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Fig. 4. hnnmnoclectrophorctic analyses of nornlal (NRS) rabbit serum and peaks I (PK I) and II (PK II) obtained with Sephadex G-200 
column. A, goat anti-rabbit IgG; B, goat anti-rabbit whole serum. 

A sma l l  degree  of c ross - reac t ion  was  obse rved  be tw e e n  
E. histolytica a n d  E. invadens, an  obse rva t i on  in agree-  
m e n t  w i th  t h a t  of ZAMA?q ~. E. moshkovskii, t h e  on ly  free- 
l iv ing  species tes ted ,  show no an t igen ic  s imi l a r i ty  to t he  
o t h e r  2 species.  

Rdsumd. Les  an t i sGrums  de lap in  utilisGes con t re  les 
�9 trophozo~'tes de l'Entamboeba histolytica, E. moshkovskii 
et  E. invadens f u r e n t  f ract ionnGs pa r  la cellulose D E A E  
et  le S e p h a d e x  G-200. Les  essais  d ' i m m o b i l i s a t i o n  avec  
ces an t i sGrums  fract ionnGs m o n t r e n t  que  la f rac t ion  IgG 

es t  la p lus  ac t ive  5~ cet  effet. E n  u s a n t  les f r ac t ions  act ives,  
des essais  d 6 m o n t r e n t  l ' ex i s tence  d ' u n e  r6ac t ion  crois6e 
en t re  E. invadens et  E. histolytica. 
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Interaction Between Peripheral Blood Leucocytes and X-Irradiated Cells from Lymphoid Cell Lines 

Per iphe ra l  l y m p h o c y t e s  f r om u n r e l a t e d  i nd iv idua l s  
w h e n  m i x e d  in v i t ro  �9 are a c t i v a t e d  to b l a s t  ceils wh ich  go 
on to  s y n t h e s i s e  D N A  a n d  en te r  mi tos i s  1. S imi lar  reac- 
t i ons  occur  in h o m o l o g o u s  m i x t u r e s  of a n i m a l  l y m p h o i d  
ceils 2. T h e  i m m u n o l o g i c a l  s igni f icance  of t he  reac t ion  a n d  
i ts  po ten t i a l i t i e s  as a t i s sue  t y p i n g  t e s t  h a v e  been  in ten-  
s ive ly  s t u d i ed  in recen t  yea r s  3. The  reac t ion  is n o r m a l l y  
a t w o - w a y  reac t ion ,  i.e. each  p o p u l a t i o n  of cells s t i m u l a t e s  
a n d  is also s t i m u l a t e d .  Since th i s  is obv ious ly  an  undes i r -  
able  compl i ca t i on  in t he  i n t e r p r e t a t i o n  of m i x e d  cell t e s t s  
t he re  h a v e  been  a n u m b e r  of a t t e m p t s  to  m a k e  t he  reac- 
t i on  ' o n e - w a y '  b y  m a k i n g  one dono r ' s  cells u n r e s p o n s i v e  
while  r e t a i n in g  s t i m u l a t i n g  capac i ty ,  e.g. by  freezing a nd  
t h a w i n g  3, 4, t r e a t m e n t  w i t h  d rugs  5, e, or X- i r r ad i a t i on  5, 7, s. 
No n e  of t hese  m e t h o d s  is ideal.  However ,  X - i r r a d i a t i o n  
ap p ea r s  to  be  t h e  m o s t  e f fec t ive  w a y  for o b t a i n i n g  a one- 
w a y  reac t ion  9. L y m p h o i d  cells f r om va r ious  p a t i e n t s  a nd  
f ro m  so m e  n o r m a l  i n d i v i d u a l s  can  now be m a i n t a i n e d  in 
c o n t i n u o u s  cu l tu re  1~ W e  h a v e  found  t h a t  m i x t u r e s  of 
f r e sh ly  i so la ted  h u m a n  blood l y m p h o c y t e s  and  X- i r rad i -  
a t ed  l y m p h o i d  cell l ine cells give u n u s u a l l y  i n t ense  in ter-  
ac t ions .  

E s t a b l i s h e d  cell l ines  u sed  in th i s  work  were k ind ly  
d o n a t e d  b y  Professor  M. A. EPSTEIN 11'12, Professor  
G. MOORE 10 an d  Dr. P. GERBER 13. T h e  de r iva t ion  of t hese  
cell l ines an d  resu l t s  of t e s t s  for t h e  p resence  of he rpes -  
l ike v i ru s  (HLV) are s u m m a r i s e d  in Tab le  I. T he  cells 
were m a i n t a i n e d  in s t a t i c  s u s p e n s i o n  cu l tu re s  in Ea g l e ' s  
m e d i u m  s u p p l e m e n t e d  w i t h  20% h u m a n ,  pig, calf or 
foe ta l  calf  s e rum.  Pr ior  to  i r r ad ia t ion  t he  cells were 

s u s p e n d e d  in f resh  Eag le ' s  m e d i u m  c o n t a i n i n g  20% 
h u m a n  se rum,  a t  a c o n c e n t r a t i o n  of 2 •  106/ml. Cells 
were exposed  to  6 0 0 0 r  of X - r a y s  (200 kV;  12.5 m A ;  
Fi l te r  a l u m i n i u m ,  1 m m ;  dose r a t e  150 r /min)  a n d  were 
n o r m a l l y  used  3 h later .  P r e se rve d  l y m p h o m a  cells were 
t r e a t e d  w i th  p y r u v i c  a l d e h y d e  or g l u t a r a l d e h y d e  as 
descr ibed p r e v i o u s l y  14. L y m p h o c y t e s  were s e p a r a t e d  f rom 
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d e f i b r i n a t e d  n o r m a l  h u m a n  b l o o d  a f t e r  s e d i m e n t a t i o n  of  
t h e  r e d  ce l l s  w i t h  g e l a t i n ,  a n d  m a d e  u p  t o  2 • 106 v i a b l e  
c e l l s / m l  in  200/0 poo l ed  h u m a n  s e r u m  in  E a g l e ' s  m e d i u m .  
Cell  s u s p e n s i o n s  c o n s i s t i n g  o f  i r r a d i a t e d  l y m p h o i d  cel ls  
(1 m l ,  v a r y i n g  cell  c o n c e n t r a t i o n s ) ,  p e r i p h e r a l  cel ls  (1 ml )  
o r  m i x t u r e s  o f  t h e  2 (0.5 m l  + 0.5 ml )  w e r e  i n c u b a t e d  in  
c a p p e d  3 • 1/2 i n c h  t u b e s  in  a n  a t m o s p h e r e  of  5 %  c a r b o n  
d i o x i d e  in  a i r .  T r i t i a t e d  t h y m i d i n e  ( E H a ~ - m e t h y l - t h y  - 
m i d i n e  0.5 ~c, 150 mc/mM, R a d i o c h e m i c a l  C e n t r e ,  A m e r -  
s h a m )  w a s  a d d e d  t o  e a c h  t u b e  24 h b e f o r e  h a r v e s t i n g .  
T h e  a c t i v i t y  in  t h e  t r i c h l o r a c e t i c  a c i d  i n s o l u b l e  f r a c t i o n  
w a s  e s t i m a t e d  b y  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  ~5. X - i r r a -  
d i a t i o n  of  l y m p h o i d  cel ls  m a r k e d l y  d e c r e a s e d  cell  s u r v i v a l  
a s  d e t e r m i n e d  b y  t r y p a n  b l u e  d y e - e x c l u s i o n .  T h e r e  w a s  
a c o r r e s p o n d i n g  r e d u c t i o n  in  t h e i r  c a p a c i t y  to  i n c o r p o r a t e  
t r i t i a t e d  t h y m i d i n e  ( F i g u r e  1). M i x t u r e s  o f  n o r m a l  pe r i -  
p h e r a l  a n d  i r r a d i a t e d  E B  cel ls  g a v e  a m a r k e d  s t i m u l a t i o n  
o f  D N A  s y n t h e s i s  as  c o m p a r e d  w i t h  n o n - m i x e d  c o n t r o l s  
( T a b l e  I I ) .  So f a r  we  h a v e  t e s t e d  t h e  cei ls  o f  20 i n d i v i d u a l s  
w i t h  i r r a d i a t e d  E B  cei ls  a n d  h a v e  a l w a y s  o b t a i n e d  a 
m a r k e d  a c t i v a t i o n .  T h e  t i m i n g  of  t h i s  r e s p o n s e  v a r i e s  
s l i g h t l y  w i t h  t h e  d o n o r  a n d  t h e  cell  l ine  b u t  a t y p i c a l  
r e s u l t  is  s h o w n  in F i g u r e  2. T h e  b e s t  r e s p o n s e  for  i r r ad i -  
a t e d  E B 2  a n d  E B 5  w a s  o b t a i n e d  a t  a cel l  c o n c e n t r a t i o n  
of  2 •  105/ml  w h e r e a s  w i t h  i r r a d i a t e d  E B 4  cel ls  t h e  
o p t i m a l  c o n c e n t r a t i o n  w a s  in  t h e  r e g i o n  o f  2 •  108/ml  
( T a b l e  I I I ) .  P r e s e r v e d  E B  cel ls  g a v e  n o  s t i m u l a t i o n  w h e n  
m i x e d  w i t h  p e r i p h e r a l  cel ls  (T ab l e  IV) .  I r r a d i a t e d  cel ls  

o f  t h e  N H D L  cell  l i ne s  h a v e  b e e n  t e s t e d  a g a i n s t  t h e  
l y m p h o c y t e s  of  6 i n d i v i d u a l s  a n d  m a r k e d  t h y m i d i n e  
i n c o r p o r a t i o n  h a s  a g a i n  a l w a y s  b e e n  o b t a i n e d ,  e v e n  w h e n  
t h e  i r r a d i a t e d  cel ls  w e r e  f r o m  a l ine  in  w h i c h  v i r u s  h a s  
n o t  b e e n  d e m o n s t r a t e d  (Tab l e  V).  

T h e  i n c r e a s e d  D N A  s y n t h e s i s  o b s e r V e d  w h e n  i r r a d i a t e d  
a n d  n o r m a l  l y m p h o i d  cel ls  a r e  m i x e d  in  c u l t u r e  is o p e n  
t o  a n u m b e r  of  p o s s i b l e  e x p l a n a t i o n s .  

(1) Viral trans/er. A h e r p e s - l i k e  v i r u s  h a s  b e e n  f o u n d  
t o  be  so  c o n s i s t e n t l y  a s s o c i a t e d  w i t h  B u r k i t t  l y m p h o m a  
cell  l i nes  a n d  m o s t  of  t h e  l y m p h o i d  cell  l i nes  d e r i v e d  f r o m  
b l o o d  cel ls  o f  n o r m a l  i n d i v i d u a l s  t h a t  i t  h a s  b e e n  s u g g e s t e d  

Table III. Variation of mixing increment with number  of irradiated 
EB cells 

Composition of culture Increment over controls DPM 

Cell concentration 

10 6 lO s 10 4 

MOC (106) + Irrad. EB-2 52,251 92,935 26,014 
MOC (106) + Irrad. EB-4 118,160 18,350 0 
MOC (106) + Irrad. EB-5 -ve  23,562 9,262 

Cells were incubated for a total of five days. MOC, normal human 
donor. DPM see Table II. 

Table I. Origins of lymphoid cell lines 

Cell line Originator Source Herpes- References 
like virus 
demonstrated 

EB-2 Epstein Lymphonla Yes 11 
EB-4 Epstein Lymphoma ? I 12 
EB-5 Epstein Lymphoma ? t 
NHDL-1 Gerber Normal Yes 
NHDL-2 Gerber Normal Yes / 13 
NHDL-3 Gerber Normal No 
N HI)L-4 Gerber Normal Yes 

Table II. Stimulation obtained by mixing X-irradiated lymphoma 
cells with human peripheral blood lymphocytes 

Composition of culture 72 h of culture 120 h of culture 
DPM Incre- DPM Incre- 

ment  ment  

Irrad. EB-2 (2 x 105) 767 - 132 
Irrad. EB-4 (2 • 106) 4,189 - 147 
Irrad. EB-5 {2 • 105) 941 - 357 
RT (2 • 106) 2,092 - 8,251 - 
RT (106) + Irrad. EB-2 (105) 33,989 32,559 98,131 93,949 
RT (106) + Irrad. EB-4 (105) 8,508 5,367 22,452 18,252 
RT (106) + Irrad. EB-5 (10 a) 4,149 2,633 31,812 27,000 
NM (2 • 106) 5,482 - 14,276 - 
NM (106) + Irrad. EB-2 (105) 38,430 35,228 101,681 94,477 
NM (10 ~) + Irrad. EB-4 (10 ~) 21,386 16,500 75,618 68,400 
NM (106) + Irrad. EB-5 (105) 9,654 6,393 36,105 28,789 

RT and NM, normal human  donors; Irrad. EB, irradiated EB 
lymphoma cells; DPM, disintegrations per rain of tritiated thy- 
midine incorporated. Mean of triplicate cultures; increments, test 
values minus half the suln of the control values. Cell nmnbers are 
in parentheses. 

Table IV. Lack of stimulation with 'preserved' EB-4 cells 

Composition of culture DPM 

ST (2 • 106 ) 1,735 
Irrad. EB-4 (2 • 106) 2,303 
ST (106) + irrad. EB-4 (106) 12,516 
ST (106 ) + EB-4 (pyr) ,106 ) 1,371 
ST (106) + EB-4 (glut) (106) 425 
EB-4 (pyr) (2 • 106) 230 
EB-4 (glut) (2 x 106) 215 

Cells were incubated for a total of 6 days. Numbers in parenthesis 
refer to number of cells in tubes. ST, normal human donor; EB (pyr) 
cells, pyruvie aldehyde-preserved EB cells; EB (glut), cells are 
preserved with glutaraldehyde. DPM see Table II. 

Table V. DNA synthesis in cultures of normal peripheral blood 
cells and irradiated NDHL cells 

Composition of culture DPM 

CD (2 • 106) 
Irrad. NDHL-1 (2 • 105) 
Irrad. NDHL-2 (2 • 105) 
Irrad. NDHL-3 (2 • 105) 
Irrad. NDHL-4 (2 • 105) 
CD (106 ) + Irrad. NDHL-1 (105 ) 
CD (108 ) + Irrad. NDHL-2 (105 ) 
CD (106) + Irrad. NDHL-3 (105) 
CD (106) + Irrad. NDHL-4 (105) 

4,230 
52 

290 
62 

372 
44,417 
48,054 
60,632 
54,796 

Cells were incubated for a total of 5 days. CD, normal human  doner; 
Irrad. NDHL, irradiated cells from lines derived from normal human  
doners (Table I) ; cell numbers are in parentheses. DPM see Table II. 

15 N. R. LING and P. J. L. HOLT, J. Cell Sci. 2, 57 (1967). 
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t h a t  i t  h a s  some v i t a l  role in  t h e  p ro l i fe ra t ion  ~6. A l ympho-  
cy te  a c t i v a t o r y  role for  such  a v i rus  would  also be  con- 
s i s t en t  w i t h  ev idence  s u p p o r t i n g  i t s  i n c r i m i n a t i o n  in t he  
pa thogenes i s  of infec t ious  mononucleosis~7,18. On  t he  
o the r  h a n d ,  MOORE a n d  McLIMANS 1~ do n o t  t h i n k  t he re  
is a n y  ev idence  t h a t  v i rus  is r equ i red  for successful  
e s t a b l i s h m e n t  of a cell line. I n  e x p e r i m e n t s  v e r y  s imi lar  
in  des ign to  our  own  HENLtg et  al. ~9 r epo r t ed  t r a n s f e r  of 
v i rus  f rom i r r ad i a t ed  l y m p h o r n a  cells to  n o r m a l  peri-  
p h e r a l  l y m p h o c y t e s  lead ing  to c o n t i n u e d  p ro l i f e ra t ion  of 
t he  cells of t he  n o r m a l  l y m p h o c y t e  donor .  Because,  u n d e r  
t he  cond i t ions  used in our  shor t  t e r m  cul tures ,  no  con- 
t i nuous  p ro l i fe ra t ion  of n o r m a l  cells has  been  obse rved  
a n d  because  s t i m u l a t i o n  of n o r m a l  l y m p h o c y t e s  also 
occurs  a f t e r  t h e  a d d i t i o n  of i r r ad i a t ed  cells f r om a cell 
l ine  r epo r t ed  to  be  free of virus,  i t  seems un l ike ly  t h a t  
t h e  a c t i v a t i o n  effect  r epo r t ed  here  is v i r a l  d e p e n d e n t .  
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Fig. 1. The effect of X-irradiation on survival of and thymidine 
incorporation by EB-4 lymphoma cells. 

DPM, see Table II; H3TdR, tritiated thymidine. 
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The  i n v o l v e m e n t  of a v i rus  or v i rus  p roduc t ,  however ,  
c a n n o t  be  comple t e ly  ru led  out .  

(2) Contagious activation. D N A  syn thes i s  in t he  repress-  , 
ed l y m p h o c y t e s  m a y  be  i n i t i a t ed  b y  t he  t r a n s f e r  of some 
a c t i v a t i n g  subs tance .  Th i s  con tag ious  a c t i v a t i o n  m i g h t  
be  effected b y  a n y  of t h e  3 m e c h a n i s m s  p roposed  b y  
FRIEDMANN et  al. 2~ to  exp la in  t h e  p h e n o m e n o n  of me ta -  
bolic coope ra t ion  b e t w e e n  cells. The  a c t i v a t i n g  s u b s t a n c e  
could be  a cy top l a smic  fac to r  s imi la r  to  t h a t  r epo r t ed  b y  
THOMPSON and  1VIcCARTHY 21. Di rec t  cell to  cell c o n t a c t  
is necessa ry  (Millipore m e m b r a n e  exper imen t s )  b u t  t he  
fac t  t h a t ,  in  r abb i t s ,  m i to t i ca l l y  ac t ive  t h y m u s  cells do 
no t  s t i m u l a t e  au to logous  pe r iphe ra l  l y m p h o c y t e s  sug- 
gests  t h a t  an t igen ic  differences  are essential .  

(3) Delayed death o/ irradiated cells. A l t h o u g h  t h e  lym- 
pho id  cells used to  p roduce  t he  a c t i v a t i o n  are l e tha l ly  
i r r ad i a t ed  and  t h e i r  d e a t h  fol lowing a r res t  of cell d ivis ion 
is i nev i t ab l e  a n d  i r revers ible ,  i t  is conce ivab le  t h a t  the  
presence  of n o r m a l  cells could e n h a n c e  su rv iva l  and  
t e m p o r a r y  r egene ra t i on  of t he  i r r ad i a t ed  cells. T h e y  m i g h t  
t h e n  be  able  to  i nco rpo ra t e  t h y m i d i n e  in spi te  of the i r  
i nab i l i t y  to  d iv ide  22. Th i s  poss ib i l i ty  was  d i sp roved  b y  
t h e  t o t a l  i n a c t i v i t y  found  in m i x t u r e s  of i r r a d i a t e d  n o r m a l  
b lood l y m p h o c y t e s  and  i r r ad i a t ed  l y m p h o i d  cell l ine ceils. 

(4) Mixed lymphocyte-like reaction. Resu l t s  w i t h  a r ange  
of donors  ind ica te  t h a t  a l t h o u g h  the re  are  few qua l i t a t i ve  
differences  b e t w e e n  t he  cell lines, q u a n t i t a t i v e  differences 
are  o f ten  qu i t e  marked .  The  r eac t i on  f u r t h e r  paral le ls  t he  
m i x e d  l y m p h o c y t e  r eac t ion  in t h a t  f rozen a n d  t h a w e d  
cells 23 a n d  p rese rved  ceils give no  s t imu la t ion .  

The  r eac t ion  a p p e a r s  to  d e p e n d  u p o n  a recogn i t ion  of 
foreign an t igens  on  t he  c o n t i n u o u s l y  cu l tu red  l y m p h o i d  
cells b y  t he  n o r m a l  b lood  lymphocy te s .  An t igens  o the r  
t h a n  n o r m a l  l y m p h o c y t e  an t igens  m a y  be  invo lved  and  
t he  r eac t ion  m a y  be  a u g m e n t e d  b y  cell-cell i n t e rac t ions  
of a more  genera l  nature~*. 

Rdsumd. Une  i n t e r a c t i o n  s t i m u l a n t e  tr~s ma rqu6e  s 'ob-  
serve d a n s  les cu l tu res  de  l y m p h o c y t e s  f ra is  du  sang  
h u m a i n  m616es & des cellules l y m p h o i d e s  de plus ieurs  
l ign6es con t inues  expos6es aux  r a y o n s  X.  

D. A. HARDY, ~T. R. LING and  
STELLA C. KNIGHT 
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Fig. 2. 10 6 human  per iphera l  cells were cu l tured w i t h  i r rad ia ted  
EB cells. 

DPM, see Table II; HSTdR, see Figure 1; numbers of cells in paren- 
theses. 
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