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C-type nutrivrelic peptide (CNP), 4 recently discovered natriuretic peptide, has u potent stimulatary ¢ffect an eyetic GMP («GMP) formation in

cultured mouse usiracytes. Pretrcuatment of astrocyles with phorbal 12-myristute 13-aceiute (PMAY an activaiar of protein kinase C (PKC),

uttenuited CNP-induced ¢GM P responsies in u dose-dependent manaer, with a hallsmasimal inhibilory concentrution of 6 nM, whereas the inuctive

phorbal eiter unalog, 4z-phorbel 12, 13-didesanoute, waus withaut effect. In the presence af siaurasporine, a PKC inhibitor, the inhibitory effest

of PMA on CNPstimulated cGMP praduction wis reversed. These results suggest that PKC is an inhibitory medulator of CNP-stimulated «<GMP
responies in ustragytes undd thut CNP muy interagt with neuropeptides which stimulate PKC,

Protein Rinase C: Cetype natriuretic peplide; Cyelie GMP: Astrocyle

I. INTRODUCTION

C-type natriuretic peptide (CNP), a third natriuretic
peptide, was recently identified in poreine bruin [1]. It
is present in 2 major endogenous forms, designated
CNP-53 and CNP-22, containing 83 and 22 amino
acids, respectively, the former carrying the bionctive
CNP-22 sequence at its C-terminus {2.3]. CNP has a
highly conserved amino acid sequence icross different
species, human CNP-22 being identicul to rat and por-
cine CNP-22 [4.5], CNIP-22 also shows sequence homol-
ogy to atrial (ANP) and brain (BNP) natriuretic pep-
tides and exerts similar, though less potent, pharmacol-
opical effects in regard to putriuresis, diuresis and hypo-
tensive activity [1].

CNP is present in high concenirations in the central
nervous system (CNS) but not peripheral tissues [3.6.7].
In the rat, CNP mRNA is expressed only in the brain
[4). These findings suggest that CNP may funciion
mainly as a neuropeptide. The CNS actions of CNP
remain to be defined, although Samson et al. (8] have
shown recently that, in contrast to ANP, the intracere-
broventricular injection of CNP-22 can stimulate a
drinking respense in the rat.

Qur group and others have recently demonstrated
that CNP, like ANP and BNP, stimulates cyclic GMP
(¢GMP) production in cultured mouse astrocytes and
rat glioma ¢ells, Furthermore, CNP is several-fold more
potent than ANP and BNP in stimulating cGMP forma-
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tion in these celis [9.10]. The protein kinase C (PKC)
family of enzymes are particularly abundant in the CNS
and are important for such cellular processes us ion
conductance, cell proliferation and cell differentiation
(11-13]. Distinct isoforms of PKC have lately been iden-
tified in different types of glial cells and may mediate
various functions within these cells {14]. We have there-
fore investigated the possible interaction between PKC
and CNP-dependent ¢GMP responses in primary cul-
tures of mouse astrocytes.

2. MATERIALS AND METHODS

C-1ype natriurctic peptide (CNP, 1) was purchused from Peninsula
(USA). Phorbol 12-myristate 13-acetate (PMAY). phorbol 12.13-dibu-
tyrate (PDBu), 4a-phorbol 12.13-didecunoute (aPDD). 3-isobutyl-1-
methylxunthine ((BMX). HEPES, and bovine serum albumin (B5SA)
were purchiused from Sigma (USA). Staurosporing was from Calbio-
chem (USA). The cGMP radioimmunoassay kit was (ram Amersham
International (UK ).

Primary cultures of mouse 4sirocylex were prepared in 38.mm.
dinmeter culture dishes using the method deseribed by Mernz et zl. [15]
with same modifications [16.17]. Regular monitaring with indirect
inmunofluorescence using unti-glial fibrillary acidic proiein (GFAP)
anliserum showed that approximately 95% of the cells were GFAP
posilive,

Euch experiment was performed in duplisate or triplicats at 23°C
and repeated three times. The coneentrations given for the various
reagents are final concentrations. the total volumie of ineubition being
1 ml To study the influense of phorbol esters on CNP-dependens
<GMP gencrution. monolayer ustracytes in 35.-mm.diameter culiure
dishes were washed twice with bufTer containing 5 31 BSA 4nd 10 mM
HEPES in serum-ftee minimal essential medium (pH 7.3). then incu-
baled with varying conzentrutions of phorbel esters in buffer supple-
mented with | mM af the phosphodicsterase inhibitor IBMX at 22°C
for 1 h, Following preincubation, 10 nM CHNP was added 16 mouse
astrocytes for 10 min, the time taken for CNP to achieve maximum
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stimulution of ¢«GMP {10). The incubation was terminated by uspirat-
ing the solution und rinsing the cells with 2 ml af ice-cold phasphite-
bulfered suline. [ntmeeliular cGMP was released with 1 ml 6% (wiv)
trichloroasetic ucid (TCA). which was subssquently remaved by ex.
traction with water-saturated dicthyl sther. Fuilowing scetylution (18],
¢GMP in the sumple was measured by cadivimmunoussay {17).

To cxuming possible aatugonism by stuurosporine, s PKCinhibitor.
an CNP-induced eGMP production. ustrocytes were incubiited with
100 nM staurosparine in bufTer supplementied with 1 mM IBMX at
22*C for 15 min. Incubalion was continued for unather hour in the
presence of absence of 10 RM PMA, lollawed by the additian af 10
nM PMA. lollowed by the addition of 10 sM CNP for 10 min und
subsequent datermination of sGMP levels,

Statistical analysis was performed with J.wuy ANOVA und Dun-
nett's r-test for mulliple compurisons. Statistien} significunce was
tuken as P < 0.08,

3. RESULTS

Prefiminary experiments showed that pre-incubation
of astrocytes with 1 xIM PMA for times spanning 15 min
to 7 h progressively suppressed the CNP-induced incre-
ment of <GMP up to 2 h. The longer periods of incuba-
tion did not produce any further change in the incre-
mental cGMP response (data not shown). Subsequent
dose-respanse experiments with phorbol esters were
therefore conducted using a 1-h preincubution time.

In agreement with our previous results {10], 10 nM
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Fig. 1. Dose-dependent inhibition of CNP-stimulated cyclic GMP
production by PMA in primary cullures of mouse astrocytes, Cells
were tredted with various concentrations of PMA for | h. then exposed
to 10 nM CNP far 10 min. Fallowing incubation, cGMP was released
with 6% TCA and quantifisd as deseribed in seclion 2, Dol are mean
= 5.E.M. values of & data points derived from duplicale delermina-
tions in three sepurute experiments. (0) without CNP, (@) with 10 oM
CNP,
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Fig. & Effeet of phorbal ester ansiogues on CNP-stimuluted ¢GMP
generation in primary cullures of mouse astrosyles, Expsrimental
conditions were identical to these in Fig. | und eslls were treated with
three concentrations of PRBu und aPDD prior Lo exposure to {0 nM
CNP, Contral {Cirl) samples were ineubated with 10 nM CNP i the
ubsenee of phorbol exters. Results ire mean 2 §.E.M. of dupliente
determinalions fram three separnte experiments. NS = not statistically
significant.

CNP stimulated cGMP produstion vigorously from u
basal value of 1.1 £ 0.1 pmaol/mg protein to 80.7 £ 8.2
pmeol/mg protein (mean + S.E.M., n = 6) (Fig. 1). Pre-
treatment with PMA for 1 h had no effect on buasul
c¢GMP production, whereas PMA suppressed CNP-
stimulated eGMP production in a dose-dependent man-
ner. with a half-masimal inhibitory concentration ([Cyg)
of 6 nM and maximal inhibition of 22.3 £ 4.6 pmol
cGMP/mg protein at | M of PMA (Fig. 1). Likewise,
PDBu inhibited the CNP-induced cGMP response ina
cancentration-dependent manner. PDBu, at 10 nM, sig-
nificantly suppressed the c¢GMP increment from
74.6 * 6.6 pmol/mg protein to 32.9 £ 2.7 pmol/mg pro-
tein (P < 0.01), whereas ePDD, which does not stimu.
late PKC, had no significant suppressive effect up to a
concentration of | uM (624 & 5.8 pmol/mg pretein)
(Fig. 2).

In separate eaperiments incorparating staurosporine,
10 nM PM A reduced CINP-dependent cGMP formation
from 623+3% 10 329=1.3 pmol/mg protein
(P <0.01). In the absence of PMA, 100 nM staurc-
sporine did not affect CNP-induced ¢GMP production.
Howaver, it blocked completely the PMA-mediated
suppression of the CNP-stimulated ¢cGMP response
(Fig. 3).

4. DISCUSSION

Qur results indicate that CNP-induced cGMP pro-
duction in astrocytes can be suppressed by the phorbol
esters PMA and PDBu, both of which are activators of
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Fig. 3, Effect of NP, CND plus PMA, CNP plus stuurosporine (8T),

or CNP plus staurasporine and PMA on cOGMP formation in cultured

maouse sstragyles, Cells were treated with either 100 nM stuurosporing

or bufTer ulone for 15 min, then incubated with 10 nM PMA or bufler

alane for 1 h before exposure 1o 10 oM CNP, Results are mcan 2

S.EM, of three experiments prerformed in duplicate. NS = nat
stitistically significunt.

PK.C [19.20}. This is analogous to the inhibitory action
of PMA on ANP.dependent c<GMP production in rat
adrenacortical carcinoma eells [21]. The role of PKC
activation in mediating this effect is supported by 2
other observations. First, aPPD, an inactive phorbol
ester analog that does not stimulate PKC [19]. did not
suppress CNP-induced cGMP response. Secondly, stau-
rosporing, a potent PKC inhibitor [22], blocked the in-
hibitory action of PMA. It is known that CNP acts
upon an isoform of reeeptor guanylate cyclase {(GC-B),
which consists of 4 domains {23,24). Attenuation of the
CINP-induced ¢GMP response by PKC could be medi-
ated by phosphorylatien ef receptar guanylate eyclase,
leading to a decrense in CNP binding and/or suppres-
sion of the activity of the kinase-like or catalytic deo-
main,

Astrocyte ¢<GMP production, in response to 10 nM
CIP, is attenuated, but not fully blocked. even with
high deses of PMA and PDBu, suggesting that other
regulatory mechanisms must also be involved. [n accord
with this, PMA attenuates only moderately ANP-de-
pendent ¢cGMP respenses in culiured vascular smooth
muscle cells whereas the PKC-activating hormones
vasopressin and apgiotensin [1 [25,26], markedly inhibit
c¢GMP accumulation in thess cells within 1 min of incu-
bation, an effect attributed Lo their ability to increase
cytoplasmic free calcium by stimulating inositol phos-
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pholipid turnover {27), Endothelin has aiso beat shown
to inhibit ANMP-augmented cGMP responses in giiul
cells within 5 min, pessibly by altering e aciiviiy of
kinases ather than PKC [28]. However, a contributory
effect of PKC activation with more prolonged incuba-
tion with endothelin, a known PKC stimulator {29,
cannat be excluded, Recently, Hanedn et al, [30] have
reported that PKC activation is necessary for the sus-
tained suppressive action of angiotensin 1I on ANP-
induced ¢GMP production in glemerular mesangial
cells. Since these hormones also axist as neuropeptides
{31,32]. our findings. taken together with the observa-
tions of others, raise the possibility that o number of
neuropeptides may interact with CNP (in at least some
instances through modulation of PKC} in the CNS.
Work is eurrenily in progress to investigate this issue.
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