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Synovial fluid neutrophils of patients with
rheumatoid arthritis have membrane antigen changes
that reflect activation
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SUMMARY The level of expression of surface antigens was studied on neutrophils from paired
samples of blood and synovial fluid of patients with rheumatoid arthritis (RA). By measuring the
immunofluorescence of labelled monoclonal antibodies it was shown that on joint neutrophils
there was an increase in expression of complement receptor 3 (CR3) and granulocyte functional
antigens 1 and 2 compared with blood neutrophils, whereas the expression of GpIIb-IIIa was

reduced. The pattern of expression was the same as that seen with in vitro activation and strongly
suggests that activation is occurring within the joint.
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An understanding of the regulation of human
neutrophil function has been enhanced by two sets
of observations. Firstly, neutrophils are capable of
being activated by naturally occurnrng cytokines
such as colony stimulating factors1 and tumour
necrosis factor.2 It has been suggested that these
cytokines are responsible for the activation of
neutrophils in vivo, especially at sites of inflamma-
tion such as that of RA.3 Additionally, neutrophils
are activated by complement component C5a, and
a C5a related chemotactic activity has been demon-
strated in synovial fluid (SF) from patients with
RA.s Secondly, the functional status of neutrophils
is reflected by changes in surface antigens. The best
studied example is CR3 recognised by vanous
monoclonal antibodies (MAb) such as Mo-1.6 The
congenital absence of this antigen leads to over-
whelming sepsis in vivo and an absence of adherence
mediated function in vitro,7 an effect which can be
reproduced by certain anti-CR3 MAb. The concept
that measurement of the level of antigen expression
may reflect activation is supported by findings in
vitro, where activation of neutrophils by bacterial
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chemotactic agents such as f-Met-Leu-Phe (FMLP)
results in an enhancement of CR3 numbers on the
cell membrane,6 8 and in vivo, where patients with
complement activation such as that seen after
cupriphane membrane dialysis have activated
neutrophils with enhanced CR3 expression.9
A second set of neutrophil restricted surface

antigens, termed granulocyte functional antigens
(GFA) 1 and 2, have been identified and MAb
against these structures augment several neutrophil
functions, including degranulation and antibody
dependent, cell mediated cytotoxicity.10 These
antigens are also enhanced by FMLP and colony
stimulating factors,'( and thus their level of expres-
sion may also reflect activation. The most recently
described neutrophil antigen belongs to the GpIIb-
IIIa complex, a protein structure that serves as a
receptor for fibrinogen and fibronectin and was
originally described on platelets." This antigen
behaves differently from the above examples as its
expression is not increased on activation with FMLP
(Lopez and Burns, unpublished observations).
The above observations strongly suggest that

neutrophils activated in vivo may express a surface
phenotype reflecting their functional state, and,
furthermore, that this phenotype may give an
independent measurement of the activity of some



inflammatory disorders. In this communication we
show that neutrophils purified from the joints of
patients with active rheumatoid synovitis express
significantly greater amounts of CR3 GFA-1 and
GFA-2 antigen but less GpIIb-IIIa antigen than
blood neutrophils from the same individual, isolated
identically. Thus measurement of antigen expres-
sion on neutrophils may provide an independent
assessment of the inflammatory response.

Patients and methods

PATIENTS
Thirteen patients (eight female, five male) attending
the Royal Melbourne Hospital rheumatology clinic
were studied. All had definite or classical seroposi-
tive rheumatoid arthritis (American Rheumatism
Association criteria) of mean duration 16 years
(range 2-45 years) and were receiving treatment
which, in all but four cases, included disease
modifying agents in addition to non-steroidal anti-
inflammatory drugs. No patient had received intra-
articular steroids within the previous six months.
Arthrocentesis was performed for diagnostic or
therapeutic purposes and informed consent was
obtained in accordance with an approved protocol.
In one case (patient 13) both knees were aspirated.
Blood was taken from controls who were healthy
laboratory personnel.

MEDIA AND REAGENTS
The following media were used: Hanks's medium
without Ca++ or Mg++ (Commonwealth Serum
Laboratories, Melbourne, Australia), RPMI 1640
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(Gibco, Chagrin Falls, OH, USA) plus NaHCO3,
NaCl, sodium pyruvate, penicillin, and strepto-
mycin. HEPES buffered balanced salt solution (N-2-.
hydroxyethylpiperazine-N'-2-ethanesulphonic acid),
pH 7-2, was used for washing cells after incubation
with MAb. Cells were fixed with 1% formaldehyde/
5 mM NaN3/ 2% glucose in phosphate buffered
saline. Fetal calf serum (FCS) (CSL, Melbourne)
was heat inactivated for 30 min at 56°C and used at a
concentration of 2% (v/v). The chemotactic peptide
FMLP was obtained from Sigma (St Louis, MO,
USA).

NEUTROPHIL SEPARATION
Blood and SF were collected into Vacutainers
containing heparin, free from preservative (Becton-
Dickinson, Rutherford, NJ, USA). Dextran 7500
(Pharmacia, Uppsala Sweden) (3% in normal
saline) was added to the fluids in the ratio 1:4
doxtran:fluid and left to stand for 45 min. The
ledcocyte rich supernatant was then aspirated,
washed in Hanks's medium and separated on Ficoll-
Paque (Pharmacia Piscataway, NJ, USA) at room

temperature. The residual red blood cells in the
pellet were lysed by osmotic shock using ice cold
0*2% NaCl for 30 s, followed by the addition of an
equal volume of ice cold 1.6% NaCl, and the
neutrophils were washed three times in RPMI/FCS.
Cells were maintained at 4°C except for the period
of density centrifugation. In stimulation experi-
ments the effect of incubating cells at 37°C for 30
min with FMLP at a final concentration of 0-1 ,umolll
was tested, while other cells maintained at 37°C
served as untreated controls. Finally, the cells were

Table 1 Antigen expression on peripheral blood (PB) and synovial fluid (SF) neutrophils of 13 patients with RA

Patient Antigen expression (mean fluorescence)
No

CR3 Gpllb-lla GFA-1 GFA-2

PB SF PB SF PB SF PB SF

1 149 (6)* 334 (4)+ 150 (71) 11 (6) 463 (12) 524 (10) 51 91
2 16 (5) 16 (8)+ 10 (4) 4 (4) 131 (5) 161 (3) 100 165
3 21 (4) 44 (5)+ 126 (11) 11 (11) 230 (5) 439 (7) 23 115
4 79 (6) 124 (3)+ 16 (5) 11 (5) 106 (4) 110 (8) 40 96
5 100 (7) 89 (7)+ 23 (6) 5 (5) 4 (5) 128 (8) 12 15
6 338 (11) 618 (11) 28 (4) 4 (4) 118 (4) 182 (4) 10 29
7 529 (20) 524 (28) 82 (22) 44 (24) 129 (20) 604 (28) 139 166
8 104 (8) 120 (6) 72 (8) 8 (8) 77 (9) 147 (7) 163 420
9 104 (4) 127 (4) 92 (9) 14 (11) 116 (11) 162 (18) 54 56
10 489 (15) 970 (22) 10 (8) 9 (8) 14 (4) 59 (4) 35 111
11 162 (20) 328 (28) 11 (10) 10 (14) 25 (14) 31 (21) 58 92
12 142 (9) 266 (10) 12 (8) 12 (9) 10 (9) 15 (7) 17 58
13 L 182 (9) 164 (8) 177 (11) 10 (8) 99 (12) 100 (13) 31 33
13 R 182 (12) 199 (13) 177 (11) 10 (10) 99 (12) 110 (13) 31 55

*The binding of control MAb is shown in brackets. These were MsIgG1 (or PB1O where indicated +) for CR3 and GFA-2, K7 for GFA-1,
and second layer sheep antimouse F(ab')2 alone for GpIIb-IIIa.
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Fig. 1 Antigen expression (mean
fluorescence) on neutrophils
from peripheral blood or synovial
fluid of13 patients (14 samples)
with rheumatoid arthritis.

washed three times in RPMI/FCS and their concen-
tration was readjusted to 107 cells/ml.

MONOCLONAL ANTIBODIES
The following murine MAb were used: anti Mo-1
(IgGl) (Becton-Dickinson), WEM-Gl (IgM),
WEM-G11 (IgGl), 25E11 (IgG2a), and anti-02-m
(IgG2b). They recognise CR3, GFA-1, GFA-2,
GpIIb-IIIa, and 02 microglobulin respectively, and
have been described previously.8 9 In addition, the
MAb K7 (IgM) (a gift of Dr G Klauss, National
Institute for Medical Research, London) and PB1O
(IgGl) (a gift of Dr P Bartlett, WEHI, Melbourne),
which bind to the trinitrophenyl hapten and the
chicken theta antigen respectively, together with
MsIg (IgGl) (Becton-Dickinson) served as non-
binding, isotype matched controls. The MAb Hu-Pl-

ml, which recognises an epitope on GpIIb-IIIa
whose expression is restricted to platelets, was a gift
of Dr M Sandrin (Centre for Transplantation and
Cancer Research, Melbourne). All the MAb were
fluoresceinated, with the exception of the two anti-
GpIIb-IIIa MAb; in these cases a fluoresceinated
F(ab')2 sheep antimouse immunoglobulin was used
as a second layer.

CELL STAINING AND FLOW CYTOMETRIC
ANALYSIS
Neutrophils (50 IA) in microtitre wells were incu-
bated with saturating concentrations of appropriate
MAb at 4°C for 45 min. This was followed by three
washes at 4°C in balanced salt solution and fixation
before analysis by flow cytometry. For non-fluor-
esceinated MAb, incubation with the second layer



MAb, followed by a further three washes, was
performed before fixation. Cells were analysed
using a fluorescence activated cell sorter (FACS
model II, Becton-Dickinson) and were gated by size
and 900 scatter to select for neutrophils.

STATISTICAL ANALYSIS
After conversion to a linear scale the mean fluor-
escence values relating to peripheral blood (PB) and
SF neutrophil samples of individual subjects were
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compared using the non-parametric Wilcoxon
signed rank test.

Results

EXPRESSION OF ANTIGENS ON NEUTROPHILS
FROM BLOOD AND SYNOVIAL FLUID OF
PATIENTS WITH RA
The expression of CR3, GFA-1, and GFA-2 on
synovial fluid neutrophils was greater than on
neutrophils from peripheral blood (Table 1;
p<0003); significantly increased antigen expression
on SF neutrophils was seen in at least 10 samples for
all of these antigens. In contrast, the expression of
GpIIb-IIIa was reduced on SF neutrophils
(p<O-00l). Plots of the relative expression of the
antigens in blood versus synovial fluid illustrate
these features (Fig. 1). The binding of Hu-PI-ml was
studied to assess specific binding to platelets and
thus exclude the possibility that the binding of
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Fig. 2 Change in antigen expression (mean fluorescence)
on peripheral blood or synovialfluid neutrophils stimulated
with FMLP (0) in comparison with unstimulated cells (0).

I

GFA-1 GFA-2

Fig. 3 Antigen expression on neutrophilsfrom peripheral
blood (white columns) or synovialfluid (black columns)
after stimulation with FMLP. Results expressed as
percentage change in mean antigen expression in
comparison with unstimulated neutrophils from the same
source. (The bars are one standard error.)
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25E11 could be attributed to contamination of the
neutrophil preparation by adherent platelets. In
seven experiments there was no significant binding
to any of the neutrophil preparations (data not
shown).

EFFECT OF FMLP ON ANTIGEN EXPRESSION
FMLP significantly enhanced the expression of
CR3, GFA-1, and GFA-2 but reduced that of
GpIIb-IIIa on PB neutrophils (p<002) (data shown
for CR3 and GpIIb-IIIa in Fig. 2). The effect of
FMLP on SF neutrophils was less consistent and
ultimately not significant (p>0.06), though the
expression of CR3, GFA-1, and GFA-2 tended to
be enhanced (Fig. 3).

Discussion

We have shown that in patients with RA neutrophils
from SF have altered expression of surface mole-
cules. Furthermore, this altered expression follows a
pattern seen when neutrophils are activated in vitro,
strongly suggesting that this activation is occurring
in vivo.
The role of neutrophils in the pathogenesis of

articular destruction in RA is unclear. These cells
predominate in the SF, however, during acute
exacerbations of the disease, are seen in the vicinity
of synovial blood vessels or at the articular margin,
and are known to secrete a number of pro-inflam-
matory mediators after stimulation in vitro.3 Studies
comparing the functional activity of SF neutrophils
with those from PB have yielded conflicting
results.12-15 It has been noted that the phagocytic
activity of SF neutrophils is depressed or enhanced,
whereas no differences in resting enzyme content or
stimulated enzyme release are apparent when
differences in viability are taken into account.13
Potential explanations for these discrepancies
include technical differences in isolation methods or
assays and variable degrees of activation in vivo
which could render the cells refractory to further
stimulation in vitro. This was clarified by the use of
antigen expression as an independent marker of
function status.

Previous work in this laboratory has identified
two antigens, GFA-1 and GFA-2, which are in-
volved in antibody dependent killing,'0 and a third,
GpIIb-IIIa, the receptor for fibrinogen and fibro-
nectin, which is involved in cell adhesion.9 10 As has
been shown for CR1 and CR3 the expression of
GFA-1 and GFA-2 is enhanced by stimuli which
activate neutrophilsl'; this was confirmed in the
present study, and it was also shown that the
expression of GpIIb-IIIa is reduced. Therefore it

seemed that the relative level of expression of these
antigens would serve as a marker of the functional
status of neutrophils from sites of inflammation such
as synovial fluid. Preliminary investigations (data
not shown) have confirmed that the conditions of
neutrophil isolation can affect the expression of
surface antigens.16 Consequently, SF and PB neu-
trophils were prepared identically, and the pattern
of expression of several antigens was compared,
rather than relying on the absolute expression of any
one antigen.
The results of the present study show that the

expression of CR3, GFA-1, and GFA-2 is increased
on SF neutrophils and that of GpIIb-IIIa is dimin-
ished compared with PB cells. This is in keeping with
the pattern of reactivity after stimulation in vitro
and supports the hypothesis that the SF neutrophils
have been activated in vivo. These findings are also
consistent with enhanced CR3 expression on neu-
trophils from sterile exudates17 and a recent demon-
stration of increased C3 receptors on SF neutrophils
using a rosette assay.14 On the other hand, our
failure to stimulate consistently further enhance-
ment of these antigens on SF neutrophils by incuba-
tion with FMLP in vitro is not necessarily contrary
to the finding of increased FMLP receptors and
responsiveness after exudation'7 as the nature and
duration of the in vivo stimulus could not be
ascertained or controlled. The level of activation of
PB neutrophils was not addressed in this study,
firstly, because our prime interest was in expression
on SF neutrophils and, secondly, because cross
sectional analysis would have been hard to interpret
with wide ranges between individuals.
Our findings have several implications for the

management of inflammatory disorders. Firstly, the
monitoring of neutrophil activation antigens may
provide an independent assessment of the efficacy of
anti-inflammatory treatment, and could ultimately
be a very useful test. As baselines differ between
individuals these tests will need to be performed
serially or, as we have in this communication, by
comparing two sites in the body. Secondly, it is
possible that the pattern of antigenic changes may
reflect the agent responsible for activation. We have
already noted that activation mediated by tumour
necrosis factor results in quantitatively and qualita-
tively different changes in these antigens,2 and it is
thus possible that in the future therapy could be
tailored according to these parameters. Thirdly, the
present findings clearly establish that neutrophils
have an altered phenotype consistent with a state of
activation of the cell in the synovium and suggest the
possibility that the localised activation of neutro-
phils in the joint may play a part in tissue destruction
observed in patients with RA.
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