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S u b s e q u e n t  t r e a t m e n t  w i t h  u r id ine  reverses  t he  a b n o r -  
ma l i t i e s  of b ra in ,  somi tes  a n d  h e a r t  b y  38%, 28% a n d  
48%,  respect ive ly .  

S imi lar ly  s u b s e q u e n t  t r e a t m e n t  w i t h  t h y m i d i n e  re- 
verses  t h e  a b n o r m a l i t i e s  caused  b y  a c t i n o m y c i n  D to t he  
e x t e n t  of 27%,  43% a n d  33% in b ra in ,  somi tes  and  hea r t ,  
respect ive ly .  S h o r t e n i n g  of axis  is also r eve r sed  in b o t h  t he  
cases. 

As t h e  e x p e r i m e n t s  were done  u n i f o r m l y  on  t h e  same  
breed,  n a m e l y  wh i t e  leghorn,  i n h e r e n t  v a r i a t i o n s  in  t he  
response  of i n d i v i d u a l  e m b r y o s  to ac t i l lomyc in  D are l ike ly  
to  be  ins igni f icant .  A l l ev ia t ion  w i t h  u r id ine  as well  as w i t h  
t h y m i d i n e  appea r s  to  be  s t a t i s t i ca l ly  s ignif icant .  I n  ge- 
ne ra l  overa l l  pe r fo rmance  w i t h  u r id ine  is s l igh t ly  b e t t e r  
t h a n  w i t h  t h y m i d i n e  wh ich  has  been  c o r r o b o r a t e d  b y  
a p p r o p r i a t e  s t a t i s t i ca l  tes ts ,  n a m e l y  t e s t  for t he  signifi-  
cance  of p ropor t ions ,  on  t h e  a s s u m p t i o n  of a s y m p t o t i  c 
no rma l i t y .  

T h u s  t e r a togen ic  effect  of a c t i n o m y c i n  D in t h e  p r e sen t  
s y s t e m  (Figure 1) is seen to  be  a l l ev ia ted  no t  on ly  b y  ar t -  
d ine  (Figure 2), a p recursor  of R N A  b u t  also b y  t h y m i d i n e  
(Figure  3) a p recurso r  of D N A  i n d i c a t i n g  t h a t  a c t i n o m y -  
cin D affects  D N A  b i o s y n t h e s i s  as well. E m b r y o s  t r e a t e d  
w i t h  a c t i n o m y c i n  D a t  t he  h e a d  process  s tage (stage V 
HAMBURGER a n d  HAMILTON la) in  w h i c h  an t e r i o r  s t ruc-  
t u r e s  are a l r eady  d e t e r m i n e d  show a b n o r m a l i t i e s  of t he  
pos te r io r  axis  in  t h a t  somi te  f o r m a t i o n  is v e r y  m u c h  affect-  
ed or comple t e ly  a b s e n t  whi le  b ra in ,  foregut  a n d  h e a r t  
f o r m a t i o n  t h o u g h  a b n o r m a l  is no t  d ras t i ca l ly  a f fec ted  
(Figure  4). The  d i f fe ren t ia l  r esponse  in t he  s tages  No. 4 
a n d  5 t owards  t ox i c i t y  of ac t inomyc i l l  D suggests  t h a t  
a c t i n o m y c i n  D p r i m a r i l y  affects  t he  b iosyn thes i s  of t h e  
new nucleic  acids r a t h e r  t h a n  t h e i r  func t ion ing .  Subse-  
q u e n t  t r e a t m e n t  w i t h  b o t h  u r id ine  a n d  t h y m i d i n e  of ac- 
t i n o m y c i n  D - t r e a t e d  e m b r y o s  a t  t i le  h e a d  process  s tage  
also show reversa l  to  n o r m a l  deve l opm en t .  

A c t i n o m y c i n  D is k n o w n  to  exe r t  a p r o f o u n d  inf luence  
on  cel lular  nucleic  acids a n d  i t  in te r feres  w i t h  D N A  de- 
p e n d e n t  1RNA po lymerase  e n z y m e  (REICH et  al. xS, GOLD- 
BERG a n d  RABINOWITZ 16, DENIS 17, BRACHET et  al.1). Re-  
cen t ly  i t  has  been  sugges ted  b y  BOVARNICK et  al. ~s t h a t  
a c t i n o m y c i n  D affects  cell d iv is ion  a n d  poss ib ly  D N A  re- 

p l i ca t ion  in Euglena. CO-WELL a n d  WESTON 13 h a v e  also 
s h o w n  in a v i a n  cell cu l tu res  t h a t  t i le  u p t a k e  of t h y m i d i n e  
l ike t h a t  of u r id ine  is suppressed  as j u d g e d  b y  ti le p i ck -up  
of H a - T d R  in presence  of ac t i l lomyc in  D, sugges t ing  inhi-  
b i t i o n  of D N A  as well. Te ra togen ic  ac t ion  of a e t i n o m y c i n  
D in sy r i an  h a m s t e r  was  found  to  be  reversed  to  a g rea t e r  
e x t e n t  w i t h  D N A  r a t h e r  t h a n  RNA,  b y  ELIS et  a l )  ~ Our  
o b s e r v a t i o n s  are in  genera l  accord  w i t h  t he  above  in te r -  
p r e t a t i o n s  as t he  t ox i c i t y  of a c t i n o m y c i n  D is a l l ev ia t ed  
b y  ur id ine  as well  as b y  t h y m i d i n e .  P r e l i m i n a r y  s tudies  
w i t h  guanos ine  were found  to  be ineffec t ive  in r eve r s ing  
t he  effect  of a c t i n o m y c i n  D. I t  will  be  of in t e res t  to  s t u d y  
ti le effect  of a c t i n o m y c i n  D b y  s u b s e q u e n t  t r e a t m e n t  w i t h  
deoxy  guanos ine  a n d  cytos ine .  F u r t h e r  work a long th i s  
l ine is in  progress.  

Zusammen[assung. U n t e r s u c h u n g  fiber die "Wirkung yon  
A c t i n o m y c i n  D auf  P r imi t i v s t r e i f en -  u n d  En twick lungs -  
s t ad i en  der  Kopfreg ion  bet  H f i h n e r e m b r y o n e n  in v i t ro :  
A n o r m a l e  E n t w i c k l u n g  des Zen t r a !ne rvensys t ems ,  der  So- 
ro t t en  u n d  des Herzens  ; diese Ef fek te  k o n n t e n  d u r c h  Thy-  
m i d i n  oder  U r i d i n  zum Tell  a u f g e h o b e n  werden.  
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Specific Anti-Antibodies 

The  concep t  t h a t  a n t i b o d y  globul ins  show no i m m u n o l -  
ogical ly recognizable  di f ferences  f rom n o r m a l  g lobul ins  
h a s  b e e n  re fu ted .  Var ious  i n v e s t i g a t o r s  h a v e  d e m o n s t r a t e d  
t h a t  a n t i - a n t i b o d i e s  can  be  p roduced  1, 3, s, 7. T he  m e c h a n i s m  
of t h e i r  ac t ion  in b lock ing  specific a n t i b o d y  p r o d u c t i o n  is 
no t  k n o w n ;  i t  is be l ieved  t h a t  an i tbod ie s  are d i rec ted  
aga ins t  t he  b i n d i n g  si te  of t he  an t ibod ie s  used as an t i -  
gens a-5. 

A n t i - a n t i b o d i e s  Would be  of g rea t  s ignif icance in a new 
a p p r o a c h  to t h e  t r e a t m e n t  of ce r t a in  allergies a n d  au to-  
i m m u n e  diseases and  in t he  p r e v e n t i o n  of t r a n s p l a n t  
re ject ion.  I n d u c e d  imm ul l o t o l e r ance  to  wh i t e  b lood  cells 
m a y  p a v e  t h e  way  to t h e  t r e a t m e n t  of m a l i g n a n t  diseases 
b y  t r ans fus ions  or t r a n s p l a n t a t i o n  of i m m u n o c o m p e t e n t  
cells. 

I n  t he  pas t ,  we h a v e  p roposed  t h a t  i t  m i g h t  be  poss ible  
to  t r a i n  ind iv idua l s '  l y m p h o p o i e t i c  sys t ems  t o  p roduce  
an t i - an t i bod i e s  aga ins t  an t i -bod ies  ill ce r t a in  i m m u n e  
diseases or in  h o m o g r a f t  r e j e c t i o n  s. Fo r  t h i s  pu r pos e  we 
used an  ' immuno log i ca l  t r i ang le '  in  w h i c h  3 an i m a l s  are  
i nvo lved  : a donor  a n d  a r ec ip ien t  of t he  same  species a n d  

a n  i n t e r m e d i a t e  a n i m a l  of a d i f fe ren t  species. The  donor ' s  
t issue,  red  b lood cells, was  used as an t i gen  to  elicit  an t i -  
donor  a n t i b o d y  in  t he  i n t e r m e d i a t e  species. T h e  an t i -  
donor  a n t i b o d y  was t h e n  i so la ted  and  used as a n  an t i gen  
to  elicit  a n t i - a n t i b o d y  in t i le e v e n t u a l  recipient .  This  
a n t i b o d y  was i n t e n d e d  to  b lock  a n t i b o d y  f o r m a t i o n  in t he  
r ec ip ien t  aga ins t  t he  donor  e ry th rocy tes .  This  e x p e r i m e n t  
was  successful  in severa l  an ima l s  in  wh ich  r epea t ed  t r ans -  
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fusions of donor  red blood cells failed to  p roduce  ant i -  
donor  an t ibodies  in t he  rec ip ient  s . 

I t  was bel ieved t h a t  more  convincing evidence of the  
exis tence of an t i - an t ibod ies  could be acquired by  the  use 
of s imple  an t igens  such as a lbumin.  This r epor t  p resen ts  
the  resul ts  ob ta ined  by  the  appl ica t ion  of a modi f ica t ion  
of the  immunologica l  t r iangle  concep t  to  the  p roduc t ion  
of an t i - an t ibod ies  d i rec ted  a t  an t ibodies  specific for 
s imple ant igens  such as a lbumin,  R h  ant igen,  s t rep to lys in  
0 and  r h e u m a t o i d  factor .  

M a t e r i a l s  a n d  methods  9-11. Antigens.  Commercia l ly  avail-  
able an t ibodies  12-14 p roduced  in albino rabb i t s  and  ano the r  
species were used to  induce the  fo rmat ion  of specific 
an t i -an t ibodies  in rabbi t s .  5 such ant ibodies  were considered 

Agar-gel tests showing precipitin reactions of 

Fig. 1. Human serum albumin with horse anti-human albumin 
antibody (Pentagone 1); horse anti-human albumin antibody with 
absorbed rabbit anti-antihuman albumin serum (Pentagone 2) and 
normal horse serum with absorbed rabbit anti-anti-human albumin 
serum (Pentagone 3). 

Fig. 2. Bovine albumin with goat anti-bovine albumin anti-body 
(Pentagone 1); goat anti-bovine albumin antibody (Pentagone 2, 
lower wells) and goat normal serum (Pentagone 2, upper wells) with 
rabbit anti-anti-antibovine albumin serum. Goat anti-bovine albumin 
antibody (lower wells) and goat normal serum (upper wells) with 
absorbed rabbit anti-anti-bovine albumin sermn (Pentagone 3). 

appropr i a t e  for our purpose  : purif ied a n t i - h u m a n  a lbumin  
made  in horse and  rabbi t ,  purif ied an t i -bov ine  a lbumin  
made  in goat  and rabbi t ,  an t i - s t r ep to lys in  0 f rom h u m a n  
sera, and  und i lu ted  a n t i - R h  and  r h e u m a t o i d  factor  
posi t ive  h u m a n  sera. - Animals.  9 albino rabbi ts ,  averaging 
2.5 to 5 kg, were used for producing  each an t i -an t ibody .  

Method.  Ant i -bov ine  and  a n t i - h u m a n  albumin,  5% 
solut ion in saline, an t i - s t rep to lys in  0, und i lu ted  a n t i - R h  
and rheuma to id  fac tor  sera, used as ant igens ,  were mixed  
wi th  an equal  vo lume of comple te  F r e u n d ' s  a d j u v a n t  for 
1 h. 2/1 o of 1 ml  of the  emulsion thus  ob ta ined  were 
in jec ted  s.c. in each of 6 d i f ferent  si tes selected on the  
back  of t he  respect ive  animals.  On the  21st d a y  following 
the  init ial  injection,  a 10 mg booster  dose of t he  respect ive  
an t ibodies  was given i.v. to  eacll animal.  A tes t -b leeding  
of r abb i t s  was pe r fo rmed  on the  28th day  of the  experi-  
ment .  I f  a sa t i s fac tory  t i t e r  of prec ip i t in  ant ibodies  was 
obta ined ,  the  an imals  were bled by  cardiac  punc tu re  and 
the  sera separa ted  for fu r the r  studies.  

The r abb i t  an t i - an t i b o d y  sera were t e s t ed  by  immuno-  
diffusion against  the i r  respect ive  an t ibodies  and agains t  
normal  sera of animals  in which an t ibodies  were formed.  
All r abb i t  an t i - an t i b o d y  sera showed prec ip i t in  react ions  
wi th  b o t h  the i r  respect ive  ant ibodies  and  wi th  normal  
sera. To iden t i fy  t he  specific an t i -an t ibodies ,  r abb i t  ant i-  
an t i b o d y  sera were absorbed  at  equivalence wi th  normal  
sera of t he  respect ive  animals  in which  ant ibodies  were 
produced.  Absorbed  an t i - an t i body  sera were  then  t e s t ed  
again agains t  the i r  respect ive  specific ant ibodies  and 
agains t  no rmal  sera. All b u t  5 of the  absorbed  sera showed 
prec ip i t in  react ions  wi th  specific an t ibodies  while lacking 
p rec ip i t a t ion  wi th  normal  sera. The bes t  immunogens  
were the  an t i - a lbumins  and  the  least  immunogen ic  was 
an t i - s t r ep to lys in  0. 

There  was  no evidence of an t i - an t i body  fo rmat ion  when  
r abb i t -p roduced  an t ibodies  were used as ant igens  to 
induce an t i - an t i b o d y  format ion  in the  same species 
(rabbits).  

Resu l t s .  Prec ip i t in  ant ibodies  agains t  horse  an t i -human  
a lbumin  (Figure 1) and  against  goat  an t ibov ine  a lbumin  
(Figure 2) were d e m o n s t r a t e d  in sera of all rabbi ts .  These  
sera also p rec ip i t a t ed  wi th  normal  horse  (Figure 1) and 
goat  (Figure 2) sera, respect ively.  Af te r  absorp t ion  of 
r abb i t  sera wi th  the  respect ive  horse  and  goat  normal  
sera, an t i - an t i b o d y  sera ma in t a ined  the i r  p rec ip i ta t ion  
power  for the  specific ant ibodies  (Figure 1 and  Figure  2). 

A n t i - R h  serum produced  ant ibodies  in rabb i t s  which  
p rec ip i t a t ed  wi th  b o t h  an t i -Rh  (Figure 3) and normal  
serum of Rh-nega t ive  pa t i en t s  (Figure 3). Absorbed  r abb i t  
a n t i - a n t i - R h  serum wi th  normal  h u m a n  se rum f rom Rh-  
nega t ive  individuals  failed to  prec ip i ta te  normal  se rum 
b u t  p r e se rved  the  p rec ip i t a t ing  power  for a n t i - R h  serum 
(Figure 3). 2 r abb i t s  in th is  g r o u p  failed to produce  
specific ant i -ant ibodies .  

R h e u m a t o i d  fac tor  posi t ive  serum was used as an t igen  
in 9 rabbi ts .  All animals  p roduced  p rec ip i t a t ing  ant ibodies  
agains t  r h e u m a t o i d  factor  posi t ive  se rum and  normal  
serum. Absorbed  r abb i t  sera wi th  normal  se rum cont inued  

Fig. 3. Human anti-Rh antibody with rabbit anti-anti-Rh serum 
(Peutagone 1); normal human serum with rabbit anti-anti-Rh serum 
(Pentagone 2) and human anti-Rh antibody(Pentagone 3, lower 
wells) and normal human serum (Pentagone 3, upper wells) with 
absorbed rabbit anti-anti-Rh serum. 
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Fig. 4. Rheumatoid factor positive serum and rabbit anti-rheumatoid 
factor serum (Pentagone 1); normal human serum and rabbit anti- 
rheumatoid factor serum (Pentagone 2); and rheumatoid factor 
positive serum (Pentagone 3, lower wells) and normal human serum 
(Pentagone 3, upper wells) with absorbed rabbit anti-rheumatoid 
factor serum. 

Fig. 5. Hmnan anti-streptolysin 0 antibody with rabbit anti-anti- 
streptolysin serum (Pentagone 1) ; hmnan anti-streptolysin 0 antibody 
(Pentagone 2, 3, lower wells) and normal human serum (Pentagone 
2, 3, upper wells) with absorbed rabbit anti-anti-streptolysin 0 serum. 

to  p rec ip i ta te  t he  r h e u m a t o i d  factor  posi t ive  se rum b u t  
failed to do so wi th  normal  serum (Figure 4). 

Only 6 of the  9 r abb i t s  in jec ted  wi th  an t i - s t r ep to lys in  0 
p roduced  prec ip i t in  an t i bod i e s .  Their  specif ic i ty  was 
d e m o n s t r a t e d  af ter  abso rp t ion  of r abb i t  sera wi th  normal  
h u m a n  serum (Figure 5). 

Discussion. This  second repor t  on the  p roduc t ion  of 
an t i -an t ibod ies  by  the  ' immunologica l  t r iangle '  was 
in tended  to  d e m o n s t r a t e  the  presence  of specific ant i -  
an t ibodies  to  re la t ive ly  s imple  ant igens  such as a lbumin,  
s t rep to lys in  0, R h  an t igen  and r h e u m a t o i d  fac tor  and 
confirms our previous  work  s . 

The  results  ob ta ined  indicate  t h a t  we m i g h t  be able to 
t r a in  t he  l ymphopo ie t i c  sys t em to produce  specific ant i-  
ant ibodies .  

Rdsumd. Les an t i -an t i corps  pour ra i en t  avoir  des appli-  
ca t ions  th6rapeu t iques  dans  cer ta ins  6ta ts  allergiques, les 
maladies  d ' a u t o - i m m u n i s a t i o n  et  dans  les greffes des 
tissus.  Les auteurs  m o n t r e n t  la possibil i t6 de s t imuler  la 
fo rma t ion  des an t i -an t i corps  specif iques contre  les ant i-  
corps  p rodu i t s  pa r  des ant ig6nes r e l a t ivemen t  s imples  
c o m m e  l ' a lbumine,  le fac teur  Rh,  le fac teur  rheumato /de  
e t  la s t rep to lys ine  0. 

N. I~ADOIU, F. A. ZYDECK and R. IR. ]~ENNETT 

Metropolitan Hospital and Wayne State University, 
School o/Medicine, 4407 Conner, 
Detroit 15 (Michigan, USA), 7 December 7971. 

The  G r o w t h  of T u m o u r  Al lograf t s  as  a M e a s u r e  of the  I m m u n o s u p p r e s s i v e  P o t e n c y  of A n t i l y m p h o c y t e  
Sera  

The effects of a n t i l y m p h o c y t e  serum (ALS) on the  im- 
mune  response  have  been  s tudied  ex tens ive ly  and  several  
m e t h o d s  for assessing the  po t ency  of d i f ferent  ba t ches  
have  been  devised.  There  is however  a need to  eva lua te  all 
of the  m e t h o d s  which  m a y  be ut i l ised to assess t he  im- 
munosuppress ive  po t ency  of ALS in order  to  faci l i tate  the  
deve lopmen t  of sa t i s fac tory  assay techniques  which  re- 
quire min imal  technica l  exper t i se  and  l abora to ry  facili- 
ties. 

The abi l i ty  of ALS to  prolong the  survival  of skin allo- 
graf ts  has  been  explo i ted  in me thods  for assaying the  im- 
munosuppress ive  po t ency  of samples  in vivo 1-3. Alter-  
na t ive  in vivo m e t h o d s  have  uti l ised suppress ion of the  
p roduc t ion  of p laque  forming  cells in response  to sheep red 
blood cells 4, 5, var ia t ions  in the  d i s t r ibu t ion  of Cr 51 labelled 
t h y m o c y t e s  be tween  the  l iver and  the  spleen 5 and  sup- 
press ion of xenogeneic  g ra f t -versus -hos t  reaction6. 

In i t ia l ly  a t t e m p t s  to  assay ALS using in v i t ro  m e t h o d s  
were unsuccessful  7,8. Recen t ly  however  rose t te  inhibi-  
t ion  9, opsoniza t ion  t i t re  10 and lymphocy toph i l i c  a n t i b o d y  
t i t re  n have  been  shown to  correlate  well wi th  the  immu n o -  
suppress ive  p o t e n c y  of ALS. 

Tumour  re jec t ion  is inh ib i ted  by  ALS t h e r a p y  1.-14 and 
the  abi l i ty  of A L S  to  faci l i tate  tu rnou t  growth  has  been 
uti l ised to  d i f fe ren t ia te  be tween  act ive and  inac t ive  se- 
ra 15-19. The poss ib i l i ty  of explo i t ing  measured  changes  in 
the  g rowth  ra tes  of t u m o u r  al lografts  to assay the  im- 
munosuppress ive  p o t e n c y  of a n t i l y m p h o c y t e  sera has  no t  
however  been  explored.  
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