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Laboratory of Biology, Xational Cancer Institute and Laboratory o f  Gerntfree 
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Although many investigators studied the 
distribution of antibody producing cells in 
the lymphoid tissues of rodents during the 
primary antibody response ( 1-5) , few 
studied the distribution of antigen reactive 
cells (6-8). Recent reports showed that the 
distribution of the latter cells in unimmu- 
nized animals varies within the same species 
depending upon the antigen-antibody system 
studied. For instance, studies of the primary 
antibody response of rats to sheep erythro- 
cytes (SRBC) show that the concentration of 
antigen reactive cells in the thoracic duct 
lymph is greater than that in the spleen ( 6 ) .  
On the other hand, studies of the primary 
response of rats to alum precipitated tetanus 
toxoid (TTAP) show that the relative con- 
centrations are reversed ( 7 ) .  

The object of the present investigation was 
to compare the distribution of antigen reac- 
tive cells in the lymphoid tissues of the rat 
and mouse using a single antigen-antibody 
system. In particular, we compared the abili- 
ty of syngeneic thoracic duct cells and spleen 
cells to restore the primary antibody re- 
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sponse of sublethally irradiated rats and mice 
to TTAP. The experimental results show 
that there are considerable differences in the 
distribution of antigen reactive cells in the 
two rodent species. 

Materials and Methods. Experimental ani- 
mals. Inbred Lewis rats obtained from Micro- 
biological Associates, Inc., Walkersville, Md. 
and (C57BL 'Ka )( C3HF/Lw)F1 mice main- 
tained in the Laboratory of Biology, National 
Cancer Institute, Bethesda, >Id. were used. 

Immunization and antibody iitration. Im- 
munization of rats to TTAP (Eli Lilly Co., 
Indianapolis, Indiana) was achieved by a sin- 
gle intraperitoneal (0.5 ml, 7.5 Lf) and sub- 
cutaneous (0.5 ml, 7.5 Lf) injection of 15 Lf 
toxoid. 3Iice were similarly immunized with 
7.5 Lf (total) toxoid. Antibody titrations 
were performed in microtiter agglutination 
plates (Cooke Engineering Co., Alexandria, 
Va.) using a previously described modifica- 
tion ( 7 )  of the tanned red cell hemagglutina- 
tion technique of Stavitsky (9).  

Irradiation. U'hole body X-irradiation was 
performed with two Westinghouse Quadro- 
condex units (15 mA; 200 kV, 54 cm SAD; 
0.25 mm Cu + 0.55 A1 Filtration; dose rate 
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of 139 R/min) . 
Collection of lymph.  The thoracic duct of 

200-250 g Lewis rats was cannulated by the 
method of Bollman et al. (10) and after the 
operation the rats were maintained unanes- 
thetized in restraining cages. Lymph was col- 
lected a t  4-10' into sterile flasks containing 5 
ml of Krebs-Ringer's solution with 100 
units of heparin and 0.5 mg of streptomycin. 

The thoracic duct of 25-30 g (C57BL/Ka 
X C3HF/Lw)F1 mice was cannulated by the 
method of Mandel (11). Mice were main- 
tained unanesthetized in Bollman cages after 
the operation. Lymph was collected a t  4-10' 
into sterile flasks containing 1 ml of phos- 
phate buffered saline (pH 7.2). Collections 
of lymph in both species were always made 
within the first 24 hr after cannulation of the 
thoracic duct. 

Preparation of cell suspensions. Thoracic 
duct cells were harvested from the lymph by 
centrifugation a t  about 150 g for 10 min and 
were resuspended in tissue culture medium 
199 ( Jlicrobiological Associates, Tnc., Bethes- 
da, Md.). Cell suspensions were injected 
into the lateral tail vein of the prospective 
recipients. Spleen cell suspensions were made 
according to the method of Billingham ( 12).  

ResuLts. Restora.tiue activity of thoracic 
duct cells and spleen cells in rats. Thoracic 
duct cells and spleen cells obtained from nor- 
mal male Lewis rats (unimmunized) were 
tested for their ability to restore the primary 
antibody response of sublethally irradiated 
male Lewis rats to TTAP. Figure 1 shows the 
primary response of normal rats 21 days 
after the injection of TTAP. The  response 
was abolished by exposure to 500 R whole 
body X-irradiation 24 hr prior to immuniza- 
tion (Fig. 1 ) .  An inoculum of 1 X 10" spleen 
cells injected intravenously 2 hr after irradi- 
ation was able to restore the response, but an 
inoculum of 2.5 X 10' thoracic duct cells 
was not (Fig. 1 ) .  

Restorative activity of thoracic duct cells 
and spleen cells in mice. Similar reconstitu- 
tion experiments were performed in (C57BL/ 
Ka x C3HF/Lw)FI mice. Figure 2 shows 
the primary response of normal mice 17 days 
after the injection of TTAP. The response 
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FIG. 1. Tanned red cell hemagglutinin response of 
rats to a single intraperitoneal and subcutaneous 
injection of 15 Lf (total) alum precipitated tetanus 
toxoid. Antibody titers were measured 2 1  days after 
the injection of toxoid. Sublethally irradiated rats 
received 500 R whole body irradiation 24 hr prior to 
the injection of toxoid. Thoracic duct cells and 
spleen cells were injected 2 hr after irradiation. 
Horizontal lines show the mean titer. 

was abolished by exposure to 4800 R whole 
body X-irradiation 24 hr prior to immuni- 
zation (Fig. 2 ) .  Excellent restoration of the 
response was achieved by the intravenous 
injection of 1 x lo7 thoracic duct cells 2 hr 
after irradiation (Fig. 2). Restoration ob- 
tained with 1 X lo7 spleen cells was less 
effective and 4 out of 8 recipients showed no 
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FIG. 2 .  Tanned red cell hemagglutinin response of 
mice to a single intraperitoneal and subcutaneous 
injection of 7.5 Lf (total) alum precipitated tetanus 
toxoid. Antibody titers were measured 17 days after 
the injection of toxoid. Sublethally irradiated mice 
received 400 R whole body irradiation 24 hr prior to 
the injection of toxoid. Thoracic duct cells and 
spleen cells were injected 2 hr after irradiation. 
Horizontal lines show the mean titer. 

*Open circle represents antibody titer of one 
mouse given 2 x lo7 thoracic duct cells. 
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demonstrable antibody titer a t  1 7  days. 
Discussion. The experimental results ob- 

tained using rats show that the concentration 
of tetanus toxoid reactive cells in the spleen 
is greater than that in the thoracic duct 
lymph. Previous studies show that the reac- 
tive cells are probably noncirculating lym- 
phocytes ( 7 ) .  The results obtained using 
mice show that the relative concentrations of 
tetanus toxoid reactive cells in the spleen and 
thoracic duct lymph are reversed. In the rat, 
an inoculum of 1 X 10’ spleen cells was able 
to restore the primary antibody response of 
sublethally irradiated recipients to TTAP, 
but an inoculum of 2.5 X los thoracic duct 
cells was not. On the other hand, in the 
mouse, an inoculum of 1 X lo7 thoracic duct 
cells or spleen cells was able to restore the 
antibody response. Spleen cells were less 
effective than thoracic duct cells. The latter 
finding may reflect the smaller proportion of 
circulating lymphocytes in the spleen of the 
mouse (which contains hematopoietic cells) as 
compared to thoracic duct lymph. Taken 
together, the experimental results using both 
rats and mice show that the distribution of 
antigen reactive cells can vary between spe- 
cies for a single antigen-antibody system. 

The explanation of the different distribu- 
tions of reactive cells in the two species is not 
clear. One possibility is that there is a single 
but different type of TTAP reactive cell 
present in each species. However, it is also 
possible that there are several types of TTAP 
reactive cells present in each species and 
that differences in antigen processing select 
out different reactive cell types. Evidence for 
the presence of more than one type of anti- 
gen reactive cell in the lymphoid tissues of a 
given species has already been reported in 

studies of the secondary antibody response to 
SRBC in the rat (13). 

Summary. The concentration of tetanus 
toxoid reactive cells in the spleen is greater 
than that in thoracic duct lymph in the rat. 
The relative concentrations of reactive cells 
are reversed in the mouse. One explanation of 
these results is that a single reactive cell 
type is different in the two species. An alter- 
native explanation is that several reactive cell 
types are present in either species and that 
differences in antigen processing select out 
different reactive cell types. 
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