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Abstract

Objectives—Proteinase-activated receptor 2 (PAR5) is a G protein-coupled receptor activated by
serine proteinases with proinflammatory activity. A study was undertaken to investigate the
presence and functional significance of PAR, expression on rheumatoid arthritis (RA)-derived
leucocyte subsets.

Methods—\Venous blood was obtained from patients with RA and osteoarthritis (OA) as well as
healthy control subjects. Surface expression of PAR, on peripheral blood mononuclear cells
(PBMCs) was analysed by flow cytometry and interleukin 6 (IL-6) generation by ELISA.

Results—Patients with RA had elevated but variable surface expression of PAR, on CD14+
monocytes compared with control subjects (median (1st to 3rd quartiles) 1.76% (0.86—4.10%) vs
0.06% (0.03-0.81%), p<0.0001). CD3+ T cells showed a similar pattern with significantly higher
PAR, expression in patients with RA compared with controls (3.05% (0.36-11.82%) vs 0.08%
(0.02-0.28%), p<0.0001). For both subsets, PAR, expression was significantly higher (p<0.00001)
in patients with high levels of disease activity: PAR, expression for both CD14+ and CD3+ cells
correlated to C reactive protein and erythrocyte sedimentation rate. Furthermore, in a cohort of
patients with newly diagnosed RA, elevated PAR, expression in both CD14+ and CD3+ cells was
significantly reduced 3 months after methotrexate or sulfasalazine treatment and this reduction
correlated significantly with the reduction in the 28-joint Disease Activity Scale score (p<0.05).
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PAR; expression on cells from patients with OA was low, similar to levels seen in control subjects.
Generation of IL-6 by monocytes in response to a selective PAR, agonist was significantly greater
in patients with RA than in patients with OA and control subjects (p<0.05).

Conclusions—These findings are consistent with a pathogenic role for PAR; in RA.

INTRODUCTION

Proteinase-activated receptors are a novel family of seven-transmembrane G protein-coupled
receptors uniquely activated by proteinase cleavage of the receptor N terminus, revealing an
activating ligand that binds to extracellular loop-2 of the receptor.12 Proteinase-activated
receptor 2 (PAR5) is a member of this family with putative proinflammatory roles which
remain poorly defined in human diseases. PAR is upregulated in Freund’s adjuvant-induced
arthritis in rodents and chronic inflammation is substantially reduced in PAR,-deficient
mice.3 Selective activation of PAR, promotes joint swelling and synovial hyperaemia in
mice3 and has been shown to promote cytokine release from human cell lines in vitro.* More
recently we have shown that PAR5 is upregulated in synovium from patients with
rheumatoid arthritis (RA) and a selective PAR, antagonist substantially inhibited generation
of tumour necrosis factor (TNF) a from RA synovial membrane digests.> We also observed
that CD68+ cells in the synovium expressed PAR,, confirming the findings of a previous
study® which also showed that synovial T cells (CD3) could express PAR,. This raises the
important question as to whether PAR, expression is a consequence of the articular
environment or, instead, a property of circulating leucocyte subsets a priori. The latter, if
confirmed, would place PAR,-mediated activation as an early phase event upon entry to the
synovial compartment. Previous studies in healthy subjects found low’ or no® PAR; surface
expression in CD14+ cells from freshly drawn blood, although there appeared to be
intracellular stores of PAR,.” CD3+ T cells and CD34+ stem cells also did not show
significant cell surface PAR, expression.” There is some evidence for PAR, activation
leading to development of antigen presenting cells from peripheral blood.® These various
studies suggest that, normally, relatively little PAR; is expressed on peripheral blood
mononuclear cells (PBMCs). However, a role for this receptor in RA has not yet been
investigated, so we tested the hypothesis that PAR, expression is increased in PBMCs
derived from patients with RA.

METHODS

Patients

This was a cross-sectional study in which venous blood samples were obtained from patients
with RA attending the outpatient clinic (n=75) as well as a subgroup admitted with an
increase in disease activity during a flare (n=19).19 The group contained 14 men and 80
women of median age 61 years (range 38-84). C reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) were measured in serum and plasma, respectively, drawn
simultaneously with the PBMCs under evaluation. A control group of healthy individuals
(n=15) was also investigated, consisting of five men and 10 women of median age 44 years
(range 23-66). A subset of patients with early RA, defined as not previously having been
diagnosed with RA and disease-modifying antirheumatic drug (DMARD)-naive, was also
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examined (n=18; age range 25-81 years). A cohort of patients with radiological evidence of
osteoarthritis (OA) was also included (n=6; median age 60.5 years, range 48-68).

Preparation of PBMCs

Peripheral blood, either from healthy donors or from patients with RA and OA, was
collected in heparin bottles and PBMCs were isolated by density gradient centrifugation
using Histopaque-1077 (Sigma, Dorset, UK) as indicated in the manufacturer’s instructions.
Briefly, blood was diluted 1:1 with sterile phosphate buffered saline (PBS) prior to layering
over Histopaque followed by centrifugation at 250g for 20 min at room temperature. After
centrifugation, the top plasma layer was collected and retained for use in fluorescence
activated cell sorting (FACS) buffer. The mononuclear cell layer was then removed to a fresh
tube and the cells washed three times in sterile PBS (150¢ for 10 min at 4°C). Cells were
counted and the concentration adjusted to 2x108/ml and used for FACS analysis or cell
culture studies as outlined below.

Cell culture reagents

All reagents including sterile PBS, RPMI, fetal bovine serum (FBS), glutamine and
penicillin/streptomycin were supplied by Invitrogen (Paisley, UK) and 3-mercaptoethanol
was supplied by Sigma. The PAR; activating peptide SLIGKV-NH, and the reverse peptide
VKGILS-NH, were purchased from TOCRIS Bioscience, Bristol, UK.

Isolation of CD14+ monocytes

In a subset of samples, CD14+ cells were purified from the PBMCs and PAR, expression
confirmed using confocal microscopy. Briefly, CD14+ cells were isolated using the human
CD14 selection kit from Stemcell Technologies (Grenoble, France). The cell concentration
was adjusted to 6x10°%/ml and cytospins were prepared using a Cellspin | Tharmac. The cells
were then stained for PAR, as described below.

Functional studies

PBMCs were prepared at 2x108/ml in complete medium (RPMI/glutamine/penicillin/
streptomycin/50 uM B mercaptoethanol/ 10% FBS) and cultured in the presence or absence
of the selective PAR,-activating peptide SLIGKV-NH, or the reverse sequence peptide
VKGILS-NH; (both 100 pM) in a final volume of 200 pl. Incubations with
lipopolysaccharide (Sigma, 100 ng/ml) were included as controls. Cells were cultured for 24
h at 37°C/5% CO» and supernatants collected thereafter. As PBMCs from healthy subjects
generate interleukin 6 (IL-6) in response to PAR; activation,’ the concentration of this
cytokine in the culture supernatant was determined by ELISA (Invitrogen, UK) according to
the manufacturer’s instructions.

Flow cytometry

For surface staining, mononuclear cells were washed in FACS buffer (PBS/2% FBS/1%
human plasma) and the cells were incubated in FcR blocking reagent (polyclonal human
1gG-Sigma, 1-4506) for 10 min at 4°C to prevent non-specific binding of antibodies to cells
via Fc regions. The mononuclear cells were then incubated with PE-conjugated antihuman
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CD14 (eBioscience, Hatfield, UK), APC-conjugated antihuman CD3 (BD Pharmingen,
Oxford, UK), PerCP-conjugated antihuman CD16 (eBioscience) and fluorescein
isothiocyanate (FITC)-conjugated anti-PAR, (SAM11, sc-13504 FITC, Santa Cruz,
California, USA) for 30 min at 4°C. The cells were washed in FACS buffer and filtered
through Nitex mesh before resuspension in FACS flow (BD PharMingen). The cells were
analysed using a FACSCalibur (BD) and FlowJo software (Tree Star Inc, Oregon, USA).
Following subtraction of the control isotype antibody (IgG2a) value, these data are
expressed as the percentage of cells showing surface expression of PAR, which correlated
with mean fluorescence intensity for both CD14+ (r=0.67, p<0.0001) and CD3+ cells
(r=0.86, p<0.0001).

Derivitisation of FITC-labelled SAM11

Azide-free SAM-11 (concentration range 1-4 mg/ml) was prepared and FITC covalently
conjugated via primary amines, the conjugation efficiency being >95%. The absorbance of
the conjugated sample was read at 280 nm and 494 nm and the fluorochrome to antibody
ratio was estimated at 4-7:1.

Antibody specificity

The specificity and selectivity of FITC-labelled SAM11 was assessed on clone G cells
(NCTC2544 human keratinocytes transfected with hPAR5).11 These cells clearly expressed
cytoplasmic PAR> (figure 1A) whereas non-transfected NCTC2544 cells were negative
(figure 1B). Furthermore, SAM11 preabsorbed with its immunising peptide
SLIGKVDGTSHVTG (200-fold excess overnight at 4°C) did not detect PAR5 in clone G
cells (figure 1C), which were also negative when incubated with isotype control antibody
(FITC-labelled 1gG2a; figure 1D). In addition, NCTC2544 cells which express PAR, (11)
were negative when incubated with FITC-labelled SAM11 (figure 1E). Cytoplasmic PAR,
was also observed in peripheral blood monocytes from a patient with RA using FITC-
labelled SAM11 (figure 1F), but not in cells from a healthy control subject (figure 1G) nor in
a patient with OA (figure 1H . In all experiments the cells were mounted using Vectashield
mounting medium with 4’,6-diamidino-2-phenylindole (H-1200, Vector Laboratories,
Peterborough, UK) allowing identification of nuclei.

Statistical analysis

For non-normally distributed data the median was used as a measure of central tendency
with variability expressed as the 1st and 3rd quartiles, these values being placed in
parentheses in the text. Comparisons were undertaken by the Mann-Whitney rank sum test.
Parametric data were expressed as mean £SE of the mean with comparisons by ANOVA
using SigmasStat (SPSS Inc, California, USA). Owing to substantial variation in CRP and
ESR values between patients, these were dichotomised and compared with PAR, surface
expression calculated as the biserial correlation coefficient (ry). The cut-off points were
based on standard normal values of <10 mg/l for CRP and <10 and <15 mm/h for ESR in
men and women, respectively. Similarly, for the group with early RA the change in 28-joint
Disease Activity Scale (DAS28) scores following treatment were dichotomised (cut-off
value >1.2) and compared with PAR, surface expression by biserial correlation coefficient.
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RESULTS

PAR, expression on CD14+ cells

Consistent with previous investigations,’8 the surface expression of PAR, was low in healthy
controls both in the median percentage of cells showing expression (0.06%; 0.03-0.81%)
and the mean fluorescence intensity (0.00; —0.05-0.5). PAR, expression in the patients with
RA taken together (n=94) varied substantially with a median of 1.76% (0.86-4.10%), but
differed significantly (p<0.0001) from the control group (figure 2A), as did mean
fluorescence intensity values (0.40; 0.22-0.70; p<0.01). Analysis of the RA group revealed
that patients admitted in a flare showed significantly (p<0.0001) higher surface expression of
PAR; (7.9%; 2.6-19.0%) than those seen at the routine outpatient clinic (1.41%; 0.65—
2.34%), as shown in figure 2B.

PAR, expression on CD3+ cells

CD3+ cells expressed minimal surface PAR; in control subjects (0.08%; 0.02—0.28%)
whereas patients with RA showed varied expression (3.05%; 0.36-11.82%) that differed
significantly from the control group (p<0.0001; figure 3A). Patients with RA flare again
showed higher surface PAR, expression (29.7%; 16.3-59.2%) than the outpatient group
(2.0%; 0.32-6.60%), the difference being significant (p<0.0001; figure 3B). Comparisons
between these groups using mean fluorescence intensity values similarly yielded significant
differences.

PAR; surface expression on CD3+ and CD14+ cells in patients with RA was significantly
correlated (r=0.5, p<0.0001). Moreover, PAR; surface expression levels and intensity was
similar in CD3+ and CD14+ cells (p=0.72). The increase in cell surface PAR, expression on
PBMC:s of patients with RA admitted during a clinical flare suggested a relationship with
RA disease activity. To formally test this, correlations between PAR, expression and ESR
and CRP were explored. In CD14+ cells, PAR, expression correlated significantly with CRP
(rp=0.4, p<0.005) and ESR (r,=0.4, p<0.005). For CD3+ cells, PAR, expression also
correlated with CRP (r,=0.35, p=0.01) and ESR (r,=0.44, p=0.001).

PAR, surface expression in the cohort of six patients with OA was compared with a subset
of six gender-matched healthy individuals (median age 53.5 years, range 42-62). No
significant difference in surface PAR, expression was observed for CD14+ cells (2.61%;
1.36-5.73% and 1.17%; 1.02-1.47%, respectively) or CD3+ cells (0.46%; 0.24-3.78% and
0.22%; 0.10-0.76%, respectively). However, PAR, expression was significantly lower in
patients with OA than in those with RA (p<0.02).

Early RA cohort

To further characterise the temporal pattern of PAR, expression, blood samples were taken
from a group of patients newly diagnosed with RA but before initiation of DMARD
treatment and then 3 months subsequently. The DMARDSs used were either methotrexate (14
patients) or sulfasalazine (4 patients). In addition to PAR, surface expression, CD16 was
also determined at both time points. While PAR, expression for both CD14+ and CD3+ cells
was also significantly elevated in this cohort (p<0.0001 for both), the levels were highly
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variable between patients. Accordingly, to test the hypothesis that initiation of treatment in
DMARD-naive patients would reduce upregulated PAR, expression, analysis was restricted
to patients with initial PAR, levels above the mean of healthy controls. PAR, expression on
CD14+ cells declined significantly with treatment (figure 4A) from 9.9% (4.7-23.7%) to
2.2% (1.4-4.9%) (p=0.011, Mann-Whitney test, n=15). Similarly, PAR, expression on
CD3+ cells decreased significantly from 8.8% (2.9— 20.6%) to 0.6% (0.2-3.5%) following
treatment (p=0.008, n=14; figure 4B). The decline in PAR, expression correlated
significantly with the reduction in DAS28 scores for both CD14+ (r,=0.72, p=0.029) and
CD3+ cells (rp=0.75, p=0.027). Although a subpopulation of CD14+ cells expressed CD16
on initial presentation (21.1%; 13.8-38.5%, n=18), this was not significantly reduced
following DMARD treatment (24.9%; 9.2—-35.9%; p=0.98). Contrary to the general trend for
PAR, expression to decrease with treatment, in two patients it increased in both CD14+ and
CD3+ cells. Of these two patients, one was a non-responder while the other did show
improvement in DAS28.

Functional response to PAR; activation

PAR, activation of PBMCs with SLIGKV-NH, stimulated release of IL-6 in RA, OA and
control groups (figure 5). Basal levels of IL-6 in supernatants were notably higher in the RA
group than in the OA and HC groups (p<0.002), and they also generated significantly more
IL-6 on activation of PAR, than the other groups (p<0.05). Interestingly, in patients with
RA, this stimulus generated maximal IL-6 generation relative to lipopolysaccharide (positive
control) but not in the OA or control groups. The enhanced IL-6 generated by SLIGKV-NH,
was specific as the response across the subjects to reverse peptide did not differ significantly
from medium alone (p=0.71). In both the OA and control groups, PAR, expression did not
correlate significantly with either basal or SLIGKV-NH5-induced IL-6 concentration.
However, in the RA group, CD14+ cell PAR, expression correlated with the basal 1L-6
concentration (r=0.73, p=0.039) whereas expression in CD3+ cells correlated with the
SLIGKV-NHa-induced IL-6 concentration (r=0.9, p=0.0025).

DISCUSSION

This study shows for the first time that circulating leucocyte subsets from patients with RA
have significantly higher PAR, expression than those detected in patients with OA or healthy
controls. There was considerable variation in the values observed within patients with RA,
but the factors responsible for this are unclear. We therefore sought a relationship with
disease activity as in general we found higher levels in inpatient than in outpatient samples,
and PAR expression correlated significantly with CRP and ESR. This suggests that PAR> is
associated with general pathological disease activity mechanisms, which is further supported
by the observation of a decline in its expression on both CD3+ and CD14+ cells following
treatment in the early RA cohort and correlation with a reduction in the DAS28 score.
Previous work has shown that neutrophils from patients in septic shock have increased PAR,
cell surface expression compared with healthy controls.13 Similarly, RA is increasingly
recognised to comprise a systemic syndrome associated with elevated levels of circulating
cytokines (eg, TNF, IL-6). Microarray experiments suggest that circulating RA monocytes
are not ‘normal’.14 Our data suggest that membrane PAR is upregulated as part of this
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systemic response. This has important implications for the likely kinetics whereby PAR,-
mediated monocyte activation can influence cell differentiation and the subsequent
contribution to inflammation. There is some evidence that the predominant TNF expression
in synovial macrophages occurs in cells that retain CD14 expression!® and therefore
represent recently recruited monocyte/macrophages. We speculate that PAR, expression
preexists on monocytes destined for recruitment, thereby allowing the monocyte rapidly to
sense the proteinase-rich environment (eg, tryptase, chymotryptase) of the articular
compartment and respond accordingly. Future studies will be important to define the
chemokine receptor and integrin adhesion molecule decoration of the PAR,+ subpopulation
of circulating monocytes to confirm this hypothesis. Similar arguments apply to the
observation that T cells can upregulate PAR5 in response to stimulation with PMA/
ionomycin (unpublished observations). Ongoing studies will identify the subsets of T cells
that are induced to express surface PAR,. Moreover, the functional significance of such
expression for T cell activation and phenotypic differentiation remains unclear at this time.

The observation that leucocytes have substantial intracellular stores of PAR, 7 suggests that
this system is ‘primed’ so that there are intracellular pools of PAR, protein available to be
recruited to the membrane once triggered. Factors which regulate the movement of PAR; to
the cell surface are still not well understood. Rab11a has been shown to promote trafficking
of PAR; from intracellular stores in the Golgi apparatus to the cell surface,16 although how
this is achieved remains poorly understood. Better understood are the mechanisms
underlying PAR internalisation and degradation.1718 Although not all the links in the chain
responsible for PAR, upregulation on the cell surface are known, it has been shown that
PAR; is upregulated in human umbilical vein endothelial cells by various cytokines
including TNFal® and that interferon y can increase its expression in neutrophils from
healthy donors.12 Under these conditions, it is not unreasonable to speculate that elevated
levels of plasma TNF in patients with RAZC could be responsible for the increased PAR;
expression on the surface of CD3+ and CD14+ cells observed in our study. This is consistent
with levels of systemic inflammatory markers in patients with OA being within the normal
range and our observation that the cohort we examined showed low PAR, expression not
significantly different from controls. From our data we cannot determine whether PARo-
expressing PBMCs migrate to or from the synovium. Emigration seems less likely as
monocytes obtained from patients with OA showed little by way of surface PAR, expression
despite the recognition that OA can include synovitis,2! which correlates strongly with
synovial PAR expression.?2 This, coupled with our observation that PAR, expression
correlates with serum inflammatory markers in patients with RA, suggests that PAR, may be
indicative of systemic inflammation. However, PAR, may also be elevated by other diseases
as its expression on monocytes is more abundant in patients with primary antiphospholipid
syndrome.23 This could explain why one patient in our early RA cohort showed increased
PAR, expression following treatment despite experiencing an improvement in DAS28—that
is, there may have been an unrelated concomitant disease driving increased PAR,
expression.

Basal IL-6 levels in patients with RA were significantly higher than in the other cohorts,
consistent with the known role of IL-6 in the pathogenesis of RA,24 its importance being
reflected in the fact that I1L-6 receptor is now a recognised therapeutic target.2> PAR,
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activation has functional consequences manifest in IL-6 generation from PBMCs. Notably,
SLIGKV-NH; enhanced IL-6 secretion in patients with RA compared with patients with OA
or healthy controls, suggesting an amplified response. This could be related to increased
PAR; expression, and is supported by the finding that this only correlates with IL-6 in RA
PBMCs.

In summary, our data provide further compelling evidence for dysregulation of the PAR,
pathway in RA, providing a rational mechanism that integrates tissue matrix regulation,
proteinase release and leucocyte activation status.
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Figure 1.
(A) NCTC2544 cells stably expressing proteinase-activated receptor 2 (PAR>) (clone G)

incubated with FITC-labelled SAM11 showed cytoplasmic staining whereas native
NCTC2544 cells did not. (B) Clone G cells showed no staining if SAM11 was preabsorbed
with its immunising peptide (C) or if incubated with FITC-labelled 1gG2a isotype control
antibody (D). PARy-expressing NCTC2544 cells also did not stain when incubated with
FITC-labelled SAM11 (E). CD14+ cells from a patient with rheumatoid arthritis (RA)
during a fl are (55% surface PAR, expression) incubated with FITC-labelled SAM11
showed cytoplasmic staining (F) whereas these cells from a healthy control (G) and a patient
with osteoarthritis (OA) (H) did not. Nuclei stained blue with 4/,6-diamidino-2-
phenylindole. Scale bar=20 ym.
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Figure2.
(A) Dot plots comparing surface expression of proteinase-activated receptor 2 (PARy) in

CD14+ cells in patients with rheumatoid arthritis (RA, n=94) and healthy control subjects
(HC, n=15). Mann-Whitney rank sum test showed a significant difference (p<0.0001)
between the two groups. (B) Surface expression of PAR, in CD14 cells in patients with RA
attending outpatients (RA O/P, n=75) compared with those admitted to the ward during a
flare (RA Flare, n=19). Rank sum test showed a highly significant difference (p<0.0001)
between these two groups. Median values and IQR given in text.
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Figure 3.
(A) Dot plots comparing surface expression of proteinase-activated receptor 2 (PARy) in

CD3+ cells in patients with rheumatoid arthritis (RA, n=94) and healthy control subjects
(HC, n=15). Rank sum test showed a significant difference (p<0.01) between the two
groups. (B) Dot plots comparing surface expression of PAR, in CD3 cells in patients with
RA attending outpatients (RA O/P) compared with those admitted to the ward during a flare
(RA Flare). Rank sum test showed a highly significant difference (p<0.00001) between these
two groups. Median values and IQR given in text.
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Figure 4.
Change in proteinase-activated receptor 2 (PARy) surface expression on peripheral blood

mononuclear cells in patients with early rheumatoid arthritis (RA) but prior to treatment
(pre) and 3 months after treatment with disease-modifying antirheumatic drugs (post). For
both CD14 (A) and CD3 (B) cells, PAR, expression decreased significantly (p=0.01, Mann—
Whitney, n=15 and 14, respectively) following treatment.
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Figureb.
Interleukin 6 (IL-6) concentration in supernatants of peripheral blood mononuclear cell

cultures 24 h after incubation with medium, the proteinase-activated receptor 2 (PAR))
activating peptide SLIGKV-NH, (100 £M) or lipopolysaccharide (LPS, 100 nM) in
rheumatoid arthritis (RA, n=8), osteoarthritis (OA, n=6) or control (HC, n=6) groups. The
basal concentration of 1L-6 was substantially higher in the RA group compared with both
the OA and HC groups (**p<0.002, one-way ANOVA). Patients with RA also generated
significantly more IL-6 in response to SLIGKV-NH, compared with both OA and HC
groups (*p<0.05). Control subjects had a smaller response to LPS than the RA and OA
groups (1p<0.05).
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