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Glial cells are involved in iron accumulation and degeneration of dopamine neurons

in Parkinson’s disease
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Abstract: A growing body of evidence suggests that glial cells play an important role in neural development, neural survival, nerve
repair and regeneration, synaptic transmission and immune inflammation. As the highest number of cells in the central nervous
system, the role of glial cells in Parkinson’s disease (PD) has attracted more and more attention. It has been confirmed that nigral iron
accumulation contributes to the death of dopamine (DA) neurons in PD. Until now, most researches on nigral iron deposition in PD
are focusing on DA neurons, but in fact glial cells in the central nervous system also play an important role in the regulation of iron
homeostasis. Therefore, this review describes the role of iron metabolism of glial cells in death of DA neurons in PD, which could
provide evidence to reveal the mechanisms underlying nigral iron accumulation of DA neurons in PD and provide the basis for

discovering new potential therapeutic targets for PD.
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LEZMARIEIN NS ET PD BIRW . BINHAT
PLZE Jie 22 T2y 32 () 24 P03 7 FH DA 38 106 1 54 (deep
brain stimulation, DBS) A & [ F KR 16 JT 88 1% 5% fiff
PD fEIR, (H HHAREA RIELE SN ] DA #H4
JCHTIRAT PR AL o

AR, 4R I ot 40 B AE h 20 R AT PRI R AR
R J HR AR A 52 0T . (R ARRE TGy, SRl
PRZRIRAT 1 9508 55 22 B i 20 03 BEOIRAS TR 357 m) 0L 380 v
MR 28 58 55 PN B2 T 12 o 40 R /N e I 4 oL ) 38 s o
T A R B TR 5 4 B A /) i o 4 i i R i 7 A
T BT BR S A I 4 M T DR AP AR 4 TG, R I R T
RRHTENFAE T B PD TR A
AN, AHREMBFFTUESE, PD & H N SN EA7 8k
EM S5 7T SN [ DA #Z& i3t Y, Dexter %%
18 PD BB /KFAE SNpe BN, 17E SN K
REBTE IR W, B 5 VR 2 07 N ARk
WU 2 AR 5 55 % M R ISR SE PD 55 SN
AP EE T IE®W AN DY KAH 90% iR &1
PD H: 34 £ /i 8 75 (transcranial sonography, TCS)
AT DUkl 2] SN B#E it £ . 3 — 2 SERHIESE SN
KRR XIS SN W& EREEANSES
IEFISE T¥, SN i 3ok 58 2 PD K I PR i 391 SN-
SUIR A R Ge 405 1) JL AL RRAIE, 3K 28 % BAIE S TCS
Al DUA W PD 2 BLHA Y SN 2K, 9 PD A
W2 W SR T RO BRI 2 BB 1 7 . AR RR
FH ¥ i 454 (magnetic resonance imaging, MRIT)™ ',
T I8 AL Ak 1% (susceptibility-weighted imaging,
SWI)!! 12 Je $48 a ofs 15 ] 98 T2 AL it & A% 5 471
(enhanced gradient echo T2* weighted angiography,
ESWAN)"! 25 FOR BJAIE S PD /3% SN £k & &4 i
AN, SER R B SN 2K 7E PD &35 LR H L
T, X — G5 PD B E AR 0 7 R A
I T T U GE B U (quantitative susceptibility
mapping, QSM) & i1 73K LU BT 1 — TR F2 R
AiF 50 & B L AT B 2 A ) PD £ 35 SN k38 hn i 58
R EREHEAR M,

H Al PD BRUTAR B 7T 32 28 i £ DA #l4G,
fH2Sehr BN R4t 2 5 T ikt 4 RSt Ek
RAWT . AHAKMEREFRE T, BRK
Jo7 240 RN /NS ST A0 38 A RE AR R E R, (S
IO, R4 AE S A At fE ik 1 i
5T 4 L ) i 2 ) e 1) 25038 -3 B0 DA #H & T R DT
PR MBI S i, [, BT 2R

20 il = 5 1M % 57 % (blood brain barrier, BBB) i /&
B, fEELES BBB s KNSR S B 4E R 200 H
35 PO AT R e 48 TR/ R SR 40 M P Ak 1 2 SR
BEAh, BT R A A7 28 e i g 0 1) /08 e o 44
KBTI A OB TR R 7 OB R R, &5
DA #Z e AR 1 Yo AR SO 5 40 kAR
Wt & H 25 PD 2R FINLHIEAT 2708

1 /MR BRABREYEUE S PDAID AR TR IR

1.1 M REBFAERUE R HEPDHR{ER

N BE A S TR AR R 1) — AP 2 A
M, R PN ) S N AR, 2o A i A
M 15% KA. AF AR AR 4 R G [l AT 1) S gk
AR, RN AR R IAER, BREEIE R
R FOAR SR A o /N B 5 A B AR S0 A R —
8T, — T, WS/ R4S S
W OME B, IR . WER. HiEhE
B AT ATP S535) e 1 ml 100 245 6 4 M 3% 18 1 32 A4
S /N B SR A, P2 R AR /N B R A T A
B R DR, RIS P B 8 RE S P G
SRR, PD I P A7 E 3 KRB /N 5 4
i, H 25045 T SN X KA 1B AF 1) DA #4148 7T B
XL T IR A SN X /)N I 5 4H B i 20 A 55
JE e P Nurrl J& T2 8RR, & —NEBE
(1) PD Sy M £ R F FEAIF S2 30 Nurrl BE6% CR 4
PD sh# 8 B, e Ah, Nurrl 865 52 00 /N B 52 41
J A0 B TR I o A AR 28 ER - B RE T T 2 5 PD (1)
RAETFE . FIH] Nurrl (1315 GEAL 3 55 /N IR 5T 41 i
S R TE ISR A B ) 9 0E [ B, s DA ## £8 JT 1) Ak
T2 5 T30S Nurrl B DL e $ i) /) i 5 41 i Fn 2 %
Jise 4 S (R AR 98 IR T 1 43 6, AT AR 47 PD ¥ DA
PTG, FALHI AT RE5 i 7% 5 R+ «B (nuclear
factor kB, NF-kB) 3% () 4 E R T A ik A % B9,
AR AT 2 /NS 41 B B 30 72 PD R R R G
%, (H2 L IHAE PD B35 K 2 Rk 2 4k
SOEE N il R R S TR S e AR K2
Bits 2 A1 B G SRR T PD RRER B0
— 5 THT, U TR I8 R A P A AR R 2 TR A
T IERFY S AR A AR X A T R AR
FAEH . TN ST 2o 7F BBB fiif i, MRS REAZ
P& P2RY 12 £ 5 14 /N I I3 40 P 1) s 4 4 FH e 8 1
BBB Juig 5% P K 4% ARy 1R A B

G AN, PRSI/ R 5T 41 B 51 72 )
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gruitit, MET R RN ZEFE, H2%R
AR T AR B B 2 F R, AT AR
55 240 M P 80T e S B B2 I R AE PR
ARG, IO 540 A TLAE 3L R 4E R A
Fads. WHFCRIoRAE P AX# 2 R 48, CD200-CD200
24k (CD200 receptor, CD200R) i# % ] G 2 5 T #
22 TUXT /NI T A B0 1A% . CD200 J& T e Bk
HAMKE, Z5%% KRBT . CD200 F#%
BT, T LMER TN B4 CD200R, {3
/N R AR AL SR A e SN X CD200-CD200R
T B SZ A 51 RS IR /N o 4 L ) G R e 2 5 PD
DA #1240 HEBAT AR BY, #E— B A& T 5/
2 J5 0 L P S8 < TR AR R AR SR B ) ) T 3
Tk YRR /N B 5T 4 L R 0 T DR DA FHZ TG .

1.2 PRRAPRMFBEDAME TR RARMELEF
APH{ER

KETE AT I SAREOR 1) % 77 U4
R, BACUTEEASE PD i R — A BRI R B
BRIEM N a7 XA MM HEREAS S
(transferrin-Fe, Tf-Fe) il JF # £k & 1 45 & 2k (non-
transferrin bound iron, NTBI). #4k4 [ (transferrin,
T R 2 = Mik. AFAHARILELREOE
1 PD ZNA)ANGH SR AR A e S, KRG S —
gk NiEA e/ ® T i2&E B 1 (divalent
metal transporter 1, DMT1). ./} 8:# H & H ferro-
portinl (FPN1) {1 ik 2 Y45 5, i I B8 T-48 a4
B 1H 15 2 [ (iron regulatory proteins, IRPs) f] 55
Pk 1 AE PD B R, AR R 5
B4k K DMT1 [ ik i n ™. — gk es 7 i F 31
S FE VR AR HEFE B 2R A, o PD R
DA M i E LR R L —.

RAER T IR A FEIR T o (tumor necrosis factor-a,
TNF-0) M # 4k 2E K A F -B1 (transforming growth
factor-B1, TGF-B1) Aefs L1 /)N e 5 41 B 1) — Ak #%
AN H DMTI Jf4) g% 1 fR 5 FPNI 3Rk, 18
R INEREE N, FRARBR L AR B BRAE /)N B 5T 40
TR PRORAE AR 2 22 G S A5 HR X R e 8
i D] () 02 AT e JE 0 12 5 4 L )k ZR AR B A1 4
WIS, TS DA #270. H TR/
A ML 2 5 T ARG i DA #0128 G (1) e 4%
PG, JEL I AT e 2 RO /) 55T 40 i £ -
SO Jg J M2 0 — A% TRk R 610 8% 2 (beta nicotin-
amide adenine dinucleotide phosphate oxidase 2,
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NOX,), i =4 K& B2 o % 28 1 R R ph 42
BMERT, M35 DA M4 uik B
SIGIUESE T NOX, T /N BES KPR G 1) DA
ZIuitn, RS FH DA & o MR
P T /NI 5 A0 i NOX, G « #E— B IHF5¢
E SR I8 i P B O CO S B R Ak K T
5| S 40 i A5 5 8 5 I 1/2 (extracellular signal-
regulated kinase 1/2, ERK1/2).P38 F1 INK [ ER 1L,
BE T 5 NOX, 3% V. B (37 P47 J2 fifd JIk 7. 5437 gp91
(R HE DR J B R W R T e, S B PAT [n 4 i
BIt5 gp9l 454, Ja3h NF«xB Rik, FAEKEB
Ay, EEMEHE G DA f o M. R, @
0 ) 42 3t R O 1 /0N R R 4 B NOX, 1 g =2 VR IT
PD 25071 K IKBE £

AR, /N B 5T 20 B 3E WT DA S i #2271 AR AR
1M 2 5 PD DA s & o445 . B 7R I/ Ik
JR A A I sk 4y VAR 28 IRl -9 15 DA #R & e IR AT 1
Ap B LE PD BH AR SN RISUIR A4 X U 5%
SO 1) /N o7 20 BB T AR 78 PRl —— TNF-o0 Fll
FA 2 -1PB (interleukin-1p, IL-1p) &2 B EL 1 b 5+,
17 T 32 1) o 2H 2 3 N TL-1B Al TNF-00 2315 5 DA
PRI E T Wy SR /DN R 40 B R
(1) IL-1B 1 TNF-0. 2t 5 7 PD DA #1 & J6 [ #1173
AHIEFCLH HT AT FEUE SEEAR AN SR BOIRAS T, B
FR 7N JE T 4 D TNF-a0 A1 TL-1B FRRE R S . ¢
JICHT TNF-o0 £ IL-10 0] %5 5 iR AR s 77 09 B A i
ZuEk i NE [ DMTI 13Ri& LA B E A
FPNI1 [ 3RI8 T, k1 5] E ki AN 221 4t
b, FEUDA MEITHI BRI, 1l TNF-a F11L-18
Xk s B B Rk AP A T e 22 o IRPL AN
Bl Z (hepcidin) KiIA Ff, #F— 0 BSZIG RS
Jit P P S ) S (reactive oxygen species, ROS) 11—
EAL A (nitric oxide, NO) A= s in & IRPs #4E H) =
FEAZ P, $EOR SN X ik ik T A E i B /)
2 5 24t R TR 8 TR, T A 22 e P R A R
R TR SR AR — P O /DR R 4R, HH S 8
ZIN B T 248 R R R 22 O R SR AR R DE I . /DR
Jo7 240 e 2 i 4 42 TR AR ) 5 — AN T RE AL 5 2
TR IR ot 40 B RV I0E A 0% . AT E T K I LPS RS 5
7N I 5 40 D 2 3 RURE iR TL-6,  TL-6 383 | i hepci-
din 5| & #2808k e tH B 1 FPNT R 94K, 400 il A
Zouekinl, SELICERR RS B, DL g
JH PD w8 58 R R KA e 5 2 18] A AH B A
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DA Je — 35 % DA & o pL sl se it 7 seae ik,
I PD ()l R BT R IGTT S A 5N 7 SE ) BB AR .

WOE BN LA BR 1R PUBE TNF-a, TL-1PB
RV T4, WA OB TR Bk & B (lactoferrin,
Lf). Lf & — Fh# 2 85 9 52 4 (transferrin receptor,
TR) KGEMAE ML Rk AR, HEWE Tf
AL Lf () R 250 £ EH o- IR A B- T2 H
AN s, (E A Al AT BT ) = g S
AT WA AR ARk T Ho RR BRI, 8 T
WA= 456, S55RAENRN AU &%
&, LEXPRIOSEAN I EL TR @it 300 £, AR
M8k &R ). 15 SN AL, Lf ) mRNA {XAE /)
IR A eIk, R O R /N IR 5T 2 B R DURE T
Lf, MH& LR FERXAEMETT E. AL
7N LEAE 1- B3k -4- 283K 21,23 6- PUSAEIE (1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine, MPTP) i/ 5] PD
INER Rk v T, SRR/ S AN LE Ak
FURE AT B2 e DA & u I DR, 4k 25 PD.
AR, Lf FZEDWMEXGFE : AFEEA LS
(apo-lactoferrin, apo-Lf) FIE AN 3 Lf (holo-lacto-
ferrin, holo-Lf). AT 7t 41 Hif B S 30 1IE SCAE R 712k 47
BORA T, WO 07N 5T 40 i LE PR TR 3 o
[F] INFIF 512 apo-Lf #1 holo-Lf 7 Ji A3 7 i1 B AN = Fisi
P2 I 4 AT E I 57 AR LIR X 4T MPP' [t &7
P, KR¥ESHARTER, HAUR SR ZRiiE. 5t
SALRBTRE T A 5 M, Rk, /MR RGN EE AT LS
I % - R TBOIN B 22 T R R AR, AT REd
b Lf RO M AR EH

2 ERRRMAMESPDEYDAMHE TTEAERIR
2.1 BB RABEIHCE R AEPD P A

ST e R AT LR R 0 26 3R 5 4 M B B I
AN, A EEOERARE, WA T
T PRSI R IR REAE . B RRG,
UIZEIB TR S BRI 0 Bl T
B RAMIBHT, KPR TR AR . B e
Ko SRR U R LT A IEE 1
PR, IR ST T RIS . RIERR
0355 S S0 WA 07 8 B 005 1 2 LA
(R, LU R R B T SR HLR
RIS R (R ZETE 0. (LRI RO
R 540 T 2 0 I AL 1 5 B 058, 9
FIUHOER, IR BRI 88 TANR.

NO K ROS £, i pledn gk B,
BTN, £ SN HBAL A T K 5T 48 M i B0
Al 520 DA M £2 n AR PR Bt TL-1PB € A7 33 5 Fl S
WO SN HBAL BT, Be#8 A fRT DA
20552 6- ¥23: % i (6-hydroxydopamine, 6-OHDA)
FYERE . 1 MPTP #1419/ iR PD A5 7Y i 5%
F|, 7E MPTP &b ¥ 24 h R0 %2 31 i 4 B T Jig i 4
LR, B0 ) BRI B A MR T RE SR AR AE 1 A H
FHX B DA #& B — MR ER B, H
RHHHI MATERE . AT T8 R B AR
T4 M -1 (heme oxygenase, HO-1) HJEE AT aES 5
TR YR T 40 B X DA #R & on AR E . TR
MPTP fil] % ] PD /)>RS A o B2 TR Jie Joid 4 A 1) HO- 1
WO @ I BUAA S B E RS DA iz B B
TE R 5 2 i vh HO-1 (58 BL Bl ] g2 HoA B 32 4
MR H—J7H, RG] A%
MRYER T, W TNF-0. NO. Fi#fRZ E-2. IL-6.
IL-1B %%, FFBOEMM N 2 FiE 55 S, mE
DA & T . I I B2 T 1 o 40 i ok v 7= A=
Bt 4 e R i -2 AR B B B g -9,
ZIuifEs, T EK BBB, #t— P inEMLIT
. AW HENZYLH P §E2 5 PD 1) SN IR
MR R AR R P, eah, BRI 40 i a]
PAZk R Ve HBOE /M R A, /5 DA #i & iR
TR R IR TR BT AN a- Tl 2 E
R EANMEITTH KT HLEIN a- Kb
B 1 IR R TR 5 40 T BBB e Ay R e
BRI TR, XL RE R AT RO W )
NI TR AR M, IR 2408 B DA 2 T IR AT PR ek
Ap 0 BRI 400 T i et R /) 5 40 i
EEZ 5 DA & T RAIT RS . UL AT AL, 2
TV )53 240 B AE 44 28 0 A0 /0N JiS J5 248 AR %) D e 1 4 R
BIRAEAER
2.2 ERRRAMSKKEHSDARE TERER
Bt N\ 52 2] BBB [ A IR ). BT TR
JBJT 40 0 2 5 BBB W EG, AT LA 4% 8k B i Ak %
i B i R R o T AR TR R 5T 4 i P 2% K T A L
BN AN SR LR YRR o B, AT DA s ke e
Jioi 21 ff )3z %, I BBB 32 45 AR 3 i P e i
M fe szt e SR E b PV Rk, EIRIRR
Y f 7E 2k #5 BBB f%iz Kk R 4 e k15
ROREBEMAEN. WARERERRTARIEAZ S
BRACU M, BERIRES S H S &%) 10 nmol/mg
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B, HIX S i B AR RIS S Re S, T
LL#ei2 Tf-Fe, NTBI (84F 8k f =118k ) &I
LRV WHITR R BB 40 ek AR IL TF
gl TER1Y, SR I 95 Fh 85 11 340 76 140 41 55 77 () 2 %
J& 5 40 f b s Y, NI 2 5 Ti-Fe (¥ # 12,
DMTI1 A2 5 BRI BT 40— A Bk Aty Wi
HeAh, ORIV A Zip14 ) RIBEI 52 (A
18 (resident transient receptor potential channels, TRP
channels)'* 7¢ 2 T i J5f 40 it NTBI Wi Uzt 72 v o %
ER . &P IR B4 i v ix 26 5% 58 B E BT v 3 10
NTBI 2k W HSCRE % 22 i 40 B S0 ) i Bk K1, T
R0 DA #& o) Hifi. HUkmr i, BRI
MO AE 0 N BRASAS I T L DRAP I P LB 4 S 2
BRI 3 H B B0 A v R B AR . T
ZWFOINA, R EGE AA B T I 5T 40 i A S HUAN A
Tf-Fe Jy 3= 77, (e8I 1 BRI 4 i 7 ™Y &
55 0 P B 4N A AR O g 28 2 TR T A i
DMT1 K&k, ML P B 40 RE T B T DL Bt 3
B TR AN B DMTL $RE, 4R )5 5587 0 A 2
06 SO (P 2 B (R B, A0 DMIT1 558K 76 il P 1% 38
DATHE K. AN, B AN R s R A
AT DU 40 i N BR R B AR, R s R R
FPN1 K kB jift. FPN1 55 J 4 B i B UL (glycan-
phosphatidylinositol, GPI) 4 %€ 24 4 % £5 [ (ceruloplas-
min, Cp) 3R ik F 2 e g e & 1w U Cp /& —
T BR S AGBE, (£ MK A 32 2L GPI-Cp T U4 & 1
BRI -, B SRS "™, TR AL
(K14 Fe® SILAR Fe™s {2tk FPNT A S BRI

BEFC R Cp ™ /N B 1 22 AN I X HE 300 8k 2R
L, Cp MRIERRACSS, 13 Fe™ 4 Ak p Fe™
R gD, 512 dE T A 5 1) Fe® $RHCH i
UEA, Cp b T SO0 B kR B, T E Bk R A
PRASZBRIESE Cp IR AL IETE W] Fe® /5
{1 i Bt AR Ak s 82 U T Cp 9484k T i 5 B0
BRAAAE T PR AR W kT2 5 PD I K
i U, AHEFTAALE 6-OHDA #5519 PD ALK R
M4 5N SN F Cp () mRNA J2 3 H K3 F
W, $275 SN | Cp Ik FE MK AT BE /2 5] 2 6-OHDA
PABK R SN Bk 12 5 DA M2 st )58
Rz,

BT 200 M N R Bk KT AT PA SR Bk e iz s
EIE . ARTFRI =Mk & Re% EigE A m
FIEIEREAC TIR (3RIE . XFHEATH R T
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RIS Hh AR AT 4T L K B L 0 1 4 M P Bk K, BB
R T AL AR5, AT RSP 40 . ASHIF 55
A TR S R T R B 4H U AE P42 75 3 6-OHDA 4b 7
J& NTBI ( Ak ) AR IR ML S5 DA #1450
BFE A, 6-OHDA 431 DA #1480 Mk A
WaGE ., B BRAK, 3R 5] DA &It B R,
1M 6-OHDA 2b PR (1) 52 W JIe 5 48 il — A0k e NN
Bybhog . HHLH S8 NEH DMTIHIRE., 2% H
T FPN1 RIEH BT EE K. XFERK R
AR R T R D I o mT DAR Ik SRR, fR e
H B G ARz, 55w, KRR
M mT RE 520 PD DA #1280 B A . 2 TR T 4H
FRRIE FRThBEN T DA P& e ITFE B 5 BB,
T BRI L R R 1, QR R 2
£ K [A-F (brain derived neurotrophic factor, BDNF) Fl
Ji J5 5 T A 45 08 3% Al T (glial-derived neurotrophic
factor, GDNF) %, Lui %5 %2 #1| 7 6-OHDA fll £ K
B, PD A5 28 (1 & A% L ( BRIV S 6-OHDA J5 5 K
TR, BEMBCRA S SN Py BDNF Rk T, 1
S SCIR A4 P GDNF T 5 & AR 14 K J5 & 7K
SR B AT PD AR R I R TR O A A
53 WA () BDNF. GDNF 1] DL{ie 3k J& [l 40 A 1) 26 77
BEAREEMER T, A RAKIREE, 2
T2 I3 240 9 4 2 T 79 i 25 37 [ - ——BDNF Al
GDNF 1t A % [ 5 40 MO Bem R4S T 43 36 B S8 3 4,
ik — 5 () S2 56 9iF 52 BDNF #1 GDNF A8 % T~ i fh 4
JCHBREE NEE 1 DMTI [J3R0E,  MIMER 4 oo
#i2 # 2 6-OHDA 7 T I 2 S #L. 40l e . MEK/
ERK I PI3K/AKt {5 55 38 4 (1 ¥ 75 38 ook 1 42 41 g 9
IRP #iL/KF, /57 _Eik DMTI ik i ™,
TX O 5T 45 FAIE S22 T 5 4 R T F o 2 7R TR
Tl s 2 u kAR AR S FENE, 1IX 0 BDNF,
GDNF ¥ 5[] PD #1475 3% IR TR 7 3R 4L 1 8 10
SIS .

3 DIREE R ER A

/DGR I3 A0 LA Th AR A 22 R G i B T B A4
REEAEH . DRI A AR KRR, JEATEL
ERCTE, P Bl SRl A S /D 5 o 4 L Al
Prindo fEHAEIRIIRTPRE, KE 7 B BRAF A £ /)
ediidit)i U VR 7 SE XL S LI N il N D
JRAE N PR A AR 48 BN BRI . 5 A R
2 AR BRI R I R A ) B T B, Bk = B Y
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BHTE RS . LR SE T 2 B AR A9 & R E 1
G F, T Fe i i HE DR /N B3R B0 o A 0 i s o 7

/b TR 5 4T B kK 22 DLBR R 1 B T 1B 2K
AETAMIAN . WEFERIT, i P /2D R o 40 A7 AE B
BAMLE AL ™, WRBREAZRN FEEE
B ™. CESEE BB 1 (H-ferritin, HFt) (#5214
s T 40 S 2L BRAR IR A SR H IR 2 (T cell im-
munoglobulin and mucin domain-containing protein-2,
Tim2), ‘& " LAgEsE FI AL HFt ™. H Al ik A A4k
AMIFFEIAE S Tim2 3k T /0 SR BT 48, 1M SCRiR
TIE S8 1 2 S I 40 L BE AN 3R 08 TR A Rk
DMT1™, i 75 figi 2D 5 Jie J5 41 i b G e 40 i 5 A5
B2, DRI Tim2 4 A A 2 5 52 Joit 4 i 16 HL
B R EALE ™ S TR S R W R 2 Ak S
(scavenger receptor class A member 5, scara5) 1E A%
BB E 2 R R AE T/ BRUVR B RN R A U 48
Scara5 7] LA 48 @ B HEEL R A B TE ((H A RESE &
HFt), MMiAY e AEER ™ SEAZARNK
I BRI e AL S AR A AR AT 1 I A R 42
Bt 7R SRR AKYE . H AT 2 SRR 5T 4 M AT e A
SAE PD R AR i R AR BEE R, BRI RE
225 PD M it O, B
BL e ANTE 2E o

4 &5iF

ZR L pTIR, o A A BRI 2R L I HORE TR
e R IH 7 M8 IR IR 5482 DA #R48 J 1Bk
TS FIPRZ T« BRICLASE, T 4Hf 2
B A7 R B A IR HLE], PD AR 0/ 52 40
RIS AT LA S 2 T B I A B B s s S 2 TR,
HIpEVA i )iiatioh eRINTY I SNtk e
I, AT DA MZITTHMETIE. Mg xR
FL A AT IBVE B AR B B A AN s 4 T 2 TR AE
BRACUHR 2 P AR R R 2 IR, BRI 4
P55 e 4 e 2 18] IR AR LA Y R AR TR R LA i AN
B, T2 M TT Bt — b i B AR S L
BN, 7E PD w8k 7T 5 JR AR M A SR AR 1) o 22 4 i
W ANE 2 . T H RS T BRACI R 7T BRI T S8
WeZhW, RERl MG A SRR, XSO I AN RE S
AL E A NG Y BRACU 2082 Je DA M JeiR 1T 1E
A, ILEAT N8 T 2 s T4 [z PD &35
S0 2L AR R RIE %k 1) W Ui A it A A e LA
PD ¥ DA A uL T HIIEI B R EE ., B2,

I 57 240 M PR o P8 B8 2 1R A DA e e ik JE AR
LARA{E PD B AEMUR JE k3% 5 EEARH], M
12 B2 I 240 ML B D R A L 17 fR 37 DA #2787 1) K
JERTHEDY PD VR YT R4 AT 7T B i

S5

1 Jiang H, Song N, Xu H, Zhang S, Wang J, Xie J. Up-regula-
tion of divalent metal transporter 1 in 6-hydroxydopamine
intoxication is IRE/IRP dependent. Cell Res 2010; 20(3):
345-356.

2 Song N, Wang J, Jiang H, Xie J. Ferroportin 1 but not hep-
haestin contributes to iron accumulation in a cell model of
Parkinson’s disease. Free Radic Biol Med 2010; 48(2): 332—
341.

3 Wang J, Jiang H, Xie JX. Ferroportinl and hephaestin are
involved in the nigral iron accumulation of 6-OHDA-
lesioned rats. Eur J Neurosci 2007; 25(9): 2766-2772.

4 Dexter DT, Wells FR, Lees AJ, Agid F, Agid Y, Jenner P,
Marsden CD. Increased nigral iron content and alterations in
other metal ions occurring in brain in Parkinson’s disease. J
Neurochem 1989; 52(6): 1830-1836.

5 Sofic E, Paulus W, Jellinger K, Riederer P, Youdim MB.
Selective increase of iron in substantia nigra zona compacta
of parkinsonian brains. J Neurochem 1991; 56(3): 978-982.

6 Dexter DT, Carayon A, Javoy-Agid F, Agid Y, Wells FR,
Daniel SE, Lees AJ, Jenner P, Marsden CD. Alterations in
the levels of iron, ferritin and other trace metals in Parkin-
son’s disease and other neurodegenerative diseases affecting
the basal ganglia. Brain 1991; 114(Pt 4): 1953—-1975.

7 Berg D. In vivo detection of iron and neuromelanin by tran-
scranial sonography--a new approach for early detection of
substantia nigra damage. J Neural Transm (Vienna) 2006;
113(6): 775-780.

8 Zecca L, Berg D, Arzberger T, Ruprecht P, Rausch WD,
Musicco M, Tampellini D, Riederer P, Gerlach M, Becker G.
In vivo detection of iron and neuromelanin by transcranial
sonography: a new approach for early detection of substantia
nigra damage. Mov Disord 2005; 20(10): 1278-1285.

9 Drayer BP, Olanow W, Burger P, Johnson GA, Herfkens R,
Riederer S. Parkinson plus syndrome: diagnosis using high
field MR imaging of brain iron. Radiology 1986; 159(2):
493-498.

10 Ryvlin P, Broussolle E, Piollet H, Viallet F, Khalfallah Y,
Chazot G. Magnetic resonance imaging evidence of
decreased putamenal iron content in idiopathic Parkinson’s
disease. Arch Neurol 1995; 52(6): 583-588.

11 Bandyopadhyay S, Rogers JT. Alzheimer’s disease therapeu-

tics targeted to the control of amyloid precursor protein



IRAEREE: UM AEPD A 28 JO B IR AR SR AE H () £ )

12

13

14

15

16

17

18

19

20

21

22

23

24

translation: maintenance of brain iron homeostasis. Biochem
Pharmacol 2014; 88(4): 486—494.

Rossi M, Ruottinen H, Soimakallio S, Elovaara I, Dastidar P.
Clinical MRI for iron detection in Parkinson’s disease. Clin
Imaging 2013; 37(4): 631-636.

Wang C, Fan G, Xu K, Wang S. Quantitative assessment of
iron deposition in the midbrain using 3D-enhanced T2 star
weighted angiography (ESWAN): a preliminary cross-sec-
tional study of 20 Parkinson’s disease patients. Magn Reson
Imaging 2013; 31(7): 1068—-1073.

Wallis LI, Paley MN, Graham JM, Grunewald RA, Wignall
EL, Joy HM, Griffiths PD. MRI assessment of basal ganglia
iron deposition in Parkinson’s disease. J Magn Reson Imag-
ing 2008; 28(5): 1061-1067.

Pavese N, Brooks DJ. Imaging neurodegeneration in Parkin-
son’s disease. Biochim Biophys Acta 2009; 1792(7): 722—
729.

Martin WR, Wieler M, Gee M. Midbrain iron content in ear-
ly Parkinson disease: a potential biomarker of disease status.
Neurology 2008; 70(16 Pt 2): 1411-1417.

Pavese N, Brooks DJ. Imaging neurodegeneration in Parkin-
son’s disease. Biochim Biophys Acta 2009; 1792(7): 722—
729.

Barbosa JH, Santos AC, Tumas V, Liu M, Zheng W, Haacke
EM, Salmon CE. Quantifying brain iron deposition in
patients with Parkinson’s disease using quantitative suscep-
tibility mapping, R2 and R2. Magn Reson Imaging 2015;
33(5): 559-565.

Bishop GM, Dang TN, Dringen R, Robinson SR. Accumula-
tion of non-transferrin-bound iron by neurons, astrocytes,
and microglia. Neurotox Res 2011; 19(3): 443-451.

Dringen R, Bishop GM, Koeppe M, Dang TN, Robinson SR.
The pivotal role of astrocytes in the metabolism of iron in
the brain. Neurochem Res 2007; 32(11): 1884—1890.

Wang J, Song N, Jiang H, Wang J, Xie J. Pro-inflammatory
cytokines modulate iron regulatory protein 1 expression and
iron transportation through reactive oxygen/nitrogen species
production in ventral mesencephalic neurons. Biochim Bio-
phys Acta 2013; 1832(5): 618-625.

Kawai T, Akira S. The role of pattern-recognition receptors
in innate immunity: update on Toll-like receptors. Nat
Immunol 2010; 11(5): 373-384.

Neher JJ, Neniskyte U, Zhao JW, Bal-Price A, Tolkovsky
AM, Brown GC. Inhibition of microglial phagocytosis is
sufficient to prevent inflammatory neuronal death. J Immunol
2011; 186(8): 4973-4983.

Langosch JM, Gebicke-Haerter PJ, Norenberg W, Illes P.
Characterization and transduction mechanisms of purinocep-

tors in activated rat microglia. Br J Pharmacol 1994; 113(1):

25

26

27

28

29

30

31

32

33

34

35

36

37

461

29-34.

Block ML, Zecca L, Hong JS. Microglia-mediated neurotox-
icity: uncovering the molecular mechanisms. Nat Rev Neu-
rosci 2007; 8(1): 57—69.

Beach TG, Sue LI, Walker DG, Lue LF, Connor DJ, Cavi-
ness JN, Sabbagh MN, Adler CH. Marked microglial reac-
tion in normal aging human substantia nigra: correlation
with extraneuronal neuromelanin pigment deposits. Acta
Neuropathol 2007; 114(4): 419-424.

Zhang Z, Li X, Xie WJ, Tuo H, Hintermann S, Jankovic J,
Le W. Anti-parkinsonian effects of Nurrl activator in ubiqui-
tin-proteasome system impairment induced animal model of
Parkinson’s disease. CNS Neurol Disord Drug Targets 2012;
11(6): 768-773.

Saijo K, Winner B, Carson CT, Collier JG, Boyer L, Rosen-
feld MG, Gage FH, Glass CK. A Nurrl/CoREST pathway in
microglia and astrocytes protects dopaminergic neurons
from inflammation-induced death. Cell 2009; 137(1): 47-59.
De Miranda BR, Popichak KA, Hammond SL, Jorgensen
BA, Phillips AT, Safe S, Tjalkens RB. The Nurrl activator
1,1-bis(3’-indolyl)-1-(p-chlorophenyl)methane blocks
inflammatory gene expression in BV-2 microglial cells by
inhibiting nuclear factor kappaB. Mol Pharmacol 2015;
87(6): 1021-1034.

Block ML, Hong JS. Chronic microglial activation and pro-
gressive dopaminergic neurotoxicity. Biochem Soc Trans
2007; 35(Pt 5): 1127-1132.

Lou N, Takano T, Pei Y, Xavier AL, Goldman SA, Neder-
gaard M. Purinergic receptor P2RY 12-dependent microglial
closure of the injured blood-brain barrier. Proc Natl Acad Sci
U S A2016; 113(4): 1074-1079.

Biber K, Neumann H, Inoue K, Boddeke HW. Neuronal ‘On’
and ‘Off” signals control microglia. Trends Neurosci 2007;
30(11): 596-602.

Lyons A, Downer EJ, Crotty S, Nolan YM, Mills KH, Lynch
MA. CD200 ligand receptor interaction modulates microglial
activation in vivo and in vitro: a role for IL-4. J Neurosci
2007;27(31): 8309-8313.

Wang XJ, Zhang S, Yan ZQ, Zhao YX, Zhou HY, Wang Y,
Lu GQ, Zhang JD. Impaired CD200-CD200R-mediated mi-
croglia silencing enhances midbrain dopaminergic neurode-
generation: roles of aging, superoxide, NADPH oxidase, and
p38 MAPK. Free Radic Biol Med 2011; 50(9): 1094—-1106.
Mochizuki H, Yasuda T. Iron accumulation in Parkinson’s
disease. J Neural Transm 2012; 119(12): 1511-1514.
Mounsey RB, Teismann P. Chelators in the treatment of iron
accumulation in Parkinson’s disease. Int J Cell Biol 2012;
2012: 983245.

Hirsch EC. Iron transport in Parkinson’s disease. Parkinson-



462

38

39

40

41

42

43

44

45

46

47

48

HEPR2EHR Acta Physiologica Sinica, August 25, 2016, 68(4): 455-463

ism Relat Disord 2009; 15 Suppl 3: S209-S 211.

Zhu W, Li X, Xie W, Luo F, Kaur D, Andersen JK, Jankovic J,
Le W. Genetic iron chelation protects against proteasome
inhibition-induced dopamine neuron degeneration. Neurobiol
Dis 2010; 37(2): 307-313.

Wang J, Xu HM, Yang HD, Du XX, Jiang H, Xie JX. Rgl
reduces nigral iron levels of MPTP-treated C57BL6 mice by
regulating certain iron transport proteins. Neurochem Int
2009; 54(1): 43-48.

Salazar J, Mena N, Hunot S, Prigent A, Alvarez-Fischer D,
Arredondo M, Duyckaerts C, Sazdovitch V, Zhao L, Garrick
LM, Nunez MT, Garrick MD, Raisman-Vozari R, Hirsch EC.
Divalent metal transporter 1 (DMT1) contributes to neurode-
generation in animal models of Parkinson’s disease. Proc
Natl Acad Sci U S A 2008; 105(47): 18578—18583.

Rathore KI, Redensek A, David S. Iron homeostasis in astro-
cytes and microglia is differentially regulated by TNF-alpha
and TGF-betal. Glia 2012; 60(5): 738-750.

Zhang W, Yan ZF, Gao JH, Sun L, Huang XY, Liu Z, Yu SY,
Cao CJ, Zuo LJ, Chen ZJ, Hu Y, Wang F, Hong JS, Wang
XM. Role and mechanism of microglial activation in iron-
induced selective and progressive dopaminergic neurodegen-
eration. Mol Neurobiol 2014; 49(3): 1153-1165.

Mogi M, Harada M, Kondo T, Riederer P, Inagaki H, Minami
M, Nagatsu T. Interleukin-1 beta, interleukin-6, epidermal
growth factor and transforming growth factor-alpha are
elevated in the brain from parkinsonian patients. Neurosci
Lett 1994; 180(2): 147-150.

Mogi M, Harada M, Narabayashi H, Inagaki H, Minami M,
Nagatsu T. Interleukin (IL)-1 beta, IL-2, 1L-4, IL-6 and
transforming growth factor-alpha levels are elevated in ven-
tricular cerebrospinal fluid in juvenile parkinsonism and Par-
kinson’s disease. Neurosci Lett 1996; 211(1): 13-16.
Carvey PM, Chen EY, Lipton JW, Tong CW, Chang QA,
Ling ZD. Intra-parenchymal injection of tumor necrosis fac-
tor-alpha and interleukin 1-beta produces dopamine neuron
loss in the rat. J Neural Transm 2005; 112(5): 601-612.

Qian ZM, He X, Liang T, Wu KC, Yan YC, Lu LN, Yang G,
Luo QQ, Yung WH, Ke Y. Lipopolysaccharides upregulate
hepcidin in neuron via microglia and the IL-6/STAT3 signal-
ing pathway. Mol Neurobiol 2014; 50(3): 811-820.
Fillebeen C, Mitchell V, Dexter D, Benaissa M, Beauvillain J,
Spik G, Pierce A. Lactoferrin is synthesized by mouse brain
tissue and its expression is enhanced after MPTP treatment.
Brain Res Mol Brain Res 1999; 72(2): 183-194.

Wang J, Bi M, Liu H, Song N, Xie J. The protective effect of
lactoferrin on ventral mesencephalon neurons against MPP+
is not connected with its iron binding ability. Sci Rep 2015;
5:10729.

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Sofroniew MV. Reactive astrocytes in neural repair and pro-
tection. Neuroscientist 2005; 11(5): 400-407.

Sofroniew MV, Vinters HV. Astrocytes: biology and pathology.
Acta Neuropathol 2010; 119(1): 7-35.

Nedergaard M, Dirnagl U. Role of glial cells in cerebral
ischemia. Glia 2005; 50(4): 281-286.

Saura J, Pares M, Bove J, Pezzi S, Alberch J, Marin C, Tolosa
E, Marti MJ. Intranigral infusion of interleukin-1beta acti-
vates astrocytes and protects from subsequent 6-hydroxydo-
pamine neurotoxicity. J] Neurochem 2003; 85(3): 651-661.
Iravani MM, Leung CC, Sadeghian M, Haddon CO, Rose S,
Jenner P. The acute and the long-term effects of nigral lipo-
polysaccharide administration on dopaminergic dysfunction
and glial cell activation. Eur J Neurosci 2005; 22(2): 317-
330.

Xu X, Song N, Wang R, Jiang H, Xie J. Preferential heme
oxygenase-1 activation in striatal astrocytes antagonizes
dopaminergic neuron degeneration in MPTP-intoxicated
mice. Mol Neurobiol 2015. DOI: 10.1007/s12035-015-9437-2
Gao HM, Hong JS. Why neurodegenerative diseases are pro-
gressive: uncontrolled inflammation drives disease progres-
sion. Trends Immunol 2008; 29(8): 357-365.

Hirsch EC, Hunot S. Neuroinflammation in Parkinson’s dis-
ease: a target for neuroprotection? Lancet Neurol 2009; 8(4):
382-397.

McGeer PL, McGeer EG. Glial reactions in Parkinson’s dis-
ease. Mov Disord 2008; 23(4): 474-483.

Aloisi F. The role of microglia and astrocytes in CNS
immune surveillance and immunopathology. Adv Exp Med
Biol 1999; 468: 123-133.

Liuzzi GM, Mastroianni CM, Latronico T, Mengoni F, Fasano
A, Lichtner M, Vullo V, Riccio P. Anti-HIV drugs decrease
the expression of matrix metalloproteinases in astrocytes and
microglia. Brain 2004; 127(Pt 2): 398-407.

Gu XL, Long CX, Sun L, Xie C, Lin X, Cai H. Astrocytic
expression of Parkinson’s disease-related AS3T alpha-synu-
clein causes neurodegeneration in mice. Mol Brain 2010; 3:
12.

Hoepken HH, Korten T, Robinson SR, Dringen R. Iron accu-
mulation, iron-mediated toxicity and altered levels of ferritin
and transferrin receptor in cultured astrocytes during incuba-
tion with ferric ammonium citrate. J Neurochem 2004,
88(5): 1194-1202.

Riemer J, Hoepken HH, Czerwinska H, Robinson SR, Drin-
gen R. Colorimetric ferrozine-based assay for the quantita-
tion of iron in cultured cells. Anal Biochem 2004; 331(2):
370-375.

Moos T. Immunohistochemical localization of intraneuronal

transferrin receptor immunoreactivity in the adult mouse



IRAEREE: UM AEPD A 28 JO B IR AR SR AE H () £ )

64

65

66

67

68

69

70

71

72

73

74

75

76

central nervous system. J Comp Neurol 1996; 375(4): 675—
692.

Tulpule K, Robinson SR, Bishop GM, Dringen R. Uptake of
ferrous iron by cultured rat astrocytes. J Neurosci Res 2010;
88(3): 563-571.

Bishop GM, Scheiber IF, Dringen R, Robinson SR. Syner-
gistic accumulation of iron and zinc by cultured astrocytes. J
Neural Transm (Vienna) 2010; 117(7): 809-817.

Pelizzoni 1, Zacchetti D, Campanella A, Grohovaz F, Co-
dazzi F. Iron uptake in quiescent and inflammation-activated
astrocytes: a potentially neuroprotective control of iron bur-
den. Biochim Biophys Acta 2013; 1832(8): 1326—1333.
Swaiman KF, Machen VL. Iron uptake by glial cells. Neuro-
chem Res 1985; 10(12): 1635-1644.

Oshiro S, Nozawa K, Cai Y, Hori M, Kitajima S. Characteri-
zation of a transferrin-independent iron uptake system in rat
primary cultured cortical cells. J Med Dent Sci 1998; 45(3):
171-176.

Takeda A, Devenyi A, Connor JR. Evidence for non-trans-
ferrin-mediated uptake and release of iron and manganese in
glial cell cultures from hypotransferrinemic mice. J Neurosci
Res 1998; 51(4): 454—-462.

Jeong SY, David S. Glycosylphosphatidylinositol-anchored
ceruloplasmin is required for iron efflux from cells in the
central nervous system. J Biol Chem 2003; 278(29): 27144—
27148.

Erikson KM, Aschner M. Increased manganese uptake by
primary astrocyte cultures with altered iron status is mediat-
ed primarily by divalent metal transporter. Neurotoxicology
2006; 27(1): 125-130.

Burdo JR, Menzies SL, Simpson IA, Garrick LM, Garrick
MD, Dolan KG, Haile DJ, Beard JL, Connor JR. Distribu-
tion of divalent metal transporter 1 and metal transport pro-
tein 1 in the normal and Belgrade rat. J Neurosci Res 2001;
66(6): 1198-1207.

Wang XS, Ong WY, Connor JR. A light and electron micro-
scopic study of the iron transporter protein DMT-1 in the
monkey cerebral neocortex and hippocampus. J Neurocytol
2001; 30(4): 353-360.

Patel BN, David S. A novel glycosylphosphatidylinositol-an-
chored form of ceruloplasmin is expressed by mammalian
astrocytes. J Biol Chem 1997; 272(32): 20185-20190.

Patel BN, Dunn RJ, Jeong SY, Zhu Q, Julien JP, David S.
Ceruloplasmin regulates iron levels in the CNS and prevents
free radical injury. J Neurosci 2002; 22(15): 6578—6586.
Gutteridge JM, Quinlan GJ. Antioxidant protection against
organic and inorganic oxygen radicals by normal human

plasma: the important primary role for iron-binding and

77

78

79

80

81

82

83

84

85

86

463

iron-oxidising proteins. Biochim Biophys Acta 1993;
1156(2): 144-150.

Wang J, Bi M, Xie J. Ceruloplasmin is involved in the
nigral iron accumulation of 6-OHDA-lesioned rats. Cell Mol
Neurobiol 2015; 35(5): 661-668.

Lui NP, Chen LW, Yung WH, Chan YS, Yung KK. Endoge-
nous repair by the activation of cell survival signalling cas-
cades during the early stages of rat Parkinsonism. PLoS One
2012; 7(12): €51294.

Zhang HY, Song N, Jiang H, Bi MX, Xie JX. Brain-derived
neurotrophic factor and glial cell line-derived neurotrophic
factor inhibit ferrous iron influx via divalent metal transporter
1 and iron regulatory protein 1 regulation in ventral mesen-
cephalic neurons. Biochim Biophys Acta 2014; 1843(12):
2967-2975.

Saleh MC, Espinosa de los Monteros A, de Arriba Zerpa
GA, Fontaine I, Piaud O, Djordjijevic D, Baroukh N, Garcia
Otin AL, Ortiz E, Lewis S, Fiette L, Santambrogio P, Belzung
C, Connor JR, de Vellis J, Pasquini JM, Zakin MM, Baron B,
Guillou F. Myelination and motor coordination are increased
in transferrin transgenic mice. J Neurosci Res 2003; 72(5):
587-594.

Hulet SW, Hess EJ, Debinski W, Arosio P, Bruce K, Powers S,
Connor JR. Characterization and distribution of ferritin bind-
ing sites in the adult mouse brain. J Neurochem 1999; 72(2):
868-874.

Fisher J, Devraj K, Ingram J, Slagle-Webb B, Madhankumar
AB, Liu X, Klinger M, Simpson IA, Connor JR. Ferritin: a
novel mechanism for delivery of iron to the brain and other
organs. Am J Physiol Cell Physiol 2007; 293(2): C641—
C649.

Chen TT, Li L, Chung DH, Allen CD, Torti SV, Torti FM,
Cyster JG, Chen CY, Brodsky FM, Niemi EC, Nakamura
MC, Seaman WE, Daws MR. TIM-2 is expressed on B cells
and in liver and kidney and is a receptor for H-ferritin endo-
cytosis. J Exp Med 2005; 202(7): 955-965.

Todorich B, Zhang X, Slagle-Webb B, Seaman WE, Connor
JR. Tim-2 is the receptor for H-ferritin on oligodendrocytes.
J Neurochem 2008; 107(6): 1495—-1505.

Li JY, Paragas N, Ned RM, Qiu A, Viltard M, Leete T, Drexler
IR, Chen X, Sanna-Cherchi S, Mohammed F, Williams D,
Lin CS, Schmidt-Ott KM, Andrews NC, Barasch J. Scara$5 is
a ferritin receptor mediating non-transferrin iron delivery.
Dev Cell 2009; 16(1): 35-46.

Halliday GM, Stevens CH. Glia: initiators and progressors
of pathology in Parkinson’s disease. Mov Disord 2011;
26(1): 6-17.



