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Unraveling common mechanisms underlying neuromuscular degeneration in
multisystem proteinopathy
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Multisystem proteinopathy (MSP) is an inherited neuromuscular syndrome
characterized by progressive and selective degeneration of skeletal muscle, bone, cerebrocortical,
and motor neuron with aberrant protein aggregates, resulting in a combination of amyotrophic lateral

sclerosis, frontotemporal dementia, inclusion body myopathy (IBM), and Paget disease of bone.
In this study, using patient-derived induced pluripotent stem cells (iPSCs), we have developled
motor neurons and skeletal muscle cells with an MSP type 3 (MSP3)-linked hnRNPAl gene mutation.
Isogenic control iPSCs are also under development. To reveal the underlying pathomechanisms
particularly related to assembly/disassembly of RNA granules, we are trying to recapitulate
pathological phenotypes in these human cellular models of MSP3.
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1. WHERMUYI O R

% R EHESE (multisystem proteinopathy, MSP) 1%, fiZEfEtd 2R {LAE (amyotrophic
lateral sclerosis, ALS) /RiSAMISARIZEAIAE (frontotemporal dementia, FTD), £ Afk I A5
— (inclusion body myopathy, IBM). ‘& Paget % HfliZn\» L 2~3 oAb TET 2
EEEREEE T, i ER oL RIC X o THRMNE - B8 - 3L 3Eo R 2 (I
i) ZVEZEL 225, WEICRMYICHR RBHRIE I a v, Wi iz MSP1~5 O KR
Tl RNARSEEAEE 22 v ¥ F VREEA - 7 7 VB T2 a—F L, wind
RNA BRLDERR, 7 VT 7 v AEREIC G 5, 7z, MSP kil 3 2 fi Uk o i B RF B
. WRGEE FEY 2 T < ALS/FTD o Ry & ARRERL K 77 transactive response
DNA-binding protein 43 kD (TDP-43) % &$#EE O RNA #EAGEAESENRBELZ L.
RO PNICEFERE L CHAREZIEK T 25 CTH 5, ITF. MfEFERICH 4 O RNA #iaEH
BRTEREPAE I, AR RNA #BEEAIC X 2HIEEMEA =X L OfFIHDEE L KD b1
T,

WIFEERE 13 2015 4, HRAFEHAFAE - ETIEDOPUBGH KT - iz 2 L. Bt& K
TR 72 i ) 220 (A CERZER) 5 EEH AR I AT -2 KRo#EET (=7 Y
— L) fENT A 5 hnRNPAI D D314N ~7 w522 % 6 /L L 72 (Izumi &, Neurol Genet 2015),
heterogenous nuclear ribonucleoprotein A1 (hnRNPA1) 3/ £ Eas I HI L, &% —#llie
HZk3 2 RNA #iedEHETH 2, HEEGITIE. 0% < o RNA Kié&EHH R
hnRNPAI 3 % 7 ) & Vo LIBRBMETE B A 4 Y NICER 2R 7z, FIF AL v NOE
5t MSP3 & ALS20 25| &#2Z L. in vitro TIXHCOCEEEZ T ¢ RMEI N TV =08
(Kim &, Nature2013), ¥i7-%mREHMZHRH L2 &ick 3,

AEPREINIC AR X 405 “RNA 67 13, FERIER mRNA & RNA #i&a&EAE. BERFERICES
2T HIC L 2EAKRTH D, RFUEZ KR HIIENBIRREE <. Ml 2 b L AT Crl#RY
SRS 5 A b L 2R, 3fE%HH S P RT 1 (processing body), % L CHifkMilg (hs -
BHRZEE) N FRATEIER % 5 2 Bk R 8 b 5, Z OTEGERETIZ 7" A v ik MK HE
PTEF AL YNEA L7 RNARSGROEOR ESS RS L5, 22T, ZERNAMEGEAE
D HREFEEIC X 5 RNAJRL O@RIERL 27 Y 7 7 v A[EEHSTHHRE & 7% b RNA B O EHF 1
WhE % % 723 gain of toxic function 23 EH S LT3, L2 L, KIKEED MSP g — 5%
I B 2 BEEIZR7ZA 173 TH % (Ramaswami &, Cel/2013),

KB, 7Y F B ARKEHEYE A A4 Y NIC AnRNPAI 2R %3 % kLl o A BRI < I3,
hnRNPA1 @ %7 & 9, fthd MSP BH:# RNA #5458 F'E (hnRNPA2B1 % matrin-3) . ALS/FTD
B RNA #i&HEHE (TDP-43 % FUS) 7 S#%D RNA #5658 HVE 2 &5 o ML E
WICEM - BEE L Tz, BEEOESEE T 2 I 22l ENIc CaRZi L i
MTE, X F VIREFHEA— 7 7 ¥ —BHES T sequestome-1/p62 < valosin-containing
protein (VCP) /p97 dLEEL T2 2 & 25, AnRNPAIZE R 73 { RNA #&EHE O
REAK T ° RNA JER /0 fRfEE 2 b 72 O FTRlREME R I %,

MSP 8 € 7 L icD Tl B8 VCPEIRTEA~Y A, 228 hnRNPAIB AL a v Y =
TN ZOREDE 2 B D150, T KBRS b MATR3ZEH MSP5 £ 7 v~ v A0 E I
TW2 I E 7\ (Zhang &, J Pathol 2019), hnRNP O X 5 72V REEHE X, Hx AR
BEFEA - BEREE T L CIREFARCX 2D RIBOMFIC X ) iR FHESE L2 0 R
EBULICHi> 720 T 570, JRBOHIICRALD Y / v 74 3T L, —J7, TYTA
i Paget AN 30 TR, 2 0 HFIIZER VCPRIE MSP1 HARABIIC b V7w, BHER
A6 b MSP ICITBEGHERICX2RFAMOERRZTFET 2L E 2 LN, HAANEFEHKD
PR — G AS A & 72 MSP JRRERELE 7 VRE & | BIRINE R % — B X 8 7258y oo ig
& DI 2 TH 5,

2. Mo HB

MSP 2 B 1) 2 S, 5 X OVEBHICHE T 28 A = X L% #H3 % 729, MSP3
H AnRNPA1Z 50 X 285 HEF AR I A5 —BFE Bk iPS #ifldx d &ice b MSP #ifig=
F A% L, RNA FER 0 4R & 4% d0ic RNA R o [EEPERGEIC D 723 5 4 FHE %
fRIHT 5,

3. oAk

ZH hnRNPAI 78 72 &3 RNA JERL O AR - R0 B, EHj = o — v v X EEHE

PERERE % fRH L. MSP JRHEEMERH & iR IR B R O RIS 2 HEE T 2 720, AT ZFHE L 72,
(1) BEMEMEE DR AnRNPAI-MSP3 i ERF R iPS Mg Oz & 2 hic ko S EB O
b Mg T v DR
hnRNPA1%: 5 MSP3 B35 X 0 RMIMHRERZ HEHRILL . =Y =<7 2 —%Fn»
C Yamanaka VUK ¥ (OCT3/4. SOX2. KLF4. c-MYC) %#EA L. t b iPS flfid % 67 L
720 M7 L 72 iPS MlfEtRIC 5T, SRBIn 17 7 AL DR, Korfb~— 71— D%



W, 2 CREZMER L 72, BFEHKe b iPS Mil@roREAR7a—v i 7o — ViERL,
MEFF - RE L7z, WHEEHE L LT3 7 v — v 2ER L RO 21T > 72, CRISPR-Cas9
CX57 ) MEfDRD, Ca—u~d v VERER 2 Y PR BT AT 4 v SRS &
— 2L 72,
(2) HUREA=P2F- AT

BT L 72 iPS MERR 2> & Mg ~. & 2 WIZERAMa~ Zh 2 ftiFE L 72, X
& LT, HECKZ T Yamanaka & 23587 L 7- {85 & sk iPS fifig & Hic AT o ffFFEic v
MSP €70 & L COZYEZREET <, #R P L A F <O hnRNPAL /{TEZ({L % % &
M L TR L 72,
(3) %25 hnRNPA1-MSP3 t MlAEE 7 v ic 351 2 fl5#HT RNA figft

B EEN D T2RET 5729 2) offildE T v, #El= 2 —v v ic oW TEFRERRIC
B L MBI - iR 2> &5 mRNA % non-coding RNA #f#iiL., @y —27 v 9 —%H
72 RNA sequencing (RNA-seq) IC X2 F 7V A2 ) 7 b — LT 2 EMTETD 5,

4. WFFERE

AWIeCl. BEIA C MR AR R ICE D 3 RNA AEREoZRIC L vl xEcans
MSP £ 7D -0, BFHRMIEE H TR L 72,

hnRNPA17:52 MSP3 B 2 5% 2 4 X 0 REIMEER % BRI L . 2D 95 H 1 4 TIPS
MRS IC B3 U 72, 857 L 72 MSP3 yREBRFEN iPS Mlak o EEH 217 5 720, HEs
F7 ) MEATLOMER, Kofb~—h -0, o LREEZIERL 72, BEHEK e b iPSH
farbRER7u—viaHra—viERL, M - REL-, WEEHELL T3 70— v i#E
RU CYta iR fi#iT % 47 - 7z, CRISPR-Cas9 IC X 27 7 LfRERMi# T, 2hF Tic, f#HE
FhkDIEHERIICEE L E—OBREHSE U722 & 2R L 72, BEHEDOZE RGO R
ZIEFEINCR S, & 5 I EFEEHRO IEFESICEH L [F—DZBElY| % 4 U % isogenic
TRk R fERIhCH 3, Tabb, BEHREOEREF O L% EREHICES 720 08 s 7l
A%ZHER L, PiggyBac F 7V AKRE —RZHWTER—F T4 VIR 2—DHEREL
isogenic XMk Z FHldCTH 2,

Bz U 72 iPS MllfEkk 2 O B = 2 — v v~ 5 2 WIT BRI~ & 2 ZF o tiFE L 72,
% B G ia 2 % Bl b 7= T <, BB R b L 2 (arsenite) AfiZ 5.2 % &, HIFEENIC
RNA R DI 234 & 1L, —#F 13 hnRNPAL BGiEEER & RET 3 2 & 2 R L 72, BB{Liy =
L ZEME R & RNA FERLIZ 0 X 112 25, hnRNPA1 B R O 2881 D TR BIERET
hWTehH B, 2, RET vy T4 v I ERGEER TR, BE BRI RS &
L CrAME W O hnRNPAL & HERHBICHERE AEZRII A S o o7z, S&IF, HEH=
a—u v ERHMEofEER 2L T, XY AERICEWERE R 2RS35,
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