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in t he  react ion,  t h u s  i n d i c a t i n g  t h a t  the  b lockade  of 
rose t t e  f o r m a t i o n  was due to  a specific a n t i - I g  c o m p o n e n t  
of t he  an t i s e rum.  T he  i n h i b i t i o n  was less effect ive in t he  
case of spleen a n d  bone  mar row.  

Discussion.  I n  t he  chicken,  t he  a p p e a r a n c e  of R F C  is 
cons idered  a b u r s a - d e p e n d e n t  p h e n o m e n o n  s. However ,  
t he  mos t  i n t e r e s t i ng  f ind ing  of t h i s  s t u d y  is the  s t r i k ing  
decrease  in t he  n u m b e r  of l y m p h o c y t i c  tZFC in t h e  bursa ,  
spleen a n d  bone  m a r r o w  of t h y m e c t o m i z e d  b i rds  t h u s  
sugges t ing  t he  ex is tence  of a t h y m u s - d e p e n d e n t  RFC.  
The  T rose t t es  4, a nd  2 p o p u l a t i o n s  of t h y m u s - d e r i v e d  
RFC,  1 of t h e m  be ing  in f luenced  b y  t h y m e c t o m y  5, h a v e  
been  descr ibed  in mice. R o s e t t e  f o r m a t i o n  b y  T ceils was 
also i n h i b i t e d  b y  a n t i - I g  reagent% The  i n v o l v e m e n t  of 
t he  ch i cken  t h y m u s  in t he  f o r m a t i o n  of rose t t es  can  be 
exp la ined  ill a t  leas t  2 ways.  The  f i rs t  poss ib i l i ty  is t h a n  
T cells i n t e r a c t  w i t h  b u r s a - d e p e n d e n t  cells (Bu cells) i t  
rose t t e  r eac t ions  so t h a t  T cells exer t  a he lper  f unc t i on  
whereas  Bu cells e s t ab l i sh  a more  s u b s t a n t i a l  c o n t a c t  
w i t h  e r y t h r o c y t e s L  The  second a s s u m p t i o n  is t h a t  T 
cells are t h e m s e l v e s  capab le  of f o r m i ng  roset tes ,  a n d  th i s  
is p r o b a b l y  the  case w i t h  l y m p h o c y t i c  rose t t es  in bursa less  
birds .  B o t h  exp lana t ions ,  of course, concern  R F C  in non-  
i m m u n i z e d  chickens,  a n d  one m a y  expec t  a s o m e w h a t  
d i f fe ren t  s i t u a t i o n  in b i rds  i m m u n i z e d  w i t h  G P R B C .  

A l t h o u g h  i t  has  been  s t a t e d  t h a t  n a t u r a l  R F C  con- 
s t i t u t e  p rogen i to r s  of a n t i b o d y - p r o d u c i n g  cells s, t h e  
i m m u n e  n a t u r e  of those  rose t tes  is sti l l  unclear .  As has  
been  proposed  for n a t u r a l  h a e m a g g l u t i n i n s  a n d  haemo-  
lys ins  9, t h e  n a t u r a l  R F C  m a y  also ar ise  f rom p rev ious  
con t ac t s  of the  a n i m a l  w i t h  c ross - reac t ing  an t igens ,  or 
t h e i r  a p p e a r a n c e  is u n d e r  genet ic  control .  

Ig  recep tors  h a v e  been  d e m o n s t r a t e d  on  the  surface  of 
ch i cken  Bu  cells s,~~ However ,  t he  ex is tence  of Ig 
recep tors  on m a m m a l i a n  and  a v i a n  T cells is t he  sub jec t  
of d i v e r g e n t  views, since b o t h  the  presenceS, n and  t he  
absence  ~2 of Ig recep tors  h a v e  been  repor ted .  A l t h o u g h  
our  resu l t s  f a v o u r  t he  fo rmer  view, i t  s t i l l  r em a i ns  to  be 
seen w h e t h e r  n a t u r a l  l y m p h o c y t i c  rose t t es  in t he  ch icken  
are a n  express ion  of Ig- l ike  recep tors  on  lymphocytes~S 
or a special  class of 'phys io logica l '  rose t t es  s imi la r  to  
those  wh ich  h u m a n  T cells fo rm w i t h  sheep e ry th ro -  
cytes  14. 

The  poss ib i l i ty  t h a t  T rose t t es  m a y  be  fo rmed  'pasi-  
ve ly '  v ia  a cy tophi l i c  a n t i b o d y  e l abo ra t ed  b y  Bu  cells 15 
seems unl ike ly  since t he re  was a clear  di f ference b e t w e e n  
spleen,  m a r r o w  a n d  t h y m u s  l y m p h o c y t e s  of bursec to -  
mized  b i rds  w i t h  respec t  to  t h e i r  ab i l i ty  to  p roduce  
roset tes .  F ina l ly ,  t h e  f o r m a t i o n  of rose t t es  b y  g ranu-  
loc,ytes a n d  e r y t h r o b l a s t s  r ema ins  a n  e v e n t  wh ich  can  be  
t r e a t e d  as a phys ico-chemica l ,  a physiological ,  a devel-  
o p m e n t a l  or a n  immuno log i ca l  p h e n o m e n o n .  

Rdsumd. On d 6 m o n t r e  la pr6sence des l y m p h o c y t e s  
capab les  de faire des rose t t es  spon tan6es  ou na tu re l l e s  
avec  les globules rouges de cobaye,  darts le t h y m u s ,  la 
bourse  de Fabr ic ius ,  la r a t e  et  dans  la moel le  osseuse des 
poule t s  non- immunis6s ,  gg6s de 8 semaines .  Les effets de 
la bou r sec tomie  et  de la t h y m e c t o m i e  n6ona t a l e  chez le 
poa le t ,  sugg~rent  l ' ex is tence  de 2 p o p u l a t i o n s  de l ympho-  
cytes  capab les  de faire des roset tes ,  d o n t  l ' une  t h y m o -  
d6penden te  et  l ' a u t r e  d 6 p e n d a n t  de la bourse.  
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The Location of Soluble Antigen in the Spleen of 

The p a t t e r n  of a n t i gen  loca l iza t ion  in t he  spleen has  
been  t r aced  in r a t s  1, Bufo  mar inus  ~ a n d  mice  s us ing  
f lagel lar  an t igens  or aggrega ted  h u m a n  y-globul in  (HGG).  
I t  is k n o w n  f rom prev ious  s tud ies  b y  MORTON and  MAX- 
NING 4 us ing  a f luorescence t e c h n i q u e  to  de t ec t  an t igen ,  
t h a t  X e n o p u s  laevis - a n  a n i m a l  l ack ing  in l y m p h  nodes  - 
can  t r a p  a n t i g e n  in i t s  spleen.  T h e y  found  t h a t  3 weeks 
a f te r  i n j ec t i ng  H G G  in a d j u v a n t ,  t h e  f luorescent  p i c tu re  
was d i m i n i s h e d  or a b s e n t  in t h y m e c t o m i z e d  toadle ts .  In  
th i s  repor t ,  t h e  loca t ion  of a n t i g e n  in spleens f rom i n t a c t  
a n d  t h y m e c t o n l i z e d  X e n o p u s  i n j ec ted  w i t h  I-tGG in 
sal ine was i n v e s t i g a t e d  a t  va r ious  t i m e  in t e rva l s  a f t e r  
in jec t ion .  The  a n t i g e n  was t r aced  us ing  a f luorescein  
labe l led  a n t i s e r u m  to HGG.  

Mater ials  and methods. The  e x p e r i m e n t a l  a n i m a l s  
(weighing a p p r o x i m a t e l y  8 g a n d  m a i n t a i n e d  a t  20~ 
cons is ted  of 56 in tac t ,  10 t h y m e c t o m i z e d  a n d  7 sham-  
t h y m e c t o m i z e d  toadle ts .  Fo r  de ta i l s  of t he  t h y m e c t o m y  
o p e r a t i o n  a t  l a rva l  s tage 48 of NIEIJWKOOP a n d  FABER 5 
see HORTON a n d  ]V[ANNING 4. A s t a n d a r d  so lu t ion  of 5 m g  
of H G G  (Kabi ,  S tockholm)  in 1 ml  of 0 .85% sal ine was 

Xenopus laevis 

p r e p a r e d  a n d  in jec ted  in va r ious  vo lumes  v ia  the  dorsa l  
l y m p h  sac so t h a t  toads  received 0.1, 0.15, 0.6 or 1.5 m g  
H G G  in 1 in ject ion.  28 con t ro l  an ima l s  rece ived  sal ine 
only. Toads  were sacr i f iced a t  1, 6, 12 and  24 h, t h e n  da i ly  
for 1 week t h e n  eve ry  2 weeks for 10 weeks a f t e r  in jec t ion .  
The  spleen was removed ,  qu ick- f rozen  in l iqu id  n i t r o g e n  
and  sect ioned a t  10 ~ m  on a c ryos ta t .  The  i m m u n o f l u o -  
rescen t  t e c h n i q u e  for t he  de t ec t i on  of an t i gen  ~ was app l ied  
to  t he  spleen sections.  Serum, f rom toads  ki l led 8 or  10 
weeks a f te r  rece iv ing  0.6 or 1.5 m g  H G G  was t e s t e d  for 
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an t i -HGG ant ibodies  by  a pass ive  haemagglu t ina t ion  
t echn ique  previous ly  used by  TURNER and  MANNINGK 

Results and discussion. The descr ip t ion  of the  locat ion 
of f luorescence in the  spleen ( i l lustrated in Figures  1-3) is 
as follows : 30 min  af ter  inj ect ion of 0.15 mg HGG, an t igen  
was located in the  red pulp  of t he  spleen sur rounding  the  
white  pulp  area (Figure 1) ; 30 min  later,  the  beginnings  of 
a new area of f luorescence inside the  whi te  pulp  b o u n d a r y  
was seen. 6 h af ter  inject ion,  f luorescence in bo th  areas 
could be seen in equal  i n t ens i ty  (Figure 2) and  th is  s i tua-  
t ion pers i s ted  for several  hours  unt i l  a t  2 days  af ter  injec- 
t ion the  fluorescence in the  whi te  pulp  looked sl ight ly b r igh t -  
er t h a n  t h a t  in the  red pulp.  At  3 days  pos t  injection,  the  
red pulp  f luorescence was beginning  to  d i sappear  and had  
done so comple te ly  by  4 days  leaving only the  f luorescence 
in the  whi te  pulp  area (Figure 3). This  p ic ture  had  disap- 
peared  by  10 weeks. A t  a lower dose (0.1 mg HGG), the  
same sequence of events  occurred bu t  a t  a d i f ferent  rate.  
Red  and  whi te  pulp  f luorescence was no t  visible simul-  
t aneous ly  unt i l  6 h pos t  in ject ion and the  red pulp  fluo- 
rescence was d isappear ing  by  12 h and absen t  24 h af ter  

injection.  1 day  later, the  n u m b e r  of f luorescent  areas was 
diminished,  t h o u g h  the  in t ens i ty  of the  areas t h a t  did 
fluoresce was as h igh  as a t  earl ier  t imes.  Spleens tes ted  for 
f luorescence were negat ive  4 days  af ter  receiving this  
dose. 

Ant ibodies  to HGG were no t  de tec ted  in the  serum 
unt i l  10 weeks af ter  inject ion when  the  f luorescence had  
e i ther  d i sappeared  or was ve ry  fa in t  and  sca t te red  in the  
whi te  pulp.  At  th is  t ime  an t i -H G G  t i t res  were low and 
no t  comparab le  w i t h  t i t res  ob ta ined  a t  2 weeks af ter  
in ject ion wi th  HGG in comple te  F r e u n d ' s  a d j u v a n t  7 
when  whi te  pulp  f luorescence was p resen t  or a t  8 weeks 
when  fluorescence was d i sappear ing  4. I t  is not  known 
whe the r  there  is any  d i rec t  correla t ion be tween  an t igen  
locat ion in the  spleen and  serum an t i b o d y  p roduc t ion  in 
Xenopus. However ,  some c i rcumstan t ia l  evidence does 
exis t :  t h y m e c t o m i z e d  Xenopus show a d imin ished  fluo- 

R. J. TURNER and M. J. MANNING, Eur. J. Immun., 4, 343 (1974). 
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Figs. 1 3. Imnlunofluorescence preparations of spleen sections from 
toads given HGG and killed at various time intervals after injection. 
Fluorescence indicates the presence of antigen. Arrows point to the 
boundary of the white pulp island. 1. (30 min after injection) shows 
fluorescence appearing only in the red pulp encircling the boundary 
of the white pulp island. 2. (6 h post injection) demonstrates fIuo- 
rescence in both the red pulp and white pulp. 3. shows the later 
location of fluorescence when it appears inside the boundary of the 
splenic white pulp only. 
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rescent  p ic ture* and  t h e y  are unable  to  m o u n t  an ant i -  
b o d y  response  to  HGG in a d j u v a n t  s. In  the  p resen t  
exper iment ,  t h y m e c t o m i z e d  toad le t s  given 0.15 mg HGG 
and killed a t  6, 12, 24 h or 5 weeks af ter  inject ion,  showed 
the  same f luorescent  p ic tu re  as in t ac t  animals  a t  6, 12 
and  24 h. However ,  5 weeks af ter  inject ion,  f luorescence 
was severely d imin ished  in t h y m e c t o m i z e d  animals  
compared  to  in tac t  animals.  Us ing  HGG in ad juvan t ,  
HORTON and  MANNING 4 also found specific f luorescence 
d imin ished  or absen t  in t h y m e c t o m i z e d  toadle t s  3 weeks 
af ter  receiving the  ant igen.  

The p a t t e r n  of an t igen  local izat ion in Xenopus was 
very  s imilar  to  t h a t  observed  by  NOSSAL et al. 1 using 
rad ioac t ive ly  labelled po lymer ized  flagellin in rats.  
BROW~ et al. a, t r a c i n g  aggregated  HGG in ra t  spleens by  
immunof luorescence  also emerged wi th  a p ic ture  s imilar  
to  the  one descr ibed here in Xenopus. They  pos tu la te  t h a t  
spleen based l y m p h o c y t e s  car ry  the  an t igen  in to  the  
whi te  pulp  follicle. I t  is no t  known whe the r  t he  presence  
of f luorescence in the  whi te  pulp  of the  Xenopus spleen 
shor t ly  af ter  being seen in the  red pulp,  signifies a real or 
a p p a r e n t  m o v e m e n t  of ant igen.  TURNER and  MANNING s 
have  shown t h a t  there  are places where  the  b o u n d a r y  
layer su r round ing  the  whi te  pulp  region is indis t inct ,  
where  p r e sumab ly  cells could pass f rom one region to the  
other .  

The init ial  appearance  of an t igen  a round  the  pe r iphe ry  
of the  whi te  pulp  is land is reasonable  when  one considers  
t h a t  i t  is in th is  area t h a t  blood sinuses are found 9. 
Carbon, a non-ant igenic  material ,  f i rs t  becomes visible in 
the  Xenopus spleen in the  same posi t ion in the  red pulp  as 
HGG ~0. La te r  on carbon appears  in the  whi te  pulp  bu t  is 
ma in ly  grouped  a round  the  cent ra l  arteriole.  Also, in 
ra ts  ~ and  Bufo marinus2, carbon is f i rs t  seen in the  red 
pulp  in the  spleen though  i ts  la ter  local izat ion differed 
f rom t h a t  shown wi th  flagellar ant igens.  This  informat ion,  
t aken  wi th  the  knowledge t h a t  the  red pulp  f luorescence 
appears  wi th in  3 0 mill of inject ion,  indica tes  t h a t  the  area 
sur rounding  the  red pulp  island is the  place where  mater ia l  
in jec ted  via  the  dorsal  l y m p h  sac f irs t  en ters  the  spleen - 
p r e s u m a b l y  v ia  the  blood s t ream.  T h y m e c t o m y  appeared  
to have  no effect  on the  early stages of an t igen  t rapping .  
This, t oge the r  wi th  TIJRNER'S carbon studies~~ suggests  
t h a t  the  init ial  localization of foreign mater ia l  in the  
spleen does no t  involve the  i mmu n e  mechan i sms  which 
become ev iden t  a t  la ter  stages. 

Rdsumd. Une 6tude de la local isat ion de 7-globulines 
humaines  (en solut ion saline) dans  la ra te  de Xenopus 
laevis a 6t6 effectu6e en u t i l i sant  la f luorescence pour  la 
d6tect ion d 'ant ig6nes.  La t h y m e c t o m i e  n ' a  eu aucun  
effet sur la premi6re appar i t ion  d 'an t ig6nes  dans  la pulpe 
rouge en tou ran t  la zone de pulpe  blanche.  
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M.H.  COLLIE 11 

Promotion of Antibody Formation by Prostaglandin 

Pros tag land ins  are known to  be involved in miscella- 
neous membrane -as soc ia t ed  events  and  the  effects on the  
i m m u n o c o m p e t e n t  cells have  been repor ted  l-K How- 
ever, there  have  been  no repor t s  on the  effect  on ant i -  
body  format ion .  As repor ted  in a previous  paper*,  we 
found t h a t  a low dose of an ant ib io t ic  n a m e d  diketocorio-  
lin B p romotes  a n t i b o d y  format ion .  This ant ib io t ic  has 
some s t ruc tura l  resemblance  wi th  pros tag landins ,  and  
therefore  we unde r took  the  s tudy  on the  effect  of pros ta-  
g landin  on a n t i b o d y  format ion .  

As p resen ted  in th is  paper ,  it  was found t h a t  a low 
dose of p ros tag land ins  E~, E 2, Fig and F #  p romotes  

p r i ma ry  and secondary  a n t i b o d y  fo rma t ion  to  sheep red  
blood ceils in mice. 

Female  dd/Y mice (5-6 weeks old, weighing 20-22 g) 
were immunized  to  sheep red blood cells (SRBC), and the  
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Table I. Effect of prostaglandins (PG) on primary antibody formation 

Average No. of PFC • 103/spleen 4 days after immunization 
Exp. I Exp. II 

SRBC 108 i.v. �9 
SRBC10 s +  PGE1 l~zgbi.p. 
SRBC10 s-r 1 0.1~gi.p. 
SRBC10 s + PGE 2 l(xgi.p. 
SRBC10 s-}- PGE 2 0.1Exgi.p. 
SRBC 10 s + PG FI~ 1 p~gi.p. 
SRBC 10 s -}- PG FI= 0.1/zg i.p. 
SRBC 10 s + PG F2= 1 ~xgi.p. 
S RBC 108 + PG F2~ 0.1 ~g i.p. 

None 

59.3 4- 7.0 62.3 4-5.9 
91.0 ~: 16.3 

171.3 ~= 31.5 139.0 4- 3.1 
186.0 ~ 28.0 
214.0 4- 25.3 210.0 i 5.5 
115.2 • 28.8 
88.2 ~ 7.4 151.5 ~2 .0  

147.0 4- 23.1 
101.7 4- 7.0 234.7 q-1.3 

0.26 ~ 0.08 0.21 ~ 0.04 

SRBC in 0.I ml/mouse, b Each dose of PG in 0.2 ml/mouse. 


