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cells. We further examined the ultrastructure of the lymph
node capsule, and determined that it is unlikely to form
an impenetrable barrier to cells, and indeed both den-
dritic cells and adipocyte-like cells are regularly seen in
sections of lymph node capsule (e.g. Figure 7E). All
these results support our hypothesis that small
adipocytes are deployed from perinodal adipose tissue
into lymph nodes, where they serve as reservoirs to
fuel an immune response, and that this process is medi-
ated by dendritic cells.

The presence of lipid-containing cells in lymph nodes
is well known. As expected from many previous ob-
servations, Oil red O stained cells were seen through-
out the lymph node. However, from preliminary
immunoperoxidase staining studies (not shown) most
of these cells did not appear to express the adipocyte
markers, and are therefore likely to represent the cells
containing Gall bodies.

Our hypothesis is supported by other previous
work. S100$% protein has been shown to be expressed
in immunoreactive giant cells in lymphoid tissue[17].
These cells had the morphology dendritic cells, with
irregularly-shaped, euchromatic nuclei, phagosomes of
various diameters, numerous mitochondria and mi-
crofilaments in the perikaryon, and processes free of
cell organelles. Furthermore, it has been shown that

some follicular dendritic cells stain for the S100 protein
and are present mainly in primary follicles with a few
cells distributed in the secondary follicles[18]. This is
consistent with the localisation that we have found (Fig-
ure 3). A number of studies published in the 1970s and
1980s have reported expression of the insulin receptor
by lymph node lymphoid cells, and have variously linked
expression to lymph node activation[19-23]. More recently,
Helderman[24] showed that insulin exerts a regulatory
role for T helper cells to provide help for insulin recep-
tor synthesis by B cells, while also serving a number of
intermediary metabolic functions in the activated lym-
phocytes. However, the role of insulin receptors in spe-
cific lymphoid cell types remains unclear. Interestingly,
Fossum&Vaaland[25] observed aggregates of lipid-laden
cells in lymph nodes from mice. They described these
cells as having granules containing osmophilic material,
probably lipid, and resembling dendritic cells in mor-
phology. It is possible that these authors were observ-
ing the pairs of cells that we report here, or that they
were observing dendritic cells which were filled with
TAG received from adipocytes.

Our electron microscopical analysis of LPS-stimu-
lated lymph nodes showed that adipocyte-like cells
were present in the nodes. Immunolabelling confirmed
that the putative adipocytes expressed S100áâ pro-

Figure 6 : OX62 immunogold staining (arrowheads) of cells adjacent to adipocytes within lymph nodes. Ad, adipocyte. Bars:
A, C, D = 100 nm; B = 500 nm.
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Figure 7 : Lymph node capsules surrounding stimulated (A, B, C, D) and unstimulated (E, F) lymph nodes.A, C, D = TEM; B,
D, F = SEM. Bars: A-E = 2ìm; F = 10 ìm. Ad, adipocyte; Co, collagen fibrils; De, dendritic cell; Cap, capsule.

tein; they shared morphological and receptor char-
acteristics with mature adipocytes in adipose tissue
but were much smaller in size. They were frequently
observed in close proximity to dendritic cells (Fig-
ures 5 and 6), but only following an immune chal-
lenge. We suggest that these cell pairings represent a
functional association and form part of the mecha-
nism that conveys triacylglycerol fatty acids to the
lymph node cells.

The mechanism and timing of formation of these
cell pairings is not clear. One possibility is that small
adipocytes can migrate directly across the capsule into
the lymph node, and that following immune challenge
they form associations with dendritic cells within the
node. Another possibility is that upon immune chal-

lenge dendritic cells migrate out into the perinodal
adipose tissue and capture whole or partial adipocytes,
returning to the lymph node with a supply of TAG.
Finally it is possible that dendritic cells already exist in
perinodal adipose tissue in a pairing with adipocytes
(or fragments derived from them), and immune chal-
lenge merely activates their migration into the lymph
node. However, these last two models do not easily
explain the presence of adipocyte-like cells in
unstimulated lymph nodes. Note that, in order to fa-
cilitate any of these mechanisms the lymph node cap-
sule must be leaky, presenting no physical barrier to
cell passage, and indeed the evidence presented here
does indicate that the structure of the capsule is very
likely to allow this (Figure 7).
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CONCLUSION

We have for the first time shown that small
adipocytes are present deep inside lymph nodes. These
adipocytes express S100áâ protein and the insulin re-

ceptor, their cytoplasm is occupied by a single lipid drop-
let and they show the morphological characteristics of
mature adipocytes found in adipose tissue. Following
an immune challenge to the lymph node, the adipocyte-
like cells are observed paired with dendritic cells, and
we propose that this is a functional association that fa-
cilitates a rapid immune response. We propose that di-
rect migration of small adipocytes across the lymph node
capsule is possible, and show that the ultrastructure of
the capsule is sufficiently loose to permit this migration.
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