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[ E] BB HIIMEMEZ K (estrogen receptors, ERs) TENA4: #55% (Parkinson’s disease, PD) W HIVE N &, ik N HZ #
A5 3 MPTP I HE3 45 /N BL PD BEREL, WT oERKO il BERKO HiPE/NRUBEHLSY 9 Saline £ A1 MPTP £, JE4E IR0 M4 4T
REEBUE PO PCR IERIMSCIRIA AP G ERa (ERB TH DAT Hl VMAT2 mRNA A1k, &R .5 WT AL, «aERKO
IR ZE RS RE T K, BRI BR «ERKO /N RE R H B T H¥ 2% . «ERKO F1 BERKO /NEH K TH DAT Al
VMAT2 mRNA FRREAIL, WT /N MPTP J28 80 PD A5, SORIEFT il ERe mRNA 510, ERB mRNA FRiEFFIK,
MPTP E{( PD #i# 5 ,a ERKO HI BERKO /N TH F1 DAT mRNA #EARETE A S WT /NFURIF], BERKO /M VMAT2 mRNA 3
RS BLS WT /NEAF B o ERKO /N VMAT2 mRNA 2655780505 WT/NEART , 2518 ERs 7ERREUIRIA DA R 48
A MR ER , ERo WAITEIL S AR R 355 TR 2R .
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Role of estrogen receptors in ERKO mice with Parkinson’s disease
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of Neurology ,’Department of Geriatrics ,the First Affiliated Hospital of NJMU , Nanjing 210029, China)

[Abstract] Objective: Estrogen-mediated neuroprotection in the nigrostriatal dopamine system,depend on the estrogen receptors
(ERs),is now widely accepted. In the present study,the role of the two ERs in MPTP toxicity was investigated. Methods: Adult male
wild type (WT),ERs knock out (¢ ERKO and BERKO) mice were treated with MPTP. To determine the degree of bradykinesia,pole
test was performed. Quantitative real time PCR was used to examine selective genes of the dopaminergic system. Results; Our data
demonstrated that administration of 1-methyl-4-phenyl-1,2,3,6-tetrapyridine (MPTP, 11 mg/kg) to WT mice led to depletion of DA,
DOPAC and HVA. The degree of DA depletion in the « ERKO mice was greater than WT mice. Behavioral testing showed that MPTP-
injected mice exhibited motor deficits in the pole test. After 2 days of MPTP treatment,a significant prolongation of T-LA was
observed in « ERKO mice. We also observed that mRNA expression of ERa was significantly increased in the striatum and midbrain
in MPTP-treated animals,while the expression of ERB decreased. The expression of tyrosine hydroxylase (TH),dopamine transporter
(DAT) and vesicular monoamine transporter subtype 2 (VMAT2) mRNA were decreased in « ERKO and BERKO mice. The down-
regulation of TH and DAT mRNAs by MPTP in the midbrain acted on both ERa and ERB, whereas MPTP treatment lead to decreased
mRNA expression of VMAT2 via ERa. Conclusion; Our results suggested that estrogen acting via ERs is an important regulative fac-
tor for the nigrostriatal dopamine system, ERa may play a more significant role.
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A4 #5955 ' (Parkinson’s disease, PD) & — F1 i}F
FriE 2 R GERATHERR , 1 32 2 A o BRI 2 8
J5i £ 19}l (dopamine , DA ) 1 £ TCHEA T HESE TS A7 T
A 22T K P BRI S /AR SR S I T A 3 A=
MZCRIA DA B  1-FI 431,23, 6- DU
Wit E (1-methyl-4-phenyl-1,2,3, 6-tetrapyridine, MPTP)
JEZR LY PD ISR RE R MPTP 51 )i PD Zh4Y)
L T AR 2B AL g BT D922 7 1 5 AR
PD BRRRARRIE ', PRI H AT iR HIAG PD AR 7Y
Z— MR R AR (tyrosine hydroxylase, TH)J& DA
HEW) A BOBAR I R . BTN REILAY DA B
RIS, 296 374 1 DA i 60 T2 il B A 114 22 2 )i
#:32 K (dopamine transporter, DAT) ¥4 iz Z 41 g P,
HEANIH DA 5 b 8 960 51 Y 11 78 5 30 B o e
iz K (vesicular monoamine transporter subtype 2,
VMAT2) ¥z B 4EH N, A AR EE

KREWFTERAS, HEHER MMM ER 521K (estrogen
receptors, ERs) 7E PD & A& J@ il f b & 45 s 24E
FIB, e BAT 2O ] T LAk S MPTP 175
S DA ZHAESET"; BERSRHIET MPTP 755 i Z0R 14
DA B HAC W 7= ¥ 1 2k B 3 5T X TH DAT A
VMAT2 mRNA A/ RYREAR R E S ERs
FYEAEF P98 % P ERs(ERa Al ERB) ¥ 35T/
RECHR A AR T,

ABESEE SEH MPTP 7/l PD A SRS
i 3 RO AR 2 A I B BR («ERKO T BERKO)
/NELPD BERIAT g DL RORH GBI i 3 is , IR
ERa F1 ERB £ PD PEGHE IS L, DI MR
MR ZAAAE PD Mg A1 T ML T S 14
b0 1 SR AR

1 ##FT %

L1 4

WT .«ERKO F1 BERKO /4% 3V #Y i 4 C57BL6
N 8 H 3 AN HIR A IR 20~25 o, TSR TER
T ERRFELI St SPF BRI N, R
20~25°C, MEE 40%~70% , FI B R EFIOK, #9081
JE R 2 Y, Tt R AR OK 38 285 v T e R K
ARPEEHT ., SR AE B 9:00~12:00 #47,

MPTP-HCI (Sigma 2\ ) , 3% [& ), TRIzol Reagent
(Invitrogen Life Technologies /NI ), Prime-
Script™ RT reagent Kit (TaKaRa A #], HZA), Eva-
Green™(Biotium,CA /A F] , 32[E ), TaKaRa Taq™ Hot
Start Version(TaKaRa A F], HAY), ABI7300 9 G5E

# PCR {X(ABI 2 #], 326 ) ,DU-800 454k 0] L4t
ﬁ‘tfifr( Beckman A\ ], 32 [H )o

12 Fik

1.2.1 ¥4

WT.aERKO F1 BERKO /4% I AU b /N FRLREAIL
TP ; Saline 21 (A= BEER 7K X BRLH ) F1 MPTP 4 .
PITCHA A= B EL K% MPTP J5 , ¥ 11 mg/kg B30
2 /NRIEIEFESS 0.1 ml, BEK 2 h [HFRES 4 K%
25d, a1V IREZ)E 7 d BRS8N TIRER
122 MEIRARBAI 7 ik

JEARLS . A EAE 1 em 5 50 em Y ELARFT,
FFTEA —/NRER (B2 1.2 em) , FME7E w2045 LA
B 1k /N BRET U o /N RSk 1) s T , 1 SR PR AS
HFIE] . /NERO T iR iz Bl 31 58 48 SRy Sk 1) I AR [) ( T-
turn) AR FIFFIE AY SAF ] (T-LA) . R ATUIZR, i
SR AN 3 UK, BRI (BT 1 min, BRURJ B5) [i) 2
S, WHREIBREIZE 60 s, BN LA T515,

SURAR T A i ERs 3 R 363k LA K A i TH,
DAT VMAT2 mRNA &3k . /N RIS B | vkl A=
PHERAKIEVE , UK 432 i, s i A i AL, -80°C
TRA7 . TRIzol ILARHLLH LU B mRNA , 4% i Prime-
Script™ RT reagent Kit S %% 5 W i 51 Ui B 5 % 42
B mRNA #4755 58 cDNA, ABI7300 Z)EE
it PCR X #7796 E it PCR LR, 519 P55
ZICHAGES (R 1),

1.3 “%it$5%

Bl YR B + bR 22 (3 = s) R, N
SPSS13.0 Geit 3 ATGE 27 3 M , W 2H A] b A
FH o K256, Z 411 L O 2250 BT (ANOVA) iff 47
K5, 220 () PR ELBCR g K, P < 0.05 25
EENIE -0

2 & R

2.1 MPTP )& PD B AT A F R E

/NEEST MPTP JLA380 5, BIJF tr et | B |
TR, R I RTE R TH S 12 s E HAS
Fao P/NBE BB E R RS MPTP J5 X
SeE R AR TR .

ARSI LIRS [ A HE R B2 NRA T A8
5 Saline 41 b4 ,MPTP b7 2 d J5 ,WT il BERKO
/NEURAEAES TC P 2 725, aERKO /N R T-turn $847
LG22, HT-LA f8hr i F K (P < 005),
MPTP {51 7 d J5 WT.«ERKO F1 BERKO /) FUE4E
TG TE] 44 i AE K (T-turn A1 T-LA, P < 0.05,18 1),
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Table 1 Sequence of primers
HH FEEIYI(5'—3") T (5 —3")
ERa GCCTCTGGCTACCATTAT CTTCAACATTCTCCCTCC
ERB GTCAGGGTGGTTGGGTTGTGG ATCGCGTCACTTTCCTTTTCC
TH GGTATACGCCACGCTGAAGG TAGCCACAGTACCGTTCCAGA
DAT CTTCTCCTCTGGCTTCGTTGT CAGGGTAGATGATGAAGATCAACC
VMAT2 GCGAGCATCTCTTATCTCATTGG AAATGCTGATCCCAACAACTATCA
18s rRNA CTTAGTTGGTGGAGCGATTTG GCTGAACGCCACTTGTCC
4 2.5 4
mm Saline mm Saline 4 mm Saline %
5 = MPTP 20 = MPTP 5 = MPTP
= LS =
=2 = z 2
£ = 1.0 g
g = 2
=1 £ 05 =1
0 0 0
0 2 7 0 2 7 0 2 7
MPTP AbFH(d) MPTP b (d) MPTP 4ZbFH(d)
12 mm Saline N 16 mm Saline 16 mm Saline =
10 —=MPTP 14 = MPTP 14 I MPTP
— ~ 12 " 12
z 8 = =z
= = 10 = 10
Z 6 E 8 E s
= =
= &4 E oy
2 2 2
0 0 0
0 2 7 0 2 7 0 2 7
MPTP £bFH(d) MPTP 4b¥H(d) MPTP 4bFH(d)

A.D:WT /NMi;B.E:aERKO /N ; C . F: BERKO /)Mil, 5 Saline 41145, *P < 0.05,

1
Figure 1

2.2 MPTP % WT /s & PD B8 5k 4k F= & i ERs
ESaF S LR ¥ e

5 Saline 41 Ho5¢, WT /NEL MPTP YL#E 2L PD A5
RIS, SCRE AT I ERae mRNA 355450 ERB
mRNA FIEFEAL(P < 0.05,18 2),
2.3 WT.aERKO #= BERKO /& ¥ s TH . DAT #=
VMAT2 & B &k T A ey rodg

5 WT /N H# , o ERKO F1 BERKO /N TH,
DAT F1 VMAT2 mRNA FILBIFEAL (P < 0.05,3)
2.4 MPTP £ WT.aERKO #= BERKO >, PD 427
s TH DAT #= VMAT2 4 B &k T g pbiz

K PG E | PCR 25, ME WT o ERKO F1
BERKO /N MPTP %42 i /f PD A7 J5 il TH
DAT Fl VMAT2 mRNA ik ik, 450 BxR, 5
Saline Z tb ¢ ,MPTP ¥ 3¢ 5 ,WT /) B i TH

F /DRI A5 R
Effects of MPTP on the motor activity in WT,aERKO and BERKO mice

DAT H1 VMAT2 K Rk KE I REAL, 2 R B A5
2 X (P < 0.05,8 4), «ERKO F1 BERKO /M
FRiZH 2R TH 1 DAT mRNA ik A28 (P > 0.05,
Kl 4),:X 5 WT HER (FEIR) A F . «ERKO /M
VMAT2 mRNA FIAEA M (P > 0.05), i BERKO
/NEL VMAT2 mRNA RIEFEIR (P < 0.05), 5 WT 4
25 A

34 8

PD — R WL rh AR P 28 R SRR A TG, 2
TP BAEN, A1) £ R B L2 PR RS
) DA Bepi 2o A8t . £J%, M FEOR RSCR 4
DA J#FEASE, BCIRIK DA it i AR, DA FIH
MPTP 553 C57BL /NEUHIVERY PD AHY | 2 H Fiifx
W) PD B 2 —  WF5EHGE & 3 MPTP 3¢ PD /)
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257 1.6 -
E == Siline 1.4 * mm Saline
2.0 = MPTP — MPTP
) ) 1.2 1
® 15 ® 1.0
< < ,
Z Z 08
E 107 E 0.6
o £ 0
=051 = 04
0.21
0 0
ERa ERB ERa ERB

A BCIRIA B, 5 Saline 41 AR, *P < 0.05,
B2 FER PCR A WT /MR MPTP Y5 /5 SCHRIRFI N ERo 71 ERB LR F35 1948 1E

Figure 2 Quantitative real-time PCR analysis of the expression of ERa and ERB in the striatum (A) and the midbrain (B) of WT
mice after MPTP treatment
A B
1.2 - 1.2 1.24
101 I 10 I 4 1.0 I
% i o #
W 0.8 1 > #® 08 = 08
Z 0.6 1 Z 06 x I % 06 * I
/e T T
E 04 5 04 € 04
: o 1 B < S
= g =
0.2 4 0.2 = 0.2
0 0 T T T 0 T . :
WT aERKO  BERKO WwWT aERKO  BERKO WT aERKO  BERKO
5 WT 41IL8, P < 0.05,
K3 9l PCR KN4 /NG TH DAT R VMAT2 2[R ik 7254k,
Figure 3  Quantitative real-time PCR analysis of the expression of TH,DAT and VMAT2 mRNA in the midbrain of WT,aERKO and
BERKO mice
A B C
2.0 2.0 1.6 7
1.8 1 = Saline 1.8 1 mm Saline 141 mm Saline
1.6 — MPTP 1.6 1 —= MPTP K = MPTP
)] H ] ® 121
G 14 W14 Dl
T 127 = 121 z 10
Z 101 Z 101 % 081 N
E 0.8 1 1 = 081 . o 06 e
= 0.6 = 0.6 1 ‘504_
0.4 1 S 041 S
0.2 1 02 1 021
0 0 0
wT aERKO  BERKO WwWT oERKO  BERKO WwWT aERKO  BERKO

5 Saline 41032, *P < 0.05,
Bl 4 %6 PCR il WT . oERKO #1 BERKO /N MPTP Y4355 ik TH DAT F1 VMAT2 L F235 097454k,

Figure 4
BERKO mice after MPTP treatment

BRI i TH DAT F1 VMAT2 (5 R IA B

AR,

WV R AR BRSO IR DA REH DI RE S
PR EE TR MR T DL S B 4 i o
T R REOR b 228 32 45 U0 TR i DA BEpl 28
TG HE S, DT RE 0T B HEZZ PD (%) & A | % fif
PD AIEAR . ASBIFFE N ERKO /)N B G 8543 B k8
K2 K (ERa Fil ERB) 7EMEWLZE X PD #h O 44E

Quantitative real-time PCR analysis of the expression of TH,DAT and VMAT2 in the midbrain of WT,aERKO and

FHAFRHs s, 4R ERa 8% ERB J5, /N BUH R
TH . DAT Fl VMAT2 mRNA FKIEHFEAL, WT /MR
MPTP Y2350 PD A5, SCRARFI K ERoc mR-
NA AN, ERB mRNA FIAF&AK, %8 ERa 1
ERB #£ MPTP £ PD #t & & 37 V6 H 7T g & ¥ AN TR
B A= BEAEF

5% &3 ERac B S8 37 PPT R 8 14 M
PR SR 7 75 ¥ 5 7% (raloxifene ) X MPTP 755



5532 5 12 1
2012 4F 12 A

TS ERKO /NRBFFEMERER 32 ATE MPTP BUiA S 2R B v £

1645

) PD HA s 24P /EH . «ERKO /N ERSUIR A
DA FRZETOR MPTP #E1ETE k0 5T IE 4IRS
7~ oERKO /NMREE R BT 75, X43ER ERa
EAYAE MPTP 2 PD BRI R 155 EEZAEM . ERa
P ( PPT A1 HPTE ) BEASEHIET MPTP 55349 DA
WD T ERB 3 8h3 (DPN)/E AN .1 R
MPTP %% PD # ERa Lt ERB AIfEFE E 2 1 {H
ERB 7 DA R R R EZA/ER D,

KT HERZE L ERs £ DA BEf &4 /EH
BRI, HERLCR BE 0T LLE s ERs 3R R 4i&4 0, 1l
AT DL3E I B Ny " —— 5 JEAZ ARG A s i
R4 VE & 42, ERs AT LAFTE MAPK/ERK {53
B2 ] DU 3 Akt (GSK3B  Bel2 il BAD £, & 7&
W PI3K (55l B R HEVE R BR T ERa Al
ERB,G & FHELAZ K 30(G protein-coupled receptor
30, GPR30) B ik 5 k0 RUME i 3 A2 4R 1Y R8T
SUIRIR BT D AE M2 RS, {2 GPR30 £ DA
RERRZTTH RAE T B T AT AE

MPTP % PD # 5 J5 ,«ERKO 1 BERKO /)™ il
TH F1 DAT mRNA FiABLIEN 5 WT /NRA A,
BERKO /il VMAT2 mRNA FAZR B RIS WT /)
R, {2 «ERKO /NS WT/NEAE, $278 MPTP
/NP TH A DAT mRNA BYZFEA T RE F 22
it ERa #1 ERB, 1] VMAT2 i#id ERa /M5, ERa
F ERB SMEME A& it ER SO ki
RS, TFTRE AL S ERa F1 ERB EFIRY
ER OB JFEAH A ELAARSS & P FIAE], i ER 38
it PI3K/Akt {5 5l MR e fe AR PR 72
HERIH AN R A DD R s 0 X AT g2 2 TH DAT
I VMAT2 55 DA fEMIZITAHIE N kiR 1k

AR FH MPTP BUNEL PD RS | /NRAT R
SERISEH  HE— 0 «ERKO F1 BERKO /)M AR
RINAEE T ERa Al ERB 7EMEFAZEXT PD #h i1k
AR, & B ERa W AYFE MPTP 2 PD s 2+
PP 28 OR3P D) RE A& H54E S E S VR (EAE AL
W m—PIRER,
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