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A Histochemical  Study of I m m u n e  Destruct ion 
of the Lymphopoiet ic  Sys t em 

LANDSTEINER 1 first suggested tha t  certain peptides and 
non-antigenic molecules such as glucose could be made 
antigenic by coupling the molecule to an antigenic protein 
carrier. Others have since shown tha t  a number of non- 
antigenic or relatively non-antigenic substances could be 
made antigenic by similar means. Experiments in this 
laboratory have provided evidence tha t  a s tate of active 
immuni ty  could be established to a var ie ty  of autologous 
animal and human neoplastic tissue =, normal autologous 
lymphoid tissue s and isologous and autologous serum 
proteins 4 by means of coupling cellular elements of these 
tissues or components of the serum proteins to highly 
antigenic proteins and then reintroducing these complexes 
into the host from which the tissue or serum protein was 
originally obtained. Furthermore,  the antibodies elicited 
by this procedure were found to have marked specificity 
suggestive tha t  an autoimmune state had been induced 
toward the neoplastic or lymphoid tissue or serum protein. 

In the present study, immune destruction of lympho- 
poietic tissue was produced (Figure 1). A study of lyso- 
somal galactosidase content  of the destroyed lympho- 
poietic system was performed since it has been suggested 
that  there are aberations in lysosomal enzyme content  in 
immunopathologic states (Figure 2). This s tudy was 
facilitated by the availabil i ty of a new group of histo- 
chemical substrates, substi tuted indolyl fl-galatopyrano- 
sides, which were synthesized in our laboratory 5,e. 

Bisdiazobenzidine (BDB) was prepared by the method 
of KABAT and MAYERL Three ml of 6N  HC1 were added 
to 0.46 g of benzidine dissolved in 100 ml of water. This 
mixture was chilled in an ice-salt bath to 0 °C at  which 
t ime it  was diazotized by dropwise addition, with constant 
stirring, of 0.35 g of sodium nitri te dissolved in 5 ml of 
water. This mixture was allowed to react for 30 rain at  
0°C after which the aliquots were removed and quick 
frozen in small vials at - -70°C  in a solidified carbon 
dioxide (dry ice)-acetone bath. The vials were then 
quickly transferred to a deep freeze (-- 20 °C) where they 
were stored until  needed. 

Incomplete Freund's  ad juvant  was prepared by 
thoroughly blending 3 parts of aquaphor with 1 part  of 
heavy liquid petrolatum. Phosphate buffer of molari ty 0.2 
and pH 7.2 was prepared  by mixing 28 ml of a 0 .2M 
NaH=PO 4 with 72 ml of 0.2M Na=HPO4. The pH  was 
checked on a Beckman Expanded Scale pH  meter  and 
adjusted when necessary. Lymphoid cell suspensions 
were prepared from a lymph node which was removed 
from the abdominal cavity of a Fischer rat. This lymph 
node was divided into several pieces, frozen, and used for 
the entire duration of immunization. A small portion of 
this node was pressed through a fine wire mesh into 2 ml 
of isotonic saline. The cell suspension was centrifuged in 
the cold at  3000 rpm for 10 min; the supernatant  was 
discarded and the sediment which contained approximately 
0.05 ml of packed lymphoid cells was resuspended in 1 ml 
of isotonic saline. Lymphoid cells thus prepared were 
coupled to fraction I I  human ~-gtobulins in the following 
manner:  2 ml of human 7-globulin dissolved in isotonic 
saline (1 mg/ml) was added to 1 ml of lymphoid ceU sus- 
pension, then after thorough mixing of these 2 compo- 
nents, 0.5 ml of BDB (1 : 15 dilution in phosphate buffer, 
pH 7.2) was introduced. The resultant  mixture was 
maintained at  room temperature  for 10 rain, attar which 
it was centrifuged at  3000 rpm for 10 rain. The super- 
na tant  was discarded and the sediment was resuspended 
in 0.5 ml of isotonic saline. This procedure results in 

coupling of ra t  lymphoid cells to human r-globulin. Nine 
adult  Fischer rats were immunized. For immunization of 
animals, 0.5 ml of the suspension of coupled lymphoid 
cells was incorporated in 1 ml of Freund's  adjuvant ,  and 
half this amount  was injected intradermally, the rest i.m. 
Injections were repeated at 2-week intervals for a period 
of 3 months with a total  of 6 injections. Nine adult 
Fischer rats were injected with autologous lymphoid cells 
combined with BDB and not coupled to human 7" 
globulin and served as the control series. 

Since the object of the experiment was to study the 
amount  of fl-galactosidase in reticulum cells in spleen, 
thymus, mesenteric and axillary lymph nodes in the test 
and control animals, the spleen, thymus and mesenteric 
and axillary lymph nodes were r emoved  and cut  into 
blocks 2-3 mm thick, The blocks were placed on filter 
paper, inserted into glass tubes, immersed in a Dewar 
Flask containing acetone and dry ice and quickly frozen 
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Fig. 1. The principle of immune destruction of the lymphopoietie 
system. 
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Fig. 2. Principle of the reaction for ~-galactosidase. 
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Normal Antigen {lymphocyte- 
protein complex used as 
antigen) 

Spleen (9) 14.6 4- 6.8 ± 2.3 

Thymus (9) 2.9 =t= 3.3 4- 1.1 

Mesenteric node (9) 3.8 ± 2,3 ± 0.9 

Axillary node (9) 3.8 :[: 2.6 4- 0.9 

(9) 109.7 -b 38.8 :j: 12.9 
t = 7.259 
p <  0.0oi 

(9) 9.3 ± 11.5 ± 3.8 
¢ = 1.600 
p <  0.20 

(9) 18.1± 14.2 ± 4.7 
t = 2,979 
p < 0.02 

(9) 14.1 ± 12.6 ± 5.6 
t = 1.807 
p <  0.10 

at  -- 70 °C. F rozen  sect ions were c u t  a t  6 /~  in a Linder-  
s t rom-Lang  Cryos t a t  a t  -- 20°C and  placed on a glass 
slide. The  t issue f rozen sections were f ixed for 15 min  in 
h y d r o x y a d i p a l d e h y d e  and  placed in Coplin jars  in an  
incuba t ing  m i x t u r e  which  con ta ined :  (1) 14.75 mt  of 0.1 M 
p H  5.4, ace ta t e  buffer,  (2) 0.25 ml  NaC1 h a v i n g  0 .015M 
as t he  final  concen t ra t ion  in 16 ml, (3) 1.0 ml  subs t ra te  I 
(Substrate I is 5-bromo-4-chloroindol-3-yl-f l -D-galacyto-  
pyranoside) (4.1 m g / m l  DMF) ha;cing 0 .00063M as the  
final  concen t ra t ion  in 16 ml, and (4) 4.0 m g  spermidine  
. tr ihydrochloride being 0 .001M in 16 ml. Slides were  
incuba ted  for 31/~ h a t  27°C, washed,  d e h y d r a t e d  and  
Coverslipped in pe rmoun t .  A t  th is  po in t  all groups were 
s ta t is t ica l ly  examined  for galactosidase  a c t i v i t y  in the  
re t icutoendothel ia l  sys tem using a microscopic  grid of 490 
cons tan t  squares  employ ing  FlSCHER'S R a n d o m  Numbers .  
The  va lues  were s ta t i s t ica l ly  eva lua t ed  and  all were 
significant.  

The  resul ts  of fl-galactosidase a c t i v i t y  in t he  re t i cu lum 
cells of re t icu loendothe l ia l  sys t em are  t a b u l a t e d  in t he  
Table  and  in F igure  3. T h e  only  cells in t h e  ret iculo-  
endothel ia l  sy s t em showing the  enzyme  were the  r e t i cu lum 
cells. The  re t i cu lum cells of the  spleen show the  h ighes t  
f l-galactosidase a c t i v i t y  compared  to the  o the r  re t iculo-  
endothel ia l  organs.  The  h is tochemica l  enzyme  react ions  
in l y m p h  nodes was present  in r e t i cu lum ceils in the  
per ipheral  sinus and  hi lum.  A smal l  n u m b e r  of  r e t i cu lum 
cells in t he  t h y m u s  gave  a pos i t ive  react ion.  The  a c t i v i t y  
of fl-galactosidase is ma rked ly  increased when  the  lympho-  
poiet ic  sys tem is immunolog ica l ly  des t royed  ut i l iz ing an 
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Fig. 3. Distribution of fl-galactosidase cells in lymphatic system. S, 
spleen, T, thymus, M.N., mesenteric node, A.N., axillary node. 

au to logous  l y m p h o c y t e  h u m a n  globul in  complex .  The  fl- 
galactos idase  a c t i v i t y  in spleen was a p p r o x i m a t e l y  7 t imes  
grea ter  t han  the  a c t i v i t y  in control  animals .  Fu r the rmore ,  
in addi t ion,  f l-galactosidase a c t i v i t y  was 3-4  t imes  g rea te r  
in thymus ,  mesenter ic  l y m p h  nodes and  axil laxy l y m p h  
nodes in the  tes t  an imals  ove r  t h a t  of cont ro l  animals .  
W h e n  the  lymphopoie t i c  sys tem is immunolog ica l ly  des- 
t royed,  the re  m a y  be  an unmask ing  or  prol i fera t ion o f  
re t i cu lum cells to regenera te  this organ.  These  re t i cu lum 
cells conta in  an  a b u n d a n t  n u m b e r  of lysosomal  enzymes  
such a fl-galactosidase. Thus,  t he  increase in lysosomal  
fl-galactosidase is p robab ly  the  resul t  of increased n u m b e r  
of r e t i cu lum cells. However ,  we do no t  feel t h a t  t he  in- 
crease in fl-galactosidase resul ted in s imilar  m a n n e r  as in 
our  recen t  expe r imen t s  where  increase in ~-gatactosidase 
was ach ieved  in t h e  m a m m a l i a n  re t icu loendothe l ia l  
sys t em ut i l iz ing an  inducer  subs tance  s,*. 

Zusammen/assung. Eine  auffa l lende Zunahme  von  8- 
Galactos idase  k o m m t  im lymphoe t i schen  SAuger-Gewebe 
im Z u s a m m e n h a n g  m i t  de r  immunolog i schen  Auf l6sung  
dieses Sys tems  vor .  Die  he rnach  an f t r e t ende  Pro l i fe ra t ion  
ret ikul t i rer  Zellen s teh t  im Z u s a m m e n h a n g  m i t  der  Re-  
genera t ion  dieses Organs.  Diese Zellen e n t h a l t e n  eine 
reichl iehe Anzah l  lysosomat ischer  E n z y m e  (z.B. fl-Gal- 
actosidase).  
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