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Increased DMT1 expression and iron content in MPTP-treated C57BL/6
mice
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Abstract;  Iron plays a key role in Parkinson's disease (PD). To illustrate the mechanism underlying
the increase of iron in substantia nigra (SN) in PD, changes of the expression of divalent metal transporter
1 (DMT1) and iron content were examined in SN in 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine
(MPTP) treated mice using immunohistochemistry and histochemistry respectively. Following MPTP treat-
ment for 3 d, elevated iron staining was found in SN. A further increase in iron content was ohserved after
7 d. In these lesioned animals, tyrosine hydroxylase-immunoreactive DA neurons exhibited a decrease in
number and morphological changes as well. There were two isoforms of DMT1 expressed in SN of mice. Af-
ter MPTP treatment, the expression of DMT! without IRE form increased in either group, whereas DMT1
with IRE form increased only after 7 d of MPTP treatment. These observations suggest that DMT1 is possibly
involved in the process of iron accumulation in SN of MPTP-treated mice, which might be responsible for

the subsequent death of DA neurons.
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0t 4x 25:9% ( Parkinson’s disease, PD) & —F# WL
HIZ R B REREHERR, FREERHE N RR
(substantia nigra, SN) £ % (dopamine, DA) GEMHZ
TCHRHEIRTE Rtk R SCR A SZE AR AN DA HIF6iR . B
1924 FERR K PD A SN P EBHER FIER
A, BETROEA, MIZHIARBISTE PD X
FHLH RS XRERY, MBS RRE B
TRER, AR EREERARBRE,
1995 4, Gruenheid %™ ZEBF 5T BA KAHUH K E 1
40 B & & 1 ( nature resistance-associated macrophage
protein 1, Nrampl) B3P X T 5 — 5 Nrampl
AR R R (X 78% ) AR —RESHEE R
X AL R H R AR Y B R AR IR E R4
HA 2(Nramp2) , R Y HFRERERIIEE. 1997
F, RS IS K R AT R A0 B
4T Nramp2 B2WFLRE—BERGHKEED. BT
CEARZE N HETHIER, ARZ I _MNHeR
BFE%E G 1 (divalent metal transporter 1, DMTL)
CHENER THRBIRF —EiL ARFEHOA
BREEMES, BIgkierg/ MaRI L R AN FE
/MEBALAREHK . DMT1 i) mRNA FEERME, Al
“ +IRE” (DMTI1 +IRE) #1“ - IRE” # ( DMT1 - IRE)
“ +IRE” B 3" IEBIR X & F 55 E O 2K (trans-
ferrin receptor, TfR)mRNA ) 3'JEBIF X A LIAT4EETE
H o4 (iron regulatory element, IRE), “ - IRE” &I
AL EH IRE 5H, RN, REHIEZR AU
DMT1 #J mRNA [F]EfZE Bk 48 A0 B2 LR
%, ERRPERELRL, DMT1 HREAFMLFER
THReRr R B TE I P A B SR B P AT BB )
FEHEENEM. DMTI WRER FRTEER ST
ZRTHERNERIRN, £ PDRAS, ERHR
BRAZMEM LTS DMTI Rk, XTERES
HEERERMER, ST ROS WE4¥E, &
RIFHEITFET, RATWLR B YRR PD
BEASKFHEBHEREREES DMTL X%,

ALK 1-FE4-FH-1,2,3,6-M0F 0
( 1-methyl4-phenyl-1, 2, 3, 6- tetrahydropyridine,
MPTP) % PD #E1/1KL, WA SN p3 8k BHUL
DMT1 FKiXE3E, LIMEA PD SN ek R EA,
4 PD B R FIGT S R AT SE AR 3

1 MEFE*E

1.1 3hiAEd&  CSTBL/6 Mfeth/NRR, 14 20 -40
g, EIR20°C, 24 h BHREFAIE, ABPK R

1.2 PD B E/NRE B & MPTP ( MPTP-HCI,
Sigma, W F 0.9% A HhK), BREES, 30 mg/
kg, %4 PD BRI, S RENLT A3 A XY
(RGeS Eb 7k 41 ) , MPTP 4% 3 d 41, MPTP
a7 d A, e RIS MPTP 3 d F1 7 d
ARSI TH LAY Ao

1.3 AAAE P H 8% KA FBIEE S
%, 400 mg/kg, L>ENBEE0.9% A FEEL/K 5 min,
SRIGHETE 4% % 3 F % 20 min, Wik BURG7E 4%
ZRPBPEES h, REFHBH 25% KEFRR
hHERART . AEAAILPT R, BER
10 pm, BB A FEAABLE, =9 T,
- 20 CHRFAFER.

1.4 RBARUEFE UREESTHEEE
B, 7£0. 1 mol/L BERRELZE by (PBS) #1324 10 min,
RIGHBZE 1% L EALE (99% FB2) %P 30 min,
UEBRANESE DS/, PBS p3E3 K)a, T
1.5% E¥ 1L Mm% 37CHE 1 h, %It DMTI +IRE
1 DMT1 - IRE BLTEREHTIA (1: 500 ¥ %, Alpha Diag-
nostic A H]) ERET 4CHR . BEAMZILEE(tyro-
sine hydroxylase, TH) fi{& &/ B30 TH 8 55 R Hi ik
(1:200 # %%, Novo Castra /2%]), PBS ik 3 K5,
AYEPMC HU(1:200) 37CHEF 1 h, KR/5 HFEM
F/ 138 EEE S5V ( Vectastain ABC kit, Vec-
tor, Burlingame, USA), ff Vector DAB M| & B € 5
min, WK, A—HA AR,

L5 gkp@mEfhEE LR UARABERATFR B
PAEMERSE) . MAESH 2% TLETLHN
2% ERRRIS W E 30 min, PBS Mk /5 BRI 1%
H,0, PERATETELYEE, £8F 0.25 mg/ml
DAB 1 0. 02%v/v H,0, 4 PBS ¥ .44 10 min.,
1.6 gitF4bE Z5 R LA B #48% (Nikon, Japan)
40 158 T FRYELI AT S A E AR E S E0RE R, H
Imaging System GmbH #4047 (18 H ), LRLRE
A mean + SE IR, X RBREITFLH, P<
0.05 RUPUERAZITEE X,

2 #R

2.1 MPTP A/ SN B Fe' s B 4L

FEEE /NN, F'* TEFET SN DRE
PR B B LA F ZE i o, MPTP B RS TESE 3 d )5,
SN 4 Fe’* (B 1B) Bl @& Tt 41 (& 14) , MPTP
BT dE, ANEINRENER(E 10, 4
¥t WE 1D,
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Fig. 1. Changes of ferric iron in SN of MPTP treated mice.
A: Control. B: 3 d after MPTP treatment. C: 7 d after MPTP
treatment. D: Quantitative analysis. ‘P <0.05, "P <0.01
compared with control; *P <0. 01 compared with MPTP 3 d.
Scale bar: 25 pm.

573

2.2 MPTP /N SN TH %55 P14 DA #1425
RIEH
IEH/NEAY SN AFZE KB TH 40 B4 DA
METC. GREFRYER TH B 7776 F 40 M 3% F1 40 i
REF, AW BA KK, MPTP R ST)E ,
SN 13 TH S FHYE DA #2708k B K KREAE, 41
BN, REEEES(E2),

B 2. MPTP 4/ SN 3 TH % FAYE DA MZITH)
A

Fig. 2. TH immunoreactive dopamine neurons in SN of
MPTP treated mice. A; Control. B; 3 d after MPTP treat-
ment. C: 7 d after MPTP treatment. Scale bar, 25 pm.
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Fig. 3. Changes of DMT1-IRE immunoreactive cells in SN of Fig. 4. Changes of DMT1-IRE immunoreactive cells in SN of
MPTP treated mice. A; Control. B: 3 d after MPTP treatment. MPTP treated mice. A; Control. B: 3 d after MPTP treatment.
C: 7 d after MPTP treatment. D; Quantitative analysis. *P < C: 7 d after MPTP treatment. D: Quantitative analysis. *"P <
0.01 compared with control. Scale bar, 25 pm. 0. 01 compared with control. Scale bar, 25 pm.
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2.3 MPTP A/ i SN pj DMT1 - IRE % %R 450
AL
IE% SN WA T] L &K 5 DMTI - IRE ([
34), ST MPTP J5, DMTI - IRE 45 P 4 40 i
HENBHE, WHRGCHEEHM(EIBMC),
MPTP #4543 d M17 d HZ RIBH E R, it
WHE 3D,
2.4 MPTP 48/\i&, SN J DMTI + IRE %% A% 40 iR
1IE% SN PIRY 40 e m] LI % 3% DMT! + IRE ( &
4A) , B S MPTP 3 d f5, DMTI + IRE 4
MM HRA A B M(E 4B), T MPTP #5417 d
f&, SN P4 DMTI + IRE PHM:40MO4 H IR R FE
HIm(E4C) . FitFE i LE 4D,

3 iTig

KAV TIER, 6-2 2 EMH &) PD R
RRH SN Wk & B ESTFIER KR, SN IEH%A
(U IMECR IR DA MR, T BiE# e SN-SURIA R
4 DA REAB =Y &8 . TERTH TR
b, ATHEBASHK SN HEABNER, ZTERA
MPTP 4b3/NRR, WAZE DMT1 &7 2 PD SN &Jt =Y
R, 2T,
3.1 MPTP #i#&#) PD #E/\R SN HEEEHNEE

MPTP R—FH&# R, B LEFZIYE L
Z)& PD ER, KRR E R T A
MPTP BSRTTET AR5 R, XA YA S XA R
EEFNER, BREIMSEYHRLFTERENNR
B4y MPP* |, M AA WA FHIEM, B MPP" 168
B mARREES  EEESE MPTP J5, 7ER P A0
4L B ( monoamine oxidase, MAO-B) HI/EFH FIE A
MPDP*, MAO-B XEFATEEKEMES, 1iF
FEF S-Bapikmant, BAFET DA BMHE
JC. MPDP* ] B & &AM R MPP™ . B/ 40 M il id
PR TTA Y BB BB (AR MPP 3 30 2 b B 40 A A
W, WG, DA BEMEITR M ED R A E
B 33 & ( dopamine transporter, DAT) % 5 1 % B
MPP* , DAT RUFEFE TMZ KA, FEMZITTHIR
FWAERE, Fit, MPTP EHEERAUER T
Rik, mEE/ERT SN, 4IMATEE K MPPT B4
EIFEREN F 3 iE ik ARiiE . B 5 REE
HESYIGE, HERAIRR TR, BidrEE
ATP M FERER SRR, B BEMEREMm. &
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KA REI B A RBRMFE T, MRRIELR
AT IRAE B TH 58 fH M DA R 2 T8 E TEIE
TES MPTP J5 8 R4

#EiRE MPTP 3B # £ % M /Ef 4 ROS
( reactive oxygen species) #1551 7 PD A %R
EENEPIBUR R R, AR AR SN & 5T
IR R (BREK O T A ALK R ) B
RESS T30 ROS 4 B3 . Ak B % A7 MPTP A LA
B ROS MyAEm, Ti4k7E MPTP BB MEAEFI iR
KEBIIER, BEFTLILE DA BEMZITHIFE K Fenton X
B, FATALIIEST MPTP A] F3( SN & E, X
SHMB R E B TER—3" . SN i Fe’ IRk
R ARSI MPTP WEHEAER, W MPTP AT L3
7 SN SREJEEEL, {RSPSCER EIESE Fe’* W] LI{E MPTP
LM MPP* | 45348 Fe’* 385, MPTP ML
YEFZH DA FEWEMLN M NN FH, THE
SN HEH WA TGS REMBE . MPTP 3| SN
MEERWRE AL ERE., FIREFRBEDS
ARG M R AR A FHOREBUE M, T EX#E
X FRIMGS W2 B4 B ERBEHEE R BE
Ao X—HLRIREE AT PD SR/ SN 1) DA #f
270, HA MPTP 24515 SN #22TCRIAR M
3.2 MPTP %|#%&#) PD &\ SN § DMT1 ik

BRI BEHL

HATRGE R W MPTP %49 PD BRI/ R SN
I I 2 A DMTL 2% ok &% % fin, & 11 W% 2
“ _IRE"# DMTI }b“ + IRE" % DMT1 & R, 7
MPTP %41 3 d JEFE P WE " - IRE” &l DMT1 %35
#en, Wi +IRE” & DMT1 ZiEN B A Ek, EREF
55 7 d ARES WA F(“ + IRE” & DMTI F5KH00,

LR P, KA1EA LI MPTP [E 4/ SN A
TR B (SR FAR) . HMHFRERERARUEE
£ 6- 2R L E TR PD AN TR A BUE,
WE AR AR TR 1 MM 1R 12 7K L6 40 A 1 ik B BBUSE i e
HAREA" ., HTEX—IBP, TR HRIREAE
A4k, BRI SN Pk B A3 IR 2% 4R B AR
fekEsEin, EX—3BPUREHBEANS
5, BAIEERY DMT1 2 5A%knTE, £
WEAE B DMT1 RiAKE A ER FEERR
MIREZ—, B2, DMT1 k4B imEyiH B e
ERER. WEREE/NR KBEFMA, DMT1 AT4E
SHERSKEORBOEERS . BFHREY
DMT1 JREEHE Fe' ", Fe’ " IR IR Fe” * /e A REME
DMT1 %!, DMT1 ks al R S 3X —FhM
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SEBOEMAER , R/EETER ROS, REAIFBUH
MIFET-"! . R DMTL #E PR M2 R RIS Th
REMAEE—LHR, BRHTENREKIZESLM ROS
RAEREIN, RATRER ZEMABITHERRIREZ
—19 ABRITE L X FRFTE R DMT1 55484k
WEAERANTE A —F 1 T PD SN ERRBIRH,
ZOS RIS DMT] S ERERHEIIB &
PRI R It —2 B S 5 PD ) WL, R4t
BRI SLRAKIE
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