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Apoptosis is one major mechanism underlying neuronal cell death in degenerative diseases
in the central nervous system. Previous studies have shown that estrogen has neuroprotective
effects in several neuronal cell death model systems. In the present study, we established a
staurosporine-induced apoptotic neuronal cell death system with human SH-SY5Y cell line. 17b-
estradiol (E2) blocked staurosporine-induced apoptosis of SH-SY5Y cells, as revealed by MTT
as well as LDH assay. The cells showed typical DNA fragmentation at 4 h and 8 h following stau-
rosporine treatment, which was attenuated by E2 pretreatment. Staurosporine-induced chro-
matin condensation was also reduced by E2 treatment. Because apoptotic stimuli are known
to induce caspase-3 activation and PARP cleavage, we examined whether E2 blocks these
processes. E2 markedly attenuated staurosporine-induced casapase-3 activation and PARP
cleavage. This study shows that E2 blocks staurosporine-induced apoptosis in SH-SY5Y human
neuroblastoma cells, suggesting that E2 is a neuroprotective agent that may be used for the
treatment of neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease.
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MNEFAFES do7ity, 11 = caspases (Cysteinyl Aspartate-
Specific Proteinases: A|ZE|QIAE @8 d Ha &4 F aspar-
tate 59 54 7] AW, calpain (Zg 24 AZEAE &
Wz Ba §4) So] O 2L oot} Caspasest W A &3] 7]
5= 7FAWA apoptosisE 4Oo7)=t FL23 IS soi1].

Caspasest interleukin-1- A-converting enzyme (ICE)A<Y
o] T ATFHEAE AATIA] 12F0] LHA ¢
pase-12 A& F-9]ol| A apoptosisS 531, caspase-3+ apo-
ptosisE9t non-erythroid @-spectrin, PARP [Poly (ADP-
ribose) -polymerase], DNA-PK., PKC & (protein kinase C

§) % 2 dAES Adett I3 I 3] g cas-
pase-3 like#} E2]& caspases (2, 4, 6, 7, 8, 9, 10, 12)E&

)T, I = cas-



caspase-3t 2> 71%5& vt AFHH O R+ caspase-35 Wt
715S 854 Pk wgbA & 2ol caspase-37} apoptosis
o] T8 HHOT dEAY Jui1-3]. Ty AF ME F
oA ANAEZA et AAME HEE 37} apoptosis?] S8
ot %49 caspase-3& THTOZA dofuerte HAHY 9l
A %t o]2] g apoptosise 53] FFAAANAM AT o F
YA Aslo|gty YR E Alzheimer's disease, Pakinson's
disease, Huntington's disease $3 7 B2 AHE9 7]
7ol Bo 2N o|F AFke] X 59} dAHo] AL ArHL
do} o}F7tA] Aget 713 aAQ A EA = AR &
ISl

NEERAE 2HEOIEAGS] SEFOEA 3} T 9l
= HAZA A FA3] F7FetaL, AAMEAZAA A nerve gro-
wth factor, brain-derived neurotrophic factor %)<} 7+o] <l
< Wells AFE7] Ao BAqsit4]. HZ AZEZA0] 2
A mRE gFEe]l HiEy] AASiieH dAERAS
acetylcholine®] RS E£RAI711[5], He EFRE A 7|H
[6] 3lmte] S AT FEA A7A 2 tis) R &
I veplitks A 5ol I oojui7, 8], Eg o AERZ0)
Abghe] gRatolmy BIey, M T3 e HEEe] u
o Y& FH, olzd AWED Al JARERA] AHA
X HogdE veplitk: A7 Aol Yo T8, 9. ol
2EZAL AA Yo A 17- S-estradiol, estrone, estriol HEJZ
EAeA Hed o] £ 17- B-estradiolo] AlE Yol = o]~
ERZZ F8A 9 FstA ARt b 345 Jepditta B
TEATH10], AAEZAL] AE | A Y2 2 SHE
o|EA TEEI nRIAR Sakatge o3 Mxe te® &
o7k o] 21 M Well EAlshe SolAQl Agehuzel o~
ER FE&AY Agste gty dEA Siu1l, 12]. o
2EZAE ubAQl & 84 (nuclear receptor) 9 7] 2|7
T Afste] 3 Qtom o7k DNAO] EA|ske estrogen
response element (ERE)o] Zgsto2x T3 f-dxte] g
< s HH13], 2 AlEoAe osl dubH el o &
ERY 2 olejo i e - Jae FA %I w
ZA Az dojus Aol figk Y% 9om[14, 15]
AEEZA Ago] AERAG T FEA9 Afel izt
ollg} aF3lA| (antioxidant) 24 83t AE Hogds
UeEhdtHE B % QuH16], ol2gt d2E=A FE8AE ¥
BE F9d £xsh F=2 3inke] CA1-CA3 #&, HAAFH
ZIA =] IV-VIZo FEII 4HA ATH17].

F o A2EEAC] ABNEE BIse= &3t vk 2
FEo] BaEo] gloy T3] ouet 71HE Bl dojueA
+ HE3] HEIA gtk e BE B S o5ty of
ZEZZY AANE BHISEIr} q2ER FEAE iR
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¥ SH-SY5Y (human neuroblastoma cell line) S AF-3F$1
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SH-SY5Y Aol AHzate] AAMIEALE LoT|& A
A zee AYsty oju] JAEZRAS Foddte] apoptosis7h
AAH =7k AT

o5 93t A xEejF& MTT assay, LDH assayS £3
MNEY AZEE 9 AAEE =AY DNA fragmentation ¥}
Hoechst staining= £3l apoptosis®] ¢l 2 AEZA L Al
ANE B3RHE G180 0H caspase-39] E4S AT
2 M staurosporined] £]3F apoptosisE <13t | AEZ A0
ol JAIH=AE YolHYTE H3t caspase-39F TIEO] e
U= apoptosis®] 5739] 319l PARPS] AHE Felgho 24
SH-SY5Y A XA staurosporine®] ¢]3}ed apoptosis’} Lo
g ) A AERAO] caspase-39] A4S SULE A Al EAL
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1. MIZHHQF

2 Ao AREE MEE AREe] A7M 23] SH-SYSY (hu-
man neuroblastoma cell line) ©]t}. o] A= DMEM (Dulbec-
cos Modified Eagle's Medium) (Gibco-BRL) (1,000 mg/L-
glutamine, pyridoxine hydrochloride, 110 mg/L sodium pyru-
vate) B} Aol 10% FBS (Fetal Bovine Serum) (Hyclone) <}
1% Penicillin/Streptomycin (Sigma)©°] A7Fd #A S AL&&
o] 37°C, 5% CO, incubator (Forma)2] Z7|A] vkttt
Serum©] A AE DMEM#} 1% Penicillin/Streptomycin®] 7}
H ujR]o| A 1A)7F E<t v okt & Staurosporine (Calbiochem)
2} 17 B-estradiol (Sigma)< A& stuth

2. M=zt

H o] AF2E SH-SY5Y (human neuroblastoma cell
line) Al 3ol staurosporine®} 17 S-estradiol 2] A 9] e
5= microscopy (Olympus) & ©]&3}e] #3231 5 CCD cam-
era (Samsung) & ©]&-3te] AR 319t

3. H2EZd 84| &0l

1) RT-PCR (Reverse Transcription-Polymerase Chain
Reaction)
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SH-SY5Y AIZE 100 mm HAISl 15x10° cells/well®] 2
= B3 uiFste] shEEet mokst $ A= A AL de-
naturing solution (4 M guanidium thiocyanate, 25 mM so-
dium citrate pH 7.0, 01 M B-mercaptoethanol, 05% N-
lauroylsarkosyl) 500 uL Y3 pipettingd}ith 2 M NaOAc
Z lysate9] 1/10 -3, water-saturated phenolS Y519
chloroform :isoamylalchol (49:1) (Sigma)¢] EFL£4E 1/5
2o 2 A7} 3 & 14,000 rpmol|A] 2087 94 Easle] Ab=
int whr A =& 719 &0tk 453t 100% isopropanol
(Sigma)& 15-3] YL -80°C oAl 1A17F 5<F HAAIZ T 14,000
rpmel A 3057 914 Relst} 47 AARE 70% EOHE A
#Hslo] AZAZ] & 20 ul DEPC (diethyl pyrocarbonate)7}
Aelg SR Ho ARsth

@ cDNA gd

E2]% RNA+ UV/Visible spectrophotometer (Ultrospec,
Pharmacia Biotech) & AM-3le] FEE 260 nmolA ODZS
Z7gste] Aqket £ 1 ug/mLo] HEE THEo] ARGt ¥
1 pg/mL RNAS} 20 pg/mL Oligo dT primer (Promega)
£ T F 65CollA 1587+ ¥HEAI71A, 5XM-MLV RT
buffer (Promega)& 4 uL, 10 mM dNTP (Takara)E 1 uL,
M-MLV Reverse Transcriptase (Promega)E 1 uL% #7}
% & DEPC $H5E ol Al w30l 20 pL7t =A 3}od
42°C oA 1AI7E 5t §-g-3te] cDNAE 943k

® Primer A&

T 7 2EEA F8A 0 FAAE S A
9] primerE AHE3le] PCRE 33k th ©] primers human
ER a9} ER fol] E0]4¢] sequences AEd RO Z o] primer
BN FEEo] Y& dHEo] A 5ol o AEE £8A]
3l Aol

ERa forward: 5-GTGCCCTACTACCTGGAGAACG-3

reverse: 5-GGTTGGCAGCTCTCATGTCTCC-3

ERAB forward: 5-CCTTACCTGTAAACAGAGAGAC-3
reverse: 5 -CCAGGAGCATGTCAAAGATTTC-3

® PCR ZZxA

PCRe]l 9]3 ERaes} ER 8§47k %3712 10 X reaction
buffer (Takara), 25 mM dNTPs mixture (Takara), 25 pmole
primer (GenoTech), SH-SY5Y A ¥oA £2]3t ERae®} ERA
cDNA, 18] 5 U/uL EX Tag DNA polymerase (Takara)
£ A7kete] AA 20 uL9] ¥3AS wHEo] PCR cycler (MJ
Research) 2 33819tk ERae9} ERS &84 PCR Z=Z %
712 Table 19 YRR

Table 1. PCR cycling condition for ER@ and ER 3 cDNA

ERa ERSA
Temperature Time Temperature Time
(c) (sec) (‘c) (sec)
Denaturation 94 30 94 30
Annealing 62 60 60 60
Extension 72 90 72 90
Number of cycle 35 35

® ZZ= cDNA &2l

ZZ 3 PCR products= 1% agarose gel 71952 sto] &
015}t Gel Doc 2000 (Bio-Rad)S AHE-3le] agarose gelS
ARIS 2 ERA AT

4. Western blot analysis

1) QAEZA +24 &ol

SH-SY5Y AZE 100 mm HAlo 15x10° cells/well®] 2
T2 3 wgete s 5ok vt E uiAE BF ey
Z3 vladlgo] AlAE PBS (Phosphate buffered saline)
2 A3 3 ok Protease inhibitor (aprotinin, leupeptin Z} Z}
2 ug/mL, 100 pg/mL PMSF)#, phosphatase inhibitor®l
200 uM NazVO7}F A7Fd 1 XRIPA buffer (150 mM NaCl,
1% NP-40, 05% DOC, 0.1% SDS, 50 mM Tris (pH 8.0))
£ 300 uLAS HA] dojry] Al XS E3fskith 12,000 rpm
o] A 1087 YAl Eelsted A=l 28 #3)| Bicinchoninic acid
solution (BCA) (Sigma) el izt dhld g3 spoich
BE A+ 50 ug/mLo] HA] ¥H59] 5xsample buffer (60
mM Tris, 2% SDS, 25% Glycerol, 144 nM BMF, pH 6.8)
oF Egste] 100C oA 587+ £ & AHE-BISiTh

2) Caspase-32} PARP EME =X

SH-SY5Y MEZ 100 mm Aol 15x10° cells/well®] 2
T2 ¥ uokale] a12ur Zot wjokst & DMEMT} 1% Peni-
cillin/Streptomycin®] 7 Wi Al 1A F<t vl gt
10 nM 17- B-estradiolS 1A1ZF A8 & 3 500 nM stau-
rosporines A E|ated 2-4A17F Ft vttt 2 vkl
%ol AlAE PBS(Phosphate buffer saline) A28 o 1X
RIPA buffer® lysateE W F T A5 sigith 2o
ANBE 50 pg/mLo] H7 o] 5xsample buffere} E&a
o] 100°C oA 587 #9l F AR-3I

3) A Mt

7] Al8E 5 LA WA 96 well plated] E3 BCA9}
copper (II) sulfate (Sigma)E 49:1%2 &3t &8-S 200 uL
A A7kste] 37°CellA 3087 HHeAIZl ¥ Microplate reader
2 570 nmolA OD #< =43tk

11k}



Table 2. SDS-PAGE condition

Polyacrylamide . Secondary Primary Ab
(%) Primary Ab Ab dilution
ERa 8 Anti-Estrogen Anti-mouse  1:1,000
Recetor(UBI) lgG
ERA 8 ER (Y19) Anti-goat 1:500
(Santa Cruz) IgG
Caspase-3 15 Anti-Caspase-3 Anti-rabbit 1:1,000
(PharMingen) IgG
PARP 8 Anti-PARP Anti-mouse  1:1,000
(PharMingen) IgG

4) J7|4s
8-15% SDS-PAGE9A A7|9=L 3l & Wet transfer me-
thod (transfer buffer-0.25 M Tris, 1.92 M Glycine, pH 8.3-
8.4) & polyvinylidene fluoride (PVDF) membrane (millipore)
o transfers}th. TBST (200 mM Tris, 1.37 M NaCl, 0.05%
Tween-20) 24| 5% non fat dried mikES ¢ 30%7F block-
ing & ¥ Zt7ke] 7o) gt ARIAIE 4C A st Fet
wjFsiglnt, TBSTE 1094 2 Al ek & o|x}ekA)| (HRP) &
A7} F<t A2l A {-GA1712L ThA] TBSTE 1084 31 AlH
L (Enhanced Chemiluminescence) (Amersham)}
AA FFEa S9lnk 717ke] SDS-PAGE 272 Table

5. MIZEAI &3

1) MTT assay

Adol| E0}7}7] A SH-SYSY AHEE 96 well plateo] 1x
10" cells/welld] Q=2 Ho} vjokate] A7) M E staurosporine
3} 17 B-estradiol = #2531t

AAE 2] Aol Serume] AAE DMEM3} 1% Penicillin/
Streptomycin®] H7H iAo 1A 7+ 52t W e ¥ 10 nM
17 B-estradiol, 500 nM Staurosporine =S 2 1A]7H A 2g]
atod 18A17F okl wisks Z43kqlth 24A17F <k A7 5
mg/mL MTT (3-(4,5-Dimethyl-2-thiazolyl) -2,5-diphenyl-
2H-tetrazolium bromide) (Sigma) &8-S well 15 uLA ¥
3, 4A17F incubatorol] A w9 & Solubilization buffer (10%
SDS, 50% Dimethylfomamide, pH 4.7)& 100 ulL? 37}t
315 Sotk Wk AT 18417F & Microplate reader (Bench-
mark, Bio-Rad) & A3t ODszo/es0am AT ST

2) LDH assay

SH-SY5Y MZE 96 well plateo] 3x10* cells/well?] T&
Z H3 wjokste] ]9} 722 WHO 2 staurosporine} 175-estra-
diol& 2] ¢ & 24A17+ 53 incubatorol Al B FalSiTt. A7
o BE mediaE 70 ALY T F FTAT sl 96 well
plateol] 50 uLA =1 Cytotoxicity Detection Kit (LDH) (Ro-

che) 9] solution A9} B9 45:1 £3NE X g9} AslA A7}
g 5 30%7F A2 "AI7l & Microplate reader (Bio-

Tek) & AHE3H] ODagosssonm @A H ST

3) DNA fragmentation

SH-SY5Y MZE 100 mm BAle] 15X 10° cells/well®] 2
T2 g3 ujeste] SRR Fot wioket F flof e o
10 nM 178-estradiol, 500 nM Staurosporine> & & & 5-
mercaptoethanol©] #]2]¥ Denaturing solution 500 tL& 2]
slod 1087+ A2 A ujeslt & Phenol:Chroloform: Isoamy-
lalcohol (25:24:1) &89S =Y 3 ©7 12,000 rpm, 16
‘CollA] 1087+ 4E2E slolth A5ds oe 8712 &712
THA] 3 ¥ Phenol: Chroloform : Isoamylalcohol &3-S 5
3] Y3 12000 rpm, 16°C A 1027 A4S ek o
Al AT AE 2L §710] 71 & 28] F9]9] 100% EtOHS}
1/108) §3)9] 3 M Sodium Acetate (pH 5.2)& ¥ -20C
ol A 1417+ §EAIZ] TR 12,000 rpm, 16°C oA 1087+ 94
2YE sgd. £9& AASE A2A7 F 20 L TE buffer
(10 mM Tris-Hel (pH 8.0), 1mM EDTA)o] 1 mg/mL
RNaseE 37 Agjste] 37°CollA] 1417 &< vistaiet. Uv/
Visible spectrophotometer (Ultrospec, Pharmacia Biotech)&
AHEEL] 260 nmollA SEE 233 5] 15% Agarose gelol
5 ug/mL ethidium bromideE #7}5t 3 pg2] DNAZE load-
ingdlod 50 mAZ A71%9% ek

4) Hoechst staining

o} e A0 2 SH-SY5Y MEE 10 mm Cover slip
(Nunc) $Joll 2x10* cells/well®] Q=2 Ho} wjksle] 315
HHEet wlFAIZl $ 9 Ags} 2] 10 nM 178-estradiol, 500
nM Staurosporine= *2|5}5ith PBSE Al ¥ Al&3 & 25%
Glutaraldehyde (Sigma)Z 5E7F NEE IAGANZ F 1 ug/
mL adenine-thymine-base-pair-specific DNA dye Hoechst
33285 (bis-benzimide) (Sigma) £ ¥ -20CollA 108
7 GAslAT). §330) 7 (Zeiss) 9141 4,6-Diamino-2-phenylin-
dole (DAPI) filter2 #+23¢ & CCD camera (Apogee)Z A}
Q&Y stk

MY
=

1. HA2EZH =8X| &0l
B AFolA ARSEIL s AREe] AAIEF3] SH-SY5Y
(human neuroblastoma cell line) AX Yol AEZHA &
A2l 55 RT-PCR W3 Western blot WH-S ARE-sle] &
25tk mRNA F3oAle] o 2EZA 4849 §72 9]
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RT-PCR

—ERS
—ERa —GAPDH

“ GAPDH

(a) ER«

(b) ERS (A
Western blot analysis

SY5Y hER« SY5Y hERSA

Mo o
Fig. 1. Identification of ER@ or ER# in SH-SY5Y human neuroblas-
toma cells. A: RT-PCR results with ER@ or ER3 in SH-SY5Y human
neuroblastoma cells. Single bands were found for both mRNAs
after electrophoretic separation in the ethidium-bromide stained
1% agarose gel with approximate sizes of 480 bp and 780 bp for
ERa and ERp respectively. (a) lanes: Marker, ER2 in SH-SY5Y,
GAPDH. (b) lanes: Marker, ER# in SH-SY5Y, GAPDH. B: Western
analysis of ERa or ERA in SH-SY5Y human neuroblastoma cells.
hER@ and hER 3 were transfected with human ER@ and ERA cDNA
in HT22 cells. hER@ and hER 4 were positive control. Western

analysis using an antibody for ER@ (UBI 1:1,000) and ER 4 (Santa
Cruz 1:500).

317] 918 RT-PCR (Fig. 1A)& Fa38l%a, T 3ol A
o] N2EZA FEA FFE FR15}7] 918 Western blotting
(Fig. 1B)S 38to] SH-SY5Y AIE Yol | AEZA 84
o] EAE FUSIH T

A EAH RNAS FZ3lo] cDNAZS FAT & o ~EEA
A a9t 8 A EolH2 primerg A #}sle] PCRE

A3} SH-SY5Y MXE el a9} 8 784 B57F AT
o 4= AT o) Ay A 55 F2157] $13F control
A0 7 A ZY FLEEE GAPDH (glyceraldehyde-3 pho-
spate dehydrogenase)dl] S°]2¢l primerE AM-3H 1 A}
ES I8t tHFig. 1A). Eot | 2EZ2A 584 o9} 89 &
o]&2l SAES o]&sl] Western blotting 433t 23 o
Al AE Yol eot f FEA BT EATS & F dNeH 3
A 9] Eo)AE F918l7] 95te] ERe, ERAZ FLEsh= AT
o Bastgith(Fig. 1B). ol#g A% AFEEFH SH-
SY5Y AE el AAEZA 84 a9} p7F BF EA) 3}
= A= FRleith(Fig. 1),

<)
g
o

> o o2

2. Staurosporinedll 2|5t MIZA} &H

Staurosporine< YHH © & U427 protein kinase inhibitor 2

Fig. 2. The morphology of SH-SY5Y neuroblastoma cells with
staurosporine and 17b-estradiol treatment. Cells were treated with
medium alone (control), 10 nM 17 -estradiol (E2), 500 nM stau-
rosporine (STS), or staurosporine plus 17 8-estradiol (STS+E2).
Images were analyzed by microscopy (Olympus) ( x 200).

A apoptotic M EALE fFisle a2 YA 9o L SH-
SY5Y A XA apoptosisE fFE8H= staurosporine®] 4 2
5+ 500 nMolEk g A QIeH18]. wEhA & AT HA F
ot BE A= staurosporine?] FEE 500 nME AHE-SHY
NEERALE AA W FEE &7l 2-10 nMS ARS8t

1) Microscopy 22

Staurosporine®] 2|8le] FEZE0]Z AAH EAL Tl o ~
EZAY HIaRE dopry] 98 wA tixie] MERFs
staurosporine S Mot 3 MERYGS Hlwate] FFEG
StaurosporineS #]28te] M EZE S #23 A3} staurosporine
the A MEES AX9 357 AAFEVY o] dojut
] A ZAPE A E I oy JAERAS A A o
staurosporine?+ A 2] g ol] Wlal A E£e] 35o] A vEhta
AAE7I7} Bo] Folgle AL AT 4 AHFig. 2). 5,
o] ~EZ 0] staurosporined] 23 M FEAIS AAFT US>
doAg S8 etoz #AE 4 it

09

2) MTT assay

SH-SY5Y AM|EA | 2EZA | staurosporined]] 2|8+ 2173
NEAE A & A Gothy] 98 MTT assayE T
atith A7 W& SH-SY5Y Al¥el] 500 nM staurosporine
< Mg F 18AZF Fo] MTT assay g Faate] 4 & 2
I AE AEEE oFF AX AHYSA &2 txTY AEE
S 100% % IA3HS wf A7 E 79.03+1.30 (n=8), 8
A7 A& 66.45+3.02 (n=8), 18A]17FlA & 56.39+3.98



Table 3. Estrogen protective effects of staurosporine by MTT assay

4hr 8hr 18 hr
STS [STS+E2] STS [STS+E2] STS [STS+E2]
Ctrl E2 STS +E2 [STS] Ctrl E2 STS +E2 [STS] Ctrl E2 STS +E2 [STS]
% 100.04 10286 79.03 84.75 56 9999 10189 6645 7380 735 9997 9917 5639 5833 193
+ + + + + + + + + + + + + + +

8.26 4.48 1.30 6.72 5.42 5.93 3.97

3.02 4.02 1.0 3.79 6.13 398 178 2.2

Table 4. Estrogen protective effects of staurosporine by LDH assay

15 hr

18 hr 21 hr

STS [STS+EZ]

e B2 oSS T Vg

Ctrl E2

SIS [STS+E2 o g org SIS [STS+E2

S8 ik sTy) +E2  STS]

oD 4387 3714 2208 1719 4882 5059 3.837

490/ + + + + + + +

630nm 0.24 0.13 127 0.59 0.68 0.17 0.17

2393 1882 5104 6.082 5250 265 1828 822

+ + + + + + + +

1.51 1.05 0.46 1.18 1.50 7.34 5.35 1.98

120 MTT assay -e- Contol
-O- E2
110 - -& STS
-+ E2+STS
°
'E 90 Fkk
o
o =
B 80 B *kk
O\O
70
60
50 ! ! ! ! ! ! ! ! |
2 4 6 8 10 12 14 16 18 20

Time (hour)

Fig. 3. Effect of 17 8-estradiol on the viability of SH-SY5Y neurob-
lastoma cells. Cells were grown in DMEM with concentration of
17 B-estradiol (10 nM), staurosporine (500 nM). After 18 h the cel-
lular viability was assessed by MTT assay. Samples were control
(@), 17 S-estradiol (E2) (O), staurosporine ( ®), or staurosporine
plus 17 g-estradiol (STS+E2) (O). Two-sides ANOVA with Stu-
dent’s test pairs with comparisons was used for statistical analy-
sis, with **p<0.001 in comparisons to the staurosporine treated
group. Data are mean+=SEM values (n=11).
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Fig. 4. LDH assay of SH-SY5Y human neuroblastoma apoptotic
cells. The cells seeded at a density of 3 x 10* cells/well onto 96-well
plates. LDH release sample from control (@), either 17 3-estradi-
ol (E2) (O), staurosporine (®), or staurosporine plus 17 S-estra-
diol (STS+E2) ( O). Two-sides ANOVA with Student’s test pairs with
comparisons was used for statistical analysis, with ***p<0.001 in

comparisons to the staurosporine treated group. Data are mean=+
SEM values (n=11).
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Fig. 5. Electrophoretical analysis of chromosomal DNA fragmen-
tation in staurosporine or 17b-estradiol treated SH-SY5Y neurob-
lastoma cells. Cells were treated staurosporine (STS), 17 S-estra-
diol (E2) or both (S+E) for 4 h, 8 h. Chromosomal DNA was isolat-
ed from the cells. DNA (3 ugflane) was loaded onto 1.5% agarose
gels containing ethidium bromide. After electrophoresis, DNA
bands were visualized under ultraviolet light.
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3. DNA fragmentation
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4. Hoechst staining
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Fig. 6. 17 -estradiol prevents nuclear fragmentation and apoptot-
ic bodies in staurosporine treated SH-SY5Y neuroblastoma cells.
The morphology of SH-SY5Y neuroblastoma cells treated with media
alone (control), 10 nM 17 8-estradiol (E2), 500 nM st aurosporine
(STS), or staurosporine plus 17 3-estradiol (STS+ E2) were analyzed

by fluorescent microscopy (ZEISS) ( x 400). Nuclear fragmentation
and condensation, as assessed by Hoechst dye 33285 staining
was prevented in staurosporine treated SH-SY5Y neuroblastoma

cells by adding 17 3-estradiol. Arrow head indicates apoptotic cell.
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Fig. 7. Cspase-3 activation in SH-SY5Y cells is inhibited by 17 3-
estradiol. Caspase-3 activity was measured in lysates prepared
from SH-SY5Y human neuroblastom cells treated with medium
alone (control), 10 nM 17 3-estradiol (E2), 500 nM staurosporine
(STS), or 500 nM staurosporine plus 10 nM 17 3-estradiol (STS+
E2) for 2 h, 4 h. Western blotting was perfromed with anti-caspase
3 antibody. Two-sides ANOVA with Student’s test pairs with **p<
0.01 in comparisons to the staurosporine treated group. Data are
mean £SEM (n=4). Caspase-3 activity (%) =[fragment/(full length-
fragment)] x 100.
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6. PARP [Poly (ADP-Ribose) Polymerase] fragmentation
£
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Fig. 8. Staurosporine-induced apoptosis showed PARP cleavage
in SH-SY5Y cells Cells were treated with medium alone (control),
10 nM 17 3-estradiol (E2), 500 nM staurosporine (STS), or 500 M
staurosporine plus 10 nM 17 -estradiol (STS+E2) for 2 h, 4 h. West-
ern blotting was performed with anti-PARP antibody. Two-sides
ANOVA with Student’s test pairs was used for statistical analysis,
with **p<0.01 in comparisons to the staurosporine treated group.
Data are mean +SEM (n=5).
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