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D. A. Steeber et al. 

Figure 3 Popliteal lymph node pair seven days following footpad inoculations. (a) Saline injection. High­
endothelial venules are distinctly visible (arrowheads). Bar = 1 mm. (b) KLH injection. The peripheral capillary 
network (white arrowheads) and high-endothelial venutes (bordered arrowheads) are visible. Bar= 1 mm. 

resulting from antigen stimulation in non-lymphocyte­
depleted animals, does not occur (compare Figures 7a 
and 7b with Figures 2a and 2b). In fact, the dimensions 
of this irradiated, sti mutated node are comparable to 
control nodes of normal animals (Figures la, 2a, and 
3a). Figures Ba and 8b illustrate the lack of size 
increase in the stimulated node over the contralateral 
control node at seven days post-challenge and eight days 
post-irradiation. The HE cell impressions are again 
observed to be shallower than those seen in casts of 
normal animals (compare to Figure Sa). 

Discussion 

The microvascular system of the peripheral lymph 
node has been suggested to undergo significant 
alterations, including increased blood flow and 
vascularity, during an immune response to antigen 
(3,5,13,15,18). The mechanism(s) by which these 
alterations occur following antigen stimulation is still 
unresolved. Herman et al. (18) reported these increases 
in blood flow and vascularity to be the result of a 
redistribution and straightening of the existing vessels. 
Others (5, 13) have suggested that the increased blood 
flow is due to vascular dilation and the increased 
vascularity due to new vessel growth. Our results 
support an initial period of vascular dilation and 
redistribution of blood flow followed by a period of 
vascular proliferation in response to antigen 
stimulation. 

The initial redistribution of blood flow was 
observed 13 h post-antigen sti mutation. This 
corresponds very closely with peaks in blood flow 
observed at approximately 14 h following antigen 
stimulation (13). At this time the peripheral capillary 
network appeared to be less extensive in the stimulated 
nodes than in the control nodes (see Figure 1). This 
apparent alteration in resin flow may be the result of a 
diversion of the blood flow through arterio-venous 
anastomoses (AVA). The presence of AVA in the 
peripheral lymph node has been reported previously 
(1,5,15,20) and an increase in shunt flow following 
antigen stimulation has been described by Herman et al. 
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(17). We have not been able to confirm the presence of 
A VA in our casts and further study is warranted to 
clarify this point. 

Microvascutar size increases were first observed 
at day two post-antigen stimulation (data not shown) 
and peaked at day seven. At day seven post-antigen 
stimulation the microvascular volume increased four­
and one-half-fold relative to its contralateral saline 
injected control. To achieve such a size increase by 
vessel redistribution and expansion without new vessel 
growth, as argued by Herman et al. (18), a corresponding 
reduction in the vascular density, due to spreading and 
straightening of vessels as the bed expands to fill the 
increased volume, should be observed. Our results show 
that the volume increase occurs in a stimulated node 
concurrent with a significant increase in the vascular 
density (see Figure 3). This could be explained by 
assuming the existence of a reserve of preformed 
"collapsed" vessels which become filled following 
antigen stimulation. While such collapsed vessels could 
be contained within the unstimulated node they would 
occupy a considerable area, most probably in the 
subcapsutar region. At present no such reserve has been 
reported. Therefore, we feel vessel growth accounts, in 
part, for the increases in both vascular size and density 
observed following antigen stimulation. 

The high-endothelial venules (HEY) found in the 
peripheral lymphoid tissue have been intensely studied 
since Gowans and Knight (8) demonstrated their 
involvement in lymphocyte trafficking. To study the 
activity of these specialized venules and determine 
their interactions with other vessels, researchers have 
attempted to find a suitable means of constructing a 
three-dimensional picture of the entire peripheral lymph 
node microvasculature (1,2,23). Previously the ability 
to completely and accurately replicate the 
m icrovascular system of lymphoid tissues by 
microcorrosion casting was demonstrated (20). In the 
present study microcorrosion casting was found to be a 
simple and direct way of identifying and viewing the 
individual vessels of the peripheral lymph node. This 
technique allowed unobstructed three-dimensional 
viewing of all the vessels in the peripheral lymph node 



Vascular Casting of Lymph Nodes 

Figure 4 Stereomicrograph 
of the peripheral aspects of 
a popliteal lymph node 
cast. Blood flow can be 
followed from arteriole (A) 
to high-endothelial venule 
(HEY). Arrows point to 
connecting capillaries. 
Bar = 100 µm. 

Figure 5 Micrographs taken from a popliteal lymph 
node pair three days following footpad inoculations. 
(a) KLH injection. The efferent end of a capillary is 
seen to connect directly to the afferent end of a high­
endothelial venule (HEY). Note the abrupt transition 
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(arrow) of capillary (C) to HEY. Bar= 100 µm. (b) The 
efferent end of the high-endothelial venule (HEY) shown 
in (a). The high-endothelial cell impressions (black 
arrowheads) are gradually replaced with normal flat­
endothelial cell ( white arrowheads) impressions of a 
draining vein (V). Small plaques (p) at the base of the 
high-endothelial cell impressions can be seen. 
Bar = 100 µm. (c) Saline injection. Note the imprint 
morphology of the high-endothelial venules (arrowheads) 
is similar to that seen in the stimulated node (a). 
Bar = 100 µm. 


