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We have previously described that treatment of rat glomerular mesangial cells with
interleukin-1f3, tumor necrosis factor or forskolin stimulates the synthesis and secretion of
prostaglandin E5 and group II phospholipase A>. We now report that pretreatment of the
mesangial cells with dexamethasone dose-dependently suppresses the cytokines- and forskolin-
induced synthesis of prostaglandin Ej as well as the induced synthesis and secretion of group II
phospholipase Aj. These observations implicate that the inhibition of the cellular or secreted
phospholipase Aj activity by dexamethasone in rat mesangial cells is not due to induced
synthesis of phospholipase A» inhibitory proteins but caused by direct inhibition of
phospholipase A protein expression. o 1991 academic Press, Inc.

PLA> catalyses the hydrolysis of ester bonds at the sn-2-position of membrane
phospholipids and plays a key role in the liberation of arachidonic acid. Cellular free
arachidonic acid serves as precursor for the biosynthesis of a variety of biologically active lipids
including the prostaglandins and leukotrienes (1). These potent lipid mediators are involved in
several physiological and pathological events such as inflammation (2).

PLA»'s described thusfar can be discriminated into a class of high molecular weight PLA2's
of 60-110 kDa and a class of low molecular weight PLA2's of 14 kDa. The latter can be divided
into group I and group II PLA3 (3). Group II PLA3 is found in many tissues and cell types and
is believed to participate in inducing and maintaining inflammatory reactions. In accord with this
hypothesis, high amounts of group II PLA3 are found at inflammatory sites (4-8) and injections
of this purified PLA2 proved pro-inflammatory (9,10). Furthermore, the potent inflammatory
mediators IL-1 and TNF have been shown to enhance PLA activities in rabbit chondrocytes
(11,12), rat smooth muscle cells (13) and HepG2 cells (14) accompanied with increased levels
of mRNA coding for group I PLA3,

Abbreviations; PLAj, phospholipase Ap; IL-1p, interleukin 1B; TNF, tumor necrosis factor ;
PBS, phosphate-buffered saline; PGEp, prostaglandin Ej
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Mesangial cells play an important role in glomerular haemodynamics and inflammation in the
kidney. Recently we described the formation of PGE3 in parallel with synthesis and secretion of
group II PLA; from rat renal mesangial cells in response to IL-1p, TNF and forskolin (15-17).
The cytokine-stimulated formation of PGEj could be prevented by dexamethasone (18). The
anti-inflammatory activity of glucocorticosteroids has been attributed to inhibition of
prostaglandin synthesis. The mechanism by which glucocorticosteroids inhibit prostaglandin
synthesis is still unclear. Initially, this inhibition has been ascribed to glucocorticosteroid-
induced synthesis of PLAj inhibitory proteins termed lipocortins (19). However, recent reports
challenged this model by showing that inhibition of PLA by lipocortin is most likely caused by
substrate sequestration (20,21).

In view of the fact that cytokines stimulate the synthesis of PGE; and PLAj in rat mesangial
cells and that the induced formation of PGEj could be prevented by dexamethasone we
investigated the effect of dexamethasone on synthesis and secretion of group Il PLA in cells
stimulated with IL-1p, TNF and fcrskolin. The induced synthesis of group II PLAj was dose-
dependently prevented by pretreatment of cells with dexamethasone.

MATERIALS AND METHODS

ATERIAL

Recombinant IL-1B was prepared by the Biotechnology Department of Ciba Geigy Ltd.,
Basel, Switzerland; recombinant TNF was from Boehringer Mannheim, F.R.G. and forskolin
from Calbiochem, Luzern, Switzerland. [1-14C] Linoleic acid was obtained from Amersham
International. Nitrocellulose membranes were from Schleicher and Schull, Dassel, F.R.G.
Alkaline-phosphatase conjugated goat anti-mouse immunoglobulines and prestained markers
were products of Bio-Rad Laboratories. Nitro blue tetrazolium and 5-bromo-4-chloro-3-indoyl
phosphate were obtained from Sigma, St. Louis, MO. Dexamethasone-21-acetate was from
Sigma.

METHOD:

Cell culture. Cultivation and characterization of rat mesangial cells was performed as described
previously (22). Briefly, the cells were grown in RPMI 1640 supplemented with 20% fetal calf
serum, penicillin (100 units/ml), streptomycin (100 pg/ml) and bovine insulin at 0.66 units/ml
(Sigma). For the experiments passages 26-29 of mesangial cells were used. Confluent
mesangial cells cultured in 16 mm diameter wells were rinsed twice with PBS and incubated
with 1 ml of DMEM containing 0.1 mg/ml of fatty acid-free bovine serum albumin (Sigma)
with or without agents for the indicated time periods. Thereafter, the medium was withdrawn
and centrifuged for 10 min at 1000 rpm in an IEC Centra-7R lab centrifuge. The supernatant
was removed, frozen in liquid nitrogen and stored until assayed for PGEj; by
radioimmunoassay (15) and PLAj activity (17). The cells were washed once and dissolved in
PBS and frozen in liquid nitrogen until further analysis of protein content and PLA3 activity.
Protgin was determined by the method of Bradford (23) with bovine serum albumin as
standard.

PLA2-assays. PLA2 activity was assayed using 0.2 mM sn-2-labeled [1-14C]
linoleoylphosphatidylethanolamine (specific activity 3000 dpm/nmol) in 0.5 ml of 0.1 M
Tris/HCI pH 8.5 in the presence of 10 mM CaClz and 0.05% Triton X-100 as previously
described (24,25)

Western blotting. For protein blotting the samples were resolved by SDS-PAGE using a

15% polyacrylamide gel according to Laemmli (26). The proteins were transferred to
nitrocellulose (2 mA/cm2 for 45 min) and immunodetected with monoclonal antibodies against
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the rat mitochondrial group II PLA3 (27,28). After the primary antibody incubation the blot was
incubated with alkaline phosphatase conjugated goat anti-mouse IgG. After washing the alkaline
phosphatase activity was detected by developing the blots in p-nitro blue tetrazolium and 5-
bromo-4-chloro-3-indoyl-phosphate (17).

SULT

Our previous experiments have shown that treatment of rat glomerular mesangial cells with
IL-1B, TNF or forskolin stimulated the secretion of PGE3 into the culture medium accompanied
with induced synthesis and secretion of group II PLA» (15-17). In view of the hypothesis that
the anti-inflammatory action of glucocorticosteroids is due to inhibition of prostaglandin
synthesis we first examined the effect of dexamethasone on the PGEj release from stimulated
mesangial cells. Addition of either IL-1B or IL-1f plus forskolin to mesangial cells caused a
100-fold stimulation of PGE; synthesis as detected in the culture supernatant (Fig. 1). In both
cases, the synthesis of PGE3 can be blocked by pretreatment of the mesangial cells with
increasing concentrations of dexamethasone.This result is in agreement with previous findings
(18). Next we determined the effect of dexamethasone on the induced synthesis of group II
PLAj,. With Western blot analysis using anti-group II PLA» IgG no 14 kDa group II PLA3
could be detected in the supernatant of control mesangial cells (Fig. 2). In accord with previous
results (17), enzyme protein became detectable in the culture supernatants of IL-1f or IL-18
plus forskolin stimulated cells. This induced secretion of PLA2 was completely prevented by
pretreament of the cells with dexamethasone (Fig. 2). Dexamethasone-mediated inhibition of
PGE3 and PLA3 secretion was also observed when cells were stimulated with TNF or forskolin
alone (data not shown).

The dose-response effect of dexamethasone on the inhibition of induced secretion of PLA2
was next investigated. PLA2 activity and protein in the culture supernatant increased sharply
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Figure 1. Dose-dependent inhibition by dexamethasone of the PGEj release of stimulated
mesangial cells. Rat mesangial cells were stimulated with A; II-1B (1 nM) or B; 111
plus forskolin (10 uM) for 24 h with or without a 6 h pretreament with the indicated
concentrations of dexamethasone.
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Figure 2. Effect of dexamethasone on the release of PLAj protein. Rat mesangial cells were
stimulated with IL-1B (1 nM) or IL-1pB plus forskolin (10 uM) for 24 h with or
without a pretreament with dexamethasone ( 1 uM) for 6 h. Thereafter, 200 pl of
the culture supernatants were used for Western blotting and PLA2 immunostaining.

upon stimulation with either IL-1[3 or IL-1J plus forskolin (Fig. 3). As with PGE3 secretion
(Fig. 1) pretreatment of mesangial cells with increasing concentrations of dexamethasone
gradually decreased the secretion of PLAj activity and protein in the culture medium as shown
by activity measurements and immunoblotting, respectively (Fig. 3). The relation between the
inhibition of PLA» protein levels and PLA2 activities implicate that the inhibitory effect of
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Figure 3. Dose-dependent inhibition by dexamethasone of . the release of PLAj from
stimulated mesangial cells. Rat mesangial cells were treated with dexamethasone at
various concentrations for 6 h and thereafter stimulated with IL-1B (1 nM) or IL-1p
plus forskolin (10 uM) for 24 h. The culture supernatants were analyzed for PLA3
activities and for the presence of group II PLA2 with immunoblotting.

Figure 4. Dose-dependent inhibition by dexamethasone of the synthesis of PLA3 upon
stimulation of mesangial cells. Rat mesangial cells were treated with dexamethasone
at various concentrations for 6 h and thereafter stimulated with IL-1B (1 nM) or
IL-1B plus forskolin (10 uM) for 24 h. The PLA; activities were determined in cell
homogenates (protein concentration: 1 mg/ml) and 50 pg protein was used for
Western blotting and PLA2 immunostaining.
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dexamethasone on PLA2 activities is most likely not caused by dexamethasone-induced
synthesis of inhibitory proteins of PLAj. As shown by immunoblotting, the inhibition of PLAy
activity is fully explainable by the fact that less enzyme is secreted. In order to determine
whether only the secretion of induced PLA2 from dexamethasone pretreated cells was inhibited
or whether the de novo synthesis of PLAp was prevented we performed immunoblotting and
PLA; activity measurements of the mesangial cells. A completely similar pattern compared with
that of the culture media was observed when the corresponding cells were investigated (Fig. 4).
Both PLA> activities and cellular levels of the enzyme as detected by immunoblotting decreased
upon pretreatment of the mesangial cells with increasing doses of dexamethasone. Thus, not
only the secretion but also the synthesis of IL-1[ and IL-1p plus forskolin inducible PLA3 in
mesangial cells is dose-dependently prevented by pretreatment of the cells with dexamethasone.
Similar responses of dexamethasone were observed in either TNF or forskolin stimulated
mesangial cells (data not shown).

DISCUSSION

The IL-1B, TNF or forskolin induced synthesis and secretion of group II PLAj
accompanying the induced formation of PGE; suggests a key role of this PLLA» in the release of
arachidonate and the regulation of prostaglandin formation in rat mesangial cells. Although it
has been demonstrated in fibroblasts (29) and mesangial cells (30,31) that IL-1 not only
augmented arachidonate release but also stimulates prostaglandin endoperoxide synthase
aétivity, it is generally believed that the release of arachidonate, rather than prostaglandin
endoperoxide synthase activity, is the rate limiting-step in prostaglandin formation.

It is well accepted that the anti-inflammatory effect of glucocorticosteroids is due to inhibition
of prostaglandin synthesis. The glucocorticosteroid inhibition of prostaglandin production was
initially attributed to decreased release of arachidonate mediated by the synthesis of the PLLA3
inhibitor protein lipocortin (19). Recent reports have questioned the involvement of lipocortin.
Inhibition of PLA2 by lipocortin in vitro was only demonstrated at very low substrate
concentrations (20,21). Furthermore, several reports described lipocortin-independent
inhibition of PLA2 activities and prostanoid synthesis (32-35).

In this report we demonstrate that dexamethasone pretreatment of rat glomerular mesangial
cells prior to stimulation with either IL-1f or IL-1P plus forskolin negatively regulates the
secretion of PGE into the culture medium. This observation is in full agreement with previous
results (18) and is in line with the general notion that glucocorticosteroids inhibit prostaglandin
synthesis. Stimulation of mesangial cells with IL-1f or IL-1§ plus forskolin induced secretion
of PLA; activity and this secretion can be prevented by pretreatment of the cells with increasing
concentrations of dexamethasone (Fig.3). By comparing PLA activity with PLAj protein
levels in immunoblotting experiments we were able to discriminate between steroid-induced
inhibition of PLAj activity and steroid-induced inhibition of PLAj3 protein expression. It was
shown that the inhibition of PL.A activities in both culture media and cells was paralleled by
decreases in PLA7 mass (Fig.3 and 4). This indicates that dexamethasone inhibits not only
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secretion of induced PLA32, with accumulation of PL.A protein in the cells, but inhibits PLAy
protein synthesis. These data strongly suggest that the inhibitory effect of dexamethasone on the
induced PLA; in mesangial cells is not mediated by induced synthesis of PLA» inhibitory
proteins but can be explained by preventing the synthesis of an inducible PLA>. _

These data obtained in rat mesangial cells confirm a recent report of Nakano et al. (36) who
described the effect of dexamethasone on the expression of group II PLA2 in rat smooth muscle
cells. It was demonstrated that dexamethasone suppressed forskolin and TNF induced synthesis
of group II PLA2 by blocking the forskolin induced accumulation of group II PLA2 coding
mRNA. In the case of TNF induced enzyme synthesis, mRNA levels were less affected and a
blocking of, presumably, post-transcriptional expression of the protein was inferred.
Furthermore, it was demonstrated in vivo that glucocorticoid suppressed the expression of the
PLA5-II gene in tissues of endotoxin-treated rats (37).

In summary, the observations described in this report showed that the dexamethasone-
induced inhibition of PLA3 and PGEj release from cytokines- and forskolin-stimulated
mesangial cells is due to dexamethasone-induced inhibition of PLA» synthesis. Additional
experiments are underway to establish whether dexamethasone exerts its effect at the
transcriptional or translational phase of the cytokines- and forskolin-induced PLL A2 synthesis .
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