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Fig 1 Effect of LY294002 on the survival of
cerebellar granule neurons. LY294002, a specific
inhibitor of PI-3-K, caused a dose-dependent cell
death.
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3 Tab1 Caffeine protects cerebellar granule neurons
Hoechst 33258 , dose dependently from apoptosis induced by 50
1- L~ ' LY294002
DNA . Hoechst 33258 Hmo
R Concentration of caffeine N 1 ival rat
,LY294002( 50 1_11’1101' L l) Group ] eurona/si/l;vwa rate
s N ( 2B) . Model control 0 34.5%4.7
R R I 1 38.2%4.9
20 mmol* L + 50 pmol* L™ LY294002 I 3 4 345 4
(200 25 mmol*L™' KC o 5 45.3 %6 3"
v 10 81.7%8.5"
( 24 , v 15 92.149.2°
LY294002 VI 20 98 .6%£7.8"

"P<0.05, " P<0.01, compared with control. The data
shown are mean values £ s, which was repeated three times
with similar results .

Fig 2 Morphological features characteristic of apoptosis are induced in cultured cerebellar granule neurons by 50
pmol* L™ ' LY294002 . A. Phasecontrast photomicrograph of cerebellar neurons in complete medium . Cells were
healthy, with large size and phasebrightness; B. After 24 h of treatment with 50 pmole L-! LY294002; C.
After 24 h of treatment with 20 mmol* L™ ' caffeine and 50 pmol* L™' LY294002 . Neurons were stained with
the fluorescent dye Hoechst 33258 . Note the typical apoptotic morphology nuclear condensation and
heterochromatin clumping in neurons in B, but not in A and C. Arrow, apoptotic neurons .
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Fig 3 Agarose gel eletrophoresis for detecting DNA
frag mentation induced by LY294002 and inhibitory
effects of caffeine on apoptosis induced by
LY294002 . Lane 1 : DNA size marker ladder; Lane
2: Control ; Lane 3: 50 pmol* L™" LY294002 + 25
mmole L' KCI; Lane 4: 20 mmol* L™ caffeine + 25
mmol* L™ " KCI+50 umol* L™ "' LY294002 . Note that
185-base pair ladder characteristic of the DNA
degradation that occurs in apoptotic cells is detected in
LY294002-treated neurons but not in other treated
neurons .

Tab 2

survival of cerebellar granule neurons

Effects of caffeine and several drugs on the

Group Neuronal survival rate/ %
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xts, n=4."" P<0.001, compared with (A) . (A) 25
mmole L~' KCl; (B) 25 mmol* L' KCI + 50 pmol* L'
LY294002; (C) 25 mmol* L™ " KCl+50 pmol* L™ LY294002
+20 mmol* L™ " caffeine ; (D) 25 mmol* L™ ' KCI +50 pmole
L°' LY294002 + 20 mmol* L™ ' caffeine + 30 pmol* L'
ryanodine ; (E) 25 mmol® L' KCl +50 pmol* L™ ' LY294002
+20 mmol* L' caffeine + 10 pmol* L' nifedipine ; ( F) 25
mmol* L' KCl + 50 pmol* L™ ' LY294002 + 20 mmol* L'
caffeine +10 pmol* L™' MK801 ; ( G) 25 mmol* L™' KCIl +50
pmol* L™ ' LY294002 + 20 mmol* L™ caffeine +1 mmol* L'
RpcAMP; (H) 25 mmol* L™' KCl+50 pmole L' LY294002
+20 mmol* L' caffeine + 10 pmol * L™' H89; (I) 25
mmol* L~ " KCl + 50 pmol* L™' LY294002 + 20 mmol* L™'
caffeine + 20 pmol® L~ ! dantrolene .
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Fig 4 Effect of caffeine on intracellular calcium
concentration. Caffeine (20 mmol* L™ ') induced a

rapid reduction of [ Ca’* ]i in cerebellar granule

neurons .
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Fig 5 Influence of caffeine on the expression of ¢

Jun. Lane 1:25 mmol*L™! KCl; Lane 2: 25 mmol®
L' KCl + 50 pmol* L' LY294002; Lane 3: 25
mmol* L™" KCl+50 pmol* L' LY294002 +1 mmol*
L' caffeine ; Lane 4: 25 mmol* L™' KCl+50 pmole
L~ ' L'Y294002 +5 mmol* L™ ' caffeine ; Lane 5: 25
mmol * L™' KCl + 50 pmol* L™" LY294002 + 10
mmol* L' caffeine ; Lane 6 : 25 mmol* L™' KCl + 50
pmol* L™ ' LY294002 +20 mmol* L™ " caffeine .
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Fig 6  Effect of caffeine on the activity of cJun
NH,-terminal kinase( JNK) . Lane 1 : 25 mmol* L'
KCl+50 pmol* L™' LY294002; Lane 2: 25 mmol®
L~' KCl +50 pmol* L™ ' LY294002 +1 mmol* L'
caffeine ; Lane 3 : 25 mmol* L™' KCl +50 pmols L™'
LY294002 + 5 mmol = L' caffeine ; Lane 4: 25
mmol* L™ KCl + 50 pmol * L™' LY294002 + 10

mmol® L™ ! caffeine ; Lane 5: 25 mmol* L™ ' KCl +50
pmol* L™ LY294002 +20 mmol* L'

caffeine .
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Fig 7 ¢ Jun became phosphorylated after cerebellar granule neurons were treated with LY294002 . Cerebellar
granule neurons cultured on glass coverslips were maintained in K25 medium ( serum-free) containing 50
pmol* L™ " LY294002. At 24 h, the cells were fixed and stained with a phospho ¢ Jumrspecific antibody and
FITC. Nuclear phosphocJun staining was clearly visible 4 h after treatment with LY294002 ( B) .
Furthermore , granule neurons cultured in BME plus 10 % serium plus 25 mmol* L~ ' KCl did not stain with the
phospho ¢ Jun antibody ( A) . As the same, neurons cultured in K25- medium plus 50 pmol* L~ ' LY294002 and
20 mmol* L™ ' caffeine hardly stained with the phospho-c Jun antibody ( C) .

L.
L_
, 3 Ir
« ” Ca2+
DNA NMDA ,
’ 24 1 .
i DNA [ Ca®*t i . : NMDA
(1] MKS801
, « kd L_
NMDA , ,
' [Ca®" i
cAMP cAMP s
K*(25 mmol*L™"' KCI, )
cAMP . ,
’ ’ cAMP RP-cAMP .
o (PR3 A(PKA) H89 ,
K) 61, ,PF3-K
LY294002
> Dudek cAMP . Tanaka
, LY294002 [13]
[12]
LY294002
ryanodine- ,
[ Ca®" i, [ Ca®" i ) )
. Ca®" .cAMP .

” , ¢cJun mRNA s



Acta Pharmaceutica Sinica 1999 ,34(12): 886 ~ 892

¢ 891 -

cJun
. , JNK
,P38 s ¢ Jun
cJun
e, LY294002 c
Jun >
cJun cJun .
cJun
. JNK
-cJun s c
Jun . JINK
JNK cJun ,
JNK ? ,
, JNK, (
)5 JNK, ,
JINK , JNK
, PI-3- K
LY294002 )
LY294002
. “ ? [ Ca®" i
) cAMP ,
JNK, S ¢ Jun
S ¢ Jun
References

Raff MC, Barres BA, Burne JF, et al. Programmed cell
death and the control of cell survival: lessons from the
neurons system . Science , 1993 ,262: 695

Barihaga M. Death gives birth to the nervous system,
but how ? Science , 1993 ,259: 762

Gallo V, Kingsbury A, Balazs R, et al. The role of
depolarization in the

survival and differentiation of

cerebellar granule cells in culture. | Neurosci, 1987 ,7:

10

12

13

14

2203
Galli C, Meucci O, Scorziello A, et al. Apoptosis in
cerebellar granule cells is blocked by high KCI, forskolin,
and IGF-1 through distinct mechanisms of action: the
involve ment of intracellular calcium and RNA synthesis .
J Neurosci , 1995 ,15: 1172

Franklin JL, Sanz Rodriguez G, Juhasz A. Chronic
depolarization prevents programmed death of sy mpathetic
neurons in vitro but does not support growth:
require ment for Ca’" influx but not TrK activation. |
Neurosci , 1995 ,15: 643

Miller TM, Tansey MG, Johnson EM, Ir,

Inhibition of phosphatidylinositol 3-kinase activity blocks

et al.

depolarizatior and insulin-like growth factor I- mediated
survival of cerebellar granule cells. | Biol Chem, 1997,
272: 9847

Yan GM, Ni B,

glutamate receptor activation blocks apoptotic cell death

Weller M, et al. Depolarization or

of cultured cerebellar granule neurons . Brain Res, 1994,
656 43

Yan GM, Lin SZ, et al. Activation of
blocks

Mol Pharmacol ,

Irwin RP,

muscarinic cholinergic receptors apoptosis  of
cultured cerebellar granule neurons .
1995 ,47: 248

Li MT, Sun J, Qiu PX, et al.
mechanisms of Bcl-2 on
apoptosis . Acta Biochim Biophys Sin, 1997 ,22. 495

Grynkie wicz G, Poenic M, Tsien RY. A new generation

Mitochondrial

ionizing radiatiominduced

of Ca’” indicator with greatly improved fluorescence
properties . | Biol Chem, 1985 ,260: 315

DL, Strasser A. The
apoptosis . Proc Natl Acad Sci USA, 1996 ,93: 2239
Dudek H, Datta SR, Franke TF, et al. Regulation of
neuronal survival by the serine-threonine protein kinase
Akt . Science , 1997 ,275. 661

Tanaka S, Koike T.

cultured sympathetic neurons deprived of nerve growth

Vaux molecular biology of

Caffeine promotes survival of

factor through a ¢cAMP-dependent mechanism . Biochim
Biophys Acta, 1992 ,1175. 154

Watson A, Eilers A, Lallemand D, ef al. Phosphoryla-
tion of ¢ Jun is necessary for apoptosis induced by survival
cerebellar

signal ~ withdrawal in

J Neurosci , 1998 ,18: 751

granule neurons .



* 892 - Acta Pharmaceutica Sinica 1999 ,34(12): 886 ~ 892

CAFFEINE PROTECTS AGAINST LY294002- INDUCED APOPTOSIS
IN CEREBELLAR GRANULE NEURONS

Li Mingtao( Li MT) , Wang Wenya( Wang WY) , Tang Xiaoli( Tang XL) , Qiu Pengxin( Qiu PX) ,
Su Xingwen( Su XW) and Yan Guangmei( Yan GM)

( Depart ment of PharmaCOZOgy, Sun Yatsen University of Medical Sciences , Guungzhou 510089)

ABSTRACT AIM: To study the protection of caffeine against LY294002-induced apoptosis in cerebellar
granule neurons. METHODS: Primarily cultured cerebellar granule neurons were induced to apoptosis by
LY294002 . Agarose gel electrophoresis was used to analyse DNA fragmentation of the apoptotic neurons .
Intracellular Ca”~ was measured by using Fura2/ AM fluorescent technology . Analysis of phosphorylated ¢ Jun
was carried out by means of immunofluorometry. The measurement of ¢ Jun content and JNK activity was
performed with Western blot method. RESULTS: Caffeine was shown to prevent cultured cerebellar granule
neurons from apoptosis induced by LY294002, a specific inhibitor of PF3-K, in a dose- dependent manner. The
protection of caffeine on neurons was not dependent on the elevation of [ Ca* " Ji, nor on the biological activity of
intracellular cAMP . Caffeine decreased the activity of JNK and the levels of ¢Jun and phosphocJun in
cerebellar granule neurons. CONCLUSION: Caffeine prevents cerebellar granule neurons from LY294002-
induced apoptosis by inhibiting the activity of JNK and blocking the phosphorylation of ¢ Jun.

KEY WORDS caffeine ; apoptosis ; cerebellar granule neurons ; phosphoincsitide 3-kinase ; cAMP; ¢ Jun
NH,- terminal kinase( JNK)





