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After  immunizat ion  of rabbi t s  with diphtheria  toxoid pro l i fe ra t ion  of cel ls  synthesiz ing speci f ic  and 
nonspecif ic  immunoglobulins  is found in the lymph glands. These cei ls  a re  located mainly  along blood v e s -  
se l s  and s inuses .  The number  of cei ls  d e c r e a s e s  away f rom the lumen, the number  of cei ls  producing spec-  
ific antibodies fal l ing away m o r e  rapidly.  This a r r a n g e m e n t  of globul in-producing cei ls  co r re sponds  to the 
local izat ion of cel ls  taking up the injected antigen. 

Af ter  injection of foreign pro te in  into the body, cel ls  synthesiz ing specif ic  and nonspecif ic  immuno-  
globulins begin to p ro l i f e ra t e  in the lymphoid organs .  Some author i t ies  consider  that immunoglobul ins  non- 
speci f ic  with r e s p e c t  to injected antigen are  "no rma l  ant ibodies"  against  different  antigens [4], while o thers  
r ega rd  them as nonspecif ic  globulins not p o s s e s s i n g  an antibody de te rminan t  [1, 3]. The re la t ionship  be-  
tween cel ls  producing speci f ic  and nonspecif ic  immunoglobulins  to a p a r t i c u l a r  antigen in the immunologic  
r e sponse  r e m a i n s  unexplained [3]. 

A combined luminescence  and se ro log ic  method was used in the p re sen t  invest igat ion to examine the 
re la t ionship  between local izat ion of cel ls  taking up antigen and cel ls  producing specif ic  and nonspecif ic  im-  
munoglobulins.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 20 rabbi t s  weighing 2-2.5 kg, which were  immunized  twice with 
crude diphther ia  toxoid in the p lan ta r  pad of the hind l imb at an in terval  of 30 days.  The dose of antigen at 
each  injection was 160-180 Lf. The an imals  were  sac r i f i ced  12 and 24 h and 2, 3, and 4 days a f te r  the sec -  
ond injection of antigen. The regional  popl i teal  lymph glands were  fixed and embedded in paraff in  wax by 
S a i n t e - M a r i e ' s  method [6]. T i s s u e  sect ions  were  stained by the d i rec t  Coons '  method fo r  antigen and by a 
double l u m i n e s c e n c e - s e r o l o g i c  method for  specif ic  and nonspecif ic  immunoglobul ins  using a second ant i -  
body label.  In this las t  staining p rocedure ,  diphtheria  toxoid plus diphtheria  antitoxin labeled with rhodamine 
sulfochlor ide (red f luorescence)  plus antibody against  rabbi t  immunoglobul ins  labeled with f luorescence  i so-  
thiocyanate (green f luorescence)  were  applied success ive ly  to the lymph gland section.  Pa ra l l e l  control  
t es t s  were  c a r r i e d  out with sec t ions  of a nonimmune lymph gland, with heterologous  antigen, and by the 
neut ra l iza t ion  reac t ion  (for detai ls  of the staining method,  see [2]). 

E X P E R I M E N T A L  R E S U L T S  

Twelve hours  a f te r  injection of antigen, a la rge  quantity of antigen was found in the popli teal  lymph 
glands,  some lying f ree ly ,  some ingested by macrophages .  After  24 h antigen was found main ly  in t race l lu-  
la r ly .  Macrophages  containing antigen were  located mainly  in the medu l l a ry  cords  of the medu l l a ry  zone of 
the lymph gland, nea r  blood v e s s e l s  and s inuses .  Fewer  cel ls  containing antigen were  obse rved  in the co r -  
tex, l ikewise located n e a r  blood ves se l s .  In the g e r m  cen te r s  a smal l  quantity of antigen was found between 
the cel ls ,  but only 12 h a f t e r  immunizat ion.  On the 3rd and 4th days a f t e r  immunizat ion,  no diphtheria to• 
could be found in the lymph glands.  

The number  of cel ls  containing antigen in the lymph glands fell away f rom the lumen of the ve s se l s  
and s inuses  into the in te r io r  of the t i ssue,  which cor responded  to the dis tr ibut ion of f r ee - ly ing  antigen. This 
is c l ea r ly  i l lus t ra ted  by counts of cel ls  containing antigen in a r e a s  of the medu l l a ry  cords  of equal  s izes  
but at  different  d is tances  f rom the lumen of the v e s s e l s  (Table 1). 
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TABLE I. Distribution of Cells Containing Antigen Near Vessels and 
Sinuses of Lymph Gland of a Rabbit Sacrificed 12 h After Second Im- 
nmnization with Diphtheria Toxoid 

Number of cells containing antigen depending on distance 
of area of counting away from lumen  of vessel sinus 

Observation 

36--54  54--72 90-- no .  =x ~k r ~ 108-- 126-- 
,~ ~ ~l ~ 72--90 ~ 1 126 ~/ 144 ,t/ 

1 2 15~ 0 g o o g o 
4 

t o t a l  26 15 4 2 2 1 3 1 

Fig. 1. Photomicrograph. Popliteal 

lymph gland of rabbit sacrificed 12 h 

after double immunization with diph- 

theria 1oxoid. Distribution of cells 

containing antigen along blood vessel 

in region of medullary cords of lymph 

gland. Stained for antigen by indirect 

luminescence-serologic method. Ob- 

jective 40. 

A small number of cells containing only nonspecific im- 
munoglobulins was found in the regional lymph gland 12 and 24 
h after the second immunization (Fig. 1). Cells containing 
specific antibodies appeared on the second day. Between the 
2nd and 4th days the number of cells containing both specific 
and nonspecific immunoglobulins in the lymph gland increased 
sharply (Fig. 2). These cells belonged mainly to the plasma- 
cell series. Approximately 50% of fluorescent cells contained 

specific antibodies on the 2nd-4th days after immunization. 

Most cells producing specific and nonspecific immune- 

globulins were located in the medullary cords of the medullary 

zone, and fewer were found in the cortex of the gland. A few 
cells containing nonspecific globulins only were detected in the 

germ centers. 

Globulin-producing cells in the medullary cords were ar- 
ranged in groups, with the lumen of the vessel or sinus in their 

center. Each group consisted of cells containing specific and 

also nonspecific globulins. In a direction away from the lumen 

of the sinus or blood vessel the total number of fluorescent 

cells diminished. Nearer the lumen, among the fluorescent 

cells, more cells containing specific antibodies were observed, 

while further from the lumen more cells containing nonspecific globulins were found. Figures showing the 

distribution of specific and nonspecific globulin-producing cells in areas at different distances from the lu- 

men of the vessels and sinuses are given in Table 2. 

The distribution of globulin-producing cells around the blood vessels and sinuses of the lymph glands 

as thus revealed is in good agreement with the observed distribution of plasma ceils around the lumen of 

blood vessels [5]. Meanwhile, the problem of whether the precursors of globulin-producing ceils migrate 

toward blood vessels and sinuses from the germ centers of secondary follicles or whether they are already 

present in these zones at the moment of immunization has not yet been solved [5, 7]. However, it is impor- 

tant to note that after immunization the location of newly formed giobuIin-producing cells corresponds to 

the location of antigen uptake, and the number of these ceils bears a direct relationship to the amount of an- 
tigen ingested by macrophages in the particular zone. Zones with a considerable accumulation of antigen- 

ingesting ceils (nearer to the lumen of the vessels and sinuses) thereby correspond to a larger number of 

cells containing specific antibodies compared with cells containing nonspecific globulins. 

A possible explanation of this phenomenon is as follows. Injected antigen stimulates proliferation of 
a large number of globulin-producing ceils in the lymph gland. Activation of synthesis of specific antibodies 

in these cells requires a relatively large quantity of specific antigenic stimulus. In areas of tissue where 
antigen is present but in an amount below the threshold, immunologically competent ceils produce only non- 

specific immunoglobulins. 
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Fig .  2. P h o t o m i c r o g r a p h .  P o p l i t e a l  l y m p h  g land  of r a b b i t  s a c r i -  
f i ced  4 days  a f t e r  double  i m m u n i z a t i o n .  D i s t r i b u t i o n  of g l o b u l i n -  
p r o d u c i n g  c e l l s  n e a r  l u m e n  of v e s s e l ,  a) P h o t o g r a p h  wi thout  f i l t e r ;  
a l l  c e l l s  p r o d u c i n g  i m m u n e  g l o b u l i n s  ( spec i f i c  and nonspec i f i c )  a r e  
shown;  b) p h o t o g r a p h  of the s a m e  a r e a  wi th  r e d  f i l t e r ;  only  c e l l s  
con t a in ing  s p e c i f i c  a n t i b o d i e s ,  s t a i n i n g  r e d  by  th is  me thod ,  a r e  
s een .  S i m u l t a n e o u s  l u m i n e s c e n c e - s e r o l o g i c  s t a i n i n g  fo r  s p e c i f i c  
a n t i b o d i e s  and n o n s p e c i f i c  i m m u n e  g lobu l in s  u s i n g  2 f l u o r o c h r o m e s .  
Ob jec t ive  90. 

TABLE 2. D i s t r i b u t i o n  of C e l l s  Con ta in ing  Spec i f i c  A n t i b o d i e s  and 
N o n s p e c i f i c  I m m u n o g l o b u l i n s  N e a r  Blood  V e s s e l s  and S inuse s  of 
L y m p h  Gland  of a Rabb i t  S a c r i f i c e d  4 Days  A f t e r  2nd I m m u n i z a t i o n  
wi th  D i p h t h e r i a  Toxoid  

Distance of area of counting away from lumen of vessel 

Observa- or sinus (in /~) 

tion no, 'l ] g 
i i o , 2 o _ 1 . 1 . _ 1 o 2 1 o 2 _ , 8 o  

total 

Number of cells containing all immuno 

2 
43 12 11 6 88 
5 9 8 9 6 

35 48 43 33 26 

:lobulins (specific and nonspecific) 

8 

23 23 19 10 

Percentage of cells contaimng 
globulin-containing cells 

1 100 88 85 
2 100 91 90 
3 83 100 83 
4 91 89 83 
5 100 89 75 

mean 94,8 92,0  83,2 

100 
60 
87 
38 
23 

61,6 

0 o 
8 4 0 

specific antibodies relative to total number of 

6 0 6 0 
33 14 

25 0 

29,5 20,2 

33 37 
67 
500 45 

33 
0 12 

30,0 32,0 

o o 

40 

13,3 

20 

0 

10,0 
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