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Abstract

The infiltration of the synovial membrane (SM) by mononu-
clear cells, mostly T cells, is a typical histopathological feature
associated with rheumatoid arthritis (RA). The entry of T lym-
phocytes into the SM is believed to be mediated by a number of
molecules in the endothelium that are induced in response to a
series of inflammatory mediators. In this study, we have inves-
tigated the adhesion of synovial T cells from RA patients to two
endothelial ligands: endothelial-leukocyte adhesion molecule-1
(ELAM-1), the only selectin known to function as a vascular
addressin for T cells, and vascular cell adhesion molecule-1
(VCAM-1), the cellular ligand of VLA-4. Our results clearly
demonstrate that synovial T cells isolated from both SM and
synovial fluid (SF), bearing an activated and memory pheno-
type, displayed an enhanced capacity to interact with these two
endothelial molecules as compared with T cells from peripheral
blood (PB) either of the same RA patients or healthy donors. A
further enhancement of VLA-4-mediated T cell binding to
VCAM-1 and fibronectin could be observed when already in
vivo-activated synovial T cells were stimulated in vitro with
phorbol esters, suggesting the existence of several cellular af-
finity levels for both very late activation-4 (VLA-4) ligands.
Moreover, both PB and synovial T cells from RA patients ex-
hibited strong proliferative responses when they were cultured
with either fibronectin or VCAM-1 in combination with submi-
togenic doses of anti-CD3 mAb. This increased endothelial
binding ability of synovial T lymphocytes together with their
proliferation in response to the interaction with VCAM-1 and
fibronectin may represent important mechanisms in the regula-
tion of T cell penetration and persistence in the chronically
inflamed SM of RA. (J. Clin. Invest. 1992. 89:1445-1452.)
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Introduction

RA constitutes one of the paradigms of chronic inflammatory
processes in humans. T cells emigrating from peripheral blood
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(PB)! and infiltrating the RA synovial membrane (SM) are be-
lieved to play an important role in the pathogenesis of the dis-
ease (1-4). The entry of PB T lymphocytes to the SM requires,
as a first step, the binding of T cells to the endothelium (re-
viewed in refs. 2 and 3). A wide array of adhesion molecules has
been described to be involved in this interaction (5-8). Recent
reports indicate that the initial leukocyte interaction with endo-
thelium is mediated by CD62 (PADGEM/GMP140) and endo-
thelial-leukocyte adhesion molecule-1 (ELAM-1) molecules
that belong to a newly described group of structurally related
cell adhesion receptors, termed selectins (9-14), which also in-
clude the MEL-14/LAM-1 homing receptor (15). In myeloid
cells, certain carbohydrate determinants, Lewis X and sialyl-
ated Lewis X epitopes, have been described as ligands for CD62
and ELAM-1 (16-20). A T cell subset has been demonstrated
to bind to the endothelial ELAM-1 molecule; however, the T
cell counter receptor for this selectin remains unidentified
(21-23).

Once the leukocyte selectin-mediated binding to endothe-
lial cells (EC) has taken place, the leukocyte integrins and their
counter receptors in EC participate in the subsequent shear-re-
sistant attachment to endothelium, and in the penetration into
the inflammed tissue (11-14). Integrins, comprising a group of
af heterodimers involved in both cell-cell contacts and cell-ex-
tracellular matrix (ECM) interactions (7, 8), have also been
implicated in lymphocyte binding to endothelium. While lym-
phocyte function associated antigen-1 (LFA-1) interacts with
ICAM-1 and ICAM-2 (24-26), very late antigen-4 (VLA-4)
integrin binds to other endothelial ligand known as vascular
cell adhesion molecule-1 (VCAM-1)/inducible cell adhesion
molecule 110 (INCAM-110) (27, 28). VLA-4 is the only inte-
grin that, in addition to its involvement in leukocyte-endothe-
lial adhesion, has also been implicated in the attachment to the
ECM component fibronectin (FN) (29, 30).

The pathogenesis of RA lesions remains controversial.
Some reports show the increment of an activated circulating T
cell population in RA (31) which should, therefore, be able to
migrate and bind to EC in SM. Other authors emphasize the
role of local factors within the SM itself, especially infiltrating T
lymphocytes (reviewed in references 2 and 4). In any case, an
upregulated expression of some adhesion molecules (VLA-1
and VLA-4), as well as the expression of a memory

1. Abbreviations used in this paper: EC, endothelial cells; ECM, extra-
cellular matrix; ELAM-1, endothelial-leukocyte adhesion molecule-1;
FN, fibronectin; FN38, 38-kD proteolytic FN; MFI, mean fluorescence
intensity; MNC, mononuclear cells; PB, peripheral blood; PMA, phor-
bol 12 myristate 13 acetate; rsELAM-1, recombinant soluble ELAM-1;
rsVCAM-1, recombinant soluble VCAM-1; SF, synovial fluid; SM,
synovial membrane, VLA, very late antigens.
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(CD45RO+) and activated (HLA-DR, CD69/AIM) phenotype
by synovial T cells, have been recently documented (32-37).
In this study, we have investigated the binding of T lympho-
cytes isolated from the three compartments (peripheral blood,
synovial membrane, and synovial fluid [SF]) of RA patients to
two adhesion molecules specifically expressed by activated en-
dothelial cells: ELAM-1 and VCAM-1. Our results show an
upregulated T cell adhesiveness to both EC ligands, as well as
an increased attachment to FN. The significance of these phe-
nomena are discussed in the context of the RA pathogenesis.

Methods

Patients. 13 patients diagnosed as having RA according to American
College of Rheumatology criteria (38) were studied. SF and PB were
collected from all of them. Synovial tissue was obtained during syno-
vectomy in two of these RA patients undergoing knee surgery. Their
mean age was 55.1 yr (ranging from 30 to 60 yr), and the duration of
disease ranged from 2 mo to 40 yr, with a mean of 12 yr of evolution.
Four patients were taking nonsteroidal antinflammatory drugs, four
were on prednisone (< 20 mg/d), two patients were treated with metho-
trexate, three were treated with gold salts, one with antimalarial com-
pounds, and one with D-penicillamine.

Monoclonal antibodies. CD3 SPV-T3b mAb was kindly provided
by Dr. De Vries (UNICET Labs, Dardilly, France) (39). HP2/1 is di-
rected against a4 chain of VLA-4 (40). TS2/16 mAb recognizes the 81
common chain of VLA family, and was previously characterized (41).
Anti-VCAM-1 4B9 mAb (42) was the generous gift of Dr. Harlan (Uni-
versity of Washington, Seattle, WA). BB11 mAb recognizes ELAM-1,
as previously described (43). TP1/55 and TP1/8 mAb, recognizing
AIM/CD69, and D3/9 mAb, directed against CD45, were obtained in
our laboratory (44, 45). Anti-CD45RO UCHL1 mAb was kindly sup-
plied by Dr. Beverley (Imperial Cancer Res. Fund, London, UK) (46).
CSLEX1 mADb that recognizes sialylated Lewis x antigen was gener-
ously provided by Dr. Hardy (University of California, Los Angeles,
CA.) (47).

Cell isolation and culturing. Peripheral blood and SF samples were
collected at the same time on heparinized tubes. T cells (> 90% CD3+
and < 2% CD11b+ and CD19+) were purified from mononuclear cells
(MNC) obtained after Lymphoprep® (Nycomed Pharma AS, Oslo,
Norway) gradient centrifugation and removal of adherent cells on plas-
tics flasks (Costar Corp., Cambridge, MA). Purification was achieved
by passage through nylon wool columns (DuPont/NEN, Boston, MA).
Peripheral blood T cells from five voluntary healthy donors were ob-
tained as described for RA patients’ T cells.

Synovial membranes (SM) obtained at the time of surgery from RA
patients were treated for 2 h at 37°C with 2 mg/ml of type P collagenase
(Boehringer Manheim Diagnostics, GmbH, Germany) in serum-free
RPMI 1640 culture medium (Flow Laboratories, Inc., Irvine, Scot-
land). Cells were maintained overnight at 37°C in RPMI 1640 supple-
mented with 10% FCS, 2 mM L-glutamine, 50 U/ml penicillin, and 50
ug/ml streptomicin (all from Flow Laboratories Inc.) (complete me-
dium). After overnight incubation, nonadherent cells were subjected to
a Lymphoprep™ gradient centrifugation, and MNC so obtained
passed through nylon-wool columns. This T cell-enriched population
was > 90% CD3+ and < 2% of CD19+, CD11b, or CD14+.

Reagents. Phorbol 12 myristate 13 acetate (PMA) and F(ab')2 frag-
ments of sheep anti-mouse IgG antiserum were purchased from Sigma
Chemical Co. (St. Louis, MO).

Flow cytometry analysis. T cells were incubated with hybridoma
culture supernatants for 30 min at 4°C. After two washes with cold
PBS, the cells were stained with a goat anti-mouse F(ab’)2 fragment-
FITC (Dakopatts, Copenhagen, Denmark), followed by another two
washes with cold PBS. Single color fluorescence was analyzed by flow
cytometry, using a EPICS-C (Coulter, Corp., Hialeah, FL). The final
percentage of positive cells was obtained by subtracting the values of
negative control X63 from those obtained with every specific marker.
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Cell attachment assays. Recombinant soluble VCAM-1 (rsVCAM-
1) and ELAM-1 (rsELAM-1) were purified by immunoaffinity chroma-
tography from conditioned medium of Chinese hamster ovary (CHO)
cells stably transfected with a truncated cDNA for VCAM-1 and
ELAM-1, respectively (23, 48). A 38-kD proteolytic fibronectin (FN38)
fragment was kindly supplied by Dr. A. Garcia-Pardo (Centro de Inves-
tigaciones Bioldgicas, CSIC, Madrid), and obtained as described (29).
Type I collagen was purchased from Sigma Chemical Co.

Adhesion assays were performed as previously described (37).
Briefly, 96-well microtiter EIA II Linbro plates (Flow Laboratory Inc.)
were coated overnight at 4°C with 50 ul of different proteins (40 ug/ml
of FN38 or collagen, and 10 ug/ml of rsVCAM-1 or rsELAM-1) dis-
solved in CO3HNa 0.1 M. Unbound sites were saturated with RPMI
1640-1% HSA for 2 h at 37°C. Thereafter, plates were gently washed
with RPMI 1640 and 1.5 X 10° cells in 100 ul were added to wells and
incubated for 30 min at 37°C. Then, plates were washed three times
and examined in an inverted microscope by at least two independent
observers. Each condition was performed in duplicate. Within each
well, cells from at least three different fields were counted. The number
of cells counted in a nonwashed well was considered as maximum
binding. In inhibition assays, cells were incubated for 30 min at 4°C
with 25% final volume of hybridoma culture supernatants of anti-a4
HP2/1 or anti-CD45 D3/9 mAb, or with purified anti-VCAM-1 4B9 or
anti-ELAM-1 BB11 mAb at 10 pg/ml.

Proliferation assays. Flat-bottomed 96-well culture plates (Costar
Corp.) were coated with 50 ul of anti-CD3 SPV T3b mAb at 2 ug/ml
(100 ng/well) in PBS pH 8.0. Upon 4 h incubation at 37°C, plates were
gently washed with RPMI 1640, and 50 ul of either FN38 fragment or
rsVCAM-1 at 10 ug/ml (500 ng/well) was added and reincubated for
another 4 h at 37°C. Plates were gently washed again with RPMI 1640.
Purified PB and SF T lymphocytes at 0.75 X 10/ml were added in 100
ul of RPMI 1640-10% FCS to wells completing, to reach 200 ul, with
complete medium or other stimuli (PMA at 2 ng/ml or anti-CD69
TP1/8 mAb at 2 ug/ml). Plates were incubated for 72 h in a 37°C and
5% CO, atmosphere. Cell proliferation was estimated by [*H]TdR (Du-
Pont) incorporation during the last 18 h of culture. Cells were harvested
in a cell harvester (Skatron, Lier, Norway), and the radioactivity mea-
sured in a liquid scintillation 8 counter (Kontron Analytical, Zurich,
Switzerland).

Statistical analysis. Statistical analysis was performed using Stu-
dent’s ¢ test in the SIGMA-TM database program.

Enhanced binding to the ELAM-1 selectin by a synovial T cell
subset. It has recently been described that a subset of normal
memory CD45RO+ T cells, as well as some T cells isolated
from chronic inflammatory lesions of skin, interact with
ELAM-1 in an activation-independent manner (21-23, 49).
The expression of ELAM-1 on EC from a variety of inflamma-
tory processes, including RA, has been documented (49, 50).
Therefore, we investigated the interaction of synovial T cells,
most of them expressing a memory CD45RO+ phenotype (Ta-
ble I), with rsELAM-1. Synovial T cells derived from both SM
and SF displayed a significantly higher binding (approximately
twofold) to rsELAM-1, as compared with either patients’ and
healthy donors’ PB T cells (Fig. 1). The typical pattern of en-
hanced attachment to rsSELAM-1 by PB and SF T cells from
one RA patient is illustrated in Fig. 2, 4 and B.

The specificity of this binding was confirmed by its inhibi-
tion by anti-ELAM-1 BB11 mAb, and the lack of effect of
anti-CD45 D3/9 mAb (Fig. | and data not shown). No signifi-
cant binding to collagen or albumin was observed (see below
and data not shown). No expression of the sialylated Lewis
X carbohydrate determinant was demonstrable by flow cytome-



Table I. Expression of VLA-4, CD69/AIM and CD45RO Antigens by T Cells from PB, SM, and SF of RA Patients,

and from PB of Healthy Donors

Healthy donors RA patients
Antigen T e —
CD specificity mAb PB PB SM SF PB SM SF
% MFI % * MFI

CD49d a4 (VLA-a4d) HP2/1 53 46 43 71 73 44 71 60
CD29 B1 (VLA-B) TS2/16 65 56 56 96 83 63 100 85
CD69 AIM TP1/55 2 23 8 68 50 28 73 58
CD45RO LCA UCHL-1 41 39 37 65 74 40 95 90
— — X63 16 16 20 16

* The expression of both a4 and 81 chains of VLA-4 integrin, the CD69/AIM activation antigen, and the CD45RO memory marker, was
analyzed by immunofluorescence flow cytometry in T cells from PB of healthy donors, and T cells isolated from different compartments of RA
patients. Values represent the percentage of positive cells and were calculated as described in Methods. Mean fluorescence intensity (MFI)

values are expressed in a logarithmic scale.

try analysis on either PB or SF T cells (data not shown), indicat-
ing that these glycosylated epitopes, present on myeloid cells
(18, 19), are not incriminated in the observed T cell interac-
tions with ELAM-1.

Most synovial T cells from rheumatoid arthritis patients
bind to VCAM-1. The expression of VCAM-1 has been de-
tected on EC, synovial macrophages, and in the lining layer
macrophages of RA synovial tissue (50-51). Very recently, in
vitro activation has been described to induce a strong enhance-
ment in T cell binding to VCAM-1 (52). Moreover, a higher
expression of both VLA-4 chains, as well as some activation
antigens (CD69/AIM, HLA-DR), could be noticed in synovial
T cells isolated from both SM and SF, as compared with PB
(Table I). Therefore, we explored the binding of in vivo-acti-
vated synovial T cells from RA patients, as well as their PB T
cells, to rsVCAM-1. The majority of synovial T cells from both
SF and SM were able to bind to rsVCAM-1, in contrast to the
low binding typical for PB T lymphocytes from those patients,
as well as healthy donors (Fig. 3). The differential capacity of
SF and PB RA T cells in adhesion to rsVCAM-1 could be
evidenced in Fig. 2, C and D.

This upregulated T cell attachment to rsVCAM-1 was spe-
cifically mediated by VLA-4 integrin, since it was virtually

Figure 1. Binding to
rSELAM-1 by T cells
from PB of healthy do-
nors, and from different
compartments of RA
patients. (PByp) T cells
from PB of healthy do-
nors; (PBg,) T cells
from PB of RA patients;
(SM) T cells isolated
from SM of RA pa-
tients; (SF) T cells iso-
lated from the SF of RA
patients. Adhesion assays were performed as described in Methods,
either in the absence or presence of anti-ELAM-1 BB11 mAb. All the
inhibitions with the BB11 mAb were significants with the next values:
(PByp) P <0.001; (PBg,) P<0.01;(SM) P <0.01;(SF) P < 0.01.
The enhanced binding to rsELAM-1 exhibited by synovial T cells, as
compared with PBg,, reached statistical significance with the next
values: (SM/PBgr,) P < 0.01; and (SF/PBg,) P < 0.01.
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abrogated by both anti-a4 HP2/1 mAb and anti-VCAM-1 4B9
mADb, but not by the unrelated anti-CD45 D3/9 mAb (Fig. 3).

Regulation of PB and synovial T cell binding to VCAM-1
and fibronectin by in vitro activation. VLA-4-mediated adhe-
sion to both FN and VCAM-1 ligands has been reported to be
upregulated upon in vitro cell activation (52-54). This enhance-
ment in VLA-4 adhesive properties seems to be due to a qualita-
tive change undergone by this integrin during cellular activa-
tion. Previously, we have also documented an enhanced bind-
ing to FN by synovial T cells, as compared with PB T cells in
RA patients (37).

We next investigated whether PB and SF T cell attachment
to both VLA-4 ligands, VCAM-1, and a 38 kD FN fragment
containing the CS-1 domain (FN38) (29), could be further
upregulated by in vitro activation. As expected, treatment for
30 min with phorbol esters or crosslinked CD3 mAb enhances
PB T cell adhesiveness to both VLA-4 ligands (Fig. 4). By con-
trast, no significant enhancement in SF T cell binding to
VCAM-1 and FN38 was observed upon PMA and CD3 treat-
ment (Fig. 4). The lack of a further regulation of SF T cell
binding to VCAM-1 and FN38 by in vitro stimulation could be
due to their constitutive in vivo-activated state, making them
unresponsive to an additional stimulus. Alternatively, one
could argue that the ligand concentrations used in this study
were high enough to completely saturate their receptors, thus
allowing for maximal binding reactions. If this were the case,
then one would not detect differences on binding probably re-
flecting the existence of multiple levels of cellular affinity for
FN38 and VCAM-1. To clarify this point, we assayed PMA-
treated and untreated synovial and PB T cells for binding to
FN38 and rsVCAM-1 applied at different doses. As illustrated
in Fig. 5, an increase in cell attachment of PMA-treated versus
untreated SF T lymphocytes was observed at FN38 and
rsVCAM-1 concentrations below 15 ug/mland 1 ug/ml, respec-
tively. Thus, in vivo-activated SF T cells exhibited a higher
capacity than PB T cells to interact with both VLA-4 ligands,
but in vitro activation increased the adhesiveness even more,
at least partially reflecting qualitative changes of this integ-
rin (37).

Induction of proliferative signals through VLA-4 in T cells
from RA patients. The interaction of T cells with several ECM
proteins such as fibronectin, laminin, or collagen has been re-
ported to trigger mitogenic signals through different VLA
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Figure 3. Binding to rsVCAM-1 by T cells from PB of healthy donors
and from different compartments of RA patients. (PB,) T cells from
PB of healthy donors; (PBg,) T cells from PB of RA patients; (SM)

T cells from SM of RA patients; (SF) T cells from SF of RA patients.
Adhesion assays were performed as described in Methods, either in
the absence of any mAb or in the presence of anti-VLA-a4, anti-
VCAM-1, or anti-CD45 mAb. The inhibition of T cell binding to
rsVCAM-1 by anti-a4 HP2/1 mAb was significant with the next val-
ues: (PByp) P < 0.01; (PBg,) P < 0.05; (SM) P < 0.01; (SF) P

< 0.001. The inhibition of T cell binding to rsVCAM-1 by anti-
VCAM-1 4B9 mADb reached statistical significance with the next val-
ues: (PByp) P < 0.01; (PBg,) P < 0.05; (SM) P < 0.01; (SF) P

< 0.001. The enhancement of synovial T cell binding to rsVCAM-1,
as compared with PBg,, was significant with the next values: (SM/
PBg,) P <0.001 and (SF/PBg,) P < 0.001.

members (55-59). Immobilized FN conveys proliferative sig-
nals to CD3-activated T cells mainly through VLA-5, but also
by VLA-4 (55-58).

To elucidate the response of PB and SF T cells from RA
patients to both VLA-4 ligands, proliferative assays with T cells
activated with anti-CD3 mAb in conjunction with either FN38
or rsVCAM-1 were carried out. Interestingly, VCAM-1 sup-
ported strong comitogenic responses with CD3 mAb in both
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Figure 4. Binding of T cells from both PB and SF to either type I
collagen (COL), a FN38 fragment, or sVCAM-1. T cells were either
untreated, treated for 30 min with PMA 50 ng/ml, or treated for 30
min with soluble anti-CD3 SPV-T3b mAb (10 ug/ml) plus anti-mouse

IgG antiserum (1 pg/ml). Adhesion assays were performed as de-
scribed in Methods.
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Figure 5. Binding of T cells from PB (0, @) or SF (O, m) of RA patients
to either FN38 (4) or sVCAM-1 (B) applied to plates at different
doses. Binding to type I collagen (COL) by both PB (4, a) or SF (¢, ¢)
is also represented. T cells were either untreated (open symbols) or
treated for 30 min with PMA 50 ng/ml (closed symbols).

PB and SF T cells (Table II). FN38 also increased the prolifera-
tion of CD3-treated T cells, although in a lower extent than
VCAM-1, which is in agreement with previous reports demon-
strating that VLA-5 is the major FN receptor implicated in T
cell proliferation triggered by this ECM protein (55-58). Nei-
ther sVCAM-1 nor FN38 induced comitogenic effects in com-
bination with PMA, although this phorbol ester showed to be
strongly comitogenic with anti-CD69 TP1/8 mAb (data not
shown).

Discussion

The results reported herewith demonstrate that synovial T cells
from RA patients exhibit a higher capacity to interact with
VCAM-1, as compared with PB T cells from the same patients.
Furthermore, synovial T cells show an enhanced binding,
about twofold, to ELAM-1 which could probably reflect the
activity of a T cell subset. The increased adhesiveness of syno-
vial T cells to their endothelial ligands can thus reflect patho-
logic phenomena occurring in the inflamed tissue of patients
with RA, and, therefore, extend our current understanding of
the pathophysiology of this disease. Although the patients stud-

Table I1. Comitogenic Effects of FN38 and VCAM-1 in CD3
mAb-stimulated T Cells from PB arnd SF RA Patients

Experiment 1 Experiment 2
Medium CD3 mAb Medium CD3 mAb

A. PB

Medium 0.23+£0.15 17.93+3.26 0.34+0.05 13.42+1.86

FN38 0.38+£0.23  46.49+3.75 0.63+0.23  21.09+1.54

VCAM-1 0.24+0.13 139.17+7.87 0.30+0.05 75.11%£13.97
B. SF

Medium 0.42+0.34  34.84+1.89 1.33+0.66  50.74+3.45

FN38 0.54+0.18  71.59+2.55 1.39+0.86 86.53+7.30

VCAM-1 0.32+2.33  97.62+2.07 2.11+0.76 164.10+13.48

Proliferative response of PB and SF T cells from RA patients to
immobilized CD3 mAb combined with either FN38 or rsVCAM-1.
Plates were coated with the different proteins as described under
Methods section. Results (in cpm X 1073) represent the medium
average of triplicate values plus standard deviation.
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ied were receiving different therapies, the pattern of adhesive
reactivity observed was very similar in all of them, which
strongly suggests that the observed phenomena were related to
disease itself, and not their treatment, age, duration, and evolu-
tion of the disease. This fact is also extended to the four patients
receiving corticosteroid therapy.

The accumulation of T lymphocytes in the RA SM plays an
important role in the development of inflammatory events that
leads to articular damage and destruction (1-4). In the early
steps of RA, a characteristic feature is the neovascularization of
the SM and the formation of perivascular lymphocyte infil-
trates (1-4). Additionally, the lining layer, which separates SM
from the articular cavity and the SF, undergoes a significant
hyperplasia which probably bears relationship to T cell infiltra-
tion (1-4). Nevertheless, the mechanisms responsible for the
development of these lesions are largely unknown.

The emigration of lymphocytes from PB to SM requires
their prior binding to EC. It is known that a number of ligands
(ICAM-1, VCAM-1, ELAM-1, CD62/GMP140/PADGEM,
etc.) are induced on EC surface in response to inflammatory
agents (reviewed in references 5 and 6). Recent reports indicate
that initial interactions of neutrophils with EC involve the
CD62- and ELAM-1-mediated rolling of cells on the vessel wall
(12, 14). The integrins seem to participate in the next step of
cell traffic, which is a reinforced adhesion, the cellular extrava-
sation and migration into inflamed tissue which occur subse-
quent to leukocyte-EC selectin-mediated contacts (12, 14). All
these sequential processes have been reported for neutrophils,
although the interaction of T cells with either in vitro-activated
or chronically inflamed EC in skin using an ELAM-1-mediated
mechanism has also been reported (21-23, 49).

Our results show that synovial T cells display a higher adhe-
siveness to ELAM-1, as compared with PB T cells. Most of
such synovial T cells express a memory CD45RO+ phenotype
(33, 35, 37), a feature that has been correlated with the T cell
binding to ELAM-1 (22). The level of ELAM-1 expression by
EC from inflamed synovium is reported to be similar to that
found in other chronic inflammatory processes, although lower
than that reported from chronic skin lesions (49). In that latter
setting, a specific T cell subset displaying ELAM-1 binding abil-
ity has been described to bear the CLA-HECA 452 antigen
(49). Whether this synovial T cell subpopulation binding
ELAM-1 could also express that marker, or other synovium-
restricted antigens, requires further studies. It is noteworthy
that the HECA 452 antigen has been detected on dendritic cells
and EC of SM from RA (60).

In a second step of cellular migration, leukocyte interaction
with EC involves the integrin family members. These adhesion
molecules would allow for a reinforced cell attachment and
then the transendothelial migration (11, 12, 14). According to
current knowledge, integrin-mediated T cell binding to acti-
vated endothelium involves mostly LFA-1/ICAM-1 and VLA-
4/VCAM-1 interactions (7). The expression of ICAM-1 in RA
synovial tissues is known to be characteristic not only for EC
but also macrophages, lining layer cells, and some lymphocytes
(50, 61). Studies on the role of LFA-1/ICAM-1 interactions in
synovial lesions of RA patients are currently underway in this
laboratory. Interestingly, ICAM-1 has been found to play a role
in the pathogenesis of other chronic autoimmune disease such
as murine lupus nephritis (62).

Our results clearly demonstrate an increased VLA-4-me-
diated binding to VCAM-1 by most synovial T cells. This en-
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hanced adhesion to VCAM-1 could be related to their activated
(AIM/CD69+, DR+) and memory (CD45RO+) phenotype
(32-37), since it has been recently reported that this interaction
is enhanced upon in vitro activation of T cells, particularly
those possessing a memory phenotype (52).

Finally, our data suggest the existence of several levels of
cellular affinity for VLA-4 ligands. Thus, the enhanced binding
of synovial T cells to both VCAM-1 and FN38 reflects an in
vivo upregulated state of affinity. However, a further increase
in SF T cell binding to both VLA-4 ligands could be achieved
using additional in vitro stimuli like phorbol esters, or the en-
gagement of the CD3-TcR complex. Thus, those stimuli can
further enhance the ligand binding of cells that have already
developed binding activities in vivo (37). In addition, to bind
VCAM-1, VLA-4 mediates homotypic cell contacts in a
VCAM-1-independent manner (63, 64). Whether this adhesive
property of VLA-4 is also upregulated in synovial T cells is
currently under investigation.

Both ELAM-1 and VCAM-1 might participate in subse-
quent steps of T cell adhesion to EC and migration into the SM
of RA. Very recently, it has been described that neutrophil
interaction with ELAM-1 activates Mac-1, thus enhancing the
avidity of this integrin to bind its ligands (14). It is known that
memory and naive T cells exhibit different recirculation path-
ways, with memory CD45RO+ T cells leaving the bloodstream
through the peripheral tissue endothelium (65). It could be hy-
pothesized that a subset of CD45RO+ PB T cells in RA pa-
tients interacts with ELAM-1 on activated EC in inflamed tis-
sue. This interaction could then increase VLA-4 (and possibly
LFA-1) avidity for VCAM-1 (possibly for ICAM-1), allowing T
cells to enter into inflamed synovium. The adhesion and trans-
migration of lymphocytes through EC is known to be regulated
by cytokines, inflammatory mediators, and chemotactic agents
(5, 6, 66, 67). It was recently suggested that ELAM-1 could play
a chemoattractant role directing the movement of leukocytes
(14). The pathological significance of an enhanced binding of
SM and SF T cells to ELAM-1, that is restricted in RA synovial
tissue to the EC, after their entry into SM, remains to be deter-
mined.

VLA-4 also participates in T cell binding to FN, and this
interaction is enhanced upon in vitro cellular activation (29,
30, 53, 54). Accordingly, we have previously documented an
increased binding of synovial T cells to FN in RA patients (37).
SM and SF from RA have been reported to contain high con-
centrations of FN (68). Therefore, T lymphocyte interaction
with FN in the SM could constitute an important feature in the
infiltration and maintenance of cells perpetuating the tissue
injury in this compartment (37, 69), and can convey prolifera-
tive signals to infiltrating T lymphocytes (see above and 55-
58). The high expression of VCAM-1 by the RA lining layer
could also be involved in the migration of infiltrating cells to
the lining, thus participating in its hyperplasia and in the result-
ing increased cellularity of SF. We have found that the interac-
tion between VLA-4 and VCAM-1 also delivers proliferative
signals to synovial T cells. This signaling pathway, probably
acting together with that of LFA-1/ICAM-1 reported in normal
T cells (70), could represent important mechanisms in synovial
T cell proliferation. The interaction of T lymphocytes with the
synovial antigen-presenting macrophages, expressing high lev-
els of VCAM-1 (51), is thought to participate in the initiation of
the immune response in the RA synovitis (2, 71).

The pathogenesis of tissue injury in RA remains obscure.



We believe that the results presented here shed new light on the
immune mechanisms responsible for tissue infiltration in this
disease, highlighting the possible role of adhesion molecules in
directing T cell traffic to synovial tissue, and enhancing their in
situ localization, activation, and proliferation.
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