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Abstract

The VLA-4 (CD49d/CD29) integrin is a cell surface receptor
involved in the interaction of lymphoid cells with both extracel-
lular matrix (ECM) and endothelial cells. We have investigated
the expression and function of VLA-4 fibronectin (FN) recep-
tors on T cells localized in the inflammed synovium of patients
with rheumatoid arthritis (RA). A high proportion of T cells in
both synovial membrane (SM) and synovial fluid (SF) ex-
pressed the activation antigens AIM (CD69) and gp95/85
(Ea2) as well as an increased number of VLA-4a and 81 adhe-
sion molecules, as compared with peripheral blood (PB) T cells
from the same patients. Furthermore, the majority of these
activated SF T cells were able to adhere to a 38-kD FN proteo-
lytic fragment containing the connecting segment-1 (CS-1) spe-
cifically through VLA-4 receptors, whereas a significantly
lower proportion of PB T cells displayed this capacity. There-
fore, our results show that activated T cells selectively localize
at sites of tissue injury in RA disease and provide evidence for
the in vivo regulation of the expression and function of the
VLA-4 integrin. This regulatory mechanism may enable T cells
either to facilitate migration or to persist at sites of inflamma-
tion. (J. Clin. Invest. 1991. 88:546-552.) Key words: rheuma-
toid arthritis « activated T cells « fibronectin receptors

Introduction

The integrin family includes receptors for extracellular matrix
(ECM)! components as well as receptors involved in cell-cell
adhesive interactions (1-3). The 81 integrin subfamily, also
known as very late activation antigen (VLA) proteins contains
at least six different a chains (VLA-1-VLA-6) associated with a
common S chain that function as receptors for ECM proteins
such as collagen, fibronectin, and laminin (reviewed in refer-
ence 4). Recently, novel associations of « and 8 subunits have
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been found, which expand the molecular and functional reper-
toire of VLA integrins (4).

VLA-4 is a member of the 81 integrins that is expressed by
resting lymphocytes, monocytes, as well as by most T and B
cell lines (4-7). Unlike other VLA members, the VLA-4 heter-
odimer has been implicated in cell-cell adhesion and antibod-
ies against human VLA a4 chain inhibit the attachment of lym-
phocytes to high endothelial venule cells from Peyer’s patches
(8, 9). A VLA-4 ligand in activated endothelial cells has been
recently discovered, vascular cell adhesion molecule (VCAM-
1), that belongs to the Ig gene superfamily (10, 11). In addition,
VLA-4 plays a role in both heterotypic adhesion between cyto-
lytic T lymphocytes and B cell targets (12, 13), and homotypic
leukocyte aggregations triggered by anti-VLAa4 antibodies
(14, 15).

Similarly to the rest of VLA proteins, VLA-4 has also been
involved in cell-ECM protein interactions. Thus, VLA-4 has
been demonstrated to bind, in a RGD-independent manner, to
the connecting segment 1 (CS-1) of fibronectin in both T and B
cell lines (10, 16, 17). Recent studies indicated that the expres-
sion of three different VLA heterodimers (VLA-4, VLA-5, and
VLA-6) is regulated during T cell maturation, because higher
amounts of these integrins are found on memory (CD45RO+)
T cells as compared with naive (CD45RO—) T cells (18).

As described for the LFA-1 leukocyte integrin (19), the con-
stitutive expression of VLA receptors does not necessarily
imply that they are functionally active. Thus, it has been de-
scribed that the in vitro activation of CD4+ T cells by phorbol
esters and other stimuli induces VLA-mediated attachment to
ECM proteins (18, 20).

We have addressed the question whether a regulated ex-
pression and function of the VL A-4 fibronectin receptors exists
on T cells which are activated in vivo in a pathological situa-
tion. Rheumatoid arthritis (RA) constitutes a human model of
chronic articular inflammatory disease, where T cells infiltrat-
ing the synovium may play an important role in the pathogene-
sis of this disease (21). The activation state of T lymphocytes
can be investigated by means of the expression of activation
molecules on the lymphocyte surface. It is well known that
synovial fluid (SF) T cells are activated, because they express
HLA-DR and VLA-1 antigens, although they lack expression
of IL-2 and transferrin receptor molecules (22-25).

In this study, we have more precisely determined the activa-
tion state of SF T cells by studying the expression of two novel
lymphocyte activation antigens: AIM (CD69), the earliest in-
ducible molecule on T cells, which is functionally associated to
the proliferative process of T cells (26), and gp95/85, an activa-
tion molecule similar in cell distribution and molecular charac-
teristics to the previously described Ea2 activation antigen (27).
The results here reported provide the first evidence for the regu-
lation in vivo of the expression and function of the VLA-4
fibronectin receptors on activated T cells localized at sites of
inflammation.
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Methods

Subjects. 10 patients with RA according to American College of Rheu-
matology criteria (28) were studied. Seven patients were female and
three males. Their ages ranged between 21 and 76 yr with a mean of
56.8 yr. All patients were taking nonsteroidal antiinflammatory drugs.
In addition four of them were taking gold derivaties, one antimalarial
drugs, one D-penicillamine, one methotrexate, and only one patient
was under low doses of corticosteroid therapy. T lymphocytes from six
healthy donors were used as controls.

Preparation of purified T lymphocytes. PB and SF were collected at
the same time in heparinized tubes, and mononuclear cells (MNC)
were isolated by Ficoll-Hypaque gradient centrifugation (Pharmacia
Fine Chemicals, Uppsala, Sweden). For purification of T cells, adher-
ent cells were removed from MNC by culturing on plastic petri dishes
for 45 min at 37°C, followed by passage through a nylon-wool column.
Briefly, MNC were placed on a 600-mg nylon-wool column preincu-
bated for 30 min with RPMI 1640 (Flow Laboratories, Inc., Irvine, CA)
supplemented with 10% FCS (Gibco, Grand Island, NY), 2 mM gluta-
mine, and 50 ug/ml penicillin per streptomycin. The MNC were then
incubated on the column for 45 min at 37°C. Cells were eluted with 20
ml of RPMI 1640. The purified T lymphocyte fractions contained
> 90% of CD3, < 6% monocytes and < 1% B cells, as determined by
expression of the CD3, Mo-2 (CD14), and B1 (CD20) antigens, respec-
tively.

Monoclonal antibodies (mAb). The mAb directed against activation
molecules in these studies were as follows: TP1/55 (anti-AIM/CD69)
(26) and TP1/16 (anti-gp95/85), whose characterization will be de-
scribed in detail elsewhere. Two different mAb were used to study the
VLA complex: TS2/16, which recognizes the VLA 81 subunit (29), and
HP2/1 directed towards the VLA-4a4 subunit (6, 14). The UCHLI1
anti-CD45RO was kindly provided by Dr. P. C. Beverley (Imperial
Cancer Research Foundation, London, UK).

The mADb used to assess the purity of T cell preparations were SPV-
T3b (anti-CD3) (30), Bear-1 (anti-CD11b) (31), and BC-1 (anti-CD20)
(32). Anti-Mo-2 (CD14) was kindly provided by Dr. J. E. de Vries
(Unicet Labs, Dardilly, France). Other mAb used as control was D3/9
mADb specific for the leukocyte common antigen (T200/CD45) (33).
mAb X63 (IgG1), used as a negative control, is the Ig secreted by the
mouse myeloma cell line P3-X63.

Flow cytometry analysis of T cell surface activation antigens. Viable
cells (1-5 X 10°%) were suspended in 50-ul aliquots of PBS, pH 7.4,
containing 0.5% BSA. Specific mouse mAb (1 ug in 50 ul) was added
and cells were incubated for 30 min at 4°C, then washed twice and
incubated with saturating amounts of fluorescein-conjugated F(ab'),
goat anti-mouse Ig (Dakopatts, Copenhagen, Denmark). After three
washes fluorescence was measured using an EPICS C flow cytometer
(Coulter Electronics Inc., Hialeah, FL). The specific percentages of posi-

tive cells for different mAb were obtained by subtracting the number of
background cells that were nonspecifically stained with the myeloma
mAb X 63 control.

Immunoperoxidase staining of tissue sections. Synovial samples
were obtained from surgical synovectomy in RA patients, frozen in
OCT (Ames Co., Miles Laboratories, Elkhart, IN) and stored at —80°C.
The tissue sections were stained by an indirect immunoperoxidase
method as described (34). Briefly, 4 um acetone fixed sections were
sequentially incubated with mAb culture supernatants and peroxidase-
conjugated rabbit anti-mouse Ig (Dakopatts, Cophenhagen, Den-
mark); each incubation was followed by three washes. The reaction was
developed with Graham-Karnovsky medium containing 0.5 mg/ml of
3-3 diaminobenzidinetetrahydrochloride and hydrogen peroxide. Sec-
tions were counterstained with Carazi’s hematoxilin followed by dehy-
dration and mounting by routine methods.

Cell attachment analysis. Human fibronectin 38 kD proteolytic
fragment (from Dr. Garcia-Pardo, Columbia University, New York)
and type I collagen (Sigma Chemical Co., St. Louis, MO) were applied
to 96-well flat bottom microtiter plates (Linbro; Flow Laboratories,
Inc.) (40 pg/ml, 0.1 ml/well) in CO3HNa 0.1 M at 4°C overnight.
Unbound binding sites were satured with RPMI 1640-1% human ser-
oalbumin for 2 h at 37°C. Purified T cells isolated from peripheral
blood and synovial fluid were added (125,000 cells/well) in 0.1 ml of
RPMI 1640 and incubated at 37°C and 5% CO,. After 30 min plates
were washed with RPMI 1640 several times and examined in an in-
verted microscope by at least two different observers. Within each well,
cells from at least three different fields were counted and referred to a
nonwashed well (100% or maximum binding). Each condition was per-
formed on duplicate. In inhibition conditions, cells were incubated for
30 min at 4°C with 25% final volume of anti-a4 HP2/1 hybridoma
culture supernatant and added to wells. In control conditions, cells
were incubated with RPMI 1640 alone.

Statistical analysis. Statistical analysis was performed using Stu-
dent’s £ test.

Results

Previous studies have described the existence of subsets of acti-
vated T cells bearing the MHC class II and VLA-1 antigens
infiltrating the synovium of patients with RA (22-24). We have
determined more precisely the activation state of T cells in both
SF and peripheral blood (PB) compartments by studying the
expression of two novel activation antigens AIM (CD69) and
gp95/85 (Ea2). A remarkable high expression of both activa-
tion molecules was observed in SF T cells as compared to the
weak expression of AIM and gp95/85 by PB T cells from same
patients (Table I and Fig. 1). The expression of both AIM and

Table 1. Expression of VLA-4 Integrin and Activation Antigens on SF and PB T Cells from RA Patients

Healthy donors (n = 6)

RA Patients (n = 10)

Antigen
CD specificity mAb PB PB SF ' PB SF
%* MFI %* MFI
CD49d VLA-4a HP2/1 51+15 47+11 42+18 70x13% 45+23 62211
CD29 VLA g1 TS2/16 60+18 5616 58+15 82+10¢ 63+27 85+17¢
CD69 AIM TP1/55 3+2 2349 108 46+18! 25+16 49+17"
— 8p95/85 TP1/16 26+10 39+4 30+13 81+10" 46+20 8322
— X63 166 16+11 17+11

* Values are the percent of T cells positive for each antigen (mean+SD) the specific percentages of positive cells mAb X63 control. (MFI) Mean
fluorescence intensity (mean+SD) values are expressed in a logarithmic scale. Statistical significance: ¥ P < 0. 01; % P < 0.05; "' P < 0.001.
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Figure 1. Expression of adhesion (VLAa4 and 81) and activation
(AIM and gp95/85 molecules by synovial fluid (SF) and peripheral
blood (PB) T lymphocytes from a representative patient with rheu-
matoid arthritis (RA). Immunofluorescence flow cytometry analysis
were performed on purified SF (solid line) or PB (dashed line) T
lymphocytes obtained from a patient with RA. Cells were labeled with
HP2/1 mAb (anti-VLAa4), TS2/16 mAb (anti-VLA g1), TP1/55
mADb (anti-AIM), TP1/16 mAb (anti-gp95/85), and with the negative
control X63 (dotted line). In a second step the cells were stained with
a goat anti-mouse IgG-FITC.

gp95/85 activation antigens was very similar in PB T cells from
either patients with RA or healthy donors (Table I). These re-
sults indicate that SF T cells represent in vivo activated T lym-
phocytes selectively located at the site of tissue inflammation.

To determine the possible role of the VLA-4 integrin in T
cells localized at the inflammed synovium, we first examined
its expression and function on T cells from both SF and PB
from patients with RA. As observed in Table I, flow cytometry
studies demonstrated an increased expression of both VLAa4
and 81 antigens in purified SF T cells as compared with that of
purified PB T cells from same patients with RA, both in terms
of percentage of positive cells and fluorescence intensity (com-
pare flow cytometry profiles in Fig. 1). Levels of VLA-4 expres-

sion on PB T cells from patients with RA were in the same
range than those displayed by PB T cells from healthy donors
(Table I). However, no significant changes in the expression
levels of other cell surface antigens such as CD3 or CD45 were
observed between SF and PB T cells (data not shown).

Similarly to SF T cells, the infiltrating CD3+ T lympho-
cytes located in the SM of RA patients (data not shown), also
expressed the VLA-4 integrin and the CD69 activation antigen,
as assessed by immunoperoxidase staining of synovial mem-
brane (SM) tissue sections (Fig. 2). Most of the VLA-4+ T cell
aggregates infiltrating SM were in the perivascular space al-
though some scattered VLA-4+ T cells were also observed all
over SM. The majority of the AIM+ T cells in SM also coex-
pressed the VLA-4 antigen as demonstrated by double immu-
nostaining with anti-AIM and anti-VLA-4 mAb. Similar re-
sults were obtained with the anti-gp95/85 mAb (data not
shown).

To determine the functional capacity of VLA-4 receptors
expressed by these cells, adhesion studies to the 38-kD FN frag-
ment were performed with T cells purified from both PB and
SF compartments of RA patients. The majority (79%) of SF T
cells were capable to adhere to plastic plates coated with the 38
kD FN fragment, whereas only a reduced percentage (30%) of
PB T cells displayed this capacity (Figs. 3 and 4). The percent-
ages of PB T cells in RA patients that bound to 38 kD FN were
in the same range to those found in PB T cells from healthy
donors and correlated with the percents of lymphocytes bear-
ing the CD45RO T cell memory marker (Fig. 3, and data not
shown). Neither SF nor PB T cells bound to plates coated with
collagen because they did not express detectable amounts of
the VLA-2 collagen receptor (data not shown). Percentages of
cell binding both in SF and PB correlated with the fractions of
cells bearing the activation antigen gp95/85 and the CD45RO
marker (Fig. 3).

The attachment of T cells from both PB and SF to the 38
kD FN fragment is illustrated in Fig. 4, 4 and C, respectively. T
cell binding to this ECM component was specifically mediated
through VLA-4 receptors because the anti-VLAa4 HP2/1

mAb. Magnification, 400.
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Figure 3. Comparison of the expression of VLA-4 (4), AIM (B),
gp95/85 (C), and CD45RO (D) antigens and functional activity for
binding to the 38-kD FN fragment (E) of purified T cells from both
peripheral blood (PB) and synovial fluid (SF). The values of cell ex-
pression of AIM and gp95/85 activation antigens and VLA-4 integrin
are the average of 10 independent experiments obtained with cells
from 10 different patients with RA. The values of CD45RO cell ex-
pression and cell adhesion are means of independent experiment with
both SF and PB T cells from six different patients. Percentages of FN
attached cells were 79%=12 for SF T cells and 30%+11 for PB T cells.

mAb almost completely abrogated cell attachment of either SF
or PB T cells (Fig. 4, B and D, respectively).

Discussion

In this study, results are reported demonstrating that T lym-
phocytes infiltrating both SF and SM compartments in pa-
tients with RA constitute an activated cell population bearing
the CD69 and gp95/85 activation markers as well as displaying
an enhanced expression and function of VLA-4 fibronectin
receptor. Thus, we have found that the majority of these in vivo
activated T lymphocytes possesses functionally active VLA-4
fibronectin receptors enabling their interaction with an RGD-
independent cell binding site on the 38 kD proteolytic frag-
ment of human plasma fibronectin. By contrast, a reduced
fraction of T cells from the PB compartment of same patients
displayed this functional capacity.

Rheumatoid synovitis is characterized by the accumulation
of mononuclear cells which have a tendency to form aggre-
gates, particularly around blood vessels (35). The cells which
infiltrate the perivascular space emigrate mainly from postcap-
illary venules. It is now generally accepted that T cells locally
infiltrating the rheumatoid synovial membrane play an impor-
tant role in the pathogenesis of chronic inflammation of RA
(21). A large fraction of the T cells in the synovial infiltrate and
SF appears to be in an activated state, as evidenced by the fact
that a majority of these cells expresses activation markers, such
as the HLA-DR antigen (22, 25). Furthermore, a subset of T
cells in the SF displays a low expression of the VLA-1 activa-
tion antigen, a member of the VLA integrin adhesion family,
although they lack expression of IL-2 and transferrin receptor
molecules (23-25). However, both HLA-DR and VLA-1 are
not the more appropriate antigen markers to assess activation
of T cells because they are also expressed by a wide variety of
cell types at both resting and activated states (4, 35).

In this sense, we have previously reported the structural and

functional characterization of a novel human cell activation
antigen, designated as “activation inducer molecule” (AIM),
recently coded as CD69, that is rapidly expressed on T and B
cells upon treatment with different stimuli (26, 36). Addition-
ally, we have isolated a mAb specific for gp95/85, a dimeric
structure weakly expressed on a small fraction of resting PB T
cells whose expression is strongly induced on activated lym-
phoid cells. The biochemical and functional characteristics of
gp95/85 are similar to those of the previously described for the
Ea2 activation antigen (27), although comparative studies will
be required to ascertain whether both mAb are recognizing
identical molecular structures.

We have found a strong expression of both AIM (CD69)
and gp95/85 activation antigens on SF and SM T cells from all
RA patients, compared to their absence or low expression by
PB T cells from either same patients or healthy donors. These
findings indicate that a large fraction of T cells infiltrating the
rheumatoid SM and SF are in an activated state. Similarly, an
activated T cell subset bearing the CD69 activation antigen has
been recently reported in the lymphocyte infiltrate of chronic
inflammatory liver diseases (37).
 The percentages of RA PB T cells displaying functional
capacity to adhere to 38-kD FN are within the same range of
those previously described in PB T cells from healthy donors
and correspond to the CD45RO+ memory T cell subset (18).
The CD45RO+ PB T cells have been reported to express higher
amounts of different adhesion receptor molecules than the
CD45RO-— naive T cells (38), correlating with their enhanced
functional adhesive capacity to ECM protein components (18).
We have also found that most of activated T cells in SF bear the
CD45RO marker as described by other authors (39), and in
agreement with in vitro studies showing the acquisition of
CD45RO antigen upon T cell activation (38, 40).

The VLA-4 integrin plays a dual role as a receptor involved
in both cell-cell and cell-ECM adhesive interactions through
the two known ligands VCAM-1 and FN. Our data reveal that
activated T cells found in SF of patients with RA expressed
higher amounts of VLA-4 fibronectin receptor molecules than
PB T cells, correlating with their enhanced binding activity to
the 38-kD FN fragment specifically mediated by VLA-4 inte-
grin.

There are two possible explanations for the differences in
the adhesion activities found between SF and PB T cells to the
38-kD FN component. First, the overexpression of VLA-4 mol-

~ecules of SF T cells, probably due to the activation process,

could be responsible of the enhancement of VLA-4-mediated
ECM binding. A second possibility is that cell activation pro-
cess undergone by SF T cells induces functionally active forms
of VLA-4 integrins by conformational changes on these mole-
cules. This fact could reflect an in vivo situation of what it has
been described in in vitro activation for different integrin mole-
cules from the 81, 82, and 83 families. In this sense, conforma-
tional changes occurring during cell activation have been sug-
gested for gpllb/IIla, Mac-1 and LFA-1 integrins resulting in
active forms enabling their respective receptor-ligand interac-
tions (19, 41-45). Very recently, the enhanced binding activity
of some VLA members to their respective ECM protein ligands
has been described on peripheral blood CD4+ T cells upon
activation with phorbol esters or CD3 and CD2 antibodies (18,
20). Finally, a combination of both explanations could also be
possible. However, the nature of biochemical events responsi-
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Figure 4. Binding of T cells from PB (4, B) and SF (C, D) of patients with RA to a 38-kD FN fragment either in the absence (4, C) or the presence
(B, D) of anti-VLA4a HP2/1 mAb.

ble of these putative conformational changes still remains to be
elucidated. It has been proposed that phosphorylation of spe-
cific residues plays a role in the regulation of the functional
states of integrin molecules (46, 47).

The functional significance of the presence of in vivo acti-
vated T cells bearing functionally active VLA-4 FN receptors
locally infiltrating inflamed synovium of RA patients remains
uncertain. It is tempting to speculate about a role of VLA-4 in
the pathogenesis of RA. Thus, it could be suggested that VLA-4
may direct the migration of these cells to sites of inflammation
where a high concentration of fibronectin exists. In this sense,
fibronectin has been detected in higher levels in SF from pa-
tients with RA than in plasma and other SF (48, 49). Rised
levels of FN in SF from rheumatoid joints may be possibly
accounted for a restricted and localized increase in the produc-
tion of this protein by synovial cells at the site of the articular
disease. It is therefore possible that the local production of FN
within affected joints may influence the continuance of arthri-
tis depending on the amounts synthesized by the stimulated
synovial tissue (50, 51). Conceivably, these T cells have under-
gone an antigen-dependent activation process as deduced from
their activated phenotype and have a increased number of
functional FN receptors that facilitate their migration through
synovial tissue towards gradients of higher fibronectin concen-

tration. Alternatively, the adherence of cells to FN through
VLA receptors could represent a mechanism of persistency of
T cells at sites of inflammation. Whether a similar regulatory
mechanism in operating in other VLA receptors also expressed
by T cells such as VLA-5 and VLA-6 and its possible role in the
RA pathogenesis remains to be elucidated.

The VLA-4 molecule may play an additional role in lym-
phocyte-endothelial cell interactions through its ligand
VCAM-1, (10, 52). The relevance of VLA-4 in the lymphocyte
entry to the inflammed synovium still remains undetermined.
In the early stages of RA, coincident with the neovasculariza-
tion of the SM, circulating lymphocytes adhere to endothelium
in postcapillary synovial venules. T cells bearing CD45RO
marker have been reported to adhere better to endothelial cells
than CD45RO- cells (53) and thus, gain access more easily to
the synovial membrane (54). Further studies are required to
determine whether a functional regulation of VLA-4/VCAM-1
interaction may exist on SF T cells, expressing the CD45RO
marker, in a similar fashion to that here described for VLA-4/
FN. Cell binding assays of both SF and PB T cells from patients
with RA to VCAM-1 transfectant cells as well as to endothelial
cells from RA synovial tissue will be required to ascertain the
role of VLA-4 in the lymphoid traffick to inflamed synovium
in RA disease.
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