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and their immune complex trapping ability 
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Summary. The postnatal development of dendritic 
reticulum cells in the rat popliteal lymph nodes was 
electron microscopically investigated in relation to 
the appearance of immune complex trapping capacity. 
The popliteal lymph nodes of neonatal rat consisted of 
loosely arranged fibroblastic reticulum cells. In the 
following stage, the ueripheral cortex and paracortex 
became distinguishable. The former was made up of an 
accumulation of small lymphocytes, scattered within a 
framework of reticulum cells. On te 28 th day, the first 
primary follicle appeared in the peripheral cortex. 
Simultaneously the immune complex could be trapped on 
the cytoplasmic membrane of reticulum cells, which were 
located in the central portion of the primary follicles. The 
early image of germina1 centers appeared corresponding 
to immune complex trapping areas. In the well-developed 
secondary follicles, the immune complex trapping cells 
were mainly localized in the cap area. Their cytoplasmic 
membranes formed the dendritic processes, on which 
the distinct ability of trapping of the immune complex was 
recognized. It was dernonstrated that the fibroblastic 
reticulum cells, forming the stromaof lymph nodes, were 
transformed into the typicai dendritic reticulum cells with 
labyrinth structures in the cap area. 

Desmosomal junctions were often found, not only 
between the dendritic reticulum cells themselves, but 
aiso between the dendritic reticulum cells and lymphocytes. 
We suggest that the desmosomal junctions play a role as 
the channel for a transmission of immunological 
information. 

Offprintrequests to: Yutaka Imai, Department of Pathology. 
Yamagata University School oFMedicine, Zao lida Yamagata, 
990-23 Japan 

Key words: Rat lymph node - Dendritic reticulum cells 
- Immune complex trappping - Postnatal development 

lntroduction 

Recently much effort has been devoted to the study of 
rnorphology and functions of non-lymphoid cells in the 
lymphoid tissues. Among the non-lymphoid cells, 
interdigitating cells (IDC) and dendritic reticulum cells 
(DRC) form the special microenvironment. They play an 
important role in homing, development and interactions 
of T and B lymphocytes. With regard to DRC, Chen et 
al. (1978) showed the retention of horseradish peroxidase 
(HRP)-anti-HRP immune complex in ultrastructural 
observation. It has been shown that the DRC plays an 
important role in follicular trapping of antigenic materials, 
although the origin of DRC and the trapping mechanisms 
have not been verified. 

Our purpose in this study is to investigate the origin 
of DRC and the temporal'development of immune 
complex trapping ability of DRC. Therefore, we obsewed 
the postnatal development of the DRC in the popliteal 
lymph nodes of rats, in relation to the appearance of 
immune complex trapping ability. Furthermore, we rnade 
an attempt to .show a significance of desmosomal 
junctions, which were often found on the processes of the 
DRC in the secondary follicles. 

Materials and methods 

Pregnant Wistar rats (Charles River Japan Inc.) were 
kept under the routine laboratory conditions. Popliteal 
lymph nodes were extirpated from at least two rats, at the 
following stages: 0, 1,2, 3 ,4 ,6 ,  8,. 10, 14, 16, 18,21,24, 
28, 35, 42 and 49 days postnatally. For the purpose of 
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Fig. 1. This schematic diagram summarlzes 
the postnatal developrnent of lymph follicles 
and the transformation of the reticulurn 

P ,P :-. cells. 1. One day after birth, the cortical 
area is poorly developed. The basic 
framework consists of the fibroblastic 
reticulum cells (FRC). 2. Two weeks aíter 
birth, the peripheral cortex shows a broad 
expansion with the accumulation of small 
lymphocytes. Generally, reticulum cells (RC) 
are polygonal and display well-developed 
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rER. The cytoplasmic processes often 
F R C  embrace bundles of reticulin fibers (F). 3. Four 

weeks after birth, the first primary follicles 
appear in the peripheral cortex, having 
nodular accumulation of small lymphocytes. 
The polygonal reticulum cells (RC), in the 
central portion of the prirnary follicle íPF), 
shows the distinct PAP trapping. 4. Seven 
weeks after birth, the well-developed 

4 secondary follicle (SF) shows a clear 
polarization. PAP .trapping cells in the cap 
area are the typical dendritic reticulum cells 
(DRC) with complicated labyrinth structures. 
PAP trapping is especially remarkable on the 

S labyrinth structures (LS). 

detection of the temporal follicular trapping ability, 
the single injection of immune complex (rabbit 
peroxidase-anti-peroxidase soluble complex, PAP) was 
administered to each serial rat in footpads, one day before 
the extirpation of popliteal lymph nodes. After 
extirpation, lymph nodes were f i e d  in the mixture of 4% 
praformaldehyde and 2% glutaraldehyde, buffered by 
0.1 M phosphate buffer (pH 7.4) at 4' C for 4 hours. The 
fixed tissues were sliced into approximately 30 pm sections 
with the Microslicer (Dosaka EM Co., LTD). After rinsing 
three times with 0.05 M Tris-HC1 buffer, the lymph node 
sections were incubated in 0.05% 3,3'-diaminobenzidine 
tetra-hydrochloride (DAB) containing 0.003% H,O, for 
20 minutes at room temperature. Following postfixation 
with 1% Oso,, each section was dehydrated through 
graded alcohol and propylene oxide, and embedded 
horizontally in Epon columns. Ultrathin sections were 
stained with uranyl acetate and lead citrate for electron 
microscopical obsewations. 

Results 

The postnatal development of the popliteal lymph 
nodes of rats was divided into the following serial stages: 
1) early development, 2) development of cortical area, 3) 
development of primary follicles, 4) development of 

secondary follicles. In the schematic diagrams (Fig. l), 
the histogenesis of lymph follicles and the transformation 
of reticulum cells are summarized. In the present study, 
stage three was closely related to the appearance of 
follicular trapping ability of PAP. 

1. Early development 

The popliteal lymph nodes of newborn Wistar rats 
were immature; however, the nodal parenchyma was 
already divided into two compartements, the cortex 
and the medulla. The basic framework of the cortex 
consisted of fibroblastic reticulum cells. A few 
limphoid cells were scattered among the fibroblastic 
reticulum cells. The medulla was composed mainly of 
undifferentiated lymphatic sinuses and blood vessels. 
In the sinusoidal space, mononuclear phagocytes were 
recognizable. In electron microscopical observation, 
the fibroblastic reticulum cells displayed a spindleshaped 
nucleus with dispersed heterochromatin and a large 
prominent nucleolus. Their cytoplasm showed the 
bipolarly elongated profiles, in which small aggregated 
bundles of reticulin fibers were often embraced. 
The rough endoplasmic reticulum (rER) was poorly 
developed and slightly dilated. It contained some 
electron-lucent materials (Fig. 2). 
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Fig. 2. One day after birth, the 
fibroblastic reticulum cells (FRC) 
forrn the reticular network in the 
cortical area where a few lyrnphoid 
cells (L) are scattered. x 2,500 

Fig. 3. Polygonal reticulurn cell 
(RC) in peripheral cortex, 21st 
day after birth. Desrnosornal 
junctions are present between the 
neighboring reticulum cell (arrow) 
and lyrnphocyte (double arrow). RC 
ernbraces bundles of collagen fibers 
(F) in the cytoplasrn. x 8,000 

3. Development of primary follicles 4. De velopmen t o f secondary follicles 

The progressive development of the peripheral cortex Germina1 centers were fust recognized about five weeks 
was remarkable, following completion of the paracortical after birth, although it varied in each individual. The early 
arpa T ~ P  f i r ~ t  nrimarv fnllirl~ was recneni7~-d 28 davs i m a ~ e  of eerminal centers was Incated in  the r ~ n t r n l  
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of follicular dendritic cells and that antigen retention 
required the specific antibody. Klaus et al. (1980) 
and Mandel et al. (1980) reviewed the functional aspect 
of antigens on the follicular dendritic cells. In their 
observations, HRP was one of the excellent antigens used. 
In the present study, commercial PAP (Dakopatts) was 
used enabling many efficient photographs explaining 
follicular trapping to be taken. 

Recent interest in ontogenical study of lymph nodes is 
focused on the origin and the functions of non-lymphoid 
cells. Concerning DRC, Villena et al. (1983) divided 
the postnatal development of rat popliteal lymph 
nodes into four stages and ascribed the origin of DRC to 
fibroblastic reticulum cells. Our present study supports 
their findings. The popliteal lymph nodes of newborn rat 
were immature in development and the basic framework 
of the cortex consisted of reticular cells. These reticular 
cells are called mesenchymal cells (Eikelenboom, 1978), 
primitive reticular cells (Groscurth, 1980) or fibroblastic 
reticulum cells (Villena et al., 1983). Terminology 
of antigen trapping cells in the lymphoid follicles 
is also confusing, being called antigen retaining cells, 
follicular dendritic cells, dendritic reticulum cells etc. 
Kojima (1976) named the peculiar cells with labyrinth 
structures and desmosomes in secondary follicles, 
"desmo-dendric cells". In the present study, we have 
shown that the fibroblastic cells, constituting the 
framework of lymph nodes, were transformed into 
the dendritic reticulum cells in the germinal centers, 
Moreover, the ordinary reticulum cells in primary follicles 
had already gained the ability of immune complex 
trapping. However, a remarkable difference was observed 
between the ordinary reticulum cells and the dendritic 
reticulum cells. Imai et al. (1983) reported that the 
ordinary reticulum cells in primary follicles had no 
complicated labyrinth structure, but the dendritic 
reticulum cells in secondary follicles had abundant 
distinct labyrinth structures. 

Recently, we investigated the postnatal development of 
white pulp in rat spleen a d  obtained findings similar to 
those of lymph nodes. Briefly, the accumulation of 
lymphocytes in the peripheral portion of white pulp 
induced the formation of nodular structure, about three 
weeks after birth. At the same time, PAP trapping 

.appeared on the cytoplasmic membranes of reticulum cells 
in the nodules (unpublished data). Bélisle et al. (1981) 
studied the tridimensional structures of the deep cortex 
of rat lymph nodes and reported that the deep cortex 
consisted of deep cortex units (DCU). The development 
of DCU is related to the distribution of afferent 
lymphatic vessels. The clear polarization of well-developed 
secondary follicles and immune complex trapping 
functions in the cap area is quite helpful in immune 
response, since many antigens invade from the afferent 
lymphatic vessels. 

It is not clear whether the appearance of the ability of 
immune complex trapping in lymph follicles originates 
from the differentiation of reticulum cells themselves or 
from the surrounding lymphocytes. 

We often observed desmosomal junctions on the 
processes of reticulum cells, these junctions connecting the 
reticulum cells with neighboring reticulum cells and 
lymphocytes. These findings show the close relationship 
between the reticulum cells and lymphocytes; it being 
suggested that a transfer of information is carried through 
the desmosomal junctions. 
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