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An Inhibitor of p38 MAPK Prevents Apoptosis of Cultured Cerebellar
Granule Neurons via Inhibiting the Activity of JNK

LI Ming-tao, WANG Wen-ya, Sun Juan, TANG Xiao-li, SU Xing-wen, QIU Peng-xin, YAN Guang-mei

(Department of Pharmacology, Sun Yat-sen University of Medical Sciences Guangzhou 510089, China)

Abstract; [Objective] To study the effect of the specific p38 mitogen-activated protein kinase( p38 M APK) inhibitor SB203580
on apoptosis of cerebellar granule neurons induced by low potassium. [ Methods] Apoptosis was induced by switching the cultured
cerebellar granule neurons from a culture medium containing K 25 mmol°L ' to a medium containing K™ 5 mmol° L '(cLK).
Fragmentation of DNA was analyzed using agarose gel eletrophoresis. SAPK/ JNK activity was measured by SAPK/JNK assay kit.
[ Results] Low potassium resulted in apoptosis as characterized by morphological and biochemical features but the specific p38 M A PK
inhibitor SB203580 improved the survival of cerebellar granule neurons cultured in ¢cLK medium by blocking apoptosisin a concentra-
tionrdependent mamner. The expression and phosphorylation of ¢ Jun increased and the activity of ¢Jun N-terminal protein kinase
(JNK) elevated when cerebellar granule neumns were cultured in ¢LK medium. But when the cerebellar granule neurons cultured in
cLK medium were exposed to 25 #mol® L' SB203580, the expression and phosphorylation of ¢-Jun and the activity of JNK were
both decreased evidently. [ Conclusions] These results indicate that SB203580 inhibits the activation of JNK and phosphorylation of ¢
Jun, and therefore protects granule neurons from apoptosis induced by low potassium.
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We and others have shown that depolarizing blocking their cell death via apoptosis . The death
concentration of K~ (25 mmol* L™ ") improved the of neurons induced by nondepolarizing conditions is
survival of cultured cerebellar granule neurons by characterized by all of the morphological and bio-
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chemical features of apoptosis, including cytoplasmic
blebing, condensation and aggregation of nuclear
chromation and internucleosomal DNA fragmenta-
tion . Due to their relative homogeneity, primary
cultures of cerebellar granule neurons represent an
ideal in vitro model system for studying the cellular
and molecular events underlying apoptosis of mam-
malian central nervous system (CNS) neurons.
M ammalian  mitogen-activated  protein  kinases
(MAPK, including the extracellular signal-regulated
protein kinase, the ¢c-Jun amino-terminal kinase, the
p38 sustained activation of Jun kinase) have been
shown to precede apoptosis of PC12 pheochromic-
toma cells induced by withdrawal of trophic factors.
The pyridinyl imidazle com pound SB203580, a se-
lective p38 inhibitor promoted the survival of PC12
cells in which trophic factors have been removed.
This indicated that p38 inhibitor-sensitive pathw ays
may be involved in apoptosis of neurotrophic factor-
deprived primary neurond” . Whether the specific
p38 inhibitor SB203580 prevents cerebellar granule
neurons from apoptosis induced by nondepolarizing
conditions and how it affects the survival of cerebel-

) + ) )
lar neurons cultured in low K' mediuum remain un-

know n.

1 Materials and Methods

1.1 Materials
SB203580, Hoechst 33258 were obtained from
Sigma Chemical Co. SAPK/JNK assay kit (Lu-
miGLO) was obtained from New England Biolabs,
Inc. Seven or eight-day-old Sprague-Daw ley rats (15
g 12 ¢, clean) of either sex were obtained from Sun
Yat-sen University of Medical Sciences.
1.2 Cell culture and cell viability assay
Cerebellar granule neurons were prepared from
8-day-old Sprague-Dawley rat pups as described pre-

Cell viability assays and morphological
[5]

Viously[‘q .

methods used were the same as before

1.3 Detection of DNA fragmentation
Fragmentation of DNA was analyzed as de-

scribed previously[ q,

1.4 Immunoblotting

Cells were fixed in 30 g/ L paraformaldehy de for
20 min at 4 C, permeabilized with phosphate-
buffered saline (PBS) solution for three times, and
then were blocked with 50 g/L goat serum in PBST
for 1 h. After washing three times with PBST, the
polyclonal phospho-c-Jun rat antibody was used at a
dilution of 1 1000 overnight at 4 C. After washing
3 times with PBST, cells were incubated with goat-
anti-rat monoclonal antibody. The primary and sec-
ondary antibodies were diluted in 20 g/ L.
1.5 Protein kinase assays

JNK activity was measured using SAPK/JNK
assay kit, as described by Guo Yan-Lin'".
1.6 Statistical analysis

Results were presented as x =+ s. Statistical

analy sis was performed with 7 test.

2  Results

2.1 SB203580 blocked neuronal death induced by
lowering K ina dose-dependent manner

When fully differentiated granule neurons were
switched from depolarizing medium (KCI 25 mmol®
L ', ¢HK ) tolow potassium-medium (KC15 mmol
“L ', cLK)
SB203580, a specific p38 M APK inhibitor, was ca-
pable of maintaining survival of granule neurons in
the absence of elevated K. At 24 h, while over
60% of the K deprived, neurons were dead. Those
treated with SB203580 (25 #mol°L ') displayed vi-

ability that was comparable with cells maintained in

they died by apoptosis. But

high K" . The survival effect was observed at doses
=5 tmol°L ', and the maximal effect was observed
at 25 mol°L ' (Table 1). Although SB203580 ef-
fectively prevented the death at 24 ~48 h after low -
ering K", it was much less effective at 72 h.
2.2 SB203580 prevented neurons from morpho-
logical features of apoptosis

We examined the morphological changes in cul-
tured cerebellar granule neurons induced by cLK
medium using Hoechst 33258 staining, which specif-

ically labeled nuclear chromatin . Cerebellar granule
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Table 1 SB203580 protects cerebellar granule neurons

from apoptosis induced by ¢cLK ~ ( =3)

SB203580 Neuronal Survival
c/Mmol° L™ ! ¥Ets %
0 38.445.7

1 39.54+5.9 D

5 46. 8+6.4 %

10 57.6+6.9 7

15 85.1+-8.3 7

20 93, 149.5 %

25 97. 6+8.8

After 8 days, cultures were switched to different concentrations of
SB203580 in 5 mmol°L ™! KCl medium for 24 h. Contmwl neurons w ere
maintained in 25 mmol°L ! KCI medium and the numbers of survival
cells were taken as 100 % [ (1. 29£0. 01X 10°° L— 1] . Compared
with 0 #mol"L~! SB203580, 1) P<C0.05, 2) P<<0.01

neurons cultured in cHK medium for 24 h main-
tained normal nuclear morphology (Fig. 1A ).
Switching cerebellar granule neurons from cHK
medium to cLK medium for 24 h resulted in the typ-
ical apoptosis changes in neuronal nuclei, including a
characteristic condensation of nuclear chromatin and
heterochromatic clumping (Fig. 1B). Addition of
SB203580 (25 fmol*L ') to ¢cLK medium rescued
most of the neurons and maintained normal nuclear
morphology (Fig.1C)
2.3 SB203580 prevented internucleosomal DNA
fragmentation of cerebellar granule neurons induced
by ¢LK

Apoptotic cell is often associated with internu-
cleosomal DNA fragmentation resulting in nucleo-
some size DNA and multiples thereof. DNA was ex-
tracted from cultured cerebellar granule neurons after
treatment with SB203580 for up to 24 h and ana-
lyzed by agraose gel electrophoresis. Agarose gel
eletrophoresis of DNA extracted from neurons cul-
tured in cHK medium showed a wide band (Fig. 2,
lane 2). When the neurons were switched from cHK
medium to ¢cLK medium, agarose gel eletrophoresis
of neuron DNA revealed that ¢cLK medium induced
typical apoptotic DNA fragmentation characterized
by oligonucleosome-length DN A of about 185 base
pairs (Fig, 2, lane 3). Exposure of cultured cerebel-

lar granule neurons to 25 #mol° L' SB203580 pre-
vented the DNA fragmentation induced by cLK
medium (Fig. 2, lane 4).

Fig.2 Agarose gel eletrophoresis for detecting
DNA fragmentation induced by cLK
lane 1, DNA size marker ladder; lane 2, in cHK medium for 24 h
(controD); lane 3, in cLK medium for 24 h; lane 4 25 fmol° L™!
SB203580 in cLK medium for 24 h. Note that 185base pair ladder
charactenstic of the DNA degradation that occurs in apoptotic cells is

detected in cLK medium

2.4 SB203580 inhibited the overexpression of ¢
Jun induced by cLK

When cerebellar granule neurons were switched
from cHK medium to ¢cLK medium, the death-relat-
ed nuclear transcription factor overexpressed. Expo-
sure of cultured cerebellar neurons to 25 #mol °L '
SB203580 inhibited the overexpression of ¢Jun in-
duced by cLK (Fig.3).

l 2 3 4

L e e h el
B R -,
Fig. 3 Pattern of expression of ¢ Jun in cerebellar

granule neurons treated with or without
25 'mol° L' SB203580 for 24 h
Lane 1, control in cHK medium; Lane 2, in cLK medium; Lane
3 10#mol° L' SB203580 in ¢cLK medium; Lane 4 25*mol° L'
SB203580 in ¢LK medium

2.5 SB203580 inhibited the phosphorylation of ¢
Jun induced by cL K
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We analyzed the phosphorylation of c¢Jun by
using the phospho-c-Jun antibody in immunofluo-
rescence experiments with cerebellar granule neu-
rons. Cerebellar granule neurons cultured in cHK
medium shows little phosphorylated c-Jun (Fig.
4A ). When neurons were switched to ¢cLK medium,
phosphory lated c-Jun increased (Fig. 4B). Exposure
of cultured neurons to SB203580 25 Mmol °L ' sup-
presses the phosphorylation of ¢-Jun induced by cLLK
(Fig.4C).

2.6 SB203580 inhibited the elevated activity of
JNK induced by cLK

By using the phospho-c-Jun antibody in im-
munofluorescence experiments with cerebellar gran-
ule neurons JNK activation was observed after re-
moval of KCl from primary cerebellar granule neu-
rons (Fig.5, lanel). Exposure of cerebellar granule
neurons to SB203580 suppressed the elevated JNK
activity induced by cLLK medium in a dose-dependent

manner (Fig.5, lane 2~4).

Fig.5 Analysis of JNK activity of cLK by Western blot
Lane 1, control in cHK medium for 24 h; Lane2, in cLK medi-
um for 24 h; Lane 3, plus 10 #mol°L~! SB203580; Lane 4, plus 25
#mol° L' SB203580

3 Discussion

Chronic depolarization induced by elevated ex-
tracellular K can substitute for neurotrophic factors
in maintaining survival of several neuronal types in
culture. We have shown that SB203580, a
pyridinylimidazole compound, rescues cerebellar
granule neurons from apoptosis induced by nondepo-
larization. When cerebellar granule neurons cultured
in cHK medium are switched to cLK medium, the
features characteristic of apoptosis occurs such as

chromatin condensation, pyknosis, and nucleosomal

DNA, fragmentation. However if the neurons .culs

tured in cHK medium are switched to cLK medium
containing 25 "mol°L ' SB203580, most of neurons
survived.

The c-Jun N-terminal protein kinase (JNK)
pathw ay modulates AP-1 activity and is involved in
apoptosis in response to stress or withdrawal of sur-
vival signals in neuronal celld ¥ . The JNK signaling
cascade is one of important neuronal models of cell
death. The nuclear transcription factor c-Jun is an
endogenous substrate of JNK. A role for JNK in the
induction of apoptosis has also been examined in non-
neuronal systems. Inhibiting JNK or kinase up-
stream of JNK protects different cell types from
death induced by a variety of stimuli such as camp-
tothecin, thermal shock, cisplatinum, and ce-
ramide' ¥ . Although many other signaling events, in
addition to JNK/c-Jun activation, may be involved
in committing neurons to a death pathway, inhibi-
tion of c¢-Jun expression and suppression of elevated
JNK activity can rescue cerebellar granule neurons
from apoptosis induced by non-depolarization.

Our results suggest that the p38 inhibitor
SB203580 block cerebellar granule neurons against
apoptosis induced by low ering K. the mechanisms
of which may include inhibiting the expression and
phosphorylation of ¢-Jun and suppressing the elevat-
ed activity of JNK. In summary, we have shown
that SB203580 can improve survival of mature gran-
ule neurons. Aberrant death of mature neurons, pre-
sumably by apoptosis, occurs in several neurode-
generative diseases. Studying the precise mecha-
nisms by which SB203580 promotes neuronal sur-
vival may have important clinical implications in the
prevention of neuronal death in neurodegenerative

diseases.

(Fig. 1, 4 see in inside back cover)
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