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[ Abstract]

characterized by abnormal accumulation of iron in central nervous system. Common clinical symptoms in

Neurodegeneration with brain iron accumulation (NBIA) is a neurodegenerative disorder

NBIA include different types of dyskinesia, pyramidal tract involvement, cerebellar ataxia, peripheral
neuropathy, autonomic neuropathy, cognitive impairment and visual dysfunction. So far, 10 genes have
been identified as the causative gene for NBIA subtypes, which are PANK2, COASY, PLA2G6, C19orf12,
FA2H, WDR45, ATP13A2, FTL, CP and DCAFI7. The pathogenesis of NBIA involves mitochondrial
involvement, oxidative stress damage, lipid metabolism and autophagy. Furthermore, NBIA may share the
same pathogenetic mechanism with some other neurodegenerative disorders, such as Parkinson’s disease
(PD), frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS).
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Table 1. Genetic and clinical features of NBIA
Gene NBIA subtype ~ NBIA Related diseases Major gene function Age of onset Clinical manifestations
PANK2 PKAN 35%-50% HARP CoA synthesis Juvenile-adulthood  Dystonia, spasticity and
(NBIAT) parkinsonism
COASY CoPAN <1% — CoA synthesis Juvenile Spasticity, dystonia, dysarthria and
(NBIAG) parkinsonism, cognitive decline
PLA2G6 PLAN 20% INAD, PLAN-DP Lipid hydrolysis Infantile- juvenile  Hypotonia, spasticity, dystonia,
(NBIA2) and late onset parkinsonism and cerebellar ataxia
C19orf12 MPAN 6%-10%  SPG43 Unknown Childhood Spasticity, dystonia, dysarthria and
(NBIA4) parkinsonism, cognitive decline
FA2H FAHN <1% SPG35, Leukodystrophy Hydroxylation of fatty acids, Childhood Spasticity, ataxia and dystonia
synthesis of ceramide
WDR45 BPAN 1%-2%  SENDA Formation of autophagic membrane ~ Childhood Parkinsonism, dystonia and
(NBIAS) dementia, developmental delay,
cognitive disturbances
ATPI3A2 KRD <1% PARK®Y, neuronal ceroid Iron transport Juvenile-late onset  Parkinsonism, dementia and some
lipofuscinosis pyramidal signs
FTL NFT <1% — Encodes light chains of ferritin and ~ Adulthood Dystonia, spasticity, rigidity and
(NBIA3) participates in the storage of iron parkinsonism
cpP ACP <1% Diabetes mellitus, anemia ~ Encodes extracellular iron oxidase, ~Adulthood Dystonia, dyskinesia and cerebellar
participate in the iron oxidation ataxia, cognitive impairment
DCAF17 WSS <1% Diabetes mellitus, deafness, Unknown Juvenile-adulthood  Dystonia, mental retardation

baldness, hypogonadism

—, not reported, K iE . NBIA, neurodegeneration with brain iron accumulation, b 26 29 8k T FR MR B4 A8 PR R PKAN, pantothenate kinase-
associated neurodegeneration , 12 2 J i AH 5GPE Bt 28 25 V595 ; CoOPAN, coenzyme A-associated neurodegeneration, 5 i A £ 7% i AH OGP b 2875 1
% ; PLAN, PLA2G6 - associated neurodegeneration, il BE B A2 AH 5€ P M 2 2% P % 5 MPAN, mitochondrial membrane protein - associated
neurodegeneration , 2k 7 7 J5 2 14 AH 5 P 4 28 25 1995 s FAHN, fatty acid hydroxylase-associated neurodegeneration ; i i iRt 5 £k B AH 56 1 of 28 4%
9% s BPAN, B-propeller protein-associated neurodegeneration, B-15 J€ & [ AH JC P4 b £ 25 £ ; KRD, Kufor-Rakeb disease , Kufor-Rakeb 4 ;
NFT, neuroferritinopathy ; # £ £k & [1 25 4 9% ; ACP, aceruloplasminemia , Ifil 3¢ i # & 71 ikt Z %iE ; WSS, Woodhouse-Sakati syndrome, Woodhouse-
Sakati 55 fiE ; HARP, hypobetalipoproteinaemia, acanthocylosis, retinitis pigmentosa and pallidal degeneration syndrome, fX B i 2 [ Ifil JiF - i £1.
2 il 34 22 E - 0 I S €2 3% AR P A8 1 BR AR M 25 A AiF S INAD, infantile neuroaxonal dystrophy, 22 JL 4 £ 4l 2 & 95 R K ; PLAN-OP, PLA2G6-
associated dystonia-parkinsonism, PLA2G6 FH5& 1 LK ) e 05— 10F1 4 AR 25
43 % ; SENDA, static encephalopathy (of childhood) with neurodegeneration in adulthood, JL T 3 &t 25 4 il 9% B 47 3 4 28 748 % 5 SPG35,
hereditary spastic paraplegia type 35, 1 f& ¥ 522 25 P #00E 35 2 ; PARKO , parkinsonism type 9, F 4 £ £5 A 1iF 9 %

1 ;SPGA43 , hereditary spastic paraplegia type 43 , it & P4 2 25 1 AU

JR AT I A

— 1 R T A G T P A

PANK2 F£ [K] 58 78 ‘3 B0 12 B2 W8l AH O PE pi 22
Pk W [PKAN, 76 26 A 28 & 8 /R a8t 1% 5% 4 %
(OMIM) %5 : 234200 ] 52 fi 5 WLE &Y, 5 fir A5 ki 21
LR OB PE W 2 AR VE I 14 35% ~ 50% . PANK2 %
B8 L F 20p13, 115 7 A8 7, A X 4> F R
1.85x 10°, 4 PANK2 £ 1. 12 R I Il 1 3= 224 )
SR ATP AR 2 R W IR AL, 2 28 R B A HAE
TR AL 4- B B2 U WG, X — o B2 AR A
(CoM) A=W LS — 20 4 Tl A TE 1R BB D5 R A
G BE R A R FE OGS VE A . PANK2 55 1R %8 A%
A DL 3002 R e IS PR R (R A A2 G 2
BH DL Je B BT W0 N -2 ok F Ik 220 8 i 5 2 e 24 i
B R R DAES A R, AT DL R R
BRUTA o AL, Ui 15 2 e 280 IR A Bk 28+ A7 A 1Y 1 1
ORI RL K AR AR R I 7 AR T PR AL (ROS) | I B
fig o i AR T B0 I M AR AR B R Al R st T

PANK2 3£ 1 2 55 A WA 6 B, I 5 %5/ A F1
Ik I Bl T A Cacyl-CoA) Z [A] 7 7€ f 24 A 5 , PANK2
FE R I AT DAJER 7 Bl A 2 2k A8 Ak, 1 I R T ok A
I AR5, FR e AT DA R A S R 2 A R
o IS PE SR A A S O R R A B b
AN, 5T R PANK2 3 (A7 7E T obiik . sh
SEH R, PANK2 3 [H 28 A5 1) 2F 4k B 40 il DL K
PANK2 5 PH BB /1N BROF SR i A2 80 7 7 28 k7 14 1) B
IR 2§ RN R VAL IS RN I ES 3 A
AU i A A v 2O AR R H A3 AR AN T LA i 2
KRGz s kA FNAZ . PANK2 % R 28 45 34 v]
DL | R 2 AR S 1 R 7 R & & AR IR I A AR
TR AR LR A B 1 L B R RE A e F B L
¢ R, PANK2 3 R 28 728 a] DL ffi g Jo AR o 2 0
PANK2 5& R 28 78 [ m LA 5| e 32 TR G A OGP pil 22
AP A, 3 RIS SO B i B 1 L - R LT 4 i 1
Z00E PR I 48, 3R A Mt L R PEZE S AR (HARP)
THEImIR KA FAFAE—E S, B8 PANK2 HE A



. 492 . o E AU 28 00 4 35 2017 48 7 55 17 565 7 )

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7

575 55 1 W A B RBE A G

2 T TG A OGP b 2 A o R e R Rk
WAL PRI, B AR Ry dir R AR R R L
RAFH ¢.1231G > A Fl ¢.1253C > T, BLHM i 40 45 i I
e A RAR A BT UL MR AR T B
A | S I I DR e R AR a1 T TR IR A R O A
A5 P 11 I IR 2% TR ) 55 SRR A g R G ep | il T
WP LR, ZF 6 HRTRM ", RN HE AR AE
FHE RSN ZORER, 048 8 5% LAk o B i L A1 4 7R
BEEDR L35 G T 45 | R B R Al S S A
B WA A5 1 E R R T 8 R R 15 A R R
TR J1,20 2 i 42 06 AN RE FOBE 5 I AE B R 4R
W i I R SR B 12 L A8 S T e 2 B R R
A1 T BE B AT FORS A S 2 W WLAE R R
b E AR b s MR L B R, A AR
T 77 T TS R O T el 8 A M RR 2 B AR IR K
HE T 0 AR SRR L RO R 2 Lk B
T F I, 001 4 AR AF i DR 5 1 B ks A S X e 1Y
BE

K A AR R O M AR M

COASY JE M 58 45 5 8 BTG A B 50t AH G 4
2 VERG (CoPAN, OMIM 45 : 609855 ) J 4k 12 iR ik
Tit AT P A 28 AR M 22 S 5 2 A B2 I AR T AT B
2 24 TR A 0 A M I R R e R PR st
&1, COASY FE R F 55 PANK2 3[R [ ) 4% 15
W, AL A S L fE 2 A BRI
REME "', COASY 2 AL 2 A 1h 3 il 45 44 35,
¥R LR R O {5 5 R XA ZS . COASY
S S DR VA RES R TR O [N O E o L 2 ALY NS
() B- 55 K A B AT i 20 204 S, HL B AT A A0 Rl
SR 1) B 1 J5 A B AR FH 485 0 8k, (0 7 il 1 b S
b 28 203 38 A7 7E B o- SR R JC B R 22 5 1Y

FRAFH COASY I ZE AN T M 1 76 i i A
B T A OGP B 2 AR R R A R OE B X BR AT Ak B
20t PP A KT IE R, SRR R Y COASY
FER 93 B A 2 F5 5 A KA T B, 80T BE A7 1
LAt A 0 3 42 B AR A G .

COASY 3 [ Fl PANK2 3 [H 78 A T[] A0 3] & 42 v
KA TR W 12 TR 5 R DG M el 2 A8 P R A
A G I R G M b 28 AR R AT R EL A L [R] R 9 Bl
il 4 T S5 %l T A R O G D8 /0 S SRR R A ) g
(R

i DR 2 305 T, %l il A 6 B0 GG A G 1 bt 2 A

I 55 B 0 37 R A T A G P el 4 A P O A E AR DL =2
b1 BB 2T L EE U B S S RO N T R
BRSO 2 T R R R AR M LG T L R Lk
J1 BERG CW 4 ARAE ULSR B RS BIORE PR AN % 2R v
PZET s B AR IR Z A 2 B G A B B A O T M 42
AV £ A IR B AL 175 R L A (VEP) K 2 IE
L ICH I I A%

= W NE T A2 A OGP P2 A

PLA2G6 5 [H 58 745 S0 g 1 A2 AH DG M i 28 A8 1
% (PLAN, OMIM % 5 : 256600/610217) J& 25 2 i lifi
PR & UL 7 0200 2y BT A A 2 4k T R v e 2 AR
PEIG ) 209 , 52 % Y R Baobk gt 15 0L i DN g
1 45 A A1 5t 7Y ol G T A2-B 2 11, AL 7% 806 & St
Mz , A X5 F 5 i 88 x 107, PLA2G6 3 [A 58 748 7] L)
SFE AR BN R B L A ZARE R AR
(INAD) JE $ 7Y B )1 b 25 %l 28 78 72 A8 A PLA2G6
AH & M LK g B A5 -0 4 AR 2% & E (PLAN-DP) ,
o, MR B LA R B SR R R R LSRG
B LIA RN L EE 5L R, 3% Ik 0 R I 1 A
iz g & F AR el AR 4k BLLE M K
TWLaK g BEAR , /0 i e 5% 2 9 It 5 S i 555 0T 2R
TR 22 25 4 SO0 7 B0 AL IR P R S A B
A REFARBEE T ILEB RN, KWNEI©G
1.50 ~ 6.50 %, Il K 3 9 45 i U B2 )L pp 28 ol R 8 5
ANEZH R X, T ORAERF E BRI
AN LT R P BOE A R AR 2 = 4 R IR
B TRTIRAE R A A2 R R (U 28R
28 BT TR vhah &) R AR R RN, T4
BE LAWK 7 A5 o 3 SR B PLA2G6 AH 5GP WL
5K 7 B RS- WA 42 AR L7 A AEE F T D 4E 1 A R
W&, R IR WA & ARFERE IR ILSK T B AR A
T3 68 B 5 RIS B0 AT O SR, A AR PR e R OR
fiE HRER TG 2 B | [ 2 T RE R ULEZE O
RAEE,

Wi NG I A2(PLA2) S 15 A0 4% 20 2 Fh 2 1 T, 43
g 4R BN 43 05 T B G A2 (sPLA2) 5 4K i 7Y
TN it A2 | I /DN Ak PR 1 2 T K S Tl 0 65 = A4
RIGERE S A2 k4L 2P 29 709% 15 VE W I 1 A2 i
PLA2G6 3L R i 1% " R4 PLA2G6 3k [H %8 2% S0
R AR R 2 R G, E A A AR A T T A2 FE
B R AR IE FIK . PLA2G6 FEIN T E F ik
FLRLR % e R b R T e LA — e EH Y,
JF 2 35 T 40 A% A% B RN 52 K 25 B g i 41 2 4 28 R



R B 2 B 2 2017 4R 7 A S 17 B T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7 . 493 .

Ut T, PLA2G6 & A AT LUK A H 3 8 g DA A= % 1l
5 N R B s A 1R, vl 9 M D R (A 11 = 0 R
B A I 28 5 ) N WA 7 Wy B E 0 A i 2 dg
Z 5 Z 555, B FE 40 0 B T 9 IR i R A Ak
20 A R T s i R AR S S R R —
SEAEH, an s 5 i /N0 T A T A . AN i o
P A 52 W B F-08 2R R0 P PR B RS, O G I TS v
35 40 f 50 4 1 2 ¢ B 2L PLA2G6 R (A
) it 28 3R AT PR 71 AR 200 L 9 U7 TR A e R
T G 45 P 0 IR T . 0K A 2 AN A R s R o
1 i 0 35 P SRR A R . PLA2G6 2 e it A AL |
A2b ) 240 X 2 R S RN g 3, s B BT
P 3 im0 U IR R R YL A M R R R
B 5 M AT DL ES S PLA2G6 K IH & 2 ki 44, 2 B 1k
20 L T A ML 2 — PR B R S IR A
TR Bl BE o 2k (A P W i A 6 25 A Ak iR K A
FH AT DL SR KK N PLA2G6 25 116 4k, 1 31 55 i
U R %5 R 2, A0k T 3 o 200 €5 2R C R T 5 | R A4
P50 PLA2G6 2 3G P A AT DLl ot aod A 2
I = QT i S A NSl T R T A A/
PLA2G6 & FIFE4EFr 24 M R A vh R R d AR .
PLA2G6 25 [ Iy il B B AT LA S04 R 1A Py J A il 2
A iR AT PEAR BV il Z R (k) 4 A I 7 4
e DR AT L A 50l 2% A2 A 5 R 440 R 43 7 il 2 G
Uity 75 B, DT 2K A R 18 2 i 2 BEL gy R A8 2

164 Kk B PLA2G6 3k R 28 4% oy A F 3k A 42
K, T 28 AR I AT DL SO TG PR ALY, LR A AR
JE 595 1 7 B R A 56 . PLA2G6 JE TR 423 il 2k v]
DL 30 P IR R R A >, B PLA2GE AH G
JULSK 7 B A5 - 71 42 AR 255 A AE Y PLA2G6 2 R 5828 A5
M it P (E S 2 R TR A LA R Y BE AR A
h, PLA2G6 5 DR 2 A 45 2R 93 BUWR 2E X PARK 14, LB
IR O BR R HR K 2 41 PLA2G6 2K 1K P RRAIE
DR I, 55 1 T A 2 AR G ol 2 728 s & s ML T R S5
27 R T B B AR L M 5 AR I B AR A tau 2R £ P 2
A

DU | 2R AR BB R 11 R S o 4 A8 M

2R VA I BE 1 AR O P pl 22 8 P % (MPAN,
OMIM % 5 : 614297) & C190rf12 Fk [F %€ 745 fif £, J2:
555 3 7 I PSR DL I TR e R e AR R A%, T
M0 4 2Bk U B A g A M 6% ~ 10% T .
C190rf12 7 12 0 F 2 hr 74 71 B 1) 1) B8 R 411 28 E
JBi , C190rf12 3 [H 58 28 B AT LA -5 B2 R 14 IS 26 11 41

KM pl AR MR AN 38 5 4 I ER-HE R LR A AE Y sk
A 922 25 O 43 R (SPG43 AT ) I ILZE 45 I &%
i ALAE (ALS) P 56 o WL A8 R B 5 58728 p.
Gly69ArgfsX10 Fl 4 X 58 78 p. Thrl 1Met. # % T JL
B R, P AR R ke, JLE M R R R
i PR Ry A A o A7 5RO R R A A A T O T RE B
fig A BT LA SR R A RAE AR S R AT
h S BB s ot RO WG R R B
AP R R R IR A & AR FERE R TR & L AR
5 N T RE RS R AR AT S . LT A gk
A% B 2 1A 56 A 20 7R P O R 3 38 AE AU ) B
BERG, B A HE RO HRIR R M SR . AR E
TR A [ BRORT BT, R AT K B 5 RN i 25
A o A2 A AE R, BRI X BT H K i
Jo A B o H AT Ok DT A B EROIR B %8 L rau B
1R S /AR (LB) 7. C190rf12 28 P12 L5 2 4
B AR I 5 B 1 B TR 1, 3R 0K T PN T R ks
A 5 SPGA3 Y B 26 K 1A K K 1 A oG e 2 7
PRI 14 5 R 58 48 1T DA B AR 28 1 5 40 A L % B 11 R
Pr& s M IE PEREAR . C19orf12 T ATEM 200 T4
IR T 0 v B e Rk L AN AR AR A 5
F1 40 AR A1 43 A 18], C190rf12 25 117K S 5 1 7 iR
PR A 5C I 2% 2 1 )RR S R A£G A
K, % W LR A JEE R 1 AH G T it 2 8 PR 0 5 el T A
A 0 R DG A 28 A o A T A2 R OG M AR 42
PSP 1 R 9 ML A A AL =2 Ak

T U R A Tt A O il 2 A o

FA2H &R 9848 5 i 171 B2 2 8 R st L 1k =
25 PR FE 35 7 (SPG3S ) A kg 21 20 4 T R ik 48
A B8 AT O 1 GERR Sk M D R 5 Ak Tl A G 1 el
2275 M (FAHN, OMIM % 5 : 611026) >, 5t % Y
kBRI AL . W TILEM AR, 0 RER N
BSH G, B R R AR A A LK )
15 /N 3 5 2 0 AL B A A U R A OD M 3R
i SO IR . R 2 BUR E AR AE AN W) R N )
RE B A , W] PR & A, 3 43 A SR MRT A 25 7
BRI .

FA2H & MR AFTE T W BT W AH X 2 F BT it o
43x 10" BEEE AR . R ELR b (C A ) &
5 TR 2 T D R 5 A S, L N B R S S L R ) 91 O
LA AR TE M & R i (N K o) Sl E B 5
I ET 76 125 6 25 M 38, 95 B SR AR A i 4 T ¢ R
viig £4 39 WL 17 FA2H K 1 AR AR R Wi



. 494 . o E AU 28 00 4 35 2017 48 7 55 17 565 7 )

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7

M N-TE L 6% 2 Ak o 2- 38 L IR 7 IR 2 b 4 Tk e iy
S B B Y R G B4 . FA2H L TR 587 i il
PEBR I, 5 2O A0 FH 3t 2% T 5 i 1E B R .
SR BE B OE BT BE 5 R MR 4 o0 D) RE R A RTOE T
FA2H 55 H 58 78 3 mT DS 35000 28 Tk i 1 5 5 3 %
S AN, P Bk i A TE Bl 28 T I TR R 2 AR P
AR R EE SRR Y, W FA2H & (A T §E
B T2 B S VS Tt S 1R M bl 28 Tk e it R ot 4R Ak ) Tl
W B I R S A, b AR 2o R X I A R TR el
2 AR FE O, A5 Pl I TR 2 ) A T TR B4 A B EK
Fo M C RS, A Y A7 it D RE 19 8K 2R 1 Y RE R
SR S , 5 i 0 S Ak OB AT R S5 Y R e 2k 2R 1
(8l 3 244 06 T il % A B R T B 2 ik 41 21
TR ot 2 708 P 3 45 I 0 3 ) A B0 TR R . AR
Fir ik ,PANK2 1 COASY 2 (12 55l A 508, 5
HHA ZF AW 2E D RE U B B R G A R &
O H EL T A2 B R RE A 0 O — A RS
DRI I, 927 T 35 Tt R G 1 ol 2 8 M5 A A A R e A
S i ARV 5 R U TR R A TRl R DG e e A
I FL AT ARLI 2 AL, 359 5 e B T B . (ELAS
TSR BB D7 R ¥R AT A DG M A 28 AR R B R
TE WA 6, H 3 F R B A Bl 48 R 55

7S B-MEUE AR 11 A G A 2 AR M

WDR45 JE [H 28 4% m L 3 B0 3 - W8 e 26 1 M o6
1 2245 P9 (BPAN, OMIM it 5 :300526) ', IR FR Ky
L 00 0 2 o A B0 28 8 M (SEND A, B AT
o AE PR SURH G B2, B L B 3 s B 4 1w v & AR,
3512 S P18 . 5 0 AE RN H T 8 5 AR AR L
B HE AT M 2 LK 7 B AT LA 4 AR R RE IR R B
B Rl DR R Z B, B 14 B E RO L E
B BEBAE R (<40 %) WA 4 FREEREAR ©
S MRT s, B PR TR A TR, &
GG 30 320 T 3R s A BR Y, At i 4 2k T R
ZAR PRI WA IrAS TR o

WDR45 % [1 (IR AR WIPI4 K (1) J& — Fh fE [ W
TR R AR BB E S AR A L, 2 WD40 A
FG R B, EE N R B R A B AR Rt 3
Tilt, FF & 45 40 @ W s 40 i R R g SR AR T RE
WDR45 L AT L S5 W e Fl A WEMI SCEE (1454 Y, 2
FIWEAH G 2 — X AW R I B ™,
WFFE 7R, WDR4S 3 K ] DLJE Y [ W AR K /N AR 2
JE Y H T A WA G IR P AEAE T AR R AT, SR
WDR4S5 8 11 F W AR 5 2R 14 2 58 2 (8] 7] BB AF 7E —

EBRR

R WDR4S5 JEH 2 7 T X Je o fik, (H B-12)iE &
PR 2 M ol 228 728 0 O AS REATG R DL G X - 3 Bl
Ay 2. A O HGE W 1, D9 MR A v R A
N, FLIG PRABFAE AR AL, 4 0 WDR45 3 K 28 48 3
Ty e R T, AR A 5 RS LA B
FEVEAE L, T vk B S TR 28 A8 220 2B 58 A8 HLAFTE
DA 240 it 5 2 5 200 TR e B, T L M R S DR s A
AT RE B AR R X e R TR O

M WDR45 L 5 H W A7 56, 1 07 4 A% .
Crohn J 22 25 1 75 R 11 o 988 1) 2% 96 ML il ) A5 A 7
FI I B A, 2 T B - R A 1 A O M i e AR PR 1Y 32
B 728 07 G T AR R AE 0 G 5 4 2% T e
FLAT 200 2 s HL T

-+ .Kufor-Rakeb J%

Kufor-Rakeb i (KRD, OMIM %i 5 : 606693) *"',
IR PR PARKO H 26 ¥E A 4 AR 25 B 1E %, R ATP13A2
SEH AR BT B, W e R R AL . W T
IR, R BRI £ B RN R A A AR L B AR
HER A, 11 IR BRAZ 20 e A5 (1% P B PRI 3h IR
FE4) K T Al B RS | A 2K dlRE IR BB 4> R BN
T 08 - A e - -4 2 B LB 28 RN 2D R

ATP13A2 2 & M BB 7 5% s | 1 N IR T
R PHIATP, PHIATP 512 & (R0, 46
59T 9 R e R A L el v AR SE Y 10 IR B
JREEE (AL, 38 1 ATP 15 55 52 3 1 ' ATP13A2
F 5 U AR B R A R S ik B G, LRI R
VIRV A NS N7 Ny NN | O = I /3 T 7
ATP13A2 3[R 3 26 35 ] DL A0 75 76 (1% 40 i 45 1 2R
Bi, Wo- % fil 4% 2K 1 (o-Syn) 1 Rk R E 4 )R B
T8 G VB AITSE) 0 ATPI3A2 3] A8 H 3 27
Y 1) 24 i 22 B0 HE VA T A GBI A, 7E o-Syn FIBE B 1Y
FEAERYIE B0 T 8 BE A0 B 2 VR o 5 A R 4
FH LG, ATP13A2 JE R 98 720 240 i 4 5 F /K- v, 30K
B K 5 A5 (i 40 a1 4 T R R R, AT RE LR K
N 3R C MR R RE T s A B PR T AE R R S AR
18 4 JE v T D 4 R B A R B UL S R Bk £k
B ARAT 6 1, Kufor-Rakeb J £ # £F 4 1 240 g Fn
WEL I 25 JTEAFTE i BE AR ZRRE 1A, ATP 25 s /0, H B4R
b 17 38 S I R 2R Kz AR DNA B4 . AR A
ATP13A2 J R 5k I 240 it vb 5 J0 Bk A 22 o, ke
Kufor-Rakeb ¥ B & W] & A= 5e B gk DT AR & i0F— 4
W 7 ) o SR A YELHLD, IR R Wilson



R B 2 B 2 2017 4R 7 A S 17 B T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7 . 495 .

(WD) JH B KL ATP7B L)@ P B ATP., A= J 45 4
T AR BT PN S K TR ATPTB 2R O i 2R R
REE R 2SR, h K A B 17 02 B IR, B
B T T TR 2 A 0 A0 R A T
JHF SR AZ A P D RE 5% 9 ATPTB & (151, 3
U B KO- T AR R SR S A o PR A
W, ATP13A2 2 1 D RE B 6 v fik 2 30 & s B 7
TR P 20 L HE R D . ATP13A2 KR 2848 v] i 5 1
B AT AL Z B AEAEBE R o IEAh , Kufor-Rakeb 9 £ &
i 2 I L R N R B o 2R A L DA e R AR A RN 5E
BRUTEL, $2 78 AT AR 5 #0800 % (FTD) | % £& 150%
(HD) A5 56 o 55 H Al Ao 20 280 25k 0 B o 22 A5 g 0
TUAHAL, ATP13A2 H 11 [R)RE X 2R b AR A7 7E 52 )

AN LAY AR

Pz Bk B2 MK (NFT, OMIM % % .
606159) , IN FR st e PE R R UG, R 2 E 0 R B
(FTL) $&H 2848 i 850, 5228 Y e ik ki i . &
B E AR TR (U5, AR R
JLA B, T B B AL B TS M R R B TR
HZEM N b . FTLIER 28748 0] DL 5| 8 AR e v
TR K T AR TE 0, DT AR B B T A
TR BEAN, A4l F ORI Bl ) S G IE S, bR Bk
B R AR LR R D) R S, BRI R 8UR
LR AR5 7, B S R

IeH WL AR R AR AR A RAS, TR R ETH
44N T T ST MR R BE R N L3R
10 B0 A7 AE I A AU DR, B 40 B BUE R T
P22 KR AR TR T 40 B A R IR IR R B
SRR A AL T, R R AR I A
SiE R B BB R S0 VR A T A8 R A R AT DL LAK
PR A | L IR L A AR R RE AR RO HE IR R AE S L
g TG R T 52 R AT T

U I35 el i R P e = 0

CP 3k R 53 45 ] DL S 8501 3% W 2R 1) B =
(ACP, OMIM % % : 604290) 7' . i % T W 4F ) &
i, R IR IR A T B ) R A R A
(25~60 %) MBI Bl 28 R GeAE R 7™, ANk 0 T BE e
figk | TAT 38 0 250358 WLk 7 B AR A B A R B B I
FESh AR RN L TF R R 5 70 2 70% B IBE IR IR N
BORAER H AR . AR I RN I T AR K
BAR, MIE R E K BT & R IEH 3% 3~
401517,

CP 5 X 9 % 4 5 26 11, A6 TR B 28 R e v, A

WA 1 3 2 DS R R T UL B AR 25 i 7 XA
FE T BTV B S A i g 7, 5 RS T AT AE BB T
A rh R R R . H T C kBB T 40 Fh o M %
AR A i 2 Ak BT R A 2 A P I R
[, I 5 25 1 Bk = A B A 4 25 Bk U AR AL
A 4 B WA 0 S5 BRI

+ . Woodhouse-Sakati £5 & 1iF

Woodhouse - Sakati 5 & fiE (WSS, OMIM % 5 :
241080) & DCAF17 3 H (B FR C2orf37 FEH) 58722 It
BREQREAREERS . EETEFRH N,
BRI N E S RE A B IR VR R EF R
Wie T D BRSO DA K HE A A FR AR UK T B A
Fay I 0 RO ) BB B 5 45 R 8 R GUAE AR L BB
O3 oM SR B T RCRE AR Ry A 28 R R A N T DL
o AR R (LH) B 3038 3R (FSH) K F- T 5
P AR 38 B A R TERS A . S B B
Jit R R EA — AR S E R R BORLRE . B AR R
B R T o BT R Y SR PR, 10035
B RAKCPBEAL. B RS RERR —8. 08
ECINS TR 2 SN N I TR I T

DCAF17 HEF 2 —fh 2l iE s AN . shyk
i 78 , Woodhouse-Sakati 2% A i 7N B L i L B2 Bk
FHE LA NG /N T 35 0T I DCAFL7 2 (A %k 7Y,
B 1A Ty g A BB o A SC Ii R B 5T R
DCAF17 #1152 5 DNA 451455 70 20 i J&) 39 47 il (¥ 2k
FIZ AR 6™ o I R R BRI 11 3R 5 B3R
Woodhouse-Sakati 5 5 fiE 55 RBM28 JE K 98 28 5| #2 1)
M U LB [ AR AL, TS 26 Bk 2 1K 1) RE R
Tk, AT W P - T A F R CHPAD Bl 7

25 b A il 2 4k OB Bl 2 728 1 o 114
10 Fift 7R ¢y 10 b E0w 55 i B, HAE A AL AR
L E, ZORLR D RE B A5 | EUAR 0 O s T A
WA R TTRURT A W AR T 2 A A b ik 4
215 W Bk DU TY T A2 I 4 2 0 B i 2 A 1
F8y st DR i 4 SR, R S B i LR TR
AL T figi 20 21k TURR P A 22 A8 1, IR D T G Al 22 il
Pl 2 728 M g A BT R O T RO L A 4 AR L AT
I o 0 2H BT AR AT DL | kS 4R Ak I S I, DT 7
A2 FEEAE T o TR T A N A SR DT AR M M 2
P WA AL CP AN FTL 3E R 45 2 5 R0, i
At JU R 20 B8 DA 5 86 A2 28 A 2 455 AT RE TG 1 3 %
Fo W RIR, BRAEL G 0 AT LAY/ V2 R VK A OGPk
2 A P A I 2 U DT RR B0 I PACE AR B 2



496

o B B 24 5 2017 4R 7 158 17 B4R T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7

e JE AN Y 58 DR O DU i 2 24k AR AR 3 Bl
PRAEAR 1 F 25 . B RTIACH , Bl 41 LR TR R
T 4% 5 R DG I, R AR S AT RE 5 | R A 4 R
B (AN 58 ) RS TR, HE TS B0 2 R R .
iy 2 2R 0 R i 2 A P o 5 EG At b 28 AR P o
M B R 0BT R | UL 25 A 0 R A A E 2 ) Y
AHH B FR B A R AR KA L A0 tau 2B 1 fla-Syn, 1
AL I R RS 5 . I, X S
) L DB 9 & o AL Al A T BB R A JE E ST Y ) o

[7]

& £ X W

Schneider SA.
accumulation. Curr Neurol Neurosci Rep, 2016, 16:9.

Zhou B, Westaway SK, Levinson B, Johnson MA, Gitschier J,
Hayflick SJ. A novel pantothenate kinase gene (PANK2) is
defective in Hallervorden-Spatz syndrome. Nat Genet, 2001, 28:
345-349.

Leonardi R, Rock CO, Jackowski S, Zhang YM. Activation of

human

Neurodegenerations ~ with ~ brain  iron

mitochondrial pantothenate kinase 2 by
palmitoylcarnitine. Proc Natl Acad Sci USA, 2007, 104:1494 -
1499.

Campanella A, Privitera D, Guaraldo M, Rovelli E, Barzaghi C,
Garavaglia B, Santambrogio P, Cozzi A, Levi S. Skin fibroblasts
from pantothenate kinase-associated neurodegeneration patients
show altered cellular oxidative status and have defective iron-
handling properties. Hum Mol Genet, 2012, 21:4049-4059.

Chen H, Chan DC. Mitochondrial dynamics: fusion, fission,
movement, and mitophagy in neurodegenerative diseases. Hum
Mol Genet, 2009, 18:169-176.

Leoni V, Strittmatter L, Zorzi G, Zibordi F, Dusi S, Garavaglia
B, Venco P, Caccia C, Souza AL, Deik A, Clish CB, Rimoldi
M, Ciusani E, Bertini E, Nardocci N, Mootha VK, Tiranti V.
Metabolic  consequences  of
deficiency in patients with PANK2 mutations.
Metab, 2012, 105:463-471.

Hartig MB, Hortnagel K, Garavaglia B, Zorzi G, Kmiec T,
Klopstock T, Rostasy K, Svetel M, Kostic VS, Schuelke M, Botz
E, Weindl A, Novakovic I, Nardocci N, Prokisch H, Meitinger
T. Genotypic and phenotypic spectrum of PANK2 mutations in

mitochondrial ~ coenzyme A

Mol Genet

patients with neurodegeneration with brain iron accumulation.
Ann Neurol, 2006, 59:248-256.

Hayflick SJ, Westaway SK, Levinson B, Zhou B, Johnson MA,
Ching KH, Gitschier J. Genetic, clinical, and radiographic
delineation of Hallervorden - Spatz syndrome. N Engl J Med,
2003, 348:33-40.

Aggarwal A, Schneider SA, Houlden H, Silverdale M, Paudel
R, Paisan-Ruiz C, Desai S, Munshi M, Sanghvi D, Hardy J,
Bhatia KP, Bhatt M. NBIA:
phenotypes, novel PANK2 mutations, and undetermined genetic
forms. Mov Disord, 2010, 25:1424-1431.

Hayflick SJ. Neurodegeneration with brain iron accumulation:

Indian - subcontinent unusual

from genes to pathogenesis. Semin Pediatr Neurol, 2006, 13:182-
185.

Marelli C, Piacentini S, Garavaglia B, Girotti F, Albanese A.
Clinical and neuropsychological correlates in two brothers with
pantothenate kinase -associated neurodegeneration. Mov Disord,
2005, 20:208-212.

Thomas M, Hayflick SJ, Jankovic J. Clinical heterogeneity of

[15]

[16]

[17]

[18]

[19]

neurodegeneration with brain iron accumulation (Hallervorden -

Spatz  syndrome) and pantothenate kinase - associated
neurodegeneration. Mov Disord, 2004, 19:36-42.

Gregory A, Polster BJ, Hayflick SJ. Clinical and genetic
delineation of neurodegeneration with brain iron accumulation.
J Med Genet, 2009, 46:73-80.

Lee JH, Park J, Ryu HS, Park H, Kim YE, Hong JY, Nam SO,
Sung YH, Lee SH, Lee JY, Lee MJ, Kim TH, Lyoo CH, Chung
SJ, Koh SB, Lee PH, Cho JW, Park MY, Kim YJ, Sohn YH,
Jeon BS, MS. Clinical
pantothenate kinase-associated neurodegeneration in Koreans. J
Mov Disord, 2016, 9:20-27.

Dusi S, Valletta L, Haack TB, Tsuchiya Y, Venco P, Pasqualato
S, Goffrini P, Tigano M, Demchenko N, Wieland T, Chwarzmayr
T, Strom TM, Invernizzi F, Garavaglia B, Gregory A, Sanford L,
Hamada J, Bettencourt C, Houlden H, Chiapparini L, Zorzi G,
Kurian MA, Nardocci N, Prokisch H, Hayflick S, Gout I,

Tiranti V. Exome sequence reveals mutations in CoA synthase

Lee heterogeneity of atypical

as a cause of neurodegeneration with brain iron accumulation.
Am J] Hum Genet, 2014, 94:11-22.

Daugherty M, Polanuyer B, Farrell M, Scholle M, Lykidis A, de
Crecy - Lagard V, Osterman A. Complete reconstitution of the
human coenzyme a biosynthetic pathway via
genomics. J Biol Chem, 2002, 277:21431-21439.
Aghajanian S, Worrall DM. Identification and characterization
of the
adenylyltransferase and dephospho - CoA kinase bifunctional
enzyme (CoA synthase). Biochem J, 2002, 365:13-18.

Nemazanyy I, Panasyuk G, Breus O, Zhyvoloup A, Filonenko V,

comparative

gene encoding the human phosphopantetheine

Gout IT. Identification of a novel CoA synthase isoform, which
is primarily expressed in the brain. Biochem Biophys Res
Commun, 2006, 341:995-1000.

Kurian MA, Morgan NV, MacPherson L, Foster K, Peake D,
Gupta R, Philip SG, Hendriksz C, Morton JE, Kingston HM,
Rosser EM, Wassmer E, Gissen P, Maher ER. Phenotypic
spectrum of neurodegeneration associated with mutations in the
PLA2G6 gene (PLAN). Neurology, 2008, 70:1623-1629.

Gregory A, Westaway SK, Holm IE, Kotzbauer PT, Hogarth P,
Sonek S, Coryell JC, Nguyen TM, Nardocci N, Zorzi G,
Rodriguez D, Desguerre I, Bertini E, Simonati A, Levinson B,
Dias C, Barbot C, Carrilho I, Santos M, Malik I, Gitschier J,
Hayflick SJ. Neurodegeneration associated with genetic defects
in phospholipase A(2). Neurology, 2008, 71:1402-1409.
Schneider SA, Dusek P, Hardy J, Westenberger A, Jankovic J,
Bhatia KP. Genetics and pathophysiology of neurodegeneration
with brain iron accumulation (NBIA). Curr Neuropharmacol,
2013, 11:59-79.

Balsinde J, Balboa MA. Cellular regulation and proposed
biological VIA calcium - independent
phospholipase A2 in activated cells. Cell Signal, 2005, 17:1052-
1062.

Yang HC, Mosior M, Johnson CA, Chen Y, Dennis EA. Group-
specific assays that distinguish between the four major types of
mammalian phospholipase A2. Anal Biochem, 1999, 269:278 -
288.

Song H, Bao S, Lei X, Jin C, Zhang S, Turk J, Ramanadham S.
Evidence for proteolytic processing and stimulated organelle
redistribution of iPLA(2)beta. Biochim Biophys Acta, 2010,
1801:547-558.

Liou JY, Aleksic N, Chen SF, Han TJ, Shyue SK, Wu KK.

Mitochondrial localization of cyclooxygenase -2 and calcium -

functions of group

independent phospholipase A2 in  human cancer cells:

implication in apoptosis resistance. Exp Cell Res, 2005, 306:75-



R EC A 2 B 2 2017 4R 7 A 17 85 T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7

497

[29]

[30]

[31]

[34]

[35]

[36]

[37]

[38]

[39]

84.

Seleznev K, Zhao C, Zhang XH, Song K, Ma ZA. Calcium -
independent phospholipase A2 localizes in and protects
mitochondria during apoptotic induction by staurosporine. J Biol
Chem, 2006, 281:22275-22288.

Ong WY, Yeo JF, Ling SF, Farooqui AA. Distribution of calcium-
independent phospholipase A2 (iPLA2) in monkey brain. J
Neurocytol, 2005, 34:447-458.

Balboa MA, Balsinde J. Involvement of calcium - independent
phospholipase A2 in hydrogen peroxide - induced accumulation
of free fatty acids in human U937 cells. J Biol Chem, 2002, 277:
40384-40389.

Broekemeier KM, Iben JR, LeVan EG, Crouser ED, Pfeiffer
DR. Pore formation and uncoupling initiate a Ca’’-independent
degradation of mitochondrial phospholipids. Biochemistry, 2002,
41:7771-7780.

Gadd ME, Broekemeier KM, Crouser ED, Kumar J, Graff G,
Pfeiffer DR. Mitochondrial iPLA2 activity modulates the release
of cytochrome ¢ from mitochondria and influences the
permeability transition. J Biol Chem, 2006, 281:6931-6939.
Beck G, Sugiura Y, Shinzawa K, Kato S, Setou M, Tsujimoto Y,
Sakoda S, Sumi-Akamaru H. Neuroaxonal dystrophy in calcium-
independent phospholipase A2 beta deficiency results from
insufficient remodeling and degeneration of mitochondrial and
presynaptic membranes. J Neurosci, 2011, 31:11411-11420.

Roy S, Zhang B, Lee VM, Trojanowski JQ. Axonal transport
defects: a common theme in neurodegenerative diseases. Acta
Neuropathol, 2005, 109:5-13.

Morgan NV, Westaway SK, Morton JE, Gregory A, Gissen P,
Sonek S, Cangul H, Coryell J, Canham N, Nardocci N, Zorzi G,
Pasha S, Rodriguez D, Desguerre I, Mubaidin A, Bertini E,
Trembath RC, Simonati A, Schanen C, Johnson CA, Levinson
B, Woods CG, Wilmot B, Kramer P, Gitschier J, Maher ER,
Hayflick SJ. PLA2G6, encoding a phospholipase A2, is mutated
in neurodegenerative disorders with high brain iron. Nat Genet,
2006, 38:752-754.

Engel LA, Jing Z, O’Brien DE, Sun M, Kotzbauer PT. Catalytic
function of PLA2G6 is impaired by mutations associated with
infantile neuroaxonal dystrophy but not dystonia - parkinsonism.
PLoS One, 2010, 5:E12897.

Ross BM, Moszczynska A, Erlich J, Kish SJ. Phospholipid -
metabolizing disease: increased

enzymes in  Alzheimer’s

lysophospholipid  acyltransferase  activity and  decreased
phospholipase A2 activity. ] Neurochem, 2002, 70:786-793.
Deschauer M, Gaul C, Behrmann C, Prokisch H, Zierz S,
Haack TB. C190rfl12 mutations in neurodegeneration with brain
mimicking juvenile amyotrophic lateral
sclerosis. J Neurol, 2012, 259:2434-2439.

Arber CE, Li A, Houlden H, Wray S. Review: insights into

molecular mechanisms of disease in neurodegeneration with

iron accumulation

brain iron accumulation. unifying theories. Neuropathol Appl
Neurobiol, 2016, 42:220-241.

Kruer MC, Salih MA, Mooney C, Alzahrani J, Elmalik SA,
Kabiraj MM, Khan AO, Paudel R, Houlden H, Azzedine H,
Alkuraya F. C19orfl2 mutation leads to a pallido - pyramidal
syndrome. Gene, 2014, 537:352-356.

Landouré G, Zhu PP, Louren¢co CM, Johnson JO, Toro C,
Bricceno KV, Rinaldi C, Meilleur KG, Sangaré M, Diallo O,
Pierson TM, Ishiura H, Tsuji S, Hein N, Fink JK, Stoll M,
Nicholson G, Gonzalez MA, Speziani F, Diirr A, Stevanin G,
Biesecker LG; NIH Intramural Sequencing Center; Accardi J,
Landis DM, Gahl WA, Traynor BJ, Marques W Jr, Ziichner S,
Blackstone C, Fischbeck KH, Burnett BG. Hereditary spastic

[43]

[45]

[52]

paraplegia type 43 (SPG43) is caused by mutation in C190rf12.
Hum Mutat, 2013, 34:1357-1360.

Tuso A, Sibon OC, Gorza M, Heim K, Organisti C, Meitinger T,
Prokisch H. Impairment of drosophila orthologs of the human
orphan C19orf12
neurodegeneration. PLoS One, 2014, 9:E89439.

Hartig MB, Tuso A, Haack T, Kmiec T, Jurkiewicz E, Heim K,
Roeber S, Tarabin V, Dusi S, Krajewska-Walasek M, Jozwiak S,
Hempel M, Winkelmann J, Elstner M, Oexle K, Klopstock T,
Mueller - Felber W, Gasser T, Trenkwalder C, Tiranti V,
Kretzschmar H, Schmitz G, Strom TM, Meitinger T, Prokisch H.

Absence of an orphan mitochondrial protein, ¢190rf12, causes a

protein induces bang sensitivity and

distinet clinical subtype of neurodegeneration with brain iron
accumulation. Am J Hum Genet, 2011, 89:543-550.

Kruer MC, Paisan - Ruiz C, Boddaert N, Yoon MY, Hama H,
Gregory A, Malandrini A, Woltjer RL, Munnich A, Gobin S,
Polster BJ, Palmeri S, Edvardson S, Hardy J, Houlden H,
Hayflick SJ. FA2H
neurodegeneration with brain iron accumulation (NBIA). Ann
Neurol, 2010, 68:611-618.

Edvardson S, Hama H, Shaag A, Gomori JM, Berger I, Soffer D,
Korman SH, Taustein I, Saada A, Elpeleg O. Mutations in the
fatty acid 2 - with
leukodystrophy with spastic paraparesis and dystonia. Am J
Hum Genet, 2008, 83:643-648.

Dick KJ, Eckhardt M, Paisan-Ruiz C, Alshehhi AA, Proukakis
C, Sibtain NA, Maier H, Sharifi R, Patton MA, Bashir W, Koul
R, Raeburn S, Gieselmann V, Houlden H, Crosby AH. Mutation
of FA2H underlies a complicated form of hereditary spastic
paraplegia (SPG35). Hum Mutat, 2010, 31:E1251-1260.
Eckhardt M, Yaghootfam A, Fewou SN, Zoller I, Gieselmann V.

A mammalian fatty

Defective leads to a mnovel form of

hydroxylase gene are associated

acid hydroxylase responsible for the
formation of alpha - hydroxylated galactosylceramide in myelin.
Biochem J, 2005, 388:245-254.

Alderson NL, Rembiesa BM, Walla MD, Bielawska A,
Bielawski J, Hama H. The human FA2H gene encodes a fatty
acid 2-hydroxylase. J Biol Chem, 2004, 279:48562-48568.

Hama H. Fatty acid 2-hydroxylation in mammalian sphingolipid
biology. Biochim Biophys Acta, 2010, 1801:405-414.

Jana A, Hogan EL, Pahan K. Ceramide and neurodegeneration:
susceptibility of neurons and oligodendrocytes to cell damage
and death. J Neurol Sci, 2009, 278:5-15.

Wellmer A, Rostasy K, Bahr M, Kermer P.
Transcranial ultrasound in neurodegeneration with brain iron
accumulation (NBIA). Eur J Paediatr Neurol, 2012, 16:175-178.
Doorn  JM, MC.
neurodegeneration with brain iron accumulation. Curr Neurol
Neurosci Rep, 2013, 13:413.

Nishioka K, Oyama G, Yoshino H, Li Y, Matsushima T,
Takeuchi C, Mochizuki Y, Mori - Yoshimura M, Murata M,
Yamasita C, Nakamura N, Konishi Y, Ohi K, Ichikawa K,
Terada T, Obi T, Funayama M, Saiki S, Hattori N. High
beta - propeller
(BPAN) among

disability and young - onset parkinsonism. Neurobiol
2015, 36:2004.

Hayflick SJ, Kruer MC, Gregory A, Haack TB, Kurian MA,
Houlden HH, Anderson J, Boddaert N, Sanford L, Harik SI,
Dandu VH, Nardocci N, Zorzi G, Dunaway T, Tarnopolsky M,
Skinner S, Holden KR, Frucht S, Hanspal E, Schrander -
Stumpel C, Mignot C, Héron D, Saunders DE, Kaminska M, Lin
JP, Lascelles K, Cuno SM, Meyer E, Garavaglia B, Bhatia K, de
Silva R, Crisp S, Lunt P, Carey M, Hardy J, Meitinger T,

Liman J,

Kruer Newly characterized forms  of

frequency  of protein - associated

neurodegeneration patients with intellectual

Aging,



[53]

[66]

498

o B B 24 5 2017 4R 7158 17 B 5 T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7

Prokisch  H, Hogarth P. B - Propeller
neurodegeneration: a new X - linked dominant disorder with
brain iron accumulation. Brain, 2013, 136:1708-1717.

Lu Q, Yang P, Huang X, Hu W, Guo B, Wu F, Lin L, Kovacs
AL, Yu L, Zhang H. The WD40 repeat PtdIns (3) P-binding
EPG - 6 progression
autophagosomes. Dev Cell, 2011, 21:343-357.

Dall’Armi C, Devereaux KA, Di Paolo G. The role of lipids in
the control of autophagy. Curr Biol, 2013, 23:33-45.

Hailey DW, Rambold AS, Satpute-Krishnan P, Mitra K, Sougrat
R, Kim PK, Lippincott - Schwartz J. Mitochondria supply
membranes for autophagosome biogenesis during starvation.
Cell, 2010, 141:656-667.

Haack TB, Hogarth P, Kruer MC, Gregory A, Wieland T,
Schwarzmayr T, Graf E, Sanford L, Meyer E, Kara E, Cuno SM,
Harik SI, Dandu VH, Nardocci N, Zorzi G, Dunaway T,
Tarnopolsky M, Skinner S, Frucht S, Hanspal E, Schrander -
Stumpel C, Héron D, Mignot C, Garavaglia B, Bhatia K, Hardy
J, Strom TM, Boddaert N, Houlden HH, Kurian MA, Meitinger
T, Prokisch H, Hayflick SJ. Exome sequencing reveals de novo

protein - associated

protein regulates of omegasomes to

WDR45 mutations causing a phenotypically distinet, X-linked
dominant form of NBIA. Am ] Hum Genet, 2012, 91:1144-1149.
Najim al-Din AS, al-Kurdi A, Dasouki M, Wriekat AL, al-
Khateeb M, Mubaidin A, al - Hiari M. Autosomal recessive
ataxia, slow eye movements and psychomotor retardation. J
Neurol Sci, 1994, 124:61-66.

Di Fonzo A, Chien HF, Socal M, Giraudo S, Tassorelli C,
Iliceto G, Fabbrini G, Marconi R, Fincati E, Abbruzzese G,
Marini P, Squitieri F, Horstink MW, Montagna P, Libera AD,
Stocchi F, Goldwurm S, Ferreira JJ, Meco G, Martignoni E,
Lopiano L, Jardim LB, Oostra BA, Barbosa ER;
Parkinson Genetics Network; Bonifati V. ATP13A2 missense

Ttalian

mutations in juvenile parkinsonism and young onset Parkinson
disease. Neurology, 2007, 68:1557-1562.

Kiihlbrandt W. Biology, structure and mechanism of P - type
ATPases. Nat Rev Mol Cell Biol, 2004, 5:282-295.

Ramonet D, Podhajska A, Stafa K, Sonnay S, Trancikova A,
Tsika E, Pletnikova O, Troncoso JC, Glauser L, Moore DJ.
PARKO - associated ATP13A2 localizes to intracellular acidic
vesicles and regulates cation homeostasis and neuronal
integrity. Hum Mol Genet, 2012, 21:1725-1743.

Tan J, Zhang T, Jiang L, Chi J, Hu D, Pan Q, Wang D, Zhang
7. Regulation of intracellular manganese homeostasis by Kufor-
Rakeb syndrome - associated ATP13A2 protein. J Biol Chem,
2011, 286:29654-29662.

Schmidt K, Wolfe DM, Stiller B, Pearce DA. Cd**, Mn®", Ni’"
and Se’ ' toxicity to saccharomyces cerevisiae lacking YPKO9p
the orthologue of human ATP13A2. Biochem Biophys Res
Commun, 2009, 383:198-202.

Usenovic M, Tresse E, Mazzulli JR, Taylor JP, Krainc D.
Deficiency of ATP13A2 leads to lysosomal dysfunction, alpha-
synuclein accumulation, and neurotoxicity. J Neurosci, 2012, 32:
4240-4246.

Tsunemi T, Krainc D. Zn®" dyshomeostasis caused by loss of
ATP13A2/PARKY leads to lysosomal dysfunction and alpha -
synuclein accumulation. Hum Mol Genet, 2014, 23:2791-2801.
Park JS, Koentjoro B, Veivers D, Mackay - Sim A, Sue CM.
disease - associated human ATPI13A2 (PARKOY)

zinc

Parkinson’s

deficiency dyshomeostasis and mitochondrial
dysfunction. Hum Mol Genet, 2014, 23:2802-2815.

Grunewald A, Arns B, Seibler P, Rakovic A, Munchau A,
Ramirez A, Sue CM, Klein C. ATP13A2 mutations impair

mitochondrial function in fibroblasts from patients with Kufor-

causes

[67]

[68]

Rakeb syndrome. Neurobiol Aging, 2012, 33:1843.

Polishchuk EV, Concilli M, lacobacci S, Chesi G, Pastore N,
Piccolo P, Paladino S, Baldantoni D, van IJzendoorn SC, Chan
J, Chang CJ, Amoresano A, Pane F, Pucci P, Tarallo A, Parenti
G, Brunetti-Pierri N, Settembre C, Ballabio A, Polishchuk RS.
Wilson disease protein ATP7B utilizes lysosomal exocytosis to
maintain copper homeostasis. Developmental Cell, 2014, 29:686-
700.

Curtis AR, Fey C, Morris CM, Bindoff LA, Ince PG, Chinnery
PF, Coulthard A, Jackson MJ, Jackson AP, McHale DP, Hay D,
Barker WA, Markham AF, Bates D, Curtis A, Burn J. Mutation
in the gene encoding ferritin light polypeptide causes dominant
adult-onset basal ganglia disease. Nat Genet, 2001, 28:350-354.
Colombelli C, Aoun M, Tiranti V. Defective lipid metabolism in
(NBIA)
syndromes: not only a matter of iron. J Inherit Metab Dis, 2015,
38:123-136.

Mancuso M, Davidzon G, Kurlan RM, Tawil R, Bonilla E, Di
Mauro S,
mutation, its cellular pathology, and pathogenetic insights. J
Neuropathol Exp Neurol, 2005, 64:280-294.

Chinnery PF, Crompton DE, Birchall D, Jackson MJ, Coulthard
A, Lombes A, Quinn N, Wills A, Fletcher N, Mottershead JP,
Cooper P, Kellett M, Bates D, Burn J. Clinical features and

neurodegeneration  with  brain iron accumulation

Powers JM. Hereditary ferritinopathy: a novel

natural history of neuroferritinopathy caused by the FTLI
460InsA mutation. Brain, 2007, 130:110-119.

Chinnery PF, Curtis AR, Fey C, Coulthard A, Crompton D,
Curtis A, Lombes A, Burn J. Neuroferritinopathy in a French
family with late onset dominant dystonia. J Med Genet, 2003,
40:E69.

Keogh MJ, Jonas P, Coulthard A, Chinnery PF, Burn J.
Neuroferritinopathy: a new inborn error of iron metabolism.
Neurogenetics, 2012, 13:93-96.

Yoshida K, Furihata K, Takeda S, Nakamura A, Yamamoto K,
Morita H, Hiyamuta S, Ikeda S, Shimizu N, Yanagisawa N. A
mutation in the ceruloplasmin gene is associated with systemic
hemosiderosis in humans. Nat Genet, 1995, 9:267-272.

Miyajima H. Aceruloplasminemia. Rinsho Shinkeigaku, 2000,
40:1290-1292.

McNeill A, Pandolfo M, Kuhn J, Shang H, Miyajima H. The
neurological presentation of ceruloplasmin gene mutations. Eur
Neurol, 2008, 60:200-205.

Ogimoto M, Anzai K, Takenoshita H, Kogawa K, Akehi Y, Yoshida
R, Nakano M, Yoshida K, Ono J. Criteria for early identification of
aceruloplasminemia. Intern Med, 2011, 50:1415-1418.

Wild EJ, Mudanohwo EE, Sweeney MG, Schneider SA, Beck J,
Bhatia KP, Rossor MN, Davis MB, Tabrizi SJ. Huntington’s
disease  phenocopies  are  clinically  and
heterogeneous. Mov Disord, 2008, 23:716-720.
Crompton DE, Chinnery PF, Bates D, Walls TJ, Jackson M],
Curtis  AJ, Burn J. Spectrum
neuroferritinopathy. Mov Disord, 2005, 20:95-99.

Woodhouse NJ, Sakati NA. A syndrome of hypogonadism,

genetically

of movement disorders in

alopecia, diabetes mellitus, mental retardation, deafness, and
ECG abnormalities. ] Med Genet, 1983, 20:216-219.

Al-Semari A, Bohlega S. Autosomal - recessive syndrome with
alopecia, hypogonadism, progressive extra - pyramidal disorder,
white matter disease, sensory neural deafness, diabetes mellitus,
and low IGF1. Am | Med Genet A, 2007, 143A:149-160.

Jin J, Arias EE, Chen J, Harper JW, Walter JC. A family of
diverse Cul4-Ddbl-interacting proteins includes Cdt2, which is
required for S phase destruction of the replication factor Cdtl.
Mol Cell, 2006, 23:709-721.



R EC A 2 B 2 2017 4R 7 A 17 85 T

Chin J Contemp Neurol Neurosurg, July 2017, Vol. 17, No. 7 . 499

[83] Nousbeck J, Spiegel R, Ishida-Yamamoto A, Indelman M, Shani-
Adir A, Adir N, Lipkin E, Bercovici S, Geiger D, van Steensel
MA, Steijlen PM, Bergman R, Bindereif A, Choder M, Shalev S,
Sprecher E. Alopecia, neurological defects, and endocrinopathy
syndrome caused by decreased expression of RBM28, a
nucleolar protein associated with ribosome biogenesis. Am ]
Hum Genet, 2008, 82:1114-1121.

[84] Zorzi G, Zibordi F, Chiapparini L, Bertini E, Russo L, Piga A,
Longo F, Garavaglia B, Aquino D, Savoiardo M, Solari A,
Nardocei N. TIron - related MRI images in patients with
pantothenate kinase - associated neurodegeneration (PKAN)

treated with deferiprone: results of a phase Il pilot trial. Mov

Disord, 2011, 26:1756-1759.
(ki H 19 :2017-05-31)

I xR ZiAREIC (=)

PUBMZIY)  antiepileptic drugs(AEDs)
OB S copy number variation(CNV)
WME#HE R  lymphotoxin-a(LTa)
WElR Mg E 4D  phosphodiesterase 4D(PDE4D)
IS A2 A 22 A
PLA2G6-associated neurodegeneration( PLAN)
NG WELEE 3-3 %  phosphatidylinositol 3-kinase(PI3K)
%S /MAE  Lewy body(LB)
B-HEE £ 11 AH DG 22 48 T g
B-propeller protein-associated neurodegeneration(BPAN)

5 [ PR~ B A o AR N 20 24 2
American College of Medical Genetics and Genomics

(ACMG)
HRER N immunoreactivity (TR)
T - - B L UL SR A R AE

facioscapulohumeral muscular dystrophy(FSHD)
i £ R R -

collapsin response mediator protein-1(CRMP-1)
i 28 2RI AR I A 28 78 P g

neurodegeneration with brain iron accumulation(NBIA)
P B 20 A S 5011

endothelial cell specific molecule-1(ESM-1)
N B — S AL A

endothelial nitric oxide synthase(eNOS)
Wi s -5 5 TRHBE S B

reverse transcriptase-polymerase chain reaction(RT-PCR)
LUSUIPNE S ¢ (e

European Society of Human Genetics(ESHG)
SIENAM T whole genome sequencing(WGS)
e JSEIN T PS dR YN

Genome-Wide Association Study(GWAS)
ML ETIR%  global developmental delay(GDD)
AT PR - AR R AR

generalized tonic-clonic seizure( GTCS)
HNEF T whole exome sequencing( WES)
e AT 51 53 B

chromosomal microarray analysis(CMA)
AR FRMPREMTE  Human Phenotype Ontology(HPO)

NI 21 293
human embryonic kidney cell 293( HEK293)

WINTE

IR BFAELEAAE hemolytic uremic syndrome( HUS)
DECEENFEA S FE minor allele frequency( MAF)
WA M nerve conduction velocity(NCV)
MR E 1 ZE MR neuroferritinopathy (NFT)
T 5 T3 4F 20 21 AR 0 o o 3K
World Health Orgahization Quality of Life-100
(WHOQoL-100)

LIEE K LAV visual-evoked potential(VEP)
KA BOIR A A5 11 33K - D47 PR A% 85 I 390 45

bilateral striatopallidodentate calcinosis(BSPDC)

I S 2 o5 0 4 A 3l 45 %
periodic limb movement index during sleep(PLMSI)

R R B XA A
idiopathic basal ganglia calcification(IBGC)

Fe MW MEWNA  idiopathic generalized epilepsy(IGE)
FEREVERRE  essential tremor(ET)

a- BT a-synuclein(a-Syn)

M/NRNA  microRNA(miRNA)

TR 31 P ik PR 2 2 52

array comparative genomic hybridization(aCGH)
T M-FER-% LR hypothalamic-pituitary-adrenal (HPA)
SERMENEFRARAE  congenital muscular dystrophy(CMD)
LR A B 111 A DG Ao 22

mitochondrial membrane protein-associated

neurodegeneration( MPAN)

LRLARIG L mitochondrial encephalomyopathy(ME)

PLA2G6 HH P IL5K F B A3 - 5 2R 5% 4 1k
PLA2G6-associated dystonia-parkinsonism(PLAN-OP)
/NFPERNA  small interference RNA(siRNA)
o S AR R T3
signal transducer and activator of transcription 3(STAT3)
[IRES Nl
I EIKFEE  angiotensinogen( AGT)
M5 Bk Z 54l angiotensin converting enzyme( ACE)
ML N R AR T
vascular endothelial growth factor( VEGF)
&I A% KT von Willebrand factor(vWF)
I 3% 4 i 26 1k Z 5F aceruloplasminemia( ACP)
I /IR K 7 platelet-derived growth factor(PDGF)

angiotensin [ (Ang [T )



