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Fig. 1 Schematic diagram of quadric transmembrane

structure
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Fig.2 The relationship between genotype and phenotype of PLP1 disease spectrum syndrome
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Fig. 4 Mechanism of PLP1 mutation affecting PLP1 to the plasma membrane
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ERAD) JoikAbEiiRirSnyEmm, SaiEHEN
Calnexin 5 PLP1 % 7% (R AH B4 FH O BH 1k L % A
M il A T — 2o Bl R . AR IT & 0 PLP1 & M
SRR A n R HACK R A BAE R, PLP1#%
B 1€ ER R 17, ¢. PLP1/DM20 78 & (Y AL 2
SPAEARPTEHE AN (unfolded protein response,
UPR), X&—F i iedr S n ER LR S5
SRS G 1Y RS S g . A, UPRIM
G Al RE M R AT S A 1Y ER LR 5 T4 s T
&R0 E Witz — ', UPRH 3A4ME 5
PREDAL, X LA 10 % A8 B [0 1584 28 1) 2 1 o
76 ER L R TS () ER WK, BNtk
%% E K7 6 (activating transcription, ATF6). AL
A B 1 (inositol-requiring enzyme, IRE1) FlZE
13 i R ¥ ER #{ i (protein kinase R-like ER
kinase, PERK) N &G0 ' TEAZIET]
AT, ERFEARAT 4B 35 8 11 78 (ER
chaperone glucose-regulated protein 78, GRP78) ,
i3 5 ER [k S £ 1845 ATF6 . IRE1 Fll PERK 4545 1M1
T UPRAE il 7 RIS/ RIS E
FIRBURAE ER (P, GRP78 5 RYT &AL IRITEN
EARLS, X TS ER R MG, i
JA 8l UPR, ATF6 f1IRE1-XBP1 4l il £ #f GRP78 1Y
Fik, MmifEiE ER 8 R IE BT & sl 2 2 91 B 1k
FORAR P M A7 e Lo o HUR, N R
W) 1 XA N TR BRI I BE S, C/EBP [R]JE

#EF (CHOP) b, 5l &4IMI§T:. PERK &S
fill & UPR AR JH T-HLI, 7E PMD bRt D5 i it
4 R HE T %) 4 R & o BIL R T ke 2 A O R e @
d. 22748 PLP1 25 I 7E ER AL R, REHE A 20 i
PR ) IO ) A B I 80 R A0 L BB - 7, A
IZARR (msd-A243V) H 2 FHOE RELAR IR
161, mRAAIINE ERERIE kRS (B14), PMD
BE I ARAEIR R I . JEF LA EALH], A BRI
1T SD-SIM 7R i PLP1 £ COST 4Ifa N 153 A, 24
I PR 15 | i 2 ML AR 96 7Y (1) 58 745 53 30 PLP 7F ER HPifg
B4, 1 PLP1 854K DM20 Efs 2 A 7E A0 i 1T,
AEXT 5 | A 51 DR 8 e A4 (1) 98 48 I 5 B PLP1 J&2 DM20
[ B ZE S R B8 07 A, AR SR A
S L5 R A5 i B i D20 e 2 TR 2 v N %o i
FAEEREE,  HAH R A B AR AR A T e 2
BLH o 5 B ™ HE Y 4 2 Y 58 AR R g % = 3K
PLP1 7£ ER " i B CL 9645 BUFESE, 1 PLP1 A6
B It — 5 2 ER W R/ S I TR AR I AE T
R, PLPI A B GEAR AT LA P T 09 ik 3
R R R b L ) R S5 R BV AR 70 7

TEEREMNE, g REAREENRAE,
WIE XL KR 587, AR AT e PR R 3l 30 6 A
T mRNA [%f# (nonsense-mediated mRNA decay,
NMD) &4, iR S BOHXHR AR A 7, i
FE AT g i As HE R B e N it R B T
A el O E AR B R AR R mRNA ] BB i
F KBRS, AHOCHY R A ™ E PMD F| 4 3 SPG2
ANEE Al e T 284 mRNA AL HE 720, 4
SRAS K S Y P B AR R OO A R G AR S
AISEIR R E 77 HEATHE PN B SlA A I SR AR A
RS EARARTTE, NS EHE
RS MR, AR R RS A mRNA 2 5 7= A4 2 1k %
B, AJRESE NMD 0 75 Hofl— SR i 5 12
FHy5e7s, ] fE B mRNA AFaE FFEm, L n]
e A A, T FEOEX R R AL, X
— LR, PLPI 578 800 ™ S BE AR ]
REAJEH T DhReE A, Mk A=A E A
MOFEPEAE 0, SR, RSN N AR
(AN R E R R ) S PR B T RE T A A2 4%, AHOCHL
PG — 2D ik
5.2.2 PLPIHE G 58725 40 M 2= BUm L

PLP] 42 5875 2 PMD ¢ H WL 1 8 A% 240 [
&  A BE 50 kb~33.5 Mb 2, XF T/ T 1 Mb 1)
HE B, PLPIIHE /AL PMD J5 FRAE 1 i — 3
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. feR W B BoR /N 200~500 kb L &
 PLP1 5 RN 0 5 R A HE 04 4 AL AT 98
KA (HAERZHGER AT, 51BN 3L H
20 FHEAL T 2 i ] — Syt A rp L R LCR =2 8] A
E - [@] J% ¥ 20 (non-allelic homologous
recombination, NAHR) 4534 *'', {H NAHR {lI-F-
KAE PLP1 5 2 578 AH 5 (1) PMD PRl 21, 9 K
PLPI R EHE A2 AR L e, Hir
FHERYBERAH Fr Befe o o A v B R R/ VA
FEHH &R, HEE S PLP1I ™, Xt PLPI EE
iR B W RGBSR R TR, RS K TR
A BLER 5 fn A 8] P K 3 % 4% - (non-homologous
end joining, NHEJ) Al 3 F & #l % Hl
(replication-baed mechanism, RBM) fuffikrZdifs T
IS TR S B S I AT L U A
BEM 145 ', RBM &I & & 1 J5 [N 2 o HE ) JE
filt, ATREOF 2B Y, 7E PLP1 KL AL
A Y R 2H FHE BRI E T AR 2 i 3 R 4 HE
ZHE A A DL_E RS A 2 A R 7 B
FIIFEAE— . NIRIKMERE, HIERBM
WA PLPI =A% HE , NI REULE A R
P E R REL S [FRE, FECHHIE PLPL i RIR
BRI PIpl ' 55 (Tg) /NP, HA RS
PR ¥ DU /N BRI T ™ e g R 8 0 B3
I DU Tg /N B B2 1 BRI AR T KA,
AR THIZ AN, X R 75 7% PLP1 L
M T /N R AR 7 T AERENS TSR G PLP]
ARG IR F ) Plpl /NP, R T 2L
oA E S S AT R R T AF , A2
BESSALIRR ), i EA PLPI W4 B NJEAE A ik
R I S B D R AR PLPT B
AU R R, HEE TR TN =A%
BRI T E ARG PLPI 82 %725 5|
R 118 200 M P 2 R AR M T 1

AHXT T 5 DR el 55 /0 BRCEL A B S A B R SR
PLP1 [, X 58748 Bl BE PR 1 14 25 52 30 PMID (1™
FIEL 2, Ht, PLP1EURALEI A o] GE 2w E
Yy “IhEEFRTS” (gain of function, GOF) K45
B, MAEDREE H Y2k (loss of function,
LOF)., {H)&, XF PLPI H & AEishLHl, 21k
“DIREIRTT B FYERAANIERE . AR
PLP1 3 #3525 3 B0/ 58 J5 o 240 i B AR 1) & &
[ TR (EP I - €2 0 AP i St T N B O e
R & PLP1 k0 HAEER], 102 T PLP1 5%

ERGIRAGEEN . E5FEERNZ, Plpl-E1A
Plp1-E2 1} A28 Ry 110 20 2 J5e I 40 i fe 5k LA
SRR 5E -, HE W ] Myrf 4 F T Plpl-E1 Al
Plp1-E2, FILUfR#HE PLPI IR ™,

PLPI BN T PLP1 (KK, id A0
PLP1 55 iH [ A 70 /02 e ot 440 i A 4R -5 Tl 2
irh, AR T, PLPL@E A MORE . PR .
TR AR | TR SRR S5 AN i 2% 1A R 4%
(organelle interaction network, OIN) & I1EH A9/
HIIRE . PLP1AEPN S M B IN T, % F k25
FERBARIEA T/ iE , T e s I BRI, it
Ji Tl ) A 3 PR A A T g B PR AR Tl R
PLP1 ) “hZSTET5”, 7T LK HAG 4779 PLP1 i
PR S BRI AR, e ZOY BURERS o i
TR PLP EA Y & i B AN S e ife”
G, (AENERRGETIEN RREMR. hTFiX
SRR PR T AERE s, it — 2 ] RER
EREREIE oL fE (E4) . SULRFIES, PLP1Ayat 3
TR T B B P A AR T IR E B AR, MY
A/ ARG AR/ A o A 5 B 114 B Pt mT B 32 31
T, AR SN EEHERE . teAh, TEDREIE
AR S R I T I S BEREIE B T RS
4y F, Bl Fyn ®, fEELZ Fyn %5 B B/NR A,
BEFEIE LI s D, Do B AN i T A Ak e 2
VTG Fyn I 20 MR @, PRLGHED th PLP1 2 %65k
5 RS Z I 2R Fyn (5516 5.

5 PLPI f5287 R[R), PLPI M 578 3 ARS8
i UPRAE XA 7™ A= B PEAE T o #E Plpl BEPIG
BIVBESH/NR (Pip/NR) o, JLF TR
| ER 1 PLP1 1) 55 BB FIB 5 19 UPR 2/ i 44
T2 5 A+ (apoptosis-inducing factor, AIF) 7£
Plpl Tg/NRANMAE AR SE Plp? (jimpy) 7R
(1 1/3~1/4, AIF 7K-FAERRAZ X T S 4R st T
AR E LR Y, Rk, PLPIEE R =AM
Mo EE R 5 PLPT %82 R TA] . Hiittemann &5 2
P, Plpl/NREII B SRR DI RERR RS, %
PR AR 5 2 i K ATP 72 A A 56 1 LR ik it
W, BN Krebs 1§ PR F1 4 Ak B R 1k (04 098 1% it
il . JULIR RS A AR DG B Sk IR T BE R AR 5
Miad0/Erv1 i 1 PLP1 Hp RS0 i 1) 2 il 2 R 3
¥ I CX,C F/EE CX,C i A 2% ki 1k N A
3l AT, PLPI #5875 A] RE i i R
YRR DI REXT AR A= BEHEVE R . ASTESE AT A M
PLPI R A B ILERIRIE A &, $&t PLPI
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GG T IAZ M BT RORAE, -k
iR Z RSP CIE (MAM) g5k, (#75
5 RN VA YN TWada o obe R B S 5w TR L NIRRT
I RERERS I 20w
5.2.3 JCPLPIZEZS 40 == B0 bLi

JC PLPI 2375 (V) 58 25 405 3¢ 2R 0 45 1) i IR 3
e A B W R SPG2, A XA R
HFRAEAE A TEZ S5 AT e w R M i
SNUIREM G2 AT A . BAT TG PLPT 578 1 1R
ORI R SR AR e, XER
A HAD I GAR By A AW EE B, L I R 2
WK, ZZEF /DR PLPI AL T JH HE 86, JFH
PLP1 fyk=, Wik PLP1 &I M AL nlid Fih 45|
] Bl b 25 I S . PMID ] [ b 2895 £ 3 o AF
LR KN, CD2 H i) PLP1 45 St ME ok 5L 2 1F # 4h
JAM AT RERT LR R, SR T X 35 A B R 45
B 578 25 R EOX PR R AL 7O RN ER
JERM = PLPI /N AR BN 8128 I —
o TG Plpl (/NEUE AT LIAFIG Y, H7EH CNS
W SRAEIE RS, (HEL= PLPI BBEREE 2 e 55
) H RS ARS8 4 287 gbAak, X s/ R il 2 i
JRAAS B2 04T, ISR AR Y, i
AT (RPSE LR EIR ) AR L™ A 2
1k % % F (premature termination codons, PTCs,
AN T CRRSSRAE ) AR At ] S8k
FITE PLPI 2875 . 5| PTC Y248 nl REfil & T
NMD, Xj&—Fhaifl s 2as, H T4 PRl
AN B A PTC A mRNA,  DL7E B3 A X
I TREAR
524 PEPMDEH hPLPIRIEURHLE

AT PLPI 572 1 B # RIS 48 PMD A ]
IR R R0 B 3 o 48 2R GERE IR FE HAh 28 Y
SRR NS 22, ok S £ 8058 8 DR R T T e
It BABA TR REAT R AR . — 28 A2 i
A SPG2, B AHFEMKENBaYE, HiR kM
B R E AR 22 R TEAL I T REAS [R], (B
P Re S X PR RENLC I A G . X YL fRREL
TS0 B 45 F A O A BT TS AN T () 2 28
JRE SRR, (N RIRIEH PLPT 45 3L I 41
RN FeTA 28 A8 Y PLP T S5 B B 4t . ™ FE
PLP1 275 0] Gese /Do e B A L i) o4k, 9123
B J 10 T8 PLPT %5 A5r L PR 2 306 1) /0 28 e Jo 4 At o
o J3— T, BARIKZRE PLPI /DRI
AN 2% A T RE 28 IR & 3 A6 T B

BEMENR , AT R B BERENS P BT RS TR 0 i
o M TR R BERENS Al e M55 i AN ARE /Y,
I HATRE SR, P& ik n] fe s KA bls
(1 R S S RS B0 R 4 i PG RG B 11

6 PMDH)BITETG

B2 HAET, PMDIFICRRIRIIRIT Ik, 2
Y AR PRIBOMAE VR YT . RESRIINRSE . AHOCHT
FEALAE A2 F AR PR iR b 7 S EE PR YT A

Saher % 1V i 3 i) PLP1 5L /N B &5 &
JIFFE A AR, 4B PN PLP1 /AR R AR Bk,
DGR ST AR M R RSN, STE IR 22 S5 AT ik
b, BEBEIE S I, B ahE ARG . IR
HHTE msd /)N B BEIE B AT 3 5 59 0 PLP1 f) 5 37
AU N W R AR G (7 S N = A W2 S €2
AL AN, R AERBEE U 2 Ui Re T Al i
(induced pleuripotent stem cells, iPSCs) %K} &
R VAN ] TR R, — 28/ N1
B RIE I X PMD I SRR BA s MR . BFE
i I NS 28 T A0 M RS AR 21 PMD /)N BUFTAR i
H, RIS TIETE RN A T K Dl e
HEREAR BT LUE RN RIAET I, SR i m]
fE N FHF PMD iR Y7 " Emborg &5 " fifF 5% %
W], FEMAE AR, AR AR iPSC AT AE
R CERYTE ) O B S E L E o v =9 A i i ok S
SRR, [R] I BIF5E AT iPSCs Hh A e
T e T A SR, BREE A R e — 2k G W)
Ro025-698 1 R LA R /b 5 52 Jot 240 Jtd Hh k) 5 A 44
JRLJE T RN RERS L A 0 R, R EERY T
VETE PLP1 S 3k A /D R B4, Karim 45 17
KB, FeGePLP1 /Ny 114 RNA @Ik PLP1 A] L
i 3 $E 5 MBP FHPEBERS 19 TE i . Miyamoto %5 1'%
P, a3k PLP 1O I A SO A S e Joe 240 i AN B
AL ARE ST, T H [R5 siRNA B4 27 30 ] 5]
Xif 22 B4R A B 1 A AN A M S 0 T B
(MAPK/ERK) Ryl AT R0, A
1117 535 i T AN Iz Sh D RE A0 00 o AR SC o 7
(adenovirus associated virus, AAV) 415 A9 FE [H 4F
S M AT DA S A T R A 7 v ) e A SRR
4 PMD BETEIRYT I 1 AR S Y jimpy /)N
Rt B ) B A Plpl BB ) S O IR
(antisense oligonucleotides, ASO) T 5¢ 4=k &2 /)N
BRI AN . HINBERIE . e iE sk
RE . (PN RE IE 5 AT A K 8 H i Fdw
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REFBER)—Fh, HIAIGREIMEIEIRE . ALK T)
T R Jissh ka5 % . MRIGIE R R
i, PMD [ 43 i S KA o) R R 25 iRl 3 Fif
e KA., e R, AT 2 B A
e, et RS, HATEN X PLP1 2878 B0 4
H o F-2A ML A S 2, E8 PLPI S 578 &
EHR PLPI A RIS, F R & M R e 8
SHEE N 5 T — 2 S BE RS TE . T PLPI
A AR M ] B8 M1 23K 1) PLP1 5% OIN 45 X 4
= A B PEVE T, XF PMD 3% OIN Z5FELALEI 3%
RN B PLP1 2875 5509 B A 70 T2 L $2 46 T
B

& % x W

[1]  Pelizacus F. Ueber eine eigenthiimliche Form spastischer
Léhmung mit Cerebralerscheinungen auf hereditérer Grundlage.
(Multiple Sklerose). Archiv fiir Psychiatrie and Newenkrankheiten,
1885,16: 698-710

[2] Merzbacher L.
Erkrankungsform (Aplasia axialis extracorticalis congenita). Z
Ges Neurol Psych, 1910, 3: 1

[3] NumataY, Gotoh L, Iwaki A, et al. Epidemiological, clinical, and

Enie eigennartige familiar hereditare

genetic landscapes of hypomyelinating leukodystrophies. J Neuro,
2014,261(4): 752-758
[4]  Stellitano L A, Winstone A M, Van Der Knaap M S, et al.
Leukodystrophies and genetic leukoencephalopathies in
childhood: a national epidemiological study. Dev Med Child
Neurol, 2016, 58(7): 680-689

[5] Sima A A, Pierson C R, Woltjer R L, et al. Neuronal loss in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Pelizacus-Merzbacher disease differs in various mutations of the
proteolipid protein 1. Acta Neuropathol, 2009, 118(4): 531-539
Seitelberger F. Neuropathology and genetics of Pelizaeus-
Merzbacher disease. Brain Pathol, 1995,5(3):267-273

Barkovich A J, Deon S. Hypomyelinating disorders: an MRI
approach. Neurobiol Dis, 2016, 87: 50-58

Inoue K. Pelizacus-Merzbacher disease: molecular and cellular
pathologies and associated phenotypes. Adv Exp Med Biol, 2019,
1190:201-216

Renier W O, Gabreéls F J, Hustinx T W, et al. Connatal Pelizaeus-
Merzbacher disease with congenital stridor in two maternal
cousins. Acta Neuropathol, 1981,54(1): 11-17

Cailloux F, Gauthier-Barichard F, Mimault C, et al. Genotype-
phenotype correlation in inherited brain myelination defects due to
proteolipid protein gene mutations. Clinical European Network on
Brain Dysmyelinating Disease. Eur J] Hum Genet, 2000, 8(11):
837-845

Boulloche J, Aicardi J. Pelizaeus-Merzbacher disease: clinical and
nosological study. J Child Neurol, 1986, 1(3): 233-239

Wilkus R J, Farrell D F. Electrophysiologic observations in the
classical form of Pelizaecus-Merzbacher disease. Neurology, 1976,
26(11): 1042-1045

Grossi S, Regis S, Biancheri R, e al. Molecular genetic analysis of
the PLP1 gene in 38 families with PLPIl-related disorders:
identification and functional characterization of 11 novel PLP1
mutations. OrphanetJ Rare Dis, 2011, 6: 40

Olrich J. Die Pelizacus-Merzbachersche Krankheit (PMK)//
Hirnsklerosen D. Die Cerebralen Entmarkungskrankheiten im
kindesalter. Berlin: Springer, 1971: 5880

Bruyn G W, Weenink H R, Bots G T, ef al. Pelizacus-Merzbacher
disease. The Lowenberg-Hill type. Acta Neuropathol, 1985, 67(3-
4):177-189

Osaka H, Kawanishi C, Inoue K, ez al. Novel nonsense proteolipid
protein gene mutation as a cause of X-linked spastic paraplegia in
twin males. Biochem Biophys Res Commun, 1995, 215(3):
835-841

Inoue K. PLPIl-related inherited dysmyelinating disorders:
Pelizacus-Merzbacher disease and spastic paraplegia type 2.
Neurogenetics, 2005, 6(1): 1-16

Willard H F, Riordan J R. Assignment of the gene for myelin
proteolipid protein to the X chromosome: implications for X-
linked myelin disorders. Science, 1985, 230(4728): 940-942

Nave K A, Lai C, Bloom F E, et al. Splice site selection in the
proteolipid protein (PLP) gene transcript and primary structure of
the DM-20 protein of central nervous system myelin. Proc Natl
Acad SciUSA, 1987, 84(16): 5665-5669

Greer J M, Lees M B. Myelin proteolipid protein--the first 50
years. IntJ Biochem Cell Biol, 2002,34(3): 211-215

Weimbs T, Stoffel W. Proteolipid protein (PLP) of CNS myelin:
positions of free, disulfide-bonded, and fatty acid thioester-linked
cysteine residues and implications for the membrane topology of
PLP. Biochemistry, 1992,31(49): 12289-12296



2022; 49 (11) BER, &: b=

B2 Jo 48 B s —— s B e PR 4 s 2 B AL

+2125-

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Daffu G, Sohi J, Kamholz J. Proteolipid protein dimerization at
cysteine 108: implications for protein structure. Neurosci Res,
2012,74(2): 144-155

Swanton E, Holland A, High S, ez al. Disease-associated mutations
cause premature oligomerization of myelin proteolipid protein in
the endoplasmic reticulum. Proc Natl Acad Sci USA, 2005,
102(12):4342-4347

Klugmann M, Schwab M H, Piihlhofer A, ef al. Assembly of CNS
myelin in the absence of proteolipid protein. Neuron, 1997, 18(1):
59-70

Tkenaka K, Kagawa T, Mikoshiba K. Selective expression of DM-
20, an alternatively spliced myelin proteolipid protein gene
product, in developing nervous system and in nonglial cells. J
Neurochem, 1992, 58(6): 2248-2253

Kitagawa K, Sinoway M P, Yang C, et al. A proteolipid protein
gene family: expression in sharks and rays and possible evolution
from an ancestral gene encoding a pore-forming polypeptide.
Neuron, 1993, 11(3): 433-448

Yamada M, Ivanova A, Yamaguchi Y, et al. Proteolipid protein
gene product can be secreted and exhibit biological activity during
early development. J Neurosci, 1999,19(6): 2143-2151

Raskind W H, Williams C A, Hudson L D, et al. Complete deletion
of the proteolipid protein gene (PLP) in a family with X-linked
Pelizacus-Merzbacher disease. Am J Hum Genet, 1991, 49(6):
1355-1360

Wang P J, Hwu W L, Lee W T, et al. Duplication of proteolipid
protein gene: a possible major cause of Pelizacus-Merzbacher
disease. Pediatr Neurol, 1997,17(2): 125-128

Inoue K, Osaka H, Sugiyama N, et al. A duplicated PLP gene
causing Pelizacus-Merzbacher disease detected by comparative
multiplex PCR. Am J Hum Genet, 1996, 59(1): 32-39

Mimault C, Giraud G, Courtois V, et al. Proteolipoprotein gene
analysis in 82 patients with sporadic Pelizaeus-Merzbacher
disease: duplications, the major cause of the disease, originate
more frequently in male germ cells, but point mutations do not.
The Clinical European Network on Brain Dysmyelinating
Disease. Am J Hum Genet, 1999, 65(2): 360-369

Zhang L, Wang J, Zhang C, et al. Efficient CNV breakpoint
analysis reveals unexpected structural complexity and correlation
of dosage-sensitive genes with clinical severity in genomic
disorders. Hum Mol Genet, 2017,26(10): 1927-1941

Regis S, Biancheri R, Bertini E, et al. Genotype-phenotype
correlation in five Pelizaeus-Merzbacher disease patients with
PLP1 gene duplications. Clin Genet, 2008, 73(3): 279-287

Bailey K A, Aldinger K A. An X-linked microcephaly syndrome
caused by disruptions of CASK implicates the CASK-TBR1-
RELN pathway in human brain development. Clin Genet, 2009,
75(5):424-425

Ferrante M I, Ghiani M, Bulfone A, et al. ILIRAPL2 maps to Xq22
and is specifically expressed in the central nervous system. Gene,
2001,275(2):217-221

Yuan B, Harel T, Gu S, et al. Nonrecurrent 17pll.2pl2

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

(511

[52]

[53]

rearrangement events that result in two concomitant genomic
the PMP22-RAIl contiguous
syndrome. AmJ Hum Genet, 2015,97(5): 691-707

disorders: gene duplication
Posey J E, Harel T, Liu P, ez al. Resolution of disease phenotypes
resulting from multilocus genomic variation. N Engl J Med, 2017,
376(1):21-31

Anderson T J, Griffiths I R. Pelizaeus-Merzbacher disease. Lab
Anim, 1999,49(1): 54-57

Fanarraga M L, Griffiths I R, Mcculloch M C, ef al. Rumpshaker:
an X-linked mutation causing hypomyelination: developmental
differences in myelination and glial cells between the optic nerve
and spinal cord. Glia, 1992,5(3): 161-170

Mitchell L S, Gillespie S C, Mcallister F, et al. Developmental
expression of major myelin protein genes in the CNS of X-linked
hypomyelinating mutant rumpshaker. J Neurosci Res, 1992, 33(2):
205-217

Yamamoto-Shimojima K, Akagawa H, Yanagi K, e al. Deep
intronic deletion in intron 3 of PLP1 is associated with a severe
phenotype of Pelizaecus-Merzbacher disease. Hum Genome Var,
2021,8(1): 14

Cloake N C, Yan J, Aminian A, et al. PLP1 mutations in patients
with multiple sclerosis: identification of a new mutation and
potential pathogenicity of the mutations. J Clin Med, 2018,
7(10): 342

Popot J L, Pham Dinh D, Dautigny A. Major Myelin proteolipid:
the 4-alpha-helix topology. J Membr Biol, 1991, 120(3): 233-246
Vaurs-Barriere C, Wong K, Weibel T D, ef al. Insertion of mutant
proteolipid protein results in missorting of myelin proteins. Ann
Neurol, 2003, 54(6): 769-780

Nicita F, Aiello C, Vasco G, et al. Expanding the clinical and
mutational spectrum of the PLP1-related hypomyelination of early
myelinated structures (HEMS). Brain Sci, 2021, 11(1): 93

Baron W, Ozgen H, Klunder B, et a/. The major myelin-resident
protein PLP is transported to myelin membranes via a transcytotic
mechanism: involvement of sulfatide. Mol Cell Biol, 2015, 35(1):
288-302

Lee AG. Myelin: delivery by raft. Curr Biol, 2001, 11(2): R60-R62
Fields R D. Myelination: an overlooked mechanism of synaptic
plasticity?. Neuroscientist, 2005, 11(6): 528-531

Simons K, Ikonen E. Functional rafts in cell membranes. Nature,
1997,387(6633): 569-572

Bijlard M, De Jonge J C, Klunder B, et al. MAL is a regulator of the
recruitment of Myelin protein PLP to membrane microdomains.
PL0oS One, 2016,11(5):e0155317

Nobuta H, Yang N, Ng Y H, er al. Oligodendrocyte death in
Pelizacus-Merzbacher disease is rescued by iron chelation. Cell
Stem Cell, 2019, 25(4): 531-541 536

Griffiths I, Klugmann M, Anderson T, ef al. Axonal swellings and
degeneration in mice lacking the major proteolipid of myelin.
Science, 1998,280(5369): 1610-1613

Mclaughlin M, Hunter D J, Thomson C E, ef al. Evidence for

possible interactions between PLP and DM20 within the myelin



<2126

EMUFESEYIRHR

Prog. Biochem. Biophys.

2022; 49 (1D

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

sheath. Glia, 2002,39(1):31-36

Sitte H H, Farhan H, Javitch J A. Sodium-dependent
neurotransmitter transporters: oligomerization as a determinant of
transporter function and trafficking. Mol Interv, 2004, 4(1): 38-47
Ng D P, Deber C M. Modulation of the oligomerization of myelin
proteolipid protein by transmembrane helix interaction motifs.
Biochemistry, 2010, 49(32): 6896-6902

Mackenzie K R. Folding and stability of alpha-helical integral
membrane proteins. Chem Rev, 2006, 106(5): 1931-1977

Stenson P D, Mort M, Ball E V, ef al. The human gene mutation
database: 2008 update. Genome Med, 2009, 1(1): 13

Dhaunchak A S, Colman D R, Nave K A. Misalignment of PLP/
DM20 transmembrane domains determines protein misfolding in
Pelizaeus-Merzbacher disease. J Neurosci, 2011, 31(42): 14961-
14971

Ng D P, Deber C M. Terminal residue hydrophobicity modulates
transmembrane helix-helix interactions. Biochemistry, 2014,
53(23):3747-3757

Dhaunchak A S, Nave K A. A common mechanism of PLP/DM20
misfolding causes cysteine-mediated endoplasmic reticulum
retention in oligodendrocytes and Pelizaeus-Merzbacher disease.
Proc Natl Acad Sci USA,2007,104(45): 17813-17818

Mobius W, Patzig J, Nave K A, et al. Phylogeny of proteolipid
proteins: divergence, constraints, and the evolution of novel
functions in myelination and neuroprotection. Neuron Glia Biol,
2008,4(2): 111-127

Bongarzone E R, Jacobs E, Schonmann V, et al. Differential
sensitivity in the survival of oligodendrocyte cell lines to
overexpression of myelin proteolipid protein gene products. J
NeurosciRes, 2001, 65(6): 485-492

Swanton E, High S, Woodman P. Role of calnexin in the glycan-
independent quality control of proteolipid protein. EMBO J, 2003,
22(12):2948-2958

Southwood C M, Garbern J, Jiang W, et al. The unfolded protein
response modulates disease severity in Pelizacus-Merzbacher
disease. Neuron, 2002,36(4): 585-596

Gow A, Southwood C M, Lazzarini R A. Disrupted proteolipid
protein trafficking results in oligodendrocyte apoptosis in an
animal model of Pelizaeus-Merzbacher disease. J Cell Biol, 1998,
140(4):925-934

Szegezdi E, Logue S E, Gorman A M, et al. Mediators of
endoplasmic reticulum stress-induced apoptosis. EMBO Rep,
2006,7(9): 880-885

Schroder M, Kaufman R J. The mammalian unfolded protein
response. Annu Rev Biochem, 2005, 74: 739-789

Yamamoto K, Sato T, Matsui T, et al. Transcriptional induction of
mammalian ER quality control proteins is mediated by single or
combined action of ATF6alpha and XBP1. Dev Cell, 2007, 13(3):
365-376

Numata Y, Morimura T, Nakamura S, ef al. Depletion of molecular
chaperones from the endoplasmic reticulum and fragmentation of

the Golgi apparatus associated with pathogenesis in Pelizaeus-

[70]

(71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

(82]

(83]

(84]

(85]

[86]

Merzbacher disease. J Biol Chem, 2013, 288(11): 7451-7466

Gow A, Lazzarini R A. A cellular mechanism governing the
severity of Pelizacus-Merzbacher disease. Nat Genet, 1996, 13(4):
422-428

Zheng X, Duan R, Li L, et al. Live-cell superresolution pathology
reveals different molecular mechanisms of pelizacus-merzbacher
disease. Sci Bull, 2020. doi: 10.1016/j.s¢ib.2020.08.016

Inoue K. Cellular pathology of Pelizacus-Merzbacher disease
involving chaperones associated with endoplasmic reticulum
stress. Front Mol Biosci, 2017,4: 7

Numasawa-Kuroiwa Y, Okada Y, Shibata S, et al. Involvement of
ER stress in dysmyelination of Pelizacus-Merzbacher disease with
PLP1 shown by iPSC-derived
oligodendrocytes. Stem Cell Rep,2014,2(5): 648-661

Simons M, Kramer E M, Macchi P, et al. Overexpression of the

missense  mutations

myelin proteolipid protein leads to accumulation of cholesterol
and proteolipid protein in endosomes/lysosomes: implications for
Pelizaeus-Merzbacher disease. J Cell Biol, 2002, 157(2): 327-336
Inoue K, Khajavi M, Ohyama T, et al. Molecular mechanism for
distinct neurological phenotypes conveyed by allelic truncating
mutations. Nat Genet, 2004, 36(4): 361-369

Shy M E, Hobson G, Jain M, et al. Schwann cell expression of
PLP1 but not DM20 is necessary to prevent neuropathy. Ann
Neurol, 2003,53(3): 354-365

Gow A, Gragerov A, Gard A, et al. Conservation of topology, but
not conformation, of the proteolipid proteins of the myelin sheath.
JNeurosci, 1997,17(1): 181-189

Hobson G M, Davis AP, Stowell N C, ez al. Mutations in noncoding
regions of the proteolipid protein gene in Pelizacus-Merzbacher
disease. Neurology, 2000, 55(8): 1089-1096

Yool D A, Edgar ] M, Montague P, et al. The proteolipid protein
gene and myelin disorders in man and animal models. Hum Mol
Genet, 2000, 9(6): 987-992

Lee J A, Inoue K, Cheung S W, et al. Role of genomic architecture
in PLP1 duplication causing Pelizacus-Merzbacher disease. Hum
Mol Genet, 2006, 15(14): 2250-2265

Inoue K, Lupski J R. Molecular mechanisms for genomic
disorders. Annu Rev Genomics Hum Genet, 2002, 3: 199-242
Inoue K, Osaka H, Imaizumi K, et al. Proteolipid protein gene
duplications causing Pelizacus-Merzbacher disease: molecular
mechanism and phenotypic manifestations. Ann Neurol, 1999,
45(5): 624-632

Lee JA, Carvalho C M, Lupski J R. A DNA replication mechanism
for generating nonrecurrent rearrangements associated with
genomic disorders. Cell, 2007,131(7): 1235-1247

Carvalho C M, Lupski J R. Mechanisms underlying structural
variant formation in genomic disorders. Nat Rev Genet, 2016,
17(4):224-238

Beck C R, Carvalho C M, Banser L, ef al. Complex genomic
rearrangements at the PLP1 locus include triplication and
quadruplication. PLoS Genet, 2015, 11(3): 1005050

Readhead C, Schneider A, Griffiths I, et al. Premature arrest of



2022; 49 (1D

BER, F. IR

B2 Jo 48 B s —— s B e PR 4 s 2 B AL

<2127

(87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

myelin formation in transgenic mice with increased proteolipid
protein gene dosage. Neuron, 1994,12(3): 583-595

Anderson T J, Schneider A, Barric J A, et al. Late-onset
neurodegeneration in mice with increased dosage of the
proteolipid protein gene. J Comp Neurol, 1998,394(4): 506-519
Clark K, Sakowski L, Sperle K, e al. Gait abnormalities and
progressive myelin degeneration in a new murine model of
Pelizacus-Merzbacher disease with tandem genomic duplication. J
Neurosci, 2013,33(29): 11788-11799

Kim D, An H, Fan C, et al. Identifying oligodendrocyte enhancers
governing Plp1 expression. Hum Mol Genet, 2021, 30(23): 2225-
2239

Kriamer E M, Koch T, Niehaus A, et al. Oligodendrocytes direct
glycosyl phosphatidylinositol-anchored proteins to the myelin
sheath in glycosphingolipid-rich complexes. J Biol Chem, 1997,
272(14): 8937-8945

Ostermeyer A G, Beckrich B T, Ivarson K A, et al
Glycosphingolipids are not essential for formation of detergent-
resistant membrane rafts in melanoma cells. methyl-beta-
cyclodextrin does not affect cell surface transport of a GPI-
anchored protein. J Biol Chem, 1999, 274(48): 34459-34466
Huttemann M, Zhang Z, Mullins C, et al. Different proteolipid
protein mutants exhibit unique metabolic defects. ASN Neuro,
2009,1(3):165-180

Haeberlein S L. Mitochondrial function in apoptotic neuronal cell
death. Neurochem Res, 2004,29(3): 521-530

Appikatla S, Bessert D, Lee I, e al. Insertion of proteolipid protein
into oligodendrocyte mitochondria regulates extracellular pH and
adenosine triphosphate. Glia, 2014, 62(3): 356-373

Duan R, Li L, Yan H, er al. Novel insight into the potential
pathogenicity of mitochondrial dysfunction resulting from PLP1
duplication mutations in patients with Pelizaeus-Merzbacher
disease. Neuroscience, 2021,476: 60-71

Garbern J Y, Cambi F, Tang X M, et al. Proteolipid protein is
necessary in peripheral as well as central myelin. Neuron, 1997, 19
(1):205-218

Rosenbluth J, Nave K A, Mierzwa A, et al. Subtle myelin defects in
PLP-null mice. Glia, 2006,54(3): 172-182

Griffiths I R, Dickinson P, Montague P. Expression of the

proteolipid protein gene in glial cells of the post-natal peripheral

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

nervous system of rodents. Neuropathol Appl Neurobiol, 1995,
21(2):97-110

Khajavi M, Inoue K, Lupski J R. Nonsense-mediated mRNA decay
modulates clinical outcome of genetic disease. Eur J Hum Genet,
2006,14(10): 1074-1081

Sivakumar K, Sambuughin N, Selenge B, et al. Novel exon 3B
proteolipid protein gene mutation causing late-onset spastic
paraplegia type 2 with variable penetrance in female family
members. Ann Neuro, 1999,45(5): 680-683

Saher G, Rudolphi F, Corthals K, et al. Therapy of Pelizaeus-
Merzbacher disease in mice by feeding a cholesterol-enriched diet.
NatMed, 2012, 18(7): 1130-1135

Kouga T, Koizume S, Aoki S, et al. Drug screening for Pelizaeus-
Merzbacher disease by quantifying the total levels and membrane
localization of PLP1. Mol Genet Metab Rep, 2019, 20: 100474
Uchida N, Chen K, Dohse M, ef al. Human neural stem cells induce
functional myelination in mice with severe dysmyelination. Sci
Transl Med, 2012,4(155): 155ral36

Gruenenfelder F I, Mclaughlin M, Griffiths I R, ef al. Neural stem
cells restore myelin in a demyelinating model of Pelizacus-
Merzbacher disease. Brain, 2020, 143(5): 1383-1399

Emborg M E, Liu Y, Xi J, ef al. Induced pluripotent stem cell-
derived neural cells survive and mature in the nonhuman primate
brain. Cell Rep, 2013, 3(3): 646-650

Elitt M S, Shick H E, Madhavan M, et al. Chemical screening
identifies enhancers of mutant oligodendrocyte survival and
unmasks a distinct pathological phase in Pelizacus-Merzbacher
disease. Stem Cell Rep,2018,11(3): 711-726

Karim S A, Barrie J A, Mcculloch M C, et al. PLP/DM20
expression and turnover in a transgenic mouse model of Pelizacus-
Merzbacher disease. Glia, 2010, 58(14): 1727-1738

Miyamoto Y, Tanaka M, Ito H, et al. Expression of kinase-deficient
MEK2 ameliorates Pelizaeus-Merzbacher disease phenotypes in
mice. Biochem Biophys Res Commun, 2020, 531(4): 445-451

Li H, Okada H, Suzuki S, ef al. Gene suppressing therapy for
Pelizaeus-Merzbacher disease using artificial microRNA. JCI
Insight,2019,4(10):e125052

Elitt M S, Barbar L, Shick H E, et al. Suppression of proteolipid
protein rescues Pelizacus-Merzbacher disease. Nature, 2020,

585(7825): 397-403



2128+ EMUZESEYYIERRE  Prog. Biochem. Biophys. 2022; 49 (11D

Advances in Clinical Features and Pathogenesis of Pelizaecus—Merzbacher
Disease’

DUAN Ruo-Yu'"?, YAN Hui-Fang”, WANG Jing-Min""

(VDepartment of Pediatrics, Peking University First Hospital, Beijing 100034, China;
PDepartment of Neurology, Beijing Children’s Hospital, Capital Medical University, National Center for Children’s Health, Beijing100045, China)

Graphical abstract

Endoplasmic reticul

AN,

Lipid ra

/4 Short tubular ()

slgi apparatus
y Tubular & Fragments oq

/ - (V)
WY, oy
Mitochondr! Large spherical

Mitophagsome
© : Cholesterol t@ w
s d
o cpeen N Q0
& > R0 *
\/.\_ : PLP1 point mutation ) ‘\ -
\/°U ¢ PLP1 duplication Q ‘e

Abstract Pelizacus-Merzbacher disease (PMD) is the most common disease of hypomyelination disorder. Most
of the patients displayed with development delay especially motor delay, nystagmus and hypotonia, and so on.
PMD is caused by the pathological changes of oligodendrocyte cell, which end up with hypomyelination disorder.
Previous studies have demonstrated PLPI point mutation affects the survival of oligodendrocytes and the

formation of myelin molecular structure by affecting the formation of PLP1/DM20 oligomerization: PLPI
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duplication stops oligodendrocyte and myelin development. Recent studies on organelle interaction network
(OIN) have further demonstrated the pathogenic mechanism of PLP/ mutations: point mutations impact
oligodendrocyte myelination by affecting the trafficking of PLP1 mutants to the plasma membrane. While PLP1
duplication had closer ER-mitochondrion interfaces named mitochondria-associated membranes (MAMs). These
changes in both the ER and mitochondria then led to mitochondrial dysfunction. At present, relevant studies have
shown that some small molecular compounds or drugs such as cholesterol, piracetam and gene therapy can
improve the clinical symptoms of PMD in animals, and their efficacy in PMD patients needs to be further

confirmed.
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