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Influence of AVP,_5 on MAPK activity in astrocytic glial and fetal

neuronal cells in primary culture!
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ABSTRACT

AIM: To swdy the effect of argipressin (4 - 8)
(AVP,_g) on the mitogen-activated protein kinase
(MAPK) activity in astroglial culture and fetal neuronal
Sorne
protein kinases involved in this signal pathway were also
addressed. METHODS: Rat brain primary cells were
cultured in serum free medium or starved for 24 h before
use. Cells were transferred to C2Z* and Mg®* free
Dulbeco’s phosphate buffer (D-PBS) with varicus drugs.
MAPK aclivity was measured. RESULTS: The main
findings were; (1) AVP,_g induced the MAPK activity
in ral brain astroglial culture but not in fetal neuronal cul-
tures.  And this was blocked by ZDC (C) PR, an antag-
onist of AVP,_;. (2) PD9809, a potent selective in-
hibitor of MAPK/ERK kinase (MEK) and GF109203X,
a specific inhibitor of protein kinase C (PKC) abolished
AVP, _y-evoked MAPK activity on astrocytes. CON-
CLUSION: AVP;_; can activate the MAPK activity in
astrocytes but not in fetal neuronal culwre. MEK and
PKC may be involved in the AVP,_g-evoked cascade.

culture from rat cerebral cortex and hippocampus.

INTRODUCTION

AVP,_g is a metabolite of argipressin ( AVP) and

has high affinity receptor sites in rat brain’’’.  Evidence
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has demonstrated that AVP, _, induces long terrn potentia-
tion (LTP) via a non-N-methyl- D-aspartic acid ( NM-
DA) receptor transmission mechanism'®’,  Previous work
in our laboratory indicated that AVP;_g could induce the
enhancement of MAPK activity in vive or in vitro
through a pathway mediated by an unknown G-protein
coupled receptor (GPCR) and protein PKC® . There-
fore, it is indisputable that AVP,_g has an effect on the
brain function of adult animals.

Recent studies'®) suggested that MAPK cascade in
neurons and astrocytes may play different roles in cellular
physiological function. It is interesting to investigate the
effect of AVP,_g on these two cell types and its possible
mechanism. In the present work, the action of AVP,_g
on the MAPK activity of primary cultures was detected
and the possible signal pathway was investigated.

MATERIALS AND METHODS

Materials Sprague-Dawley rats (0 - 3 d old;
Grade 1I, Certification No 005) of either sex were from
Shanghai Experimental Animal Center, Chinese Academy
Peptides pyroglutamylas-
paraginylcystinylprotylarginine ( AVP;_g) and pyroglu-
tamylaspartylcystinylprolytarginine [ ZDC (C) PR] were
synthesized with solid-phase method and purified to >
98 % purity by HPLC. [y-*P] ATP (specific activity,
110 PBq/mol) was purchased from Amersham {UK).
Myelin basic protein (MBP) was from Sigma { St Louis
Mo). FD98059 and GF109203X were from Calbiochem
(San Diego). All the other chemicals were of AR.

Cell culture and treatment Primary astrocyles
were obtained from neonatal rat cerebral cortex and hip-
pocampus according to McCarthy and de Vellis'® (1980) .
The cells were kept in DMEM supplemented with 10 %
FCS, penicillin 100 kU/L and gentamicin 100 kU/L,
streptomycin 125 KU/L and grown in 5 % C0,/95 % air
at 37 €. The cells grew to confluenoy in about two
weeks. Purified astrocytes culture were obtained by the
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following procedure: oligodendrocytes and microglial
cells growing on top of astrocyte monolayer were removed
by shaking the culre flask on a rotary shaker overnight
at 250 pm at 37 C. Detached cells were removed.
The culture was then subjected to 0.25 % trypsin. The
resulting celi suspension was centrifuged and resuspended
in DMEM with 10 9% FCS until it was confluent. For
investigating the effect of AVP,_g, the cultures were kept
in medium containing (0.5 % FCS for 24 h before the ad-
dition of stimulant.

Neurons were prepared from the hippocampus and
cerebral cortex of 17-d old rat embryos and cultured in
2 % B27, 0.5 pmol - L™ gluamine in neurobasal medi-
um. The neurons were cultured for 7 d before used.

Cells were rinsed with D-PBS, then transferred to
C2%* and Mg?* free D-PBS containing stimulant.

Preparation of cell extracts The stamulation
was stopped by aspirating the medium, addition of
0.20 mL ice-cold lysis buffer ( containing sucrose 250,
Na; VO, 4, DTT 1, PMSF 0,5 mmol* L', pH 7.4),
followed by immediate freezing with liquid nitrogen.
After thawing on ice, the cells were sonicated for 30 s.
The cytosolic fraction was obtained by centrifugation at
10 000 x g for 60 min and stored at — 70 C for assays of
MAPK activity. Proteins were determined using the
Lowry procedure .

MAPK activity assay'®”)  The MAPK activity
was determined by the phosphorylation of the MBP. The
reaction was performed at 30 T with 3 ug protein in a
final volume of 30 uL containing { final concentration),
HEPES 10, DTT 1, MgCl, 10, egtazic acid 2 mmol -
L-',MBP1 g-L"'pH 7.0. Preincubated for 1 min,
reactions were initiated by the addition of [ y-2P] ATP
18.5 kBq. After a 5 - 10-min incubation, reactions
were halted by adding SDS-PAGE sample buffer and sub-
jected to 10 % polyacrylamide gel electrophresis in the
presence of 0.1 % SDS.

Statistical evaluation
%z 5 and compared by ¢ test.

Data were expressed as

RESULTS

Activation of MAPK by AVP,_; in rat brain
astrocytes but not in fetal neuronal culture After
treatment with AVP,_5, the MAPK activity of cells was
measured by the phosphorylation of the specific substrate
MBP. Time course smdies showed that AVPy_p en-
hanced MAPK activity of astrocytes and exerted maximal

effect at 5 min, and retumed to the basal level by 30 min
(Fig1). AVP,_4 10 nmol-L ™! had the similar effect to
500 nmol - L™ concentration, indicating that 10 nmol *
L~ was adequate to induce the maximal response. The
maximal stimulation on cortical astrocytes was 2. 46 +
0.24 (n =4, P <0.01 vs control) while that of hip-
pocampal was 2,10+0.20 (n=4, P <0.01 vs con-
trol), The MAPK activity of fetal neuronal culture
seemed not to be influenced by the addition of AVP, g
regardless of the cell source.

—e— hippocampal astrocyts
—0— cortical astrocyts
—»— hippocampal neuron
—o— cortical neuron

Relative activity/fold

[ ] 3 10 % 2 2% 30 35

Time/min

Fig1. MAPK activity in the neuronal cells and astro-
cytes from cortex and hippocampus after incubation
with AVP,_g 100 nmol- L-!. Relative activities were
presented by the optical density of autoradiogram after
SDS-PAGE electrophoresis of phosphorylated MBP,
and expressed as induction fold above the levels found
in control {0 min}). n=4 assays. x=xs. P<0.01 vs
coritrol.

Blocking effect of ZDC {C} PR MAPK activi-
ty was evaluated after treatment with ZDC (C) PR,
AVP,_, or their combination. ZDC (C) PR, an an-
tagonist with Asp2 replacement of AVP,_;, had no effect
on the cellular MAPK activity but blocked the AVP,_g-
enhanced MAPK activity in hippocampal and cortical as-
trocytes [ Fig 2, AVP,_z + ZDC (C) PR (5 min) vs
AVP,_4(5 min), P <0.01]. The maximal effect in-
duced by AVP, _y at a 5-min interval could be reduced to
1.22+0.11 and 1.33+0.19, respectively (Fig 2, P>
0.05 vs control) in the presence of 50-fold ZDC (C)
PR.

Upstream regulation of MAPK in astrocytes
According to our previous results'®) | the putative receptor
of AVP,_g is a member of GPCR and the signaling from

'GPCR 1o the MAPK (ERK) is preceded by several dis-

tinct pathways including PKC-dependent or -independ-
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ZDC{CYPR(S min)  1.23£0.18"

AVP+ZDC(C)PR(S min) 1.2240.11*

GIF109203X  L06+0.12"

AVP,+GF109203X 1.0540.34™
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A MBP A MBP
Control 1.00£0.16 . Control  1.00x0,11
AVPyg(Smin)  2.1020.20° . AVPyy  2.1040.23°
AVP (15 min)  1.44£0.40 ‘ PD28059 1.14%0.17"
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B Control

1.00x0.19
AVP (5 min)  2.46x0.24"
AVP, 415 min) 1.5240.17
Control L.00t0.12

ZDC{C)PR(S min} 1.09+0.20"

AVP, +ZDC(C)PR(S min) 1,33+0,19"

Fig 2. Effect of ZDC [C] PR on MAPK activity in hip-
pocampal astrocytes (A) and corticil sstroeytes (B) in-
cubated with AVP, _;, ZINC [C] PR, o their combina-
ton. Awteadiogram of MEP is lllustrated in the lower
pmel. Relative activity was expressed as fold vs con-
tral. n=3 mssAys. T xs5.">0.05, P<0.01 vs con-
tral; "P <0.01 vs AVP,_ ;{5 min}.

ent pathways. In order e delermine whether PKC was
GF109203% was used to treat astrocytes before the appli-
cation of AVP;_y for 0.5 h to down-regulate PRC activi-
tv. The result indicates that the pretreatment of
GF109203X could completely block the AVP,_-evoked
MAPK activity ( Hippocampal astrocyte: 1.05 20,34 vs
2,10 £0.23; Cortical astrocyte; 0,94+ 0,20 ve 2,21+
0.27, all P<0.01).

MAPK has several subfamilies, each of which have
distinct pathways, To determine which kind of MAFPK
cascade has been followed by AVP,;_,, we examined the
inhibitory ahility of PDOB0GY on AVE,_g-evoked MATK
pathway. As shown in Fig 3, PDOA0S9 50 pumol L~
abolighedithe increase of MAPK activity stimulated by

B Control  1.00+0.17

AVP,y 2214027

GF109202X 1.01+0.17"
AVP L +GF109203X 0.9440,29"
PDYROSY 1.23£0,15"

AVP ¢ +PD98059 1.04+0,12""

Fig 3. Effects of PD98059 and GF109203X on AVP,_,-
evoked maximel MAPK activity in hippocampal (A) snd
cortical astrocytes (B) in the presence of AVP,_y: Au-
toradiogram of MBP is illustrated in the lower pamel.
Relative activity was expressed ss fold vs control,
w4 assays, ¥ £ &, P =005 P <0.01 vs conteol;

P 20.01 vs AVP,_3[5 min).

AVP, _o{ Hippocampal astrocyte: 1.07+0.2% vs 2,10z
0.23%; Cortical astrocyte: 1.04 20,12 v 2,21 20,27,
all £<0.01), Tt imphies that the MAPK kinase in this
cascade is MEK. Gﬂ'l.&m.l.'}", mnA\?P4_a-evnkedMAPK
cascade in astrocytes is mediated by PRC and MEK.

DISCUSSION

The main findings of our studies presented here are
that {1} AVP,_; can activate milogenic signaling pathway
{ via ERK) in hippocampal and cortical astrocytes through
its specitic recepror, which can be specifically competed
hy 7IXC (C} PR, an anmgonist of AYP,_p in hippocam-
pal and cortical astrocytes but not in fetal neural culture.
(2) Signaling from putative AVP; _, receptor to MAPK in
astrocytes is dependent on PRC and MEK.

It has been reported that AVP,_y can induce the en-
hancement of MAPK activily in the brain of adult rat



ISSN (12539756 Acta Phammacol Sin
E-mail aps@ mail . shene. ac. on

$ISHEEHL 2000 Sep; 21 (9)

Phn/Fax 86-21-6474-2629 + 805 ¢+

through its specific receptorl”). However, it is unknown
how the neuron and astrocytes, responded to the stimula-
tion of AVP;_4. Evidence presented here indicated that
the MAPK activity in astrocyte was enhanced by AVEP, 5
in a receptor-specific way, suggesting that the putative
AVP;_y receptor also existed in astrocytes. To our
knowledge, MAPK cascade in astrocytes mainly has rela-
tionship with mitogenic signaling whereas neural culture
predominantly plays a role in the formation of LTP, neu-
ral plasticity, differentiation, and so on. According to
this, the influence of AVP,_g on MAPK activity in these
two cell types may has a different function. Unfortu-
nately, the stimulation by AVP,_4 on the fetal neuronal
culture failed to induce the change in MAPK activity.
The main explanation is that the fetal neuronal culture is
not as well-differentiated as the adult culture so it is de-
void of some responsibility o AVP;_g, since the AVP,_g
binding sites in hippocampal neuron do not appear untii 5
d after birth according to autoradiograph experimentsm .
So far, the role of PKC in GPCR/ MAPK {ERK}
signaling pathway is not well-established. In some cas-
es, GPCR can be coupled 1o ERK by both PKC-depend-
ent and -independent pathways suggesting that there exist-
ed a multiple signaling receptor to ERK. Our previous
work®) implicated the involvement of PKC in signaling
for the putative GPCR of AVP,_; to ERK in hippocam-
pus. Consistent with it, GF109203X, an inhibitor of
both Ca*-dependent and -independent PKC isoforms,
displays very obvious inhibitory effects on the AVP,_g-
evoked MAPK (ERK) activity in astocytes. In addi-
tion, the pretreatment with PD98059, a specific inhibitor
of MEK, can cancel the AVP,_z-evoked activation of
MAPK (ERK). The results provide evidence that
AVP,_, stimulates a signaling cascade involving MAPK
kinase or a MAPK kinase-related protein that subsequently
activates ERK.. It suggests AVP, _, may play more roles
in cellular function than we have known. Furthermore,

the regulation of some genes such as nerve growth factor
(NGF) may be regulated by this mitogenic signaling
pathway .

Generally, owr study indicated that an AVP,_5-
evoked, receptor-specific, PKC-dependent MAPK path-
way existed in astrocytes.
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