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Abstract

Objectives-The expression of the CD69
antigen on synovial fluid and peripheral
blood lymphocytes was studied in 12 patients
with rheumatoid arthritis (RA), five subjects
with other forms of chronic synovitis, and on
the peripheral blood lymphocytes of 15
patients with systemic lupus erythematosus
(SLE) and immune vasculitis.
Methods-The CD69 antigen and other activation markers (HLA-DR, interleukin 2 receptor (IL-2R), transferrin receptor) were
measured by cytometric analysis. In patients
with RA soluble IL-2R was determined by
enzyme linked immunosorbent assay
(ELISA).
Results-The percentage of T cells bearing
CD69 was significantly increased in synovial
fluid from patients with RA (30.3 (13)%/) and
other chronic synovitis (18 (9)%). The expression of CD69 on peripheral blood
lymphocytes of patients with RA, other
chronic synovitis, and SLE and immune vasculitis was within the normal range
241(1.2)%. According to previously published work, a high proportion of synovial
fluid T cells are HLA-DR positive (64.2
(12.4)% in synovial fluid from patients with
RA and 61 (1 2) % in synovial fluid from
patients with other chronic synovitis).
Transferrin receptor expression on synovial
fluid was upregulated compared with that on
peripheral blood.
The increase of IL-2R expression on synovial fluid lymphocytes v peripheral blood
was not significant; the quantitative determination of soluble IL-2R levels gave a mean
Institute of Clinical
value of 921 (351) U/ml in synovial fluid of
Medicine III,
University of Rome 'La patients with RA, 672 (229) U/ml in the
Sapienza',
serum of the same patients, and 273 (100)
Rome, Italy
U/ml in serum from normal subjects.
A Afeltra
Conclusions-Synovial fluid lymphocytes
G M Ferri
A Amoroso
are in a different functional state than periL Bonomo
pheral blood lymphocytes. CD69 antigen is
Rheumatology
an interesting cellular marker which should
Division, S Camillo
be
studied in patients with chronic synovitis.
Hospital,
The unusual expression of the activation
Rome, Italy
M Galeazzi
antigens and the sequence of their appearP Porzio
ance require further study.
Istituto Dermopatico
Immacolata
O De Pita'
Correspondence to:
Dr Antonella Afeltra,
III Clinica Medica,
Viale Universita 37,
00185-Rome, Italy.
Accepted for publication
4 February 1993

interleukin 2 (IL-2), insulin and transferrin
receptors, 4F2 and EA- 1 antigens appear early,
before DNA synthesis, whereas HLA-DR,
T10, Tal, VLAl, and TLiSAI appear later
(after two to six days) on activated cells.
Some early activation antigens, also called
activation inducer molecules, have been found
to be associated with earlier stages of in vitro
T cell activation. One of them, the CD69
antigen, is a phosphorylated 28-32 kilodalton
disulphide linked homodimer. It is induced
within two hours of the stimulation of TCR/
CD3 or from the direct activation of protein
kinase C by phorbol esters -3 and precedes the
expression of CD25, HLA class II, and
transferrin receptors during T cell activation. It
is known that small resting peripheral blood
lymphocytes are negative for CD69 and that
20-30% of resting human thymocytes are
stained by monoclonal antibodies to CD69.4
Much has been published on peripheral
blood lymphocyte activation markers in vitro,
but studies comparing the kinetics of
expression of the various membrane molecules
evaluated in parallel during the activation
process have not been reported.
Biselli et al6 have shown that CD69
expression on human peripheral blood
activated T lymphocytes peaks at 24 hours,
and that an average 40% of cells are positive
at 168 hours; IL-2 and transferrin receptor
expression peak at 48-72 hours and remain at
a plateau value for 72 hours.
Several activation antigens have been
measured in synovial fluid T cells from patients
with rheumatoid arthritis (RA) to clarify the
role of activated T cells in the pathogenesis of the
disease. Most of these investigations analyse the
expression of IL-2 receptor (IL-2R), HLA-DR
antigens and transferrin receptor, and few data
are available on the behaviour of early activation
antigens in autoimmune diseases.7 8 In this work
we studied the expression of some activation
markers and, in particular, the CD69 antigen in
the synovial fluid and peripheral blood of patients
with RA and other kinds of chronic synovitis.

Patients and methods
PATIENTS

(Ann Rheum Dis 1993; 52: 457-460)

During activation, T cells express de novo
several cell surface glycoproteins in a
characteristic order. Some of these, such as

Peripheral blood and synovial fluid samples
were obtained at the same time from 12
patients (nine women, three men) with active
RA according to the American Rheumatism
Association 1987 revised criteria.9 Ten of them
were positive for IgM- 19S rheumatoid factor.
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Expression of CD69 antigen on synovial fluid
T cells in patients with rheumatoid arthritis and
other chronic synovitis
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CONTROLS

Blood samples from 15 healthy donors
matched for age and sex were studied as
normal controls. Blood and synovial fluid
samples were obtained from patients with
other chronic synovitis (one seronegative
polyarthritis, four juvenile chronic arthritis).
The expression of the CD69 marker on
peripheral blood lymphocytes was studied in
PB
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15 patients with systemic lupus erythematosus
(SLE) and immune vasculitis; disease activity
was assessed by a scoring system of clinical and
laboratory features as reported previously.'0
CELL PREPARATION, MONOCLONAL ANTIBODIES
AND FLOW CYTOMETRIC ANALYSIS

Synovial fluid and peripheral blood samples
were drawn into heparinised tubes. Synovial
fluid was treated with hyaluronidase (Sigma)
for 20 minutes at 37°C to reduce viscosity, then
mixed with an equal volume of RPMI 1640
and centrifuged at 400 g for 20 minutes.
Resuspended cells of synovial fluid and
peripheral blood samples were separated by
Lymphoprep (Nyegaard) density gradient
centrifugation. Synovial fluid and peripheral
blood mononuclear cells were analysed by a
panel of monoclonal antibodies (antibodies to
CD3, HLA-DR, CD25 (IL-2R), CD71
(transferrin receptor), and CD69 (BectonDickinson)) tagged with either fluorescein
isothiocyanate (FITC) or phycoerythrin.
The optimum dilution of monoclonal
antibodies was established in preliminary
experiments and the cytometric analysis was
performed on a Becton Dickinson FACScan.
The tubes were immediately applied to the
flow without paraformaldehyde fixation. A
total of 10 000 cells was counted in each
analysis; they were gated for lymphocyte
characteristics to minimise interference from
other cell types such as monocytes or dead cells
and they were scored as positive or negative
according to their fluorescence (red or green).
The specific percentages of positive cells were
obtained by subtracting the background
fluorescence determined by FITC or phycoerythrin irrelevant mouse IgG (BectonDickinson), applied instead of the specific

antibody.
Tr-R

80

20

EVALUAT'ION OF SOLUBLE IL-2R

H LA-DR

70

17 5

60

15

50

12 5

O/

40
10

30

7.5

STATISTICAL ANALYSIS

20
10

2-5

0

The quantitative determination (enzyme
linked immunosorbent assay (ELISA)) was
performed for the peripheral blood and
synovial fluid of patients with RA using a
commercial kit (Cellfree; T Cell Science). A
standard curve was prepared from four IL-2R
standards and the concentrations in the
samples determined from the standard curve.
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Figure I Expression of activation markers on synovialfluid (SF) and peripheral blood
(PB) lymphocytes ofpatients with rheumatoid arthritis (RA) and other chronic synovitis
(OCS). CD69: the difference between CD69 expression on synovialfluid and peripheral
blood T lymphocytes from patients with RA was statistically significant (p<0-02).
Interleukin 2 receptor (IL-2R): the comparison between IL-2R expression on synovialfluid
and peripheral blood lymphocytes in the two groups ofpatients and with normal peripheral
blood was not significant. Transferrin receptor (Tr-R): the difference between transferrin
receptor expression on synovialfluid and peripheral blood cells was statistically significant
(p<O-O1). HLA-DR: the difference between the expression of HLA-DR on synovialfluid
and peripheral blood of the same patients with RA and between peripheral blood of patients
with RA and normal peripheral blood values was statistically significant (p<0-002 and
p<0-02 respectively). The horizontal dotted area represents the normal range.

All results were expressed as mean (SD)
values. Statistical significance was determined
using the Wilcoxon signed rank test for
comparison of peripheral blood and synovial
fluid values of patients with RA and the MannWhitney U test to compare the RA group with
the control or other chronic synovitis groups.
Results
The percentage of CD3+ cells was in the
normal range in the synovial fluid and
peripheral blood of all patients (73 3 (10)% in
synovial fluid from patients with RA, 78 7
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The mean (SD) age of the patients was 5319
(9 6) years and the mean disease duration was
10 (6) years.
All patients were receiving non-steroidal
anti-inflammatory drugs (NSAIDS). In
addition, two patients were receiving treatment
with gold salts, four with low doses of
corticosteroids (prednisone, 5 mg daily), and
one with methotrexate.
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Figure 2 CD69 expression on synovialfluid and peripheral blood lymphocytes from a patient with rheumatoid arthnitis.
(A, C) Control antibody staining on synovialfluid and peripheral blood lymphocytes respectively. The right hand panels
compare CD69 expression on synovialfluid (B) (32-9%) and peripheral blood (D) (2-3%) lymphocytes.

(1 -7)O% in synovial fluid from patients with
other chronic synovitis, 71 (8)% in peripheral
blood from patients with RA, 76 (6-8)% in
peripheral blood from patients with other
chronic synovitis, and 71-3 (6)% in normal
peripheral blood). The expression of activation
markers on T cells was evaluated as a percentage of the total number of CD3+ cells.
Figure 1 gives the results of HLA-DR, IL2R, and transferrin receptor expression; these
do not differ significantly from those reported
elsewhere.
The expression of CD69 was high on
synovial fluid T cells from patients with RA
(30-3 (13)%) compared with peripheral blood
from patients with RA and normal peripheral
blood values (3-2 (2-9) and 2-1 (1-2)%
respectively). The difference between mean
values in synovial fluid and peripheral blood
from patients with RA was statistically
significant (p<002) (figs 1 and 2). The expression on synovial fluid cells from patients
with other chronic synovitis was 18 (9)%/o and
it was 1-7 (1*6)% in the peripheral blood of the
same patients (fig 1).
Expression of CD69 on peripheral blood T
lymphocytes from 15 patients with SLE and
immune vasculitis was 2 (0-9)%.
The quantitative determination of soluble
IL-2R levels, performed only in patients with
RA, gave a mean value of 921 (351) U/ml in

synovial fluid from patients with RA, 672 (229)
U/ml in the serum of the same patients, and
273 (100) U/ml in normal serum samples.
Discussion
The role of activated T cells in the
pathogenesis of RA has been studied by the
evaluation of activation markers such as IL-2R,
the HLA-DR antigen, and transferrin receptor
on peripheral blood and synovial fluid
lymphocytes." 12 A high expression of HLADR and a relative paucity of IL-2R positive and
transferrin receptor positive cells on synovial
fluid T lymphocytes have been reported. Late
activation antigens have been found on
synovial fluid T cells'3 and a dissociation
between the expression of IL-2R and VLA- 1
on synovial fluid lyrnphocytes has been
reported. 4 We have already shown the
increased expression of CD69 on synovial fluid
lymphocytes in patients with RA.7 These data
have been confirmed on synovial fluid and
synovial membrane T cells.8 The aim of this
study was to verify the expression of CD69
with respect to other surface markers that
appear later in the T cell activation pathway.
Normal values of this marker were found on
peripheral blood lymphocytes from patients
with RA, other chronic synovitis, and patients
with systemic immune inflammation such as

Ann Rheum Dis: first published as 10.1136/ard.52.6.457 on 1 June 1993. Downloaded from http://ard.bmj.com/ on March 1, 2021 by guest. Protected by copyright.

GL)
C.'

460

Afeltra, Galeazzi, Femn, et al

The authors are particularly grateful to Miss Alda Guidi and
Mrs Anna Matrunola for their technical assistance.

1 Hara T, Jung L K L, Bjorndahl J M, Fu S M. Human T
cell activation. II. Rapid induction of a phosphorylated
28KD/32KLD disulfide-linked early activation antigen
(EA1) by 12-o-tetradecanoyl phorbol-1 3-acetate,
mitogens and antigens. Jf Exp Med 1986; 164:

f988-2005.

2 Cebrian M, Yague E, Rincon M, Lopez-Botet M, de
Landazuri M 0, Sanchez-Madrid F. Triggering of T cell
proliferation through AIM, an activation inducer
molecule expressed on activated human lymphocytes.
Jf Exp Med 1988; 168: 1621-36.
3 Testi R, Phillips J H, Lanier L L. Leu 23 induction as an
early marker of functional CD3/T cell antigen receptor
triggering: requirement for receptor crosslinking,
prolonged elevation of intracellular (Ca"+) and activation
of PCK.J Immunol 1989; 142: 1854-60.
4 Lanier L L, Buck D W, Rhodes L, et al. Interleukin 2
activation of natural killer cells rapidly induces the
expression and phosphorylation of the Leu23 activation
antigen. J Exp Med 1988; 167: 1572-84.
5 Testi R, Phillips J H, Lanier L L. T cell activation via Leu23
(CD69). J Immunol 1989; 143: 1123-8.
6 Biselli R, Matricardi P M, D'Amelio R, Fattorossi A.
Multiparametric flow cytometric analysis of the kinetics
of surface molecule expression after polyclonal activation
of human peripheral blood T lymphocytes. Scand J
Immunol 1992; 35: 439-47.
7 Afeltra A, Galeazzi M, Basso P, Pietrucci A, Grosso L,
Bonomo L. Characterization of synovial lymphocytes in
rheumatoid arthritis: evidence of a continuous T cell
activation. First International Congress on Inflammation;
1990 Jun 17-22; Barcelona. Milan, Italy: ALN s.r.l.
8 Laffon A, Garcia-Vicuna R, Humbria A, et al. Upregulated
expression and function of VLA-4 fibronectin receptors
on human activated T cells in rheumatoid arthritis. J Clin
Invest 1991; 88: 546-52.
9 Arnett F C, Edworthy S M, Bloch D A, et al. The American
Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum
1988;31: 315-24.
10 Sebastiani G D, Passiu G, Galeazzi M, Porzio F, Carcassi
U. Prevalence and clinical associations of anticardiolipin
antibodies in systemic lupus erythematosus: a prospective
study. Clin Rheumatol 1991; 10: 289-93.
11 Burmester G R, Yu D T Y, Irani A, Kunkel H G, Winchester
R J. Ia+ T cells in synovial fluid and tissues of patients
with rheumatoid arthritis. Arthritis Rheum 1981; 24:
1370-6.
12 Salmon A, Bacon P A, Symmons D P M, Blann A D.
Transferrin receptor bearing cells in the peripheral blood
of patients with rheumatoid arthritis. Clin Exp Immunol
1985;62: 346-52.
13 Hemler M E, Glass D, Coblyn J S, Jacobson J G. Very late
activation antigens on rheumatoid synovial fluid T
lymphocytes. J7 Clin Invest 1986; 78: 696-702.
14 Laffon A, Sanchez-Madrid F, Ortiz de Landazuri M, et al.
Very late activation antigen on synovial fluid T cells from
patients with rheumatoid arthritis and other rheumatic
diseases. Arthritis Rheum 1989; 32: 386-92.
15 Pitzalis C, Kingsley G H, Haskard D, Panayi G S. The
preferential accumulation of helper-inducer T lymphocytes in inflammatory lesions: evidence for regulation by
selective endothelial and homotypic adhesion. Eur J
Immunol 1988; 18: 1397-404.
16 Afeltra A, Galeazzi M, Basso P, et al. Immune imbalance
in the synovial fluid of rheumatoid arthritis patients:
effects of intra-articular injection of thymopentin. Jf Biol
Regul Homeost Agents 1991; 5: 71-5.

Ann Rheum Dis: first published as 10.1136/ard.52.6.457 on 1 June 1993. Downloaded from http://ard.bmj.com/ on March 1, 2021 by guest. Protected by copyright.

clinically active immune vasculitis and SLE. In
contrast, an increased expression was found on
synovial fluid lymphocytes from patients with
RA and those with other chronic synovitis,
suggesting that CD69 may represent an
important T cell activation marker in the
synovial environment.
The increase of CD69 could be due either
to a continuous antigen presentation mechanism at the site of the immune inflammation,
or to a selective recruitment in the joints of
systemically activated T cells. Indeed, such an
event has been already shown in different
forms of chronic inflammation using other T
cell markers.15 16
Of the markers considered in this study,
CD69 and HLA-DR reached the highest state
of positivity. In contrast, IL-2R expression was
not significantly increased as determined by
cytometric analysis. As CD69 is the first cell
surface glycoprotein detected after lymphocyte
activation, it is not clear why we did not find
a parallel increase of IL-2R on the synovial
fluid T lymphocytes of patients with RA. It is
possible that IL-2R, which is expressed transiently, disappeared from the cell surface. After
the activation process, part of the 55 kilodalton
subunit is released from the membrane and
becomes the soluble receptor for IL-2. The
quantitative determination of soluble IL-2R
showed increased values in synovial fluid
compared with peripheral blood for patients
with RA and normal subjects. Another
explanation is that the expression of CD69
may trigger an altemative T cell activation
pathway. Lastly, it is also possible that the
CD69 antigen characterises a still unknown
CD69+ IL-2R- HLA-DR+ population which
might play an important part in the
pathogenesis of immunophlogosis. Further
studies are in progress in our laboratory to
investigate these hypotheses.

