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Endogenous glucocorticoids modulate neutrophil migration and synovial P-selectin
but not neutrophil phagocytic or oxidative function in experimental arthritis
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SUMMARY

Pharmacologic glucocorticoids are powerful inhibitors of the inflammatory response at many levels,
including leucocyte trafficking and function. The adhesion molecule P-selectin is a key participant in
polymorphonuclear neutrophil (PMN) migration to sites of inflammation. The extent to which
endogenous glucocorticoids influence PMN migration and activation is not clear. We used the
glucocorticoid receptor antagonist RU486 to examine the effect of endogenous glucocorticoid blockade
on PMN migration and function in carrageenan monoarthritis in the rat. Arthritis was induced by intra-
articular injection of carrageenan and disease severity measured by PMN count in synovial lavage fluid.
Decalcified frozen sections of injected joints were analysed for expression of P-selectin by immuno-
histochemistry. Adrenal glucocorticoid action was blockedvivo with RU486 20 mg/kg. PMN
phagocytosis and reactive oxygen species synthesis were measured by flow cytometry. Carrageenan
injection was associated with severe arthritis (synovial lavage PMN-8-9x 10°, P<0-01 versus
control) which was dose-dependent. P-selectin was not detected in normal joints but was abundant in
joints injected with 50Q,g carrageenan. RU486 resulted in exacerbation of carrageenan arthritis
(9-7+0-8x10°, P<0-05). RU486 also altered the threshold for disease induction, in that most
RU486-treated animals were susceptible to arthritis at a dose of carrageenag)(24&ich did not

induce arthritis in most control-treated animals<(0-05), denoting an altered threshold for arthritis
induction. RU486 treatment was associated with increased synovial P-selectin expression. Activation
status as measured by PMN phagocytic and oxidative function were not influenced by endogenous
glucocorticoid blockade. These findings suggest that endogenous glucocorticoids selectively influence
PMN migration to inflamed joints via P-selectin expression, but have no effect on PMN activation
status.
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INTRODUCTION replacement of glucocorticoids in the physiologic range amelio-
The anti-inflammatory effects of glucocorticoids have been exten ates streptococcal cell wall-induced arthritis in Lewis rats, whose

sively described in experimental models of inflammatory diseaseSusceptlblllty to disease is in turn dependent upon impaired

and o ffcay hasheen borne utn nerapeut suatons {LCOCTICON Potiton 1 umen vt e ()
human disease. The concept that glucocorticoids release y y

. . " . secretion [4], and blockade of cortisol production leads to exacer-
under physiological conditions. contribute to an endogenou%aﬂon of clinical symptoms [5]. At the cellular level, there is
inflammatory . control -system is now well accepted. For evidence for re ula¥ior? of inflarr'wmato events includi'n natural
example, the limitation of severity and duration of inflammatory 9 ry 9

: . : . - . |<iller (NK) cytotoxicity, nitric oxide production, T cell activation,
disease models including adjuvant arthritis and experimenta ansion and proarammed cell dedthvivo by endodenous
allergic encephalomyelitis (EAE) has been demonstrated to bglxpcocc;rticoids [g 99]' VIivo by genou
dependent on adequate physiologic glucocorticoid responses [1,2?u o

. In RA, large numbers of polymorphonuclear neutrophils
Furthermore, the studies of Sternbesal. [3] demonstrate that (PMN) are found in the synovial fluid of inflamed joints. We
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these cells to inflammatory joint disease is increasingly recognizedesuspended in HBSS at 0<30° cells/ml. Pansorbin-PI (5@)
[11]. PMN recruitment to the joint is known to be dependent uponwas added to 500 of the cell suspension and incubated at@7
expression of PMN adhesion molecules including P- and Efor 50 min. Dihydrorhodamine (DHR)-123 (18 20mg/ml in
selectin, and the production of chemotactic factors such as IL-PBS) was added and incubated for a further 10 min &C37
8[12-16]. Reactive oxygen species (ROS) and proteolyticSamples were then placed on ice and flow cytometric analysis
enzymes derived from activated PMN may be involved in initiation performed within 10 min. Phagocytosis was detected by flow
or perpetuation of joint damage, as well as recruitment of othercytometric measurement of Pl-fluorescent cells. ROS production
inflammatory cells. It has been recently shown that administratiorwas measured by flow cytometric analysis of DHR-123 fluorescent
of pulse methylprednisolone resulted in a significant decrease igells (Coulter, Hialeah FL). Oxidation of the non-fluorescent DHR
synovial fluid PMN in RA [17,18], and that glucocorticoids are to green fluorescent rhodamine is initiated preferentially b@H
associated with reductions in IL-8 production [19]. In contrast, thegeneration which occurs distal to NADPH-oxidase catalysed
effects of endogenous glucocorticoids on synovial PMN recruit-superoxide production.
ment have not been studied. Furthermore, although exogenous An alternative method of inducing ROS production was
glucocorticoids are known to influence the expression of keyemployed using the calcium ionophore A23187. A23187
adhesion molecules involved in PMN recruitment [20], the (Sigma) dissolved in dimethylsulphoxide was added at a final
impact of endogenous glucocorticoids on P-selectin expressiononcentration of 1m to joint lavage specimens washed as
has not been studied. The potential for the immunomodulatorybefore and resuspended in calcium-enriched PBS (Dulbecco B)
effects of physiologic glucocorticoids to differ markedly from those containing 1Q:um sodium azide. ROS production was measured
of pharmacologic doses has recently been highlighted [21]by mean fluorescence intensity (MFI) of DHR-123-fluorescent
We therefore used a model of PMN-dependent arthritis to inveseells.
tigate endogenous glucocorticoid effects on acute PMN-mediated
synovitis. Immunohistochemistry
Specimens of whole rat knee joint were fixed in PLP and decalci-
fied in a solution of 7:5% polyvinylpyrrolidone (Sigma,
Australia) and 10% ethylenediamine tetra acetic acid (EDTA,
Animals and interventions BDH Chemicals, Australia). Decalcified joints were embedded in
Adult male inbred Sprague-Dawley rats weighing 300—350 g wereOCT (Tissue Tek, Westhaven, CT) and frozen. Frozen tissue was
housed six to a cage and maintained on a 12:12 h light:dark cycleut into 7um sections using a cryostat (Reichardt-Jung Cryocut
with standard rat chow and watad libitum RU486 (a gift from  1800; Germany). Immunohistochemistry was performed using a
Roussel-UCLAF, Roumainville, France) was prepared as a suspethree-layer immunoperoxidase technique on sections from whole
sion in saline containing 0-5% carboxymethyl cellulose (Sigmadecalcified rat joints. P-selectin was detected using a rabbit anti-rat
St Louis, MO). Carrageenan was prepared as a 1% stock solutioR-selectin polyclonal antibody as published [24], followed by
in 0-9% NaCl. When lower concentrations were required forperoxidase-conjugated goat anti-mouse antibody (Dako
threshold experiments, carrageenan was dissolved in sterile 0-5%orp., Carpinteria, CA) and mouse peroxidase anti-peroxidase
carboxymethyl cellulose in saline to maintain viscosity. RU486
(10 mg) was administered to rats 18h and 1h prior to arthritis
induction, via i.p. injection. Control rats received i.p. injections of
vehicle. Arthritis was induced by intra-articular (i.a.) injection of 7~ *
carrageenan (0-5-5@@ in 50ul) into knee joints under ether
anaesthesia. Inflammatory arthritis (defined by a synovial lavage
PMN count>0-5x 10°) developed within 4 h. Animals were killed €
X

MATERIALS AND METHODS

(o]

at this time and joints lavaged with 5ml of 0-9% NaCl. Experi-
ments were approved by the Research Ethics Committee ofZ
Monash University. Except where otherwise stated, six animals =
were examined for each data point. <

Determination of anti-glucocorticoid effects
PMN number Joint lavage samples were washed in PBS and
cells were counted after erythrocyte lysis. Leucocytes which were 3
identified as 100% PMN by light microscopic determination of
characteristic nuclear morphology were counted in a Nebauer
haemocytometer. 1
PMN function Synovial lavage PMN activation was assessed
in terms of phagocytic and oxidative function [22,23]. Phago-
cytosis and subsequent ROS generation were stimulated by opso- 0 5 50 500
nized propidium iodide (Pl)-labelledStaphylococcus aureus Carrageenan (ug)
Cowan _(Pansorbm) _(Calb'OChem’ San Diego, CA_)' Pl (‘1@0 Fig. 1. Rat knee joints were injected with vehicle (0-5% carboxymethyl
ml) was incubated with an equ_al VQIume of Pansorbin for 30 mm_ atceIIulose in saline) or carrageenan (5—5@) and synovial lavage leuco-
room temperature. After washing in Hanks’ balanced salt solutlor*bytes counted after 4 h. Carrageenan induced a signific®% @*01) and

(HBSS), the bacteria were opsonized by incubation with 10%dose-dependent influx of polymorphonuclear neutrophils (PMN) to the
normal rat serum in HBSS at 3Z for 30min, counted, and synovial space.

ial lavage

Syn

o
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Fig. 2. Rat knee joints were injected with vehicle (0-5% carboxymethyl cellulose in saline) or carrageenag)(50d stained with
haematoxylin and eosin (H—E) for histological assessment, or with anti-P-selectin antibody (brown) and haematoxylnl@Mada)
Vehicle-injected (H-E). (b) Carrageenan-injected rat knee joint (H-E), showing marked increase in synovial leucocyte infiltration. (c)
Vehicle-injected rat knee joint stained for P-selectin, showing negative staining. (d) Carrageenan-injected rat knee joint stained for P-selectin,
showing positive brown staining in synovial blood vessels (V).

1:100 (Dako). Immunostaining was achieved by the addition ofStatistical analysis

diaminobenzidine (Dako; 1Q@/ml). Sections were counter- Statistical comparisons between groups were made using Student’s
stained with Harris haematoxylin (Gurr BDH Chemicals, UK) t-test. Disease threshold data were analysed ygirgalysis with

prior to examination. continuity correction. All results are presented as meas.e.m.

sf.sb

Fig. 3. Rat knee joints were injected with carrageenan &)%nd stained with anti-P-selectin antibody (nm&800). (a) Control-treated rats
exhibited no P-selectin in synovial blood vessels (V). (b) RU486-treated rats exhibited prominent P-selectin in synovial blood vessels (V).
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Table 1.
PMN
Carrageenanu@) n* Control RU486 Percent increase P
500 20 5.9 0-7 9-7+ 09 164 <0-001
50 6 1.3-0-4 3.1+ 0.7 240 <0-05
5 10 0-48+0-26 1.76-0-6 266 <0-05

* n, Number of animals per treatment group (control or RU486).

RESULTS Endogenous glucocorticoid modulation of PMN activation
Phagocytic capacity and ROS generation were detected in synovial
lavage PMN of 100% of arthritic animals. Synovial lavage PMN
phagocytic function as measured by flow cytometry (MFI
66-1+ 8-2) was not influenced by blockade of endogenous gluco-
of animals (synovial lavage PMN 5:90-7x 10°, P = 0-001 com- corticoids (§5-4t 10-1, NS). ROS generation induced by bacterial
pared with controln= 20). Lower doses induced PMN infiltration phagocytosis (MFI qf DHR 46-1 9.7) Was.allso not affected by
RU486 treatmenin vivo (43-6=+ 7-6, NS). Similarly, ROS gener-

in a dose-dependent manner (Fig. 1). Compared with control-~ " . ) ‘
injected joints, histological examination of carrageenan-injecteoat'on induced by A23187 stimulation (102:219-3) was not influ-

joints revealed intense infiltration with PMN in the enced by RU486 (1005 19-8, NS).
synovial membrane (Fig. 2). Using immunohistochemical

labelling, P-selectin was not detected in control-injected joints, DISCUSSION
but intense staining was detected in synovial blood vessels i%everal
carrageenan-injected joints (Fig. 2).

Induction of monoarthritis and P-selectin expression
Intra-articular administration of 0-5% carboxymethyl cellulose
did not produce arthritis (synovial PMN O, n=4). Intra-articular
administration of carrageenan (50¢) induced arthritis in 98%

lines of evidence implicate PMN in inflammatory
joint disease. For example, MoAb-mediated depletion of PMN
is associated with significant inhibition of adjuvant arthritis in
Endogenous glucocorticoid modulation of arthritis severity and rats [10], human RA synovial fibroblast adhesion to human
threshold cartilage is enhanced by pretreatment with PMN proteases [25],
Pretreatment with RU486 resulted in exacerbation of arthritisand a correlation has been reported between PMN activation and
induced by 50Qg carrageenan (synovial lavage PMN the development of erosionsin early RA [26]. Moreover, extensive
9.7+ 0-8x10°, P=0-001,n=20). At all doses of carrageenan production of cytokines by human PMMin vitro and in vivo
able to induce arthritis in control animals, treatment with RU486suggests that PMN may regulate cytokine production by other
was associated with increased severity of arthritis (Table 1). Arinflammatory cells [27,28]. Although the concept that endogenous
arthritogenic threshold dose of carrageenan, defined as a doggucocorticoids contribute to regulation of the inflammatory
inducing arthritis in<20% of animals, was observed at 2o  response is widely accepted, PMN-mediated inflammatory
(Table 2). In contrast to control-treated animal§0% of RU486- models and PMN functiong vivo are possibly the least well
treated animals developed arthritis at this dose (Table 2). P-selectinderstood aspect of the immunomodulatory role of physiologic
was not detected in joints injected with 2% carrageenan in glucocorticoids. The current study addresses the role of endo-
control-treated animals (Fig. 3). In contrast, RU486 treatment wagenous glucocorticoids in the early phase of carrageenan
associated with the intense expression of synovial P-selectin at thirthritis, which involves infiltration of PMN into the synovial

dose of carrageenan (Fig. 3). fluid and membrane. We report that synovial PMN infiltration is
Table 2.

Synovial lavage PMM 10° Percent diseased

Carrageenaryg) n* Control RU486 Control RU486
500 20 5.-9-0-7 9.7+ 0-9t 95 100
50 6 1.3+ 0-4 3.1+ 0.7t 60 80
31-25 6 4.8 2.0 5.4+ 1.2t 83 100
5-0 10 0-48-0-26 1.76£0-6t 30 70

25 6 0-3-0-1 1.7+ 0-8t 16 661

1.25 6 0-k*+0-1 0-4+0-3 16 16

*n, Number of animals per treatment group (control or RU486).
10-00k P<0-05.
F$P<0-05versuscontrol.
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significantly exacerbated by RU486 over a range of doseshave reported glucocorticoid modulation of PMN oxidative meta-
Although the mechanisms of endogenous glucocorticoid modulabolism [39,40]. The field is complicated by the range of gluco-
tion of human RA [5] is not understood, exogenous glucocorticoidscorticoids and doses used in various studies, and by the fact that
have been reported to influence synovial PMN migration inobservation with pharmacologic doses of glucocorticoids fre-
human RA [17,18]. Endogenous glucocorticoids influence adju-quently does not reflect the effects of endogenous glucocorticoids
vant arthritis [1], a model of RA known to be dependent on the roleon immune cell function [21].
of PMN [10] and on P-selectin [29]. Taken together, this informa-  In conclusion, the hypothesis that HPA axis dysfunction may
tion strongly suggests that endogenous glucocorticoids may modead to failure to attenuate inflammation, and that this dysregula-
ulate human RA by mechanisms including P-selectin-mediatedion may, in part, contribute to chronic inflammatory disease is
PMN migration. increasingly accepted [41], but no prior studies have examined the
The current study also demonstrates that endogenous gluceffects of endogenous glucocorticoids on synovial PMN recruit-
corticoids also modulate the threshold for disease developmentent or activation. In the carrageenan arthritis model, we
Few studies have addressed the role of endogenous glucocorticoitiave demonstrated that endogenous glucocorticoids modulate
in determining the threshold for disease development or suscefoth disease susceptibility and severity. We have further shown
tibility to inflammatory disease. Susceptibility to streptococcal cellthat induction of this model is associated with synovial expression
wall (SCW)-induced arthritis in HPA-deficient Lewis rats is of P-selectin, and that endogenous glucocorticoids modulate syno-
reversed by physiologic replacement of glucocorticoids [3], andvial P-selectin expression. In contrast, PMN phagocytic and
susceptibility to EAE in the normally resistant PVG rat is induced oxidative function were not demonstrably influenced by endogen-
by adrenalectomy [2]. In these two studies, however, the susceptbus glucocorticoids in this model. Although it is conceivable that
bility of different rat strains, rather than a dose threshold for diseas¢hese findings might be restricted to this model of acute arthritis,
development, was examined. There has been no previous investiavolvement of both the HPA axis and PMN has been demon-
gation of the role of physiologic glucocorticoids in determining strated in both human RA and other more complex animal models
the threshold for development of joint inflammation in a dose-of RA such as adjuvant arthritis. Further studies in suitable systems
dependent disease model. This finding is of potential importanceare required to generalize the current results. The ability of
given the evidence for impaired HPA axis function in humans withendogenous glucocorticoids to differentially influence components
RA [30,31] and the postulated role of antigen-driven immuneof the inflammatory response and the identification of P-selectin as
responses in this disease. a target of endogenous glucocorticoid effects have important
The mechanism of increased PMN numbers in inflamedpotential pathologic and therapeutic implications for inflammatory
joints of RU486-treated animals necessarily involves increasedliseases such as RA.
transmigration across vascular endothelium by PMN. From studies
of P-selectin gene-knockout mice, it is clear that this molecule has
a crucial role in PMN rolling and extravasation [32]. Moreover, it ACKNOWLEDGMENTS
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