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PDGF suppresses the activation of group II phospholipase A, gene
expression by interleukin 1 and forskolin in mesangial cells
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Treatment of rat mesangal cells with interleukin 18 (IL-18) and forskolin greatly enhanced the expression of group II phospholipase A, (PLA,)

mRINA, with subsequent increased synthesis and secretion of PLA.,, as detected by PLA; activity measurements and immunoprecipitation of culture

media of [*S)methiomine-labelled mesangial cells PDGF-BB dose-dependently suppressed the IL-158- and forskolin-induced elevation of PLA,

mRNA, as well as PLA, synthesis and secretton In contrast, PDGF-AA had no mhibitory effect The tyrosine kinase inhibitor genistein

dose-dependently antagomzed the inhubitory effect of PDGF-BB on IL-1f-stimulated PLA, secretion, thus suggesting that tyrosine phosphorylation
may be required for PDGF-BB miibition of PLA, gene expression 1n mesangal cells

Phospholipase A, Inteileukin 1, Phospholipase A; mRNA, PDGF. Genistein, Mesangial cell

I INTRODUCTION cases [14] Recently we have shown that stimulation of

Aiachidonic acid release from the sn-2 position of
phospholipids by PLA, activation 1s thought to be the
rate-limting step of eicosanoid synthesis in many cells
[1,2] But PLA, not only plays an important intracel-
lularrole, 1t 1s also secreted from a variety of cells during
mflammatory processes and may thereby contribute to
the pathological altciations observed [3] PLA,s com-
prise a diverse group of enzymes that can be divided
mto a class of high mol. wt, PLA,s of 60-110 kDa and
a class of low mol wt PLA,s of 14 kDa Members of
both classes from human and rat sources have recently
becn cloned [4-8]. The low mol wt PLA,s aie further
divided into group I (the pancreatic type of PLA,) and
group II PLA, [9] Group II PLA, 1s synthesized and
secrcted from many tissues and cell types and 1s believed
to play a role mn the initiation and propagation of -
flammatory processes [3] In addition, potent pro-in-
flammatory cytokines, such as IL-1 or tumour necrosis
factor a (TNFa) have been found to increase group Il
PLA, gene cxpiession in 1abbit chondrocytes [10,11],
rat vascular smooth muscle cells [12] and HepG2 cells
[13]

Glomerular mesangial cells arc being increasingly re-
cognized as important target and cffector cells in the
pathogencsis of acute and chionic forms of renal dis-

Abbreviations PLA,, phosphohipase A, IL-18, interleukin 13, PDGF,
platelet denived growth factor
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mesangial cells with IL-1e, IL-15, TNFa o1 forskoln
increases the synthesis and secretion of prostaglandin E,
and group II PLA, [15-17]. Extracellular PLA,; secreted
by mesangial cells may participate in inducing and
mamtatning inflammatory reaction within the glo-
merulus. The latter suggestion gains support from our
recent observations, demonstrating that anti-inflam-
matory steroids and transforming growth factor S,
potentially antagonize IL-15- and TNFa-induced PLA,
synthesis [18-20]

Platelet-derived growth factor (PDGF) 1s a dimeric
protein composed of two closely related but not identi-
cal chains, denoted A and B, which are linked by di-
sulplide bonds All three possible dimeric molecules of
PDGF have been 1solated from natural sources, We
repoit here that PDGF-BB 1s another potent mhibitor
of IL-15 and forskohn-induced PLA, synthesis acting
at the level of PLA, gene expression

2. MATERIALS AND METHGDS

21 Cell cultures and incubation

Rat glomerular mesangidl cells were cultivated das described
previously [21] In a sccond step, single cells were cloned by hmiting
dilution using 96-microwell plates Clones with apparent mesangtal
cell morphology were charactenized [22] and used for further process-
ing The cells were grown in RPMI 1640 supplemented with 109 fetal
cadf serum, penicillin (100 Usmi), streptomyein (100 ul/ml) and bovine
insuhin at 0 66 U/ml For the expertments passages 12-41 of mesangial
cells were used Confluent mesangial cells cultured in 16 mm diameter
wells o1 60 mm diameter dishes (for PLA; immunopiecipitation), were
washed twice with PBS and incubated with 1 ml of RPMI 1640,
containing 0 1 mg/ml of fatty acid-free bovine serum albumin (Sigma)
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with or without agents for the indicated time periods Thereafter. the
medium was withdrawn and centrifuged for 10 min at 1000 rpm 1n an
IEC Centra-7R lab centrifuge The supernatant was removed and
frozen 1n hquid nitrogen and stored untl assayed for protein content
and PLA, activity Protemn was determmed by the method of Bradford
[23] with bovine serum albumin as the standard 80 #Ci of [¥S)me-
thionine were added to 2 ml of methiomne-free culture medium for the
labelling of newly synthesized proteins The mcubation time was 6 h

22 Phospholipase A, assay

PLA, activity was deternuned using [I-"*S]oleate-labelled L colr as
substrate as described [24] Assay mixtures (1 0 ml) contamned 160 mM
Tris-HCl (pH 74). 1 0 mM CaCl,, 5 1M L coli phospholipid (3000
5000 cpm) and the enzyme to be tested at a dilution producing approx-
imately 5% substrate hydrolysts Reactions were stopped after 1 h and
the hiberated ["*CJoleate was extracted by a modified Dole extraction

procedure [24]

23 Immunopreupitation

For immunoprecipitation, 1 ml of culture supernatant was added
to 6 mi of buffer A (20 mM Trs-HCI, pH 7 6, 140 mM NaCl, 5 mM
EDTA., 1% (v/v) Triton X-100) containing | mM phenylmethylsul-
fonyl fluoride After addition of 10 4l of antibudies [25 26] and incuba-
tion at 4°C overmight, the antigen-antibody complexes were bound to
10 mg (dry weight) of a mixture of protemn /A-Sepharose and protein
G-Sepharosc, washed four tumes with buffer A and twice with 50 mM
sodium phosphate buffer, pH 75 Elution was routinely achieved by
incubation with 01 M Tris-HCI, pH 6 8 5% mercaptocthanol, 5%
sodium dodecy] sultate, and 10% glycerol at 95°C for 3 min The
eluted proteins were analyzed by SDS-PAGE using a 10-15% poly-
acrylamude step gel [27] and subjected to fluorography [28]

24 Noithern blot analvsis

Confluent mesangial cells were harvested from 60 mm diameter
culture dishes with a rubber policeman Total RNA was extracted
from the cells using the guanidimum thiocyanate/phenol/chloroform
method [29] The RNA was precipitated with 1sopiopyl alcohol, the
pellets were washed with 75% ethanol, and samples of 15 ug RNA
were sepdarated on 1% agdrose gels contaming 6 6% formaldehyde
prior to transfer to Gene Screen membranes (New England Nuclear)
[30] After baking the filters at 80°C for 2 h and prehybridization for
6 h, the filters were hybridized with a 39-mer antisense oligonuclcotide
for rat group Il PLA, (nuclcotide 58-96, [6]). that had been labelled
with T4-polynucleotide kinase and [y-“PJATP {30) To correct for
variations i RNA amount a parallel filter was hybridized with a
genomic clone for rat 28 S ribosomal RNA [31], labclled with the
random primer technique described by Femberg and Vogelstein [32]
After hybridization, the membrane was washed 3 times in 4 x SSPE,
0 1% sodum dodecyl sulfate at 50°C for 20 mun (20 x SSPE 36 M
sodium chloride, 0 2 M sodium phosphate, 002 M EDTA pH 74)
The signal was detected by autoradiography

25 Chenucals

[I-''C]Oleic acid and nylon membranes (Gene Screen) were
purchased from DuPont de Nemours Internationdl (Regensdorf, Swit-
zerland), adenosine §'-[y-Pliniphosphate (spectfic activaty >110 TBq/
mM) and [MS)methiomne (specific activity >37 TBg/mM) were
purchased from Amersham International (UK), forskohn was from
Calbiochem (Lucerne, Switzerland), recombinant human IL-15 was
prepared by the Biotechnology Department of Ciba-Geigy Ltd (Basel,
Switzerland), reccombinant human PDGF-AA and -BB were kindly
donated by Dr M Pech fiom F Hoffmann-Lu Roche Ltd (Bascl,
Switzerland), prestaned matkers were ftom Bio-Rad Labordtories
(Glattbrugg, Switzerland), T4-polynucleotide kinase and all cell cul-
turc nutrients were from Bochringer-Mannhaim (Germany), and all
other chemicals used were from cither Merck (Darmstadt, Germany)
or Fluka (Buchs, Switzerland)
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3 RESULTS

As already shown previously, mesangial cells secrete
low amounts of PLA, into the culture medium, and this
secretion of PLA, 1s markedly stimulated by IL-18
(Table 1) Addition of PDGF-BB (100 ng/ml) signifi-
cantly mnhibited the basal release of PLA, from me-
sangial cells Furthermore, PDGF-BB dose-depend-
ently attenuated the stimulatory effect of IL-1§ on PLA,
secretion In contrast, PDGF-AA at 100 ng/ml had no
effect on both basal and cytokine-induced PLA, release

To study the biosynthesis of PLA,, mesangial cells
were stimulated with IL-15 and forskolin (10 gM) for
22 h and [®S]methiomne was added for the last 6 h of
the stimulation periods. A combination of 1L-1# and
forskolin has been shown to synergistically stiimulate
PLA, secretion from mesangial cells [16,17] PLA, was
immunoprecipitated from the medium with a mono-
clonal group II PLA,; antibody [25,26] and subjected to
SDS-PAGE As shown in Fig 1, no 14 kDa group II
PLA; could be detected 1n the culture supernatants of
unstimulated cells Addition of IL-14 plus forskolin
markedly stimulated the synthesis of PLA,, an effect
that was dose-dependently antagonized by PDGF-BB
(Fig 1)

Northern blot analysis using an oligonucleotide
probe for group Il PLA,; revealed that the amount of
group Il PLA, mRNA was massively increased by IL-
13 plus forskoln as compared to the levels found n
control cells (Fig 2). Addition of PDGF-BB potently
antagonized IL-18 plus forskohin-induced PLA, mRNA
accumulation as shown m Fig 2

In order to get some hints on the mechamsms of
PDGF-BB mhibition of cytokme-induced PLA, secre-

Table |

Effects of PDGF-homodimers on IL-14-stimuldated PLA, sccrction
from mesangial cells

Addition PLA, sccretion
(cpm/100 ul)
Control 321+ 22
PDGF-BB (100 ng/ml) 200 £ 19*
PDGF-AA (100 ng/ml) 288 & 22
IL-153 (1 nM) 5695 + 746
IL-1f (1 nM) + PDGF-BB (! ng/mi) 5695 = 385
IL-15 (1 nM) + PDGF-BB (10 ng/ml) 4571 4 195
IL-18 (1 nM) + PDGF-BB (50 ng/ml) 1382+ 95%*
IL-18 (1 nM) 4 PDGY-BB (100 ng/ml) 744 £ 27%*
IL-14 (1 nM) + PDGE-AA (100 ng/m]) 6435 + 2060

Confluent mesangial cells weie incubated with the indicated concen-
trations of 1L-15, PDGF-AA or PDGE-BB for 24 h Thereafter, the
medium was withdrawn and PLA, activity determined as desciibed
scelion 2 Results die means & SE (n=4)

*Pe( 05 versus control

40 05 versus [L-14 (Student's /-test)
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Fig | Dose-dependent mhibition by PDGF-BB of the synthesis of
PLA, n stimulated mesangial cells Mesangial cells were incubated
with vehicle (1), IL-18 (10 nM) plus forskolin (10 z£M) alone (2) or in
combination with PDGF-BB 10 ng/ml (3), 30 ng/ml (4), 100 ng/ml (5),
or 300 ng/ml (6) for 16 h and then labelled for a further 6 h with
[*¥S]methionine The culture supernatants werc analyzed for the pres-
ence of group II PLA, with immunoprecipitation as described n
section 2

tion, we investigated the effect of genistem, a tyrosine
kinase mhibitor, that 1s known to be active agamst the
PDGF receptor tyrosine kinase [33] The data in Table
II show that gemistein completely reversed the inhi-
bitory action of PDGF-BB on IL-15-stimulated PLA,

secretion from mesangial cells
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Fig 2 Effect of PDGE-BB on group I PLA; mRNA levels in stimu-
lated mesangial cells (A) Mesangial cells were incubated with vehicle
(1), TL-18 (10 nM) plus forskohin (10 uM) dlone (2) or 1 combination
with PDGF-BB 10 ng/ml (3), 100 ng/mli (4), or 300 ng/ml (5) for 21
h Cellular RNA (15 ug) way dnalyzed by Northern blotting a5 de-
scribed in seetion 2 (B) For quantitation, dutoradiograms of the hilters
were scanned densitometrically and expressed as a percentage of RNA

found in maximally sumulated cells
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4. DISCUSSION

Previously we have shown that pro-inflammatory cy-
tokines, such as IL-1a, IL-15, and TNFa as well as
cAMP elevaung agents, stimulate the synthesis and
secretion of group [I PLA, from mesangal cells [15-19]
Addition of actinomycin D or cyloheximide completely
suppressed the basal, as well as the cytokine- and fors-
kolin-stimulated release of PLA; [15,16] These results,
together with a lag period of several hours before the
onset of PLA, secretion, imndicated that RNA synthesis
and protemn synthesis are neccssary for the obscrved
enzyme secretion [15-17] In the present study, we de-
monstrate thalt [L-14 and forskolin indeed stimulate
group II PLA, gene expression i mesangial cells (Fig.
2) Increased levels of group II mRNA could be
detected within 4 h after addition of IL-18 plus fors-
kolin, and maximum levels were obtamned between 22
h and 40 h afier onset of stimulation (H Muhl, T
Geiger and J Pfeilschifter, unpublished observations)
An increased synthesis and secretion of PLA, after
stimulation with IL-1, TNF or cAMP have also been
reported for vascular smooth muscle cells [12,34] and
were found to be due to augmented froup [I PLA, gene
expression [12]

The main finding of the present report 1s the potent
mhibition of IL-18- and forskolm-induced PLA, gene
expression by PDGF-BB (Fig 2) This inhibitory action
of PDGF-BB was also evident from the marked reduc-
tion of PLA, protem (Fig 1) and PLA, activity (Table
D i the culture supernatant of stimulated mesangial
cells The tyrosine kinase mhibitor genstein reversed
the nhibitory effect of PDGF-BB on IL-1§ and fors-
kolin stimulated PLA, secretion, thus suggesting that
tyrosimne phosphorylation may be required for PDGF-
BB inhibition of PLA, gene expression mn mesangial
cells

Table II

Effects of gemstemn on PDGF-BB inhibition of IL-14-stimulated PLA,
secretion from mesangial cells

Addition PLA, secretion
(cpm/100 ul)
Control 537 & 57
IL-18 9331 + 882
IL-13 + PDGF-BB 1439 + 87+
IL-18 + PDGF-BB + Gensten (1 uM) 1355 + 89

2472 & |22%*

IL-13 4+ PDGF-BB + Genstemn (10 uM)
10826 = 402**

IL-13 + PDGF-BB + Genstein (50 M)

Confluent mesangal cells were incubated with IL-15 (1 nM), PDGE-
BB (100 ng/ml) or vehicle together with the indicated concentrations
of gemstem for 24 h Thereafter, the medium was withdrawa and PLA,
detivity detetmined as desenibed in Section 2 Results are medns 2 GE
(n=4)

*P<( 05 versus IL-14

*® e() 05 versus IL-14 + PDGE-BB (Student's r-test)
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In contrast, PDGF-AA had no sigmficant effect on
PLA, induction i mesangial cells This may be ex-
plained by the observation that mesangial cells exclu-
sively bind the BB homodmer of PDGF and respond
only to the BB i1soform 1 terms of phosphoinositide
turnover, prostaglandin and DNA synthesis [35], thus
suggesting that mesengial cells possess only the S-type
of PDGF receptor Abboud and colleagues [36,37] have
reported that mesangial cells express both PDGF A-
chamn and B-chain mRNAs, release a PDGF-like factor
and proliferate in response to PDGF, thus suggesting
a possible autocrine function for PDGF 1 glomerular
pathophysiology. In addition, an up-regulation of
PDGEF receptors has been reported for inflamed kidney
as compared to normal kidney [38] Inhibition of cy-
tokine-induced PLA, secretion by PDGF may represent
an attenvating mechanism for the acute inflammatory
process Extracellular PLA, 1s vasoactive and pro-in-
flammatory when administered by different routes (for
review see [3]). PDGF may act 1n line with TGFS [20]
and glucocorticoids [18,19] to protect the kidney from
damage resulting from cytokine-stimulated mediator
release and subsequent inflammatory reactions In a
manner remimscent of TGFf [20], PDGF-BB mhibits
cytokine-induced PLA, expression and secretion (this
paper), but potentiates cytokine-stimulated prostag-
landin synthesis [39] TGFp has been reported to modu-
late the expression of PDGF receptor a- and S-subunits
n fibioblasts and smooth muscle cells [40,41]. Further
experiments are required to investigate whether this also
apphes to our cell culture model Thus, mesangal cells
may provide a model sysiem to study the cross-talk
between both cytokines anc: polypeptide growth factors
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