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Editorial: Lymphocyte traffic, endothelium, and
rheumatoid arthritis
It is a widely held belief that the pathogenesis of
rheumatoid arthritis (RA) involves the response of
T lymphocytes to antigen within the synovium, with
the recruitment of lymphocytes, monocytes, and
neutrophils into the tissue. The subsequent release
of acute inflammatory mediators leads to the activa-
tion of connective tissue and eventual joint destruc-
tion. At the start of the process, lymphocytes pass
into the tissue by adhering to the endothelium of
synovial post-capillary venules, migrating through
the blood vessel wall, and subsequently distributing
along chemotactic gradients to characteristic micro-
environments within the tissues.' It is likely that the
key cellular event that determines whether a circu-
lating lymphocyte passes into the synovium is the
adhesive interaction between lymphocytes and the
endothelial cells (EC) of the vessel wall.
Two approaches have recently been used to

investigate the control of lymphocyte-EC adhesion
in chronic inflammation. The first approach rests on
the hypothesis that the endothelium of small vessels
in inflammatory tissue becomes more adhesive for
circulating lymphocytes in response to cytokines
liberated within the tissues during the inflammatory
response.

This concept has been supported by the demon-
stration that several agents, including interferon-y,2
interleukin 1,3 tumour necrosis factor,4 and bacterial
lipopolysaccharide,S stimulate EC adhesiveness for
lymphocytes in tissue culture. The increased ad-
hesiveness ofEC is inhibited at 40C3 5 and by protein
synthesis inhibitors,6 and is stable to light fixation
with paraformaldehyde,3 5 suggesting that it is due
to the induction or increased expression of lympho-
cyte adhesion receptors on the EC membrane.
Although these experiments have mostly been

performed on EC derived from human umbilical
veins, their relevance to inflammation is supported
by (a) the reproducibility of the results using
microvascular EC,7 (b) the induction on EC during
a delayed-type hypersensitivity response in vivo of a
cytokine stimulated activation antigen related to
leucocyte adhesion,8 and (c) the recent finding that
the great preponderance of helper-inducer (mono-
clonal antibodies 4B4+, UCHLI+) CD4+ T cells
compared with suppressor-inducer (monoclonal
antibody 2H4+) CD4+ T cells in inflamed
synovium9 is paralleled by a strong adhesiveness of
the same T cell subset to EC in vitro (unpublished
data).
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EC have also been shown to become more
adhesive for neutrophils and monocytes in response
to cytokine stimulation,'0 although it is likely that
different molecules are involved in the adhesion
interactions between EC and the various leucocyte
types."1-3 Therefore, cytokine stimulated endo-
thelial adhesiveness for leucocytes may constitute a
general positive feedback mechanism leading to the
initiation and maintenance of leucocyte traffic into
the joint. Moreover, this response of the synovial
endothelium to local or systemic cytokines may help
explain how the onset or exacerbation of RA is
sometimes associated with local trauma14 or extra-
articular infection or tumour. 15
The second approach was stimulated by the

observation that post-capillary venules can be found
in established synovitis16 and in other examples of
chronic inflammatory tissue'7 which are similar or
even identical in appearance to the 'high endothelial
venules' (HEV) of secondary lymphoid organs.
HEV in lymphoid organs are adapted to support
lymphocyte traffic into the lymphoid parenchyma"8 19
and are thought to be maintained by on-going
cytokine stimulation.20 21 The ability of lymphocytes
to adhere to HEV in frozen organ sections2223 in
vitro has been shown to correlate with lymphocyte
homing to lymphoid organs in vivo.23 The adap-
tation of the lymph node frozen section assay22 23 to
synovial sections24 has therefore enabled the inves-
tigation of the way in which lymphocyte traffic
through lymphoid organs relates to arthritis.
Lymphocyte recirculation is not a random process

as different pathways of migration have been shown
to exist for gut associated and peripheral lympho-
cytes.25 These pathways are determined, at least in
part, by specific ligand-receptor interactions with
which lymphocytes 'home' to the luminal surface of
HEV EC in the respective lymphoid organs. The
possibility that the traffic of lymphocytes through
inflamed synovium may be part of such a pathway of
recirculation is very attractive as the identification of
other organs through which synovial lymphocytes
migrate could provide important insights into the
pathogenesis of synovitis. It now appears that
lymphocytes 'home' to rheumatoid synovial HEV-
like vessels by way of adhesion molecules that are
distinct from those previously defined for lympho-
cyte adhesion to peripheral lymph node or mucosal
lymph node HEV.26 Whether the adhesion mole-
cules governing lymphocyte 'homing' to inflamed
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synovium are specific for synovium, are shared with
only certain other organs, or are a general feature of
the chronic inflammatory response remains to be
determined.
The understanding gained from these two

approaches supports the idea that cytokines released
in the inflammatory milieu of synovitis lead to the
development of a specialised microvasculature that
is functionally and morphologically suited to support
lymphocyte traffic into the joint. Judging from
experience with thoracic duct drainage and lympho-
cytapheresis,27-29 the interruption of lymphocyte
migration by inhibition of lymphocyte adhesion to
endothelium could be an effective therapy for
chronic synovitis. The identification of lymphocyte
traffic pathways which involve joints, of lymphocyte
subsets that 'home' to synovium, and of the adhesion
molecules by which lymphocytes adhere to synovial
EC therefore promises exciting opportunities for
developing purpose built anti-inflammatory agents
that act by blocking lymphocyte migration into the
synovium.
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