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Demonstration of Specific Induction of Erythrocytes Phagocytosis by Macropha~,es from Normal, 
N o n - S e n s i t i z e d  Rabbits  b y  a Factor  Released f r o m  L y m p h  Node  Cells of I m m u n i z e d  Rabbits  

Dur ing  s tudies  on the  mechan i sm of de layed  (cellular) 
t y p e  hypersens i t iv i ty ,  several  au thors  h a v e  demons t r a t ed  
t h a t  in the  course of cu l t iva t ion  of l y m p h  node cells f rom 
hypersens i t ive  animals  wi th  antigen,  a release of bio- 
logically ac t ive  substances  takes  place capable  of in- 
f luencing the  migra t ion  a c t i v i t y  of mesenchymal  cells 
f rom normal  an imals  ~-s. In  our  labora tory ,  we demon-  
s t ra ted  t h a t  one of these  factors  was a subs tance  possess- 
ing some proper t ies  of an  an t ibody  or  an t ibody- l ike  sub- 
s tance  capable  of pass ive  t ransfer  of a specific reac t ion  to 
an t igen  in v i t ro  to or iginal ly  immunologica l ly  i n c o m p e t e n t  
cells 3,4. This  subs tance  is p roduced  and released f rom 
hypersens i t ive  lymphocytes .  

W e  a t t e m p t e d  to  demons t r a t e  t he  t ransfer  of the  
specific r eac t i v i t y  in ano the r  sys tem in vi t ro .  As a model  
we used the  specific adherence and phagocytos is  of 
e ry th rocy tes  by  macrophages .  

Chinchil la  rabbi ts  were in jec ted  into  t he  foot -pad  wi th  
a mix tu re  of sheep e ry th rocy tes  in comple te  F r e u n d ' s  
ad juvan t .  In  a control  exper iment ,  comple te  F reund ' s  
a d j u v a n t  alone was adminis tered.  The  dra in ing  nodes 
were taken  ou t  a f te r  exsanguina t ion  of the  an imal  on the  
s ix th  day  fol lowing sensi t iza t ion;  suspension of lymphoid  
cells was prepared  by  the  usual  m e t h o d  z. Per i tonea l  
exsudate  f rom normal  rabbi ts  was col lected 4 days  af ter  
admin i s t r a t ion  of 50 ml  Ind ian  ink suspension. As a 
m e d i u m  we used Ear le ' s  solut ion wi th  l ac t a lbumin  hydro-  
lysa te  (Sevac) w i t h o u t  serum.  

I n c u b a t i o n  was pe r fo rmed  in VCassermann tubes  and 
in cu l t iva t ion  chambers ,  which consisted of a r ing of 
plast ic  mate r ia l  and a slide aff ixed wi th  paraf in  as 
' b o t t o m  '5. We  followed the  adherence  e i ther  using 
Bi i rker ' s  chambe r  in suspensions f rom W a s s e r m a n n  tubes  

or  in cu l t iva t ion  chambers  bo th  ' in  the  wet  s t a te '  and  
af te r  s t r ipping  off the  r ing and dry ing  the  slide ( ' bo t tom' )  
wi th  air  flow. Phagocytos is  was observed  also in these 
fixed slides af ter  incuba t ion  a t  37°C. The  cells were 
s ta ined e i ther  suprav i ta l ly  wi th  eosin (final concen t ra t ion  
2 mg/ml)  or  according to May Gri inwald-Giemsa.  

The  principle  of the  expe r imen t  was the  cu l t iva t ion  of 
a mix tu re  consist ing of  sensit ized lympho id  cells, normal  
macrophages  m a r k e d  by  ingested carbon  par t ic les  of 
Ind ian  ink  and e ry throcytes .  Af te r  2, 6 and 20 h incuba-  
t ion,  the  fol lowing resul ts  were found:  adherence  of 
e ry th rocy tes  to  lympho id  cells f rom sensi t ized animals  as 
welt as to  macrophages  f rom normal  an imals  was ob- 
served. On the  b o t t o m  of the  cu l t iva t ion  chambe r  a 
grea t  pa r t  of the  macrophages  conta ined  phagocy tosed  
e ry th rocy tes  besides the  carbon par t ic les  (Figure 1). 

Control  expe r imen t s :  normal  non-sensi t ized macro-  
phages  a f te r  incuba t ion  wi th  sheep or  rooster  e ry th rocy tes  
conta ined  ha rd ly  any  phagocy tosed  ery throcytes .  Af t e r  
incuba t ion  of rooster  nuclear  e ry th rocy tes  in a m ix tu r e  
wi th  l ymphocy te s  hypersens i t ive  agains t  sheep ery thro-  
cytes,  sheep e ry th rocy te s  and normal  macrophages ,  no 
phagocy tosed  rooster  e ry th rocy te s  were found (Figure 2). 
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Fig. 1. Phagocytosis of sheep red cells by normal macrophage (in 
the centre) marked with in vivo phagocytosed carbon particles after 
6 h cultivation with lymph node cells from a sensitized rabbit. In the 
vicinity of the macrophage a non-phagocytosed nucleated rooster 
erythrocyte. May Grfinwald-Giemsa. × 1000. 

Fig. 2. Culture of rooster erythrocytes with normal macrophages 
(marked by phagocytosed carbon particles) and with lymph node 
cells from rabbits sensitized to sheep erythrocytes. The nucleated 
rooster erythrocytes are not phagocytosed. May Grfinwald-Giemsa. 
x 400. 
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W h e n  l y m p h o i d  cell su spens ion  was o b t a i n e d  f rom r a b b i t s  
t r e a t e d  w i t h  F r e u n d ' s  a d j u v a n t  only,  no  specific p h a g o -  
cytos is  of e r y t h r o c y t e s  could  be  de t ec t ed .  On c o m m o n  
i n c u b a t i o n  of ki l led s t aphy lococc i  w i t h  h y p e r s e n s i t i v e  
l y m p h o i d  cells a n d  e r y t h r o c y t e s  no  d i s t i n c t  in f luence  of 
t he  degree  of bac t e r i a l  p h a g o c y t o s i s  b y  m a c r o p h a g e s  was 
obse rved .  

T h e  i n c u b a t i o n  of e r y t h r o c y t e s  w i t h  f resh se ra  of 
sens i t i zed  r a b b i t s  led to  t h e i r  pa r t i a l  d e s t r u c t i o n  or  
damage .  These  e r y t h r o c y t e s ,  a f t e r  wash ing ,  were  n o t  
phagocy t i zed .  W e  suppose ,  there fore ,  t h a t  t h e  f ac to r  in 
q u e s t i o n  is p r o b a b l y  n o t  a c o n v e n t i o n a l  opsonin .  

F u r t h e r  e x p e r i m e n t s  a re  in  p rogress  to  anMyse  t h e  
d i s t i n c t  n a t u r e  of t h e  a b o v e - m e n t i o n e d  f ac to r  a n d  i t s  role 
in  t h e  m e c h a n i s m  of t h e  reac t ion .  

I t  was  s h o w n  t h a t  on  s i m u l t a n e o u s  i n c u b a t i o n ,  a 
f ac to r  is re leased  f r o m  sens i t i zed  l y m p h o i d  cells w h i c h  is 
c apab l e  of i n d u c i n g  specific p h a g o c y t o s i s  or  a d h e r e n c e  of 
e r y t h r o c y t e s  to  m a c r o p h a g e s  f rom n o r m a l  an imal s .  W e  
t h i n k  t h a t  t he se  r e su l t s  a re  r e l a t ed  to  s imi la r  f ind ings  
desc r ibed  in t h e  s tud ies  of cell m i g r a t i o n  q u o t e d  in t he  
i n t r o d u c t i o n  of our  p a p e r  as well  as  to  t h e  p r o b l e m  of t h e  

so-called cy toph i l i c  a n t i b o d i e s  n-8 a n d  poss ib ly  also of t he  
so-cal led cel lu lar  i m m u n i t y  ~. 

ZusammenJassung. Mit  I n - v i t r o - E x p e r i m e n t e n  wi rd  ge- 
zeigt,  dass  in  A n w e s e n h e i t  y o n  sens ib i l i s ie r ten  K a n i n c h e n -  
L y m p h o z y t e n  S c h a f e r y t h r o z y t e n  spezi f isch a n  n o r m a l e  
K a n i n c h e n - M a k r o p h a g e n  adso rb i e r en  u n d  v o n  diesen 
d a n n  p h a g o z y t i e r t  werden .  
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Alterations of the Erythrocyte Membrane Caused by Fluorinated Dinitrobenzenes 

Ace ty l cho l ine s t e r a se  (ACHE)  a p p e a r s  to  b e  l oca t ed  a t  
t h e  o u t e r  sur face  of  t h e  h u m a n  e r y t h r o c y t e  m e m b r a n e  l &  
W e  h a v e  r e c e n t l y  s h o w n  t h a t  t h i s  e n z y m e  was  i n a c t i v a t e d  
w h e n  red  cells were  t r e a t e d  w i t h  1 - f luoro-2 ,4-d in i t ro -  
b e n z e n e  ( F D N B )  a n d  1 ,5 -d i f l uo ro -2 ,4 -d in i t robenzene  
( D F D N B )  8. T h e  ef fec t  was  i r revers ib le  a n d  cha r ac t e r i s t i c -  
a l ly  d i s t i n c t  for  e a c h  r eagen t .  W h i l e  A C H E  i n a c t i v a t i o n  
was g r e a t e r  w i t h  D F D N B  t h a n  w i t h  F D N B ,  exposu re  to  
t he  f o r m e r  r e n d e r e d  t h e  res idua l  a c t i v i t y  more  r e s i s t a n t  
to  h e a t  a n d  u rea  t h a n  t r e a t m e n t  w i t h  t he  l a t t e r .  F D N B  
r e a c t s  w i t h  free amino ,  h i s t idy l ,  t y r o s y l  or  s u l f h y d r y l  
g roups  to  y ie ld  d i n i t r o p h e n y l  de r iva t ives ,  a n d  D F D N B  
reac t s  w i t h  2 such  groups ,  p r o v i d e d  t h e y  are  5 i t  a p a r t ,  
to  give d i n i t r o p h e n y l e n e  cross- l inks  4. T he  inc reased  
s t a b i l i t y  of t h e  r e s idua l  A C H E  a c t i v i t y  fol lowing D F D N B  
t r e a t m e n t  was  a sc r ibed  t o  t h e  f o r m a t i o n  of  c ross- l inked  
d e r i v a t i v e s  8. Since A C H E  a c t i v i t y  is r educed  in n e w - b o r n s  
a f fec ted  w i t h  A B O  h e m o l y t i c  disease  s a n d  i n a s m u c h  as 
b lood -g roup  specific an t i gen i c  r ecep to r s  also are  loca ted  
a t  t h e  r ed  cell sur face  ~, we h a v e  i n v e s t i g a t e d  t h e  in-  
f luence  of A B O  a n t i b o d i e s  on  A C H E  i n a c t i v a t i o n  b y  
F D N B  a n d  D F D N B  a n d  t h e  poss ible  c h a n g e s  in t h e  
a g g l u t i n a b i l i t y  of cells t h u s  t r ea t ed .  

Blood  o b t a i n e d  f r o m  n o r m a l  a d u l t  i nd i v i dua l s  of b lood  
g roup  A or  B was  cen t r i fuged  a n d  t h e  p l a s m a  a n d  b u f f y  
coa t  were  r e m o v e d  b y  suc t ion .  T h e  e r y t h r o c y t e s  were  
w a s h e d  twice  w i t h  20 vol. of cold 0 . 1 5 M  NaC1 a n d  5 
t imes  w i t h  20 vol. of chi l led 0 . 1 M  s o d i u m - p o t a s s i u m  
p h o s p h a t e  buffer ,  p H  8.0. 5 %  s tock  so lu t ions  of F D N B  
a n d  D F D N B  in  m e t h a n o l  were  p r e p a r e d  da i ly  a n d  s to red  
a t  4°C. A 0 .5% suspens ion  of A e r y t h r o e y t e s  was  incu-  
b a t e d  for  60 m i n  a t  25°C a n d  p H  8.0 w i t h  5 × 1 0 - 4 M  
F D N B  a n d  D F D N B .  M e t h a n o l  was  a d d e d  to  t h e  cont ro ls .  
Fo l lowing  i n c u b a t i o n  t h e  cells were  w a s h e d  5 t i m e s  w i t h  
20 voI. of  bu f f e r  a n d  a d j u s t e d  to  a 50% suspens ion  a f t e r  
t he  las t  cen t r i fuga t ion .  A C H E  a c t i v i t y  was m e a s u r e d  a t  
25 °C on  rep l i ca te  0 .1% cell suspens ions  in 0.1 M p h o s p h a t e  
buffer ,  p H  8.0 us ing  a c e t y l t h i o c h o l i n e  iodide as  s u b s t r a t e  
a n d  5: 5" -d i th iob is - (2-n i t robenzoic  acid) as  color  r e a g e n t  5. 
Res idua l  e n z y m e  a c t i v i t y  was r e l a t ed  to  cont ro ls .  Agg lu t in -  

ab i l i t y  was  a s c e r t a i n e d  w i t h  h u m a n  a n t i - A  se rum (Or tho  
Diagnost ics) .  I n  some  e x p e r i m e n t s ,  A or  B e r y t h r o c y t e s  
were a g g l u t i n a t e d  w i t h  a n  excess  of h o m o l o g o u s  h u m a n  
a n t i s e r u m .  The  a g g l u t i n a t e d  cells were  d i spersed  a n d  
w a s h e d  5 t imes  w i t h  buf fe r  p r io r  to  t he  exposu re  to  
F D N B  a n d  D F D N B .  F ina l ly ,  A or  B e r y t h r o c y t e s  were  
i n c u b a t e d  w i t h  h o m o l o g o u s  h u m a n  a n t i s e r u m  in a m o u n t s  
insuf f ic ien t  to  cause  d i r ec t  agg lu t i na t i on ,  b u t  suf f ic ien t  
to  p roduce  a g g l u t i n a t i o n  w i t h  r a b b i t  a n t i - h u m a n  g lobul in  
serum.  Cells t h u s  t r e a t e d  were  w a s h e d  w i t h  0.1 M phos -  
p h a t e  buffer ,  p H  8.0 a n d  t h e n  i n c u b a t e d  w i t h  t h e  reagen t s .  
Fo l lowing  t h i s  t r e a t m e n t  a n d  mu l t i p l e  wash ings  w i t h  
buffer ,  A C H E  a c t i v i t y  a n d  a g g l u t i n a b i l i t y  b y  r a b b i t  an t i -  
h u m a n  g lobul in  s e rum were  d e t e r m i n e d .  A g g l u t i n a t i o n  
was  j u d g e d  on  a 1 to  4 scale. 

I n  T a b l e  I i t  c an  be  seen t h a t  whi le  t r e a t m e n t  of 
e r y t h r o c y t e s  w i t h  5 × 1 0 - 4 M  F D N B  caused  on ly  a 
m o d e r a t e  r e d u c t i o n  of A C H E  ac t i v i t y ,  exposu re  to  t h e  
same  c o n c e n t r a t i o n  of D F D N B  a n d  u n d e r  iden t i ca l  condi -  
t ions  r e su l t ed  in a m u c h  g rea t e r  loss of ac t iv i ty .  I t  c a n  
also be  o b s e r v e d  t h a t  whe rea s  cells t r e a t e d  w i t h  F D N B  
were a g g l u t i n a t e d  b y  homologous  a n t i s e r u m ,  t hose  incu-  
b a t e d  w i t h  D F D N B  did  no t  agg lu t ina t e .  Howeve r ,  
a g g l u t i n a t i o n  of F D N B - t r e a t e d  e r y t h r o c y t e s  was  i nva r i -  
a b l y  fol lowed b y  hemolys is .  W h e n  red cells were  agg lu t i -  
n a t e d  w i t h  a n  excess  of h o m o l o g o u s  a n t i b o d y  a n d  t h e n  
exposed  to F D N B  or D F D N B ,  r e d u c t i o n  of A C H E  
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