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Material and methods. For  t he  exper imen t s ,  male  W i s t a r  
r a t s  (Velaz) of 220 • 20 g of we igh t  were used. The  E P -  
emuls ion  in c o n c e n t r a t i o n  of 0.5 g E P / m l  was p r epa red  as 
follows: The  m i x t u r e  of E P  ( E a s t m a n ,  Roches t e r  N.Y.) 
and  1% of Tween  20 in a 5% so lu t ion  of glucose was f i rs t  
homogen ized  for 10 rain  in  a glass homogen ize r  and  t h e n  
exposed to son ica t ion  for 5 m i n  (SEBESTiK e t  al.6). The  
par t ic le  size osci l la ted a b o u t  1 Fm. This  emuls ion  was 
in jec ted  to 4 groups  of 10 an ima l s  each,  in to  t he  ta i l  vein,  
in a m o u n t s  of 0.4 g E P  pe r  100 g we igh t  of t he  recipient .  
2 days  pr ior  to  in jec t ion  of EP ,  1.5 ml  b lood samples  were 
col lected f rom the  incized ta i l  ve in  of all an i m a l s  for 
e x a m i n a t i o n  of a n t i b o d y  t i ters .  Af te r  in j ec t ion  of EP ,  
t he  second w i t h d r a w a l  for t he  g roup  I, II, I I I  and  I V  was 
pe r fo rmed  on d a y  3, 7, 14 or 21 respect ively .  T he  an t i -  
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Occurrence of auto-antibodies against spleen damaged by EP. 

bodies  aga ins t  spleen were e x a m i n e d  b y  t he  c o m p l e m e n t  
c o n s u m p t i o n  t e s t  (CI~UDOMEL et  slY). As an t igen ,  t h e  
t i t r a t e d  r a t  spleen was used;  t h u s  less t h a n  2% v a r i a n c e s  
of biological  resul t s  could be  ob ta ined .  

Results and discussion. Our  e x p e r i m e n t s  w i t h  r a t s  
d e m o n s t r a t e  t h a t  a u t o - a n t i b o d i e s  aga ins t  spleen d a m a g e d  
b y  a single i.v. i n j ec t ion  of E P  are fo rmed  on ly  in a 
l imi ted  n u m b e r  of an imals ,  as shown  in t he  graph.  
W h e r e  t h e y  do occur  these  a u t o a n t i b o d i e s  are mass ive  
( s e m i q u a n t i t a t i v e  eva lua t ion) .  

The  e x p l a n a t i o n  w h y  an t ibod ie s  aga ins t  spleens d a m -  
aged b y  E P  were fo rmed  in some an ima l s  on ly  is diff icult .  
W e  assume t h a t  a single in j ec t ion  of E P  does no t  a lways  
induce  an t igen ic  changes  mass ive  enough  to be  n o r m a l l y  
de tec tab le .  Las t ly ,  even  t he  his to logical  effects of E P  
h a v e  n o t  a lways  been  of t he  same  ex ten t ,  and  a t  a l a t e r  
s tage a f te r  an  in jec t ion  of EP ,  signs of r ecove ry  in some 
spleens could be  observedS,  4. I t  m a y  be  useful  to  a p p l y  
an  i m m u n i z a t i o n  p a t t e r n  us ing  r epea t ed  smal le r  doses in 
order  to  e s t ab l i sh  su i tab le  cond i t ions  for a p e r m a n e n t  
an t igen ic  s t imulus .  
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Summary.  R N A  e x t r a c t  i sola ted f rom spleens of mice i m m u n i z e d  w i t h  l ipopolysacchar ide  f rom E. eoli i nduced  an  
immuno log ica l  m e m o r y  in n o r m a l  mice. App l i ca t i on  of smal l  a m o u n t s  of co r re spond ing  an t i gen  p r o v o k e d  a specific 
s econda ry  i m m u n e  response  in E N A  p r i m e d  mice. 

R N A  e x t r a c t s  h a v e  been  s h o w n  to t r a n s f e r  i m m u n o l o g -  
ical a c t i v i t y  to  non- sens i t i ve  l y m p h o i d  cells in  ce r t a in  
in v ivo  a n d  in v i t ro  sy s t ems l .  R e c e n t l y  MITSUHASHI a n d  
his  co l l abora to r s  h a v e  d e m o n s t r a t e d  t h a t  R N A  e x t r a c t e d  
f rom mice  or guinea-pigs ,  i m m u n i z e d  w i t h  e i the r  d iph-  
t h e r i a  toxoid" ,  sheep red b lood ceils (SRBC) a, or Sal- 
monella flagella 4, Was capab le  of i nduc ing  immuno log i ca l  
memory .  R N A - p r i m e d  an ima l s  are capab le  of r e spond ing  
to a smal l  a m o u n t  of co r re spond ing  an t i gen  w i t h  a 
cha rac t e r i s t i c  s e c o n d a r y  i m m u n e  response.  

The  fol lowing e x p e r i m e n t s  were u n d e r t a k e n  to  a sce r t a in  
w h e t h e r  i t  is possible  to  induce  a n  immuno log ica l  m e m o r y  
b y  R N A  e x t r a c t  i sola ted f rom spleens of mice i m m u n i z e d  
w i t h  l ipopo lysacchar ide  (LPS) f rom Escherichia coll. 

Materials and methods. F e m a l e  mice  of t h e  A B  s t ra in ,  
we igh t ing  16 to  18 g, fed on  a s t a n d a r d  diet ,  were im-  
mun ized  w i t h  10 [zg L P S  g iven  in a single i.p. in ject ion.  
L P S  for  i m m u n i z a t i o n  was e x t r a c t e d  f rom Escherichi coli 
O l l l : K  58 b y  t he  m e t h o d  of BOlVIN 5. 5 days  a f t e r  
an t i gen  appl ica t ion ,  t he  mice were sacrif iced a n d  t he  
spleens were pooled.  R N A  was i so la ted  accord ing  to  a 
modi f i ca t ion  of t h e  m e t h o d  of ABRAMOFF 8 on ly  w i t h  t he  
excep t ion  of homogen i z i ng  t he  spleens in 0.05 M K-  
ace t a t e  buf fe r  p H  5.8 c o n t a i n i n g  0.1% Na-dodecylsu l -  
p h a t e  a n d  0.001 M E D T A .  Spleens of n o n - i m m u n i z e d  
mice were used for  p r e p a r a t i o n  of n o r m a l  R N A  (n-RNA).  
All  p rocedures  were car r ied  o u t  a t  4~ R N A  e x t r a c t s  
were s to red  as pel le ts  u n d e r  e t h a n o l  a t  - -20~  un t i l  
used in expe r imen t s .  S p e c t r o p h o t o m e t r i c  ana lys i s  of t he  

R N A  samples  cons i s t en t l y  showed  an  OD 260/280~ of 
1.98 to  2.10. 

R N A  e x t r a c t i o n  p rocedure  p rov ided  a r e l a t ive ly  pu re  
p r e p a r a t i o n  in wh ich  c o n t a m i n a t i o n s  were l imi ted  to 
1.5 to  2.5 ~g p ro t e in  a n d  0.5 to  1.5 Fg D N A  per  m g  RNA.  
P ro t e in  and  D N A  were m e a s u r e d  b y  t h e  m e t h o d  of 
LOWRY 7, us ing  bov ine  s e rum a l b u m i n e  as s t a n d a r d ,  a n d  
t he  Indo l  t e s t  s respect ive ly .  

Gel c h r o m a t o g r a p h y  of R N A  samples  on S e p h a d e x  
G-100 (1.5 •  cm) in p h o s p h a t e - b u f f e r e d  sal ine a t  p H  
7.2 (PBS) yie lded 3 peaks  w i t h  t he  K~v-values 0.04, 0.38 
and  1.00 respect ively .  S e r u m  an t ibod ie s  were d e t e r m i n e d  
b y  t h e  ind i rec t  h e m a g g l u t i n a t i o n  us ing  t h e  mic ro techn i -  
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Table I. Induction of secondary antibody response in mice primed 
with RNA extract 

First stimulation Second stimulation Titer 

500~xg n-RNA 0.01[xg LPS O 111 1:5 
. 500~xgi-RNA 0.01 txg LPS Ol l l  1:201 

PBS 0.01 ~xg LPS O 111 1 : 5 
500 ~.g i-RNA 500 ~xg i-RNA 1 : 5 

0.01[zg LPS O 111 0.01 [zg LPS O 111 1:153 
0.01 [zg LPS O 111 500 ~xg i-RNS 1 : 6 

Titers are geometric mean of 6 mice 4 days after second stimulation. 
~I-IRNA, RNA isolated from spleens of normal mice; i-RNA, RNA 
isolated from spleens of immunized mice. 

Table II. Specificity of immune response in mice primed with i-RNA 

First stimulation Second stimulation Titer 

250 [xg n-RNA 0.01 ~xg LPS O 111 1 : 5 
250 [xg i-RNA 0.01 ~g LPS O 111 1 : 108 
250 [xg i- RNA 0.01 ~g LPS O 78 1 : 4 

Titers are geometric inean of 6 mice 4 days after second stimulation. 
n-RNA, RNA isolated from spleens of normal mice; i-RNA, RNA 
isolated from spleens of immunized mice. 

Table III. Comparison of inhibitory activity of various dilutions of 
E. coli 0 111 antigen 

Antigen concentration Hemagglutination inhibition 
(LPS per inl) (titer) 

2 [xg 1:64 
1 ~xg 1:32 
0.5~xg 1:16 
0.25 ~g 1 : 8 
0.12[zg 1:4 

que of TAKATSY 9. Blood samples  were ob ta ined  f rom 
expe r imen ta l  and  contro l  mice b y  re t ro-orb i ta l  punc t u r e  
a t  appropr i a t e  in tervals .  I n a c t i v a t e d  sera were d i lu ted  
two-fo ld  in 0.05 ml  P B S  and  0.05 ml  of a 0.5% suspens ion  
of SRBC were  added.  E r y t h r o c y t e s  were coa ted  wi th  
L P S  f rom E. coli 0 l l l : K  58, which  was  isolated by  the  
m e t h o d  of WESTPHAL 10. t l e m a g g l u t i n a t i o n  t i t e r  are 
expressed  as the  last  d i lu t ions  showing 2 + react ion.  

By  means  of indi rec t  hemagg lu t ina t ion  inhibi t ion,  
R N A  isolated f rom immun ized  mice (i-RNA) was p roved  
free of serological de tec tab le  an t igen  con tamina t ions .  
R N A  ex t rac t s  were d i lu ted  two-fold  in 0.05 ml P B S  
and 0.025 ml specific i m m u n e  serum was added,  con ta in ing  
4 agglut in ing units.  Fol lowing 1 h of incuba t ion  a t  37 ~ 
0.025 ml of a 1% L P S - c o a t e d  S R B S  suspens ion  was 
added.  Ti ters  of hemagg lu t ina t ion  inhibi t ion are expressed  
as t he  last  di lut ions showing 2 + inhibi t ion,  

For  inducing immunologica l  memory ,  var ious  doses of 
i -RNA were in jec ted  i.p. in to  no rma l  mice. 3 week later,  
t he  mice were in jec ted  in the  same way  wi th  0.01 vg of 
t he  cor responding  L P S  as a second s t imulus .  

Results. Single appl ica t ion  of 0.01 ~g L P S  f rom E. coli 
O 111 :K  58 failed to  elicit a n t i b o d y  fo rma t ion  in AB 

mice. B u t  th is  a m o u n t  of an t igen  was able to  p rovoke  
specific a n t i b o d y  synthes is  in mice p r imed  wi th  L P S  or 
i - R N A  e x t r a c t e d  f rom the  spleens of immun ized  mice. 
P r i m i n g  wi th  n-IRNA isolated f rom the  spleens oI non-  
immun ized  mice was  ineffect ive.  

In  mos t  expe r imen t s  no rma l  AB mice were in jec ted  
wi th  250 or 500 [zg i -RNA,  and  3 weeks la ter  each animal  
received 0.01 ~zg of the  cor responding  ant igen.  As can be 
seen in Table  I, a l ready  4 days  af ter  the  last  in ject ion 
specific ant ibodies  were demons t r ab l e  ill the  sera. Table  
I I  shows t h a t  second s t imula t ion  wi th  all R N A  non-  
cor responding  an t igen  as, for example ,  w i th  L P S  f rom 
E. coli 0 7 8 : K  80 did no t  p rovoke  a second i mmu ne  
response.  Single or r epea ted  in ject ion of i -RNA,  however ,  
failed to  induce an t i b o d y  synthesis .  Also af ter  in ject ion of 
i -RNA in an t igen -p r imed  mice, no an t i b o d y  ac t iv i ty  was 
found.  

By  means  of indi rec t  hemagg lu t ina t i on  inhibi t ion test ,  
the  presence of an t igen  or ant igenic  f r agment s  in i -RNA 
was demons t rab le .  By  compar ing  hemagg lu t ina t ion  
inhib i t ion  caused by  known  a m o u n t s  of i -RNA or of 
the  cor responding  ant igen,  the  concen t ra t ion  of serolog- 
ically demons t r ab l e  L P S  in i - R N A  was calcula ted  as 
0.05 to 0.20 ~g L P S  per  mg i -RNA.  B u t  th is  ca tabol ized  
L P S  seems to  have  lost  the  immunogen ic i ty ,  because the  
a m o u n t  of L P S  in the  i - R N A  did no t  elicit a secondary  
immufie  response  in co n t r a ry  to unaf fec ted  ant igen.  

Discussion. Opinions abou t  the  role of i -RNA ( ' Im-  
mune '  RNA,  ' Immu n o g en i c '  IRNA) in the  i mmu n e  re- 
sponse are still  con t rad ic to ry .  One view main ta ins  t h a t  
the  i-IRNA represen ts  a messenger  R N A  able to induce 
a n t i b o d y  syn thes i s  in l ympho id  cells l l- lK The opposing  
view suggests  t h a t  the  i - R N A  is a carr ier  for the  an t igen  
or ant igenic  f ragments .  This  R N A - a n t i g e n - c o m p l e x  is 
more  immunogen ic  t h a n  the  an t igen  alone and  m a y  ac t  
as a ' super  an t igen '  t4-~6. These proposals  m a y  no t  be in 
conflict ,  since var ious  inves t iga tors  employed  d i f ferent  
t echn iques  and ant igens.  Poss ib ly  more  t h a n  one type  of 
func t iona l  R N A  exists.  

I t  is general ly  agreed t h a t  radiolabel led ant igen,  af ter  
inject ion,  is c o m m o n l y  found  in the  liver, spleen etc.,  b u t  
l i t t le  is k n o w n  a b o u t  t he  na tu re  of t he  re ta ined  an t igen  
mater ia l .  The resul ts  of our expe r imen t s  indica te  t h a t  
the  i -RNA induces  an immunologica l  m e m o r y  in normal  
mice. This  i -RNA is c o n t a m i n a t e d  by  ca tabol ized ant igen.  
The an t igen  mo i e t y  of the  i -RNA was shown only  to be 
able to  b ind  to  t he  specific an t ibodies  b u t  no t  to possess 
the  capac i ty  of inducing a n t i b o d y  format ion .  The an t igen  
moie ty  differs f rom the  original  an t igen  because r epea t ed  
in jec t ions  of i -RNA do no t  p rovoke  a boos te r  effect.  Bu t  
i t  is no t  to be excluded t h a t  the  an t igen  moie ty  m a y  be 
able to  pr ime lympho id  cells. W h e t h e r  a combina t ion  of 
i - R N A  and  an t igen  is responsible  for t he  induc t ion  of 
a n t i b o d y  fo rmat ion  or t he  i -RNA itself, remains  to be 
clarified. 
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