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Fig. 3. Group of living HeLa cells immediately before treatment with Fig. 4. Same group of HeLa cells as in Figure 3, photographed 20 rain 
toad serum. Phase contrast, after addition of 50% toad serum to the medimn. Phase contrast. 

guinea-pig;  its ac t ion aga ins t  e ry th rocy tes  is select ively 
des t ruc t ive  1. 

Our resul ts  suggest  t h a t  t he  des t ruc t ion  of m a m m a l i a n  
t u m o u r  t r ansp l an t s  in toads  m a y  have  been due pr imar i ly  
to  a na tu ra l ly  occurring, heat- labi le ,  cy to tox ic  factor  or 
factors  in b o d y  fluids. They  do no t  exclude the  poss ibi l i ty  
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Fig. 5. Histogram showing percentage viability of dissociated normal 
and malignant cells exposed to toad serum for 30 rain at 37~ In al l  
except mouse and SZGT, figures are based on means of at least 3 
experiments with different batches of pooled serum. 

of a concurrent ,  ce l l -media ted  response  in uncondi t ioned  
toads .  Bu]o marinus can produce  ant ibodies  over  a wide 
range of t e m p e r a t u r e s  5 including 37 ~ 

Our resul ts  add  to  the  avai lable phylogene t ic  informa-  
t ion  regard ing  the  na tu ra l  tox ic i ty  oi se rum of specific ani- 
mals  for specific cell types.  The role of the  cy to tox ic i ty  of 
na tu ra l  sera in the  defence mechan i sms  of hos t  animals  
will become a p p a r e n t  only as a grea te r  range of da ta ,  par-  
t icular ly  f rom in v i t ro  studies,  becomes  avai lableL 

Rdsumd. Le sCrum et le plasma,  nouve l l emen t  prCpar@s, 
de l 'Amph ib i en  Bu/o marinus, ont ,  in vitro,  un effet ra-  
p i d e m e n t  cy to tox ique  sur des cellules normales  et  malignes 
des autres  VertCbr@s. 
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Specific Stimulation of Mycobacteria Phagocytosis by Substances Liberated during the Cultivation of 
Lymph Node Cells from Tuberculin Hypersensitive Rabbits with the Specific Antigen 

Macrophages  p lay  the  crucial role in i m m u n i t y  against  
in t racel lular  paras i tes  1. They  act,  however ,  r a the r  as 
pharmacologica l ly  act ive  effector  cells, whereas  the  proper  
immunologica l ly  specific process  is t r iggered by  the  
l ymphocy te s  2, 3. 

In  a previous  paper  we have  d e m o n s t r a t e d  the  role of 
i m m u n e  l y m p h o c y t e s  in the phagocytos i s  of foreign 
e ry th rocy te s  by  per i tonea l  macrophages  f rom normal  non-  
sensi t ized animals  4. In  t he  p resen t  pape r  the  s t imula t ion  

of phagocytos i s  by  media tors  of de layed hypersens i t iv i ty  5 
l iberated dur ing  the  in te rac t ion  of hypersens i t ive  lym- 
phocytes  wi th  the  specific an t igen  was s tudied.  

For  this  purpose,  live Bacillus Calmette-GuCrin (BCG) 
vaccine [in homogenized  suspension) w a s a d d e d  to  cultures 
of normal  per i tonea l  macrophages  cul tured  ill Pa rke r  199 
(GIBCO/ w i t h o u t  or in the  presence of supe rna t an t s  
p repa red  b y  the cu l t iva t ion  of l ymph  node cells from 
tubercul in  hypersens i t ive  r abb i t s  wi th  var ious  doses or 
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Table I. The effect of various biologically active supernatants on the 
phagocytic activity 

Substance tested Phagocytic activity after 2 h incubation 

Extracellular Macrophages 
Mycobacteria (%) with phagocytized 

Mycobacteria (%) 

Tuberculin sensitive 
Normal cultivation 
medium 38-42 9.5 
Supernatant A 31-38 10.0 
Supernatant B 0-  1 20.0 
Supernatant C 8-11 10.5 
Supernatant C 
+ 50 t/.g PPD 1- 2 18.5 

Encephalitogen hypersensitive 
Supernatant A 25-40 10.5 
Supernatant B 35-40 11.0 

The values given represent an average calculated from 8 experiments. 
Supernatant: A, culture without antigen; B, culture with 100 ~xg 
PPD/ml; C, culture with 1 txg PPD/ml; C, + 50 {xg PPD/ml added. 
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Fig. 1. The effect of various supernatants oi1 the percentage of 
extracellular (nonphagocytized) Mycobacteria (BGC) in different 
incubation periods. 

Fig. 2. The effect of various supernatants on 
the phagocytosis of Mycobacteria (BCG) with 
normal maerophages after 2 and 6 h incuba- 
tion. Ziehl-Nielsen and Giemsa stain. Incuba- 
tion time: a) supernatant A, 2 h; b) super- 
natant B, 2 h; c) Supernatant A, 6 h; d) 
Supernatant B, 6 h. 
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Table II. Effect of various biologically active supernatants on the phagocytosis of latex particles (DIFCO) and Staphylococci by normal 
maerophages 

Substance hypersensitive to: Phagocytic activity after 2 h incubation 

Latex particles Staphylococci 

Extracellular (%) No. of cells with 
ingested particles (%) 

No. of cells with 
ingested bacteria (% 

Tuberculin 
Culture medium 
Supernatant (A) 
Supernatant (B) 

EncephMitogen 
Supernatant (A) 
Supernatant(B) 

Sheep erythrocytes 
Supernatant (A) 
Supernatant (B) 

35-42 12 14 
35-40 14 12 
38-42 11 12 

35-40 11 11 
35-40 13 12 

35-40 12 12 
35-40 12 13 

w i t h o u t  t h e  specific an t i gen  e. The  a m o u n t  0I i n t r ace l lu l a r  
and  ex t r ace l l ua r  ]V@cobacteria as well  as t he  a m o u n t  of 
p h a r g o c y t i c  cells were t h e n  followed. Fo r  each  i n d i v i d u a l  
va lue  200 cells a n d  t h e  co r re spond ing  n u m b e r  of fields in  
the  microscope  were examined .  E v a l u a t i o n  of nonspeci f ic  
agg rega t ion  of Mycobacteria to  m a c r o p h a g e s  was exc luded  
b y  careful  o b s e r v a t i o n  of each  p h a g o c y t i n g  cell. I n  
con t ro l  e x p e r i m e n t s  t he  suspens ion  of Staphylococcus 
pyogenes a n d  t he  l a t ex  par t ic les  (DIFCO 0.81) were used. 
The  resu l t s  are  expressed  in pe r cen t  in all  t h e  ind ica to r s  
s tudied .  

P r i nc ipa l l y  two  k inds  of biological ly  ac t ive  subs t ances  
were s tud ied  for t h e i r  phagocy tos i s  s t i m u l a t i n g  effect. 
S u p e r n a t a n t  de s igna t ed  'A '  was  p r e p a r e d  b y  c u l t i v a t i o n  
of l y m p h  node  cells w i t h o u t  an t i gen  a n d  se rved  as a 
n e g a t i v e  control .  S u p e r n a t a n t  called ' B '  c o n t a i n i n g  t h e  
m i g r a t i o n  i n h i b i t o r y  f ac to r  (MIF) was  p r e p a r e d  b y  
c u l t i v a t i o n  w i t h  a h i g h  dose of t he  specific an t i gen  s a n d  
t he  a n t i g e n  d e p e n d e n t  f ac to r  ( s u p e r n a t a n t  'C') was  
ra ised  b y  t h e  cu l t i va t i on  w i t h  a smal l  a m o u n t  of an t i gen  7, 8. 
S u p e r n a t a n t  C was t e s t ed  e i t he r  a lone or w i t h  a d d i t i o n  
of 50 [zg P P D  t u b e r c u l i n  7,8. Bes ides  s u p e r n a t a n t s  f rom 
t u b e r c u l i n  hype r sens i t i ve  r a b b i t s  also p r e p a r a t i o n s  f rom 
pur i f ied  encepha l i t ogen  o r  sheep red  cells sens i t ized  
an ima l s  were used 9. 

The  m a c r o p h a g e s  phagocy t i z ed  t he  Mycobacteria 
p a r t i a l l y  also in a n o r m a l  cu l tu re  m e d i u m  or in  t he  pres-  
ence of a con t ro l  s u p e r n a t a n t  A .  An  e x p e r i m e n t a l  
a r r a n g e m e n t  was  the re fo re  e l a b o r a t e d  enab l ing  t he  eval-  
u a t i o n  of t he  phagocy tose  s t i m u l a t i n g  effect  of t he  biolo-  
gical ly ac t ive  media tors ,  t h e  phagocy tos i s  was  fol lowed 
in severa l  t i m e  in t e rva l s  (Figure  1). Pos i t ive  resu l t s  were 
o b t a i n e d  us ing  B a n d  C + an t i gen  s u p e r n a t a n t s .  The  
effect  was  t i m e - d e p e n d e n t ;  o p t i m a l  di f ferences  f rom 
con t ro l  e x p e r i m e n t s  were found  b e t w e e n  1-3 h of incu-  
ba t ion .  I n  earl ier  a n d  l a t e r  i n t e rva l s  t h e y  were less 
m a r k e d  a n d  a f te r  12 h a l r eady  negligible.  T he  i n t e rva l  of 
2 h was  used in f u r t h e r  e x p e r i m e n t s  as t h e  m o s t  su i tab le :  
A f u r t h e r  p r o b l e m  was  t he  q u a n t i t a t i o n  of t he  p h a g o c y t i c  
ac t iv i ty .  As bes t  cr i ter ion,  t h e  e n u m e r a t i o n  of t he  non-  
p h a g o c y t e d  Mycobacteria a n d  t he  a m o u n t  of m a c r o p h a g e s  
w i t h  inges ted  microbes  were used. Af te r  2 h c u l t i v a t i o n  
t he  cu l tu res  in f luenced  b y  ac t ive  s u p e r n a t a n t s  were  
cha rac t e r i zed  b y  a p r o n o u n c e d  p h a g o c y t i c  a c t i v i t y ;  m a n y  
cells c o n t a i n e d  phagocy t i z ed  Mycobacteria a n d  ou ts ide  

t he  cells v e r y  few if a n y  free Mycobacteria could be  found  
(Figure 2). Af te r  6 h of i n c u b a t i o n  t he re  is a comple te  
phagocy tos i s  in ac t ive  s u p e r n a t a n t  B and  only  s l ight  signs 
of phagocy tos i s  in  con t ro l  s u p e r n a t a n t  A. 

Resul ts ,  s u m m a r i z e d  in Tab le  I, c lear ly  show a m a r k e d  
s t i m u l a t i o n  of t h e  p h a g o c y t i c  process,  wh ich  is a p p a r e n t  
especial ly  in  cu l tu res  inf luenced  b y  t h e  s u p e r n a t a n t s  B 
a n d  C w i t h  t h e  a d d i t i o n  of 50 ~g P P D .  

In  con t ro l  e x p e r i m e n t s  we were u n a b l e  to  f ind  a non-  
specific p o t e n t i a t i o n  of t he  p h a g o c y t i c  a c t i v i t y  of l a t ex  
par t ic les  of S t aphy lococc i  (Table  II) .  The  a m o u n t  o f  
inges ted  par t ic les  or bac t e r i a  a n d  t he  a m o u n t  of phagocy t i c  
cells were iden t ica l  in  all  groups.  Also unre la ted ,  de layed  
h y p e r s e n t i v i t y  sy s t ems  yie lded nega t ive  resul t s  (Tables I 
a n d  II) .  

The  resu l t s  p o i n t  to  the  v iew t h a t  t h e  process of 
WIycobacteria phagocy tos i s  was  m a r k e d l y  inf luenced  b y  
biological ly  ac t ive  subs t ances  l i be ra t ed  d u r i n g  t he  in ter -  
ac t ion  of hype r sens i t i ve  l y m p h  node  cells witl~ t he  specific 
an t igen .  The  phagocy tos i s  process  was acce le ra ted  and  
in tens i f ied  in t he  presence  of t he  a b o v e - m e n t i o n e d  sub-  
s tances.  This  process  was immuno log ica l ly  specific, 
s imi la r ly  as found  in our  p rev ious  p a p e r  deal ing  w i th  t he  
phagocy tos i s  of sheep  a n d  roos te r  e r y t h r o c y t e s  4. 

I m p o r t a n t  is t he  f ind ing  w i t h  the  an t ibody- l ike  fac tor  
c o n t a i n e d  in t he  s u p e r n a t a n t  C. Th i s  f ac to r  has  t h e  capa-  
c i ty  to  b i n d  to n o r m a l  nonsens i t i zed  m a c r o p h a g e s  a n d  
to inf luence  t h e i r  b e h a v i o u r  so t h a t  t h e y  can  reac t  
specifically w i t h  t h e  respec t ive  an t i gen  b y  inh ib i t i on  of 
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migra t ion  1~ or by  specific s t imula t ion  of phagocytosis .  
The exact  na tu re  of th is  respect ive  subs tance  is no t  ye t  
clear b u t  appa ren t l y  it is no t  a known immunoglobul in .  
I t  is known,  however ,  t h a t  th is  t y p e  of subs tance  is 
p resen t  also in s u p e r n a t a n t  B wi th  d i s t i n c t  migra t ion  
inh ib i to ry  ac t iv i ty  ~~ The significance of th is  subs tance  
for t he  intracel lular  digest ion process of Mycobacteria (the 
p r o p e r  Mackaness - type  of immuni ty )  will be deal t  wi th  in 
ano the r  paper .  

bak te r i en  durch  normale  Makrophagen  zu unters t f i tzen.  
Die Wi rkung  ha t  sich als immunologisch  spezifisch 
bewiesen. 

J. SVEJCAR, J.  PEKXREK and  
J. JOHANOVSK59 
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Zusammen/assung. Es wurde  festgestel l t ,  dass  die 
Media toren  der  Oberempf ind l i chke i t  des  verz6ger ten 
Types  die Fghigkei t  besi tzen,  die Phagocy tose  der Myko- 

10 j .  ~VEJCAR, J. PEK~REK and J. JOHANOVSK'~, Z. Immun Forsch. 
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A Stimulant  Effect of Anti -Macrophage Serum on Antibody Production 

During  the  last  decade,  evidence has suggested the  im- 
p o r t a n t  role of macrophages  in an t i body  synthes is  ~, ~. Re- 
cen t ly  th is  essent ial  role of phagocyt ic  cells seems, how- 
ever,  to be som ew ha t  weakened.  I t  was r epor ted  t h a t  these  
ceils inhibi ted  r a the r  t h a n  enhanced  the  i m m u n e  re- 
sponse 3-6. Very  recent ly  clear evidence has been p resen ted  
t h a t  bo th  induct ion  of i m m u n i t y  and  to lerance occured in 
v i t ro  in the  absence of mac rophage  7. A new possibi l i ty  to 
s tudy  this  p rob lem is the  admin i s t r a t i on  of an t i -macro-  
phage  serum (AMS). Some inves t iga tors  have  found no 
immunosuppres s ion  in mice t r ea t ed  wi th  AMS s-~0. Others  
r epor ted  i m p a i r m e n t  of an t i body  p roduc t ion  only under  
limis condi t ions  n ,  12. 

Table I. Titre of agglutinating antibodies in AMS 

Titre to 

Macrophages Lymphocytes Erythrocytes 

AMS 1/2187 1/135 1/5 
AMS absorbed with 
spleen cells 1/729 1/5 0 

In  th is  repor t  we p resen t  p re l iminary  da ta  of the  en- 
hanc ing  effects of AMS on an t i b o d y  synthes is  of mice im- 
munized  wi th  a single large dose of sheep RBC. 

AMS was p roduced  in rabb i t s  wi th  per i toneal  cells from 
Swiss donor  mice. "The l y m p h o c y t e s  were not  e l iminated  
f rom the  per i toneal  exudate .  Rab b i t s  were inoculated 
twice a t  3-week intervals ,  s.c. wi th  10 s cells in comple te  
F r e u n d  ad juvan t .  The animals  were bled 1 week af ter  the  
last  injection.  The s~rum was absorbed  wi th  spleen cells. 
D a t a  of agglu t ina t ing  an t ibodies  in AMS before and  after  
the  absorp t ion  wi th  spleen cells are p resen ted  in Table I. 
Cy to tox ic i ty  Of AMS was t e s t ed  in v i t ro  and  in vivo xS, x4. 
In  v i t ro  cy to tox ic i ty  t i t re  to  macrophages  was 1:3670. 
The in vivo admin i s t r a t ion  of 0.5 ml  AMS caused marked  
change  in the  cellular con ten t  of t he  per i toneal  exuda te :  
the  n u mb er  of viable macrophages  was reduced to  7% as 
compared  to control  mice t r ea t ed  wi th  normal  r abb i t  se- 
rum (NRS).  

Ef fec t  of AMS on an t i b o d y  synthes is .  Swiss mice weigh- 
ing 25-30 g were p re t r ea t ed  wi th  0.5 ml AMS i.p. and 
24 h la ter  were immunized  wi th  0.5 • 10" sheep RBC, i.p. 
AMS t r e a t m e n t  was repea ted  on the  4th day ;  expe r imen t s  
were made  on the  5th day. A n t i b o d y  format ion  was assess- 
ed by  a modif ica t ion  of the  Je rne  haemoly t i c  p laque  tech- 
n ique  15 using agarose and glass microscope slides16 and 
the  values  were expressed as the  n u m b e r  of haemoly t ic  
plaques/10 G recovered cells. E a c h  group consis ted of 10 
mice and average values of 7 paral lel  de te rmina t ions  were 

Table II. Number of haemolytic plaques/per 105 spleen cells in mice 
immunized with 0.5 • 109 sheep RBC 

Experiment Treatment 

AMS Saline 

Mean ~ SE Mean • SE 

i 77.4 13.3 53.6 27.8 
2 264.3 68.3 75.2 20.1 
3 295.0 69.1 275.0 48.6 
4 143.8 25.1 182.8 61.6 
5 239.8 34.7 94.6 9.5 

AMS was administered 1 day before and 2 days after the immuni- 
zation. Experiments were made 1 day after the 2nd AMS treat- 
ment. Control groups Were administered saline. 
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