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contro l  groups a t  the  beg inn ing  and the  end of series was 
s tudied  in t he  same way. 9 days  af ter  i r rad ia t ion  and  
in ject ion of the  per iphera l  blood ceils, the  spleens of the  
recipient  mice were f ixed in ]3ouin's solut ion and the  
colonies were counted.  

The results  are given in the  Table.  A depress ion of the  
CFU con ten t  of per iphera l  blood was observed 2 days  
af ter  infection.  The same p h e n o m e n o n  had  been found 

Rauscher virus leukemia 
CFU's in the peripheral blood 

Days after Injected blood Average colonies CFU/mlblood 
infection volume (ml) counted per spleen 

Control I 0.3 2.6 ~[= 0.3 b 7.8 :t2 1.0 

2 0.35 0 0 
5 0.2 16.6 ~ 1.7 83 -E 8.5 

13 0.2 20.2 =~ 0.8 101 :]- 4 
23 ~ 0.04 18.6 ~ 1.2 465 + 30 

ControI II 0.3 2.8 ~ 0.4. 8.4 • 1.3 

Blood cell count 54,000 cells/mm 8 (83% erythroblasts), b _[: SEM. 

previous ly  in the  bone mar row and the  spleen 5. After  5 
and 13 days  an increase of C F U ' s / m l  blood occurred.  The 
per iphera l  blood cell count  of the  donor  mice var ied  
be tween  4,000 and 7,300 nuc lea ted  ce l l s /mm a w i t h o u t  
more  t h a n  2% ery throblas t s ,  b u t  w i th  an increasing 
pe rcen tage  of lymphocy tes .  The animal  23 days  af ter  
infect ion had  severe e ry throb las tos i s  and a 50-fold rise in 
C F U ' s / m l  blood. 

These expe r imen t s  are being ex t ended  in cur ren t  s tudies  
in the  l abora to ry  wi th  special reference to the  leukemic 
or normal  s ta tus  of these  CFU's ,  using the  F l -hybr id  
system% 

Zusammen/assung. CBA M~use zeigen nach  der  Infek-  
t ion n i t  d e n  Rauscher  Virus e inen s ta rken  Anst ieg 
h6mopoe t i sche r  S tammzel len  (~colony-forming uni ts  ~) im 
per ipheren  Blut.  Nach  21 Tagen wird  im Zus tand  der 
pe r ipheren  E ry t h ro b l a s t o s e  eine 50-fache Zunahme  ge- 
funden.  

H. J SEIDEL 7 

Department o/Clinical Physiology, University o/ Ulm, 
Parkstrasse 70/11, D-79 Ulm (Donau, Germany), 
21 December 7972. 

6 S. THOMSON and A. A. AXELRAD, Cancer Res. 28, 2105 (1968). 
Supported by the Deutsche Forsehungsgemeinschaft. 

Interactions of Ant i -DNA Antibodies with Dinitrophenyl-  and other Hapten-Protein-Conjugates  

Several  mye loma  prote ins  in the  BALB/c  s t ra in  of 
mice1, ~ and  in m a n  3 have  been  repor ted  to react  w i th  
d in i t ropheny l  (DNP) and  wi th  compounds ,  which  seem 
to be s t ruc tu ra l ly  unre la ted  to DNP,  such as 5-acetyl-  
uracil, purine-6-oyl  and  DNA. Convent ional ly  induced 
anti-DNP antibodies have been shown to give the same 
unexpected crossreactions 14-6. The crossreactivity of 
antibodies to DNA with DNP, however, has not yet been 
investigated. 
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Fig. 1. Binding of 125I-DNP-BSA to IgG-BAC from a patient with 
SLE (f/lied circles) and to IgG-BAC from a normal human sermn 
pool. 

The purpose  of the  p resen t  repor t  was therefore  to 
s tudy  the  in te rac t ions  of an t ibodies  to D N A  as found in 
pa t i en t s  wi th  sys temic  lupus e ry thematosus% s (SLE) 
wi th  D N P -  and var ious  o ther  hap ten-pro te in -con juga tes ,  
including 5-acetyluracil ,  purine-6-oyl,  nucleosides and 
nucleot ides  coupled to  bovine serum a lbumin  (BSA). 

As some of the  previous ly  men t ioned  my e l o ma  prote ins  
wi th  a n t i - D N P  specif ic i ty  seemed to react  only wi th  
DNP-pro te in -con juga tes ,  no t  w i th  the  free hap tens  ~, we 
used a r ad io immunoassay  in order  to  demons t r a t e  
crossreact ions of an t i -D N A  ant ibodies .  This m e t h o d  is 
appl icable  to  a m e a s u r e m e n t  of the  re la t ive b ind ing  
affini t ies of an t ibodies  for comple te  ant igens  as well as 
for hap tens .  

Material and methods. Sera of 4 pa t i en t s  w i th  SLE 
were inves t iga ted .  The pa t i en t s  IgG isolated by  ion-ex- 
change c h r o m a t o g r a p h y  was coupled to  ~oromoacetyl- 
cellulose (BAC) according to ROBBINS et  alP. D N P - B S A  
was labeled wi th  1~5I by  the  iodine monochlor ide  me t h o d  
descr ibed by  McFARLANE l~ The reac t ion  of the  insolu- 
bil ized IgG-BAC wi th  125I-DNP-BSA was t aken  as 100% 
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Fig. 2. Inhibition of binding of lzSI-DNP- 
BSA to IgG-BAC from a patient with SLE 
by various inhibitors. 

b ind ing .  The  re l a t ive  aff ini t ies  for t he  c rossreac t ing  
c o m p o u n d s  were expressed  as pe r cen t  i n h i b i t i o n  of 
b i n d i n g  of I~SI-DNP-BSA a t  d i f fe ren t  concen t r a t i ons  of 
un labe led  i n h i b i t o r  a n d  p lo t t ed  on  a s emi loga r i t hmic  
scale. 

The  b i n d i n g  i n h i b i t i o n  s y s t e m  h a d  to be  refer red  to  t he  
c ross reac t ing  D N P - p r o t e i n - c o n j u g a t e ,  no t  t he  homologous  
a n t i g e n  DNA,  because  r ad i oac t i ve  D N A  was n o t  ava i l ab le  
in  suf f ic ien t  q u a n t i t i e s  for th i s  assay.  D N A  p r e p a r e d  ~rom 
M. lysodeiktus was o b t a i n e d  f rom Mi les -Seravac  (Maiden- 
h e a d / E n g l a n d ) .  H a p t e n - p r o t e i n - c o n j u g a t e s  were syn the -  
t ized  accord ing  to t h e  p rocedures  of o the r  a u t h o r s  a n d  
ou t l i ned  b y  us e lsewhereL 

Results. Figures  i and  2 i l lu s t r a t e  t yp i ca l  b i n d i n g  and  
b i n d i n g - i n h i b i t i o n  da ta .  T he  b i n d i n g  cu rve  o b t a i n e d  w i t h  
t he  I g G - B A C - c o n j u g a t e  f rom a p a t i e n t  w i t h  an t ibod ie s  
aga ins t  D N A  up  to a d i l u t i on  of 1 :50 and  r ad i oac t i ve  
D N P - B S A  is s h o w n  in F igure  1 (filled circles). The  
co r re spond ing  e x p e r i m e n t  done w i t h  I gG  i so la ted  f rom a 
n o r m a l  h u m a n  se rum pool  served  as a con t ro l  in order  to  
e s t i m a t e  t he  r a t e  of unspecif ic  b i n d i n g  of D N P - B S A  
(open circles). F igure  2 i l lus t ra tes  t he  b i n d i n g  i n h i b i t i o n  
curves  o b t a i n e d  w i t h  va r ious  inh ib i to r s .  T he  re la t ive  
a f f in i t ies  expressed  as m o l a r i t y  or  c o n c e n t r a t i o n  respec t -  
ive ly  a t  50% i n h i b i t i o n  are s u m m a r i z e d  in  t h e  Table .  

Binding inhibition data 

Compound Concentration 
at 50 % inhibition 

DNA single stranded 0.0Tmg/ml 
DNA native 0.9 mg/ml~-~ 9 • 10 7M/1 
2,4-Dinitrophenyl-BSA 3 • 10-~M/1 
5-Acetyluracil-BSA 1.5 • 10-~M/1 
Purine-6-oyl-BSA 7 • 10-5M/1 
Adenosine-5'-monophosphate-BSA 2.1 • 10-4M/I 
Guanosine-BSA 1.2 • 10-4M/1 at 25% inhibition 
Cytidine-BSA 1.2 • 10-4M[I 
Uridine-5'-monophosphate-BSA 2 • 10-4M/1 

Less than 10% inhibition up to a molarity of 5 • 10 t was observed 
with the following compounds : Nitraozidophenyl-BSA p-azobenzene- 
arsenate-BSA, BSA. 

The  b i n d i n g  of z2~I-DNP-BSA to t he  inso lubi l ized  IgG of 
p a t i e n t s  w i t h  a n t i - D N A  an t ibod ie s  could be  i n h i b i t e d  b y  
t he  fo l lowing an t igens  or h a p t e n - p r o t e i n - c o n j u g a t e s  
respec t ive ly :  s ingle s t r a n d e d  DNA,  n a t i v e  DNA,  D N P -  
BSA,  5-ace ty lurac i l -BSA,  pu r ine -6 -oy l -BSA and  adeno-  
s i n e - 5 ' - m o n o p h o s p h a t e - B S A .  W e a k  i n t e r a c t i o n s  were 
obse rved  w i t h  guanos ine -BSA,  c y t i d i n e - B S A  a n d  ur id ine-  
5 ' - m o n o p h o s p h a t e - B S A .  No i n h i b i t i o n  was obse rved  w i t h  
o the r  benzeno id  compounds ,  such  as n i t r o a z i d o p h e n y l -  or 
p - azobenzenea r sena t e -BSA,  nor  wi t t l  B S A  alone. 

No p r e c i p i t a t i o n  could be  de tec ted  w h e n  t he  sera  
con ta in ing  a n t i - D N A  an t ibod ie s  were r eac ted  w i t h  D N P -  
B S A  or D N P - B G G ,  no r  w i t h  t h e  o the r  h a p t e n - p r o t e i n -  
con juga tes  in  t he  doub le  d i f fus ion  t e c h n i q u e  in agar.  

Discussion. The  resul t s  of t he  p r e sen t  s t u d y  show t h a t  
an t ibod ie s  to  DNA,  as de tec ted  in p a t i e n t s  w i t h  SLE,  
crossreact  w i t h  D N P - B S A  a n d  w i t h  o the r  h a p t e n - p r o t e i n -  
con juga tes  such  as 5-acetyluraci l - ,  pur ine-6-oyl -  a n d  some 
nucleoside-  and  nuc leo t ide -BSA-con juga te s .  As expec ted ,  
t h e  r e l a t ive  a f f in i ty  for t he  p u t a t i v e  an t i gen  D N A  is 
s t ronger  t h a n  for D N P .  However ,  t h e  dif ference of a b o u t  
one order  of m a g n i t u d e  is smal le r  t h a n  would  be  expec ted .  
One possible  e x p l a n a t i o n  for th i s  f ind ing  could  be  the  fac t  
t h a t  t h e  i n h i b i t i o n  sys t em was refer red  to  t h e  cross- 
r e a c t i n g  D N P - c o m p o u n d ,  n o t  t h e  homologous  a n t i g e n  
DNA.  Such an  effect  has  indeed  been  obse rved  w i t h  
an t ibod ie s  to  D N P  w h e n  t he  c ross reac t ing  c o m p o u n d  
5-ace ty lurac i l  was  r ad ioac t i ve ly  labeled  11. 

P rev ious  resul t s  of o the r  a u t h o r s  5 h a v e  shown  t h a t  
an t ibod ie s  el ici ted w i t h  5 -ace ty lu rac i l -p ro te in -con juga tes  
crossreact  w i t h  D N P  a n d  t h a t  an t ibod ie s  to  D N P  cross- 
r eac t  w i t h  5-acetyluraci l .  I n  a d d i t i o n  BUTLER et  a13 e and  
TANENBAUm a n d  BEISER Is descr ibed  c ross reac t ions  of 
an t ibod ie s  to  pur ine-6-oy l  a n d  5-ace ty lurac i l  w i t h  single 
s t r a n d e d  DNA.  I n  v iew of these  f indings ,  our  resul t s  are 
no t  surpr is ing.  The  chemica l  or biological  bas is  for  t he  
r epo r t ed  c ross reac t ions  is, however ,  n o t  ye t  unde r s tood .  
The  poss ib i l i ty  exis ts  t h a t  the  s te reochemica l  behav iour ,  
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t he  e lec t ros ta t i c  charge  or t h e  h y d r o p h o b i c i t y  of t he  
c o m p o u n d  D N P  m a y  be  such  t h a t  i t  f i ts  to  a n u m b e r  of 
an t ibod ie s  which  are no t  r e l a t ed  to DNP.  I n d e e d  PARKER 
a n d  OSTERLAND 14 h a v e  s h o w n  t h a t  t he re  is a hydro -  
phob ic  region on t he  F a b  f r a g m e n t  of a v a r i e t y  of i m m u n o -  
globulins,  wh ich  is capab le  of r eac t ing  non-speci f ica l ly  
w i t h  benzeno id  l igands.  Conf i rming  these  repor ts ,  we 
obse rved  weak  in te rac t ions ;  w h e n  IgG isola ted f rom a 
n o r m a l  h u m a n  se rum pool  was  reac ted  w i t h  D N P -  
p ro t e in - con juga t e s  b y  our  t echn ique .  On t he  o the r  hand ,  
we could show t h a t  besides  t h i s  unspeci f ic  b i n d i n g  t he  re- 
ac t ion  of an t ibod ie s  to  D N A  w i t h  D N P- p r o t e i n - con j  uga tes  
is m u c h  s t ronger .  

A m o n g  t h e  nucleos ide-  a n d  nuc leo t ide-pro te in -con-  
jugates ,  a d e n o s i n e - m o n o p h o s p h a t e - B S A  a n d  to  a m u c h  
lesser e x t e n t  guanosine- ,  cy t id ine -  and  u r i d i nem ono-  
p h o s p h a t e - B S A  reac ted  w i t h  t he  a n t i - D N A  ant ibodies .  I t  
m a y  n o t  be  excluded,  however ,  t h a t  t h e  w e a k  in ter -  
ac t ions  obse rved  w i t h  t he  las t  t h r ee  c o m p o u n d  m i g h t  be  
due to  unspeci f ic  quench ing ,  which  occasionall3f occurs  
w h e n  a n  i n h i b i t o r  is added  a t  h i g h  concen t ra t ions .  

The  resul t s  r epo r t ed  m i g h t  be  of some re levance  to  t h e  
r e l a t ive ly  f r equen t  f ind ings  of m y e l o m a  p ro te ins  precipi-  
t a t i n g  D N P - p r o t e i n - c o n j u g a t e s  a n d  c ross reac t ing  w i t h  
D N A  1-3, as t h e y  add  f u r t h e r  ev idence  to  t h e  specu la t ions  
t h a t  t he  speci f ic i ty  of these  m y e l o m a  p ro t e ins  m i g h t  be  

d i rec ted  in fac t  aga ins t  D N A  or d e g r a d a t i o n  p roduc t s  of 
DNA,  ins t ead  of D N P .  

Zusammen/assung. K r e u z r e a k t i o n e n  m i t  D in i t ropheny l - ,  
Pyr imid in - ,  Pur in -  sowie Nucleosid-  und  Nucleo t id -  
P r o t e i n - K o n j u g a t e n  k o n n t e n  bei  A n t i k 6 r p e r n  gegen 
DNS,  wie sie im Se rum v o n  P a t i e n t e n  m i t  Lupus  e ry the-  
m a t o d e s  auf t re ten ,  nachgewiesen  werden.  Diese Resul-  
r a t e  s ind  m6gl icherweise  yon  B e d e u t u n g  Itir die In t e r -  
p r e t a t i o n  der  auff~l l ig  h o h e n  F r e q u e n z  yon  Para -  
p ro te inen ,  welche m i t  D i i / i t r o p h e n y l v e r b i n d u n g e n  rea-  
gieren. 
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Immunological Reactivity During Pregnancy in the Mouse 

I t  is genera l ly  accep ted  t h a t  t he  p l a c e n t a l  f i l te r  is no t  a n  
abso lu te  ba r r i e r  for  foeta l  an t igens ,  wh ich  can  f r e q u e n t l y  
s t i m u l a t e  t he  l y m p h a t i c  s y s t e m  of t he  m o t h e r .  Th i s  
cha l lenge  resu l t s  in  t h e  p r o d u c t i o n  of l eucoagg lu t in ins  1 
a n d  a n t i - H L - A  an t ibod ies2  d i rec ted  aga ins t  foeta l  leuco- 
cytes  an t igens .  In  con t ras t ,  ce l l -media ted  i m m u n e  reac- 
t ions  aga in s t  foe ta l  an t igens  seem to be  depressed in t he  
mo the r .  R e c e n t  i n t e r p r e t a t i o n s  of such  a d i s c r epancy  are 
based  on  t he  depress ion  or even  a b r o g a t i o n  of cell- 
m e d i a t e d  i m m u n e  reac t ions  b y  b lock ing  an t ibod ies ,  
capab le  of coa t ing  t he  t r a n s p l a n t a t i o n  an t igens  of foeta l  
cells 3 a n d / o r  those  of m a t e r n a l  l y m p h o c y t e s  3. A l t e r n a t i v -  
ely t he  depress ion  of ce l l -media ted  i m m u n i t y  could be due 
to t he  p a r t i c u l a r  h o r m o n a l  ba l ance  d u r i n g  p r e g n a n c y  ~. 
These  2 d i f fe ren t  i n t e r p r e t a t i o n s  how eve r  do no t  exclude  
each  other ,  because  t he  p roposed  sub t l e  i n t e r p l a y  be t ween  
h u m o r a l  a n d  cel lular  i m m u n i t y  d u r i n g  p r e g n a n c y  2 could 
h y p o t h e t i c a l l y  be f avou red  or even  induced  b y  Some 
h o r m o n e s  secre ted in t h a t  condi t ion .  I n  order  to  decide 
be tween  these  possibi l i t ies  cell m e d i a t e d  i m m u n e  reac t ions  
(con tac t  al lergy) and  a n t i b o d y  response  (PFCs  capac i ty )  
h a v e  been  q u a n t i t a t i v e l y  e v a l u a t e d  a t  d i f fe ren t  per iods  of 
p r e g n a n c y  in  t h e  mouse.  

Materials and methods. I n b r e d  C 3H a n d  o u t b r e d  Swiss 
a lb ino  y o u n g  adu l t  mice h a v  e been  used. Vi rg in  females  of 
b o t h  s t r a in s  h a v e  been  m a t e d  w i t h  syngene ic  or allo- 
geneic males  for a 24 h period.  In  order  to  get  iden t i ca l  
e x p e r i m e n t a l  cond i t ions  in  p r e g n a n t  a n d  in v i rg in  females,  
t i m e  of sens i t i za t ion ,  m a t i n g s  and  t e s t s  were c lear ly  
defined.  C o n t a c t  a l le rgy has  been  induced  5 b y  p a i n t i n g  
t h e  s h a v e d  a b d o m e n  of mice  w i t h  p ic ry l  ch lor ide  (BDH,  
Chemicals ,  Poole,  Eng land )  d issolved in abso lu te  e t h a n o l  ; 
t h e  r eac t ion  has  been  q u a n t i t a t i v e l y  e v a l u a t e d  b y  measur -  
ing w i t h  a P a n t e r  m i c r o m e t e r  t he  ear  t h i ckness  before,  
a t  24 a n d  48 h a f t e r  a second app l i ca t i on  w i t h  t h e  sensi- 
t i z ing  a g e n t  d issolved in pu re  olive oil. An ima l s  were 
e i the r  sens i t i zed  before  p r e g n a n c y  and  t h e n  t e s t ed  a t  

d i f fe ren t  s tages  of p r e g n a n c y  or sensi t ized a t  10 days  of 
p r e g n a n c y  a n d  t e s t ed  20 days  a f te r  del ivery.  

A n t i b o d y  response  ha s  been  e v a l u a t e d  b y  measu r ing  
t he  n u m b e r  of p l aques - fo rming  cells (PFCs) aga ins t  sheep 
e r y t h r o c y t e s  (SRBC) accord ing  to  t he  m e t h o d  of JXRNE 
et  al. 6 An ima l s  were i m m u n i z e d  b y  a n  i.p. i n j ec t ion  w i t h  
0.1 m l  of a 20% suspens ion  of S R B C  in physio logica l  
sal ine and  sacr if iced 4 days  a f te r  i m m u n i z a t i o n .  

Results. C3H female  mice sens i t ized  to  p icry l  chlor ide 
before p r e g n a n c y  and  t h e n  t e s t ed  d u r i n g  p r e g n a n c y  show 
a clear  depress ion  of t h e  al lergic reac t ions  b o t h  a t  24 and  
48 h a f te r  chal lenge (Table).  The  group  t e s t ed  30 days  
a f te r  de l ive ry  shows a comple te  n o r m a l i z a t i o n  of t he  
reac t ion .  On t he  o the r  h a n d  C3H females  sensi t ized t h e  
10th  d a y  of p r e g n a n c y  a n d  t e s t ed  20 days  a f te r  de l ivery  
r eac t  in  a n o r m a l  way  (Table).  I n  c o n t r a s t  to  these  
f ind ings  on  cel lular  i m m u n i t y ,  t he  a n t i b o d y  response  
increased  d u r i n g  p r e g n a n c y  b o t h  in C3H and  in Swiss 
Alb ino  mice (Figure).  The  i n c r e m e n t s  are s t a t i s t i ca l ly  
s ign i f ican t  on ly  in t he  groups  sacr i f iced a t  7, 11 a n d  14 days  
of ges ta t ion .  I n  t he  groups  sacr i f iced a t  17, 19 a n d  21 days  
a f te r  concep t ion  ( the las t  group was t e s t e d  1 day  a f te r  
del ivery) ,  t i le  n u m b e r  of PFCs  pe r  spleen drops  to  t he  
level  p r e sen t  in  n o n  p r e g n a n t  females.  W e  h a v e  obse rved  a 
5-10 fold increase  in p r e g n a n t  C3H mice  a t  14 days  of 
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