igure  1. B la s t  t r a n s f o r m a t i o n  was g rea te r  in 
t he  l ong - t e rm  cul tures ,  b u t  ~ H - t h y m i d i n e  u p t a k e  was 
s imi la r  in cu l tu res  a) a n d  b), and  the  r a t e  of D N A  
syn thes i s  was  t he  same.  I n  t he  con t ro l  cu l tu res  c) t he  
r ad ioac t ive  coun t s  were 4 0 - 9 0 %  lower, a l t h o u g h  t h e  
p r o p o r t i o n  of b l a s t  cells was  t h e  same  as in a) a n d  b). 
5 0 - 8 0 %  of t h e  l y m p h o c y t e s  were p re sen t  a t  t he  end  of 
l o n g - t e r m  i n c u b a t i o n  w h e n  s u b t h r e s h o l d  doses of P H A  
were  used ; in  t he  l ong - t e rm  con t ro l  cu l tu res  on ly  2 0 - 4 0 %  
of t he  l y m p h o c y t e s  r emained .  Some loss of l y m p h o c y t e s  
p r o b a b l y  occurs  d u r i n g  t he  m a n i p u l a t i o n  of l o n g - t e r m  
cultures�9 

The  l y m p h o c y t e  p o p u l a t i o n s  a t  t he  end  of 28 days '  
cu l tu re  consis ted  m a i n l y  of smal l  l y m p h o c y t e s  w i t h  a 
few b las to id  a n d  i n t e r m e d i a t e  l ymphocy te s .  Macro-  
phages  were also presen t ,  in larger  n u m b e r s  in  t he  cont ro l s  
t h a n  w i t h  s u b t h r e s h o l d  P H A ;  t h e i r  n u m b e r  decreased  
a f te r  s t i m u l a t i o n  w i t h  mi togen ic  P H A ,  especial ly  w h e n  
good b l a s t  t r a n s f o r m a t i o n  occurred.  B l a s t  cell m o r p h o l o g y  
was iden t i ca l  in  t h e  shor t -  and  l o n g - t e r m  cu l tu res  
(Figure 3, A);  t he  cells were heav i l y  label led  in t he  au to-  
r a d i o g r a p h s  conf i rming  t h e i r  m o r p h o l o g y  a n d  t he  scint i l -  
l a t ion  counts .  

Pokeweed  m i t o g e n  ( P K W )  in s u b t h r e s h o l d  concen t r a -  
t i on  (1/30 t he  mi togen ic  dose) also was able  to  m a i n t a i n  
m a n y  l y m p h o c y t e s  a l ive  d u r i n g  4-week cul tures .  An t i -  
l y m p h o c y t i c  s e rum (ALS), pur i f ied  p r o t e i n  d e r i v a t i v e  
(PPD) and  s t aphy lococca l  f i l t r a t e  in s u b t h r e s h o l d  doses 
(1/100 t he  mi togen ic  doses) fai led to do this ,  t h e  on ly  
cells p r e sen t  a f t e r  4 weeks be ing  macrophages .  W h e n  
P K W  or A L S  was used t e r m i n a l l y  to  r e - s t i m u l a t e  success- 
ful l ong - t e rm  cul tures ,  a s imi la r  degree  of b la s to id  t r a n s -  
f o r m a t i o n  a n d  D N A  syn thes i s  occur red  as w h e n  t h e  same 
mi togens  were used in s h o r t - t e r m  cu l tu res ;  t he  mor-  
pho logy  of t he  b l a s t  cells was  t h e  same.  E v e n  w i t h  a 
specific an t i gen  (e.g., P P D )  some response  was obse rved  
in t e r m i n a l  s t imula t ion �9  

F u r t h e r  e x p e r i m e n t s  were car r ied  ou t  to  observe  in 
more  de ta i l  even t s  d u r i n g  l o n g - t e r m  cu l tu re  (Figure 2). 
"With s u b t h r e s h o l d  doses of P H A ,  especial ly  t he  1/30 

di lu t ion,  a smal l  p r o p o r t i o n  of l y m p h o c y t e s  b e c a m e  b l a s t  
cells; t he  m a j o r i t y  of t h e  b las t s  were large cells, w i t h  a 
few of smal ler  type .  In  a u t o r a d i o g r a p h s  t h e  larger  b la s t s  
were p r e d o m i n a n t l y  labelled,  less f r e q u e n t l y  t h e  smal le r  
cells wh ich  p r o b a b l y  der ived  f rom earl ier  d ivis ions  and  
were a b o u t  to  become  smal l  l y m p h o c y t e s  aga in  *-s. The  
3H- thymid ine  m e a s u r e m e n t s  conf i rmed  a smal l  degree of 
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Fig. 1. Comparison between 10 short- and 10 long-term cultures 
after re-stimulation with a mitogenie dose of PHA. 
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Fig. 2. Observations during the 4-weeks maintenance of long-term 
cultures. Top graphs: % blast ceils. Lower graphs: 3H-thymidine 
uptake (added 24 h before each determination). Each + represents 
4-5% of macrophages. 
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D N A  syn thes i s  w i t h  b o t h  c o n c e n t r a t i o n s  of s u b t h r e s h o l d  
P H A .  Macrophages  were p r e s e n t  in  h igher  n u m b e r s  in  
t he  cont ro l s  f rom t h e  end  of t h e  f i r s t  week  (Figure  3). 
M a c r o p h a g e - l y m p h o c y t e  i n t e r a c t i o n  (Figure 3, B-C) ,  a n d  
t he  phagocy tos i s  of l y m p h o c y t e s  b y  m a c r o p h a g e s  
(Figure 3, D - E ) ,  were s t r ik ing  f indings .  

Two f u r t h e r  sets  of l ong - t e rm  cu l tu res  were es tab l i shed  : 
in  one, leucocytes  were cu l tu red  as descr ibed  above ;  in  

t h e  o the r  mos t  of t h e  phagocy t i c  cells were r e m o v e d  
us ing  a m a g n e t  a f te r  i n c u b a t i o n  w i t h  i ron par t ic les  9. T h e  
l y m p h o c y t e  c o n c e n t r a t i o n  was  a d j u s t e d  to  be  t h e  s ame  
in b o t h  sets  of cul tures .  I n  t h e  u n s e p a r a t e d  leucocyte  
cu l tu re  t h e  response  to r e - s t imu la t i on  w i t h  mi togen ic  
P H A  was as before;  in  t h e  pu re  l y m p h o c y t e  cu l tu re  t h e  
response  was v e r y  good an d  equa l  w h e t h e r  or n o t  sub-  
t h r e sho ld  P H A  was used du r ing  t h e  m a i n t e n a n c e  per iod  
(Table),  an d  on ly  v e r y  few m a c r o p h a g e s  appea red  in t h e  
cul tures .  

Our  e x p e r i m e n t s  show t h a t  s u b t h r e s h o l d  s t i m u l a t i o n  
w i t h  P H A  d u r i n g  l ong - t e rm  cu l tu re  produces  e n h a n c e d  
l y m p h o c y t e  surv iva l ,  m i t o t i c  d iv is ion  in a smal l  p ropor -  
t i on  of l ymphocy tes ,  r educ t i on  in t h e  n u m b e r  of macro -  
phages  in t h e  cul ture ,  a n d  increase  in t h e  p r o p o r t i o n  of 
P H A - r e s p o n s i v e  l y m p h o c y t e s  a t  t h e  end  of the  cul ture .  

S u r v i v a l  of l y m p h o c y t e s  in  l o n g - t e r m  cu l tu re  seems to  
be  re la ted  to t h e  fa te  of m a c r o p h a g e s  in poss ib ly  t h r e e  
ways :  a) m a c r o p h a g e s  can  be  der ived  f rom l y m p h o -  
cytes  ~~ an d  s u b t h r e s h o l d  P H A  m a y  suppress  th i s  b y  
con t inua l  s t i m u l a t i o n  of l y m p h o c y t e s ;  b) l y m p h o c y t e s  
s t i m u l a t e d  w i t h  s u b t h r e s h o l d  P H A  become  cy to tox i e  
aga ins t  m a c r o p h a g e s  as has  been  shown  ag a i n s t  o the r  
types  of t a r g e t  cells n ,  ~2; c) m a c r o p h a g e s  p h ag o cy t o se  
t y m p h o c y t e s  (Figure 3, D - E ) .  Mechan i sm a) seems 
un l ike ly  f rom our  obse rva t ions  on  u n s t i m u l a t e d  pu re  
l y m p h o c y t e  cul tures .  Also, t he re  is o the r  ev idence  t h a t  
m o n o c y t e s  are t h e  m a i n  source of m a c r o p h a g e s  in  t i ssue  
cu l tu re  ~3,~4. T h e  c o m b i n a t i o n  of m e c h a n i s m s  b) a n d  
c) p rov ides  a b e t t e r  exp lana t ion .  The  good su rv iva l  of 
l y m p h o c y t e s  in u n s t i m u l a t e d  cu l tu res  in t h e  absence  of 
m a c r o p h a g e s  (Table) suppor t s  t h e  concep t  t h a t  sub-  
t h r e sho ld  P H A  a n d  P K W  are on ly  ind i rec t ly  respons ib le  
for  e n h a n c e d  l y m p h o c y t e  su rv iva l ;  t h e y  ac t  p r o b a b l y  
b y  p r o t e c t i n g  l y m p h o c y t e s  f rom an  excess n u m b e r  of 
macrophages .  

L o n g - t e r m  cu l tu re  w i t h  s u b t h r e s h o l d  P H A  m a y  p rove  
to  be  useful  in  t h e  s t u d y  of t h e  immuno log i ca l  capac i t i es  
of l y m p h o c y t e  p o p u l a t i o n s  ~5. 

Fig. 3. Photomicrographs of long-term cultures ( • 1000). A, blast 
cells after re-stimulation with PHA (31-day culture). B and C, 
macrophage-lymphocyte interaction (14-day culture). D and E, 
macrophages phagocytosing lymphocytes (7-day culture). 

Zusammen/assung. Unte r schwel l ige  Dosen  v o n  P h y t o -  
h~tmagglut in in  ver lAngern  die L e b e n s d a u e r  y o n  L y m p h o -  
zy t en  in mensch l i chen  Ze l lku l turen ,  v e r m i n d e r n  die Zah l  
de r  M a k r o p h a g e n  in de r  K u l t u r  u n d  e rh 6 h en  die ZahI  de r  
t r a n s f o r m a t i o n s f ~ h i g e n  L y m p h o z y t e n .  
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