23 i
e A

60 : 653

A% NI AR (neuronal intranuclear inclusion disease; NIID)

MR

ﬁn*

EE  #EEAHAMAE (neuronal intranuclear inclusion disease; NIID) &, ETHEDHREMKRETH Y,
EFEFTEHRICLYBEEhTWY, 2011 FICEBERPBIICHEN ERE SN, EFESEINL T
%. 2019 FI(Z1E NOTCH2NLC &5 F LD GGC ) E— FESIDIERNEE TH 2 ERE S N, BEIETFEHHAIEE
Efo/z. NID Tld, BEEEEREE CRAEL, B MRl TOAERMES LU DWI TORBEERDEESHFRD
SNBEE, MEFHAETHORETIHO2EIRBOONS. 5%, AEMNES LU Z 1 —O/NF—DERIZ
BTIZNID 2583 DEFH V), EEEREBETFHRELEAEDE, NID ZHIREICZRTL, REMPAEHET S

PDENFH 3.
(BRPR##% 2020;60:653-662)

Key words : NOTCH2NLC, TN AL, EHERGE, FRER, DWI

LI

MRERE N AR (neuronal intranuclear inclusion disease;
NIID, neuronal intranuclear hyaline inclusion disease; NIHID %
L < & intranuclear inclusion body disease; INIBD) (&, 333
B R IS D W TIREB SN CE R B TH 5.
H&E JfERIZBWT oA ¥ VI gt SN AN E AE
AT, AR R B L VR RER O MG, glia M,
Schwann #Mlifld, & 5 IZ—IEZFDOHNEOBZKANICIL RO 5N
DARZEMERBRE SN T & 7209 (Fig. 1). I DONE
AMEE, 2exF b LA pe2 ICE Y pEicea s, &
TREEE T CIRRPUE L R 7237 1 7 A ¥ MROWE SIS
FRICEETLHBERET L 09, ZOBNEAKIL, ks
LKA MRS KA 205, 449 L b B 4 ks
vk 2t SAXBR S, A bl v DAL B X ORI E
BIZEER > TBY, ZORRE, Fulb % 2 BRI SE
BIZENHER B EFESNTEA297, & HITEIEFEHIITL
RIS 60 FEALE T EIRIE 7200, SKAYIZ NIID OFKS
Wik REE L ST &7z NID O IZER %R 2 o BB AL
PEENTVLIHEEICOVWTTwRLESGNL I RN D, £
< DIEFI AT NIID & BT S Tniz7z80, REERIEKL
134 % WIKIED S it T 7z o,

2011 4, FK 4 IZRIENE NID ZARBIOMET 25, BE A
AINID DEHIZIICAR THA Z L 2@ L2, Dk
SHES MRI Wif§ F CHEMEZ 2 L, DWILE{&IZT, Ko
BHERDPBES Y ET L L oM LT R (Fig.2) %

T ARG, WAe L EEARICL D NID LZHrsn
WSS ND L9 12%Y), NIID JEBI ARG 80 L 72 1010,
2011 4FLLATIZIE NIID & 350 & LT 2 o 723 B 05 % $5AT
ELTw it Esns. L1225 o NID fER 2 Lk
L, BAFENED NID G O BRIR R % 15 L 2 O R % 2016
G LW, 610, EEAERICEDZBILZE 0K
RHETNT, YA 7 0¥ 554 b~ —F— %7z e
MMz <, ¥a— b)) —FERIRIR S -7 2o —B LT
Oy 7)) — FRRIMR Y — 7 = =2 w727 ) AT %
1T - 72458, NIID O 5 K #{x T A NOTCH2NLC #{nT O
GGC WV E— MRFIDERTHH Z L 2% L, 2019 4FI2H
L7819 (Fig. 3).

KRFETlX, NID BZEDREL 25, FIEAROME, NIID
FEBIOERRIRERIZOWTIHBRD & &b, 7/ LERTIZD
WTH S B
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NIID O O#FEBIIL, 1968 412 Lindenberg 512 X - T,
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Fig. 1 Histopathological findings of neuronal intranuclear inclusion disease (NIID).
A-F: Sporadic NIID, G-L: Familial NIID. A: sympathetic ganglion (H&E), B: neuron in temporal lobe (ubiquitin), C: renal
tubule cells (ubiquitin), D: astrocyte (EM), E: sweat gland cell of skin (ubiquitin), F: fibroblast of skin (EM), G: dorsal root
ganglion neuron (H&E), H: neuron in parietal lobe (ubiquitin), I: Schwann cell (ubiquitin), J: astrocyte (EM), K: fibroblast of
skin (ubiquitin), L: fibroblast of skin (EM). Scale bars in A-C, E, G-Iand K = 10 um; in D, E Jand L =1 pm.
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Fig. 2 Head MRI findings of neuronal intranuclear inclusion disease (NIID).

Both sporadic and familial NIID cases show leukoencephalopathy and DWI high intensity signal in corticomedullary

junction. MRI findings of sporadic NIID cases with dementia (A and B) and sporadic NIID cases with weakness (C and

D). MRI findings of familial NIID case with dementia at the onset of encephalitic episode (E and F) shows obvious
edema in left hemisphere. MRI findings of familial NIID cases with weakness (G and H). T, weighted image (A, C, E),

FLAIR image (G) and DWI (B, D, F and H).
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Fig. 3 Result of linkage analysis, the position of NOTCH2NLC gene and GGC repeat.
Linkage analysis with maicrosatellite markers shows high LOD score area in wide range of chromosomel including
centromere. Long-read next generation sequencer identified GGC repeat expansion in NOTCH2NLC exon 1 of isoform
2 and isoform 1 (Orange bar shows the position of GGC repeat).

T, FIMCIIBEORMEILARS L ORI E T I % 2 L2 A) IISEED] 20, AR X — % v ViR L BRRS
220 U729/ 2805 3 PBTRe AL, /N LIS B 2 i Wi STV 7z/NRB Y, Bl SSRE O RRAES] 2 7 &, B4 2
BEATRED HINT W5, T4 D VIFHEORENE AMKAS, His BIRIEIR % B9 2 EBIAYEIC L ) NID & 2 S ik &
JaBs L) 7THIE, EHICERMEICBNTHROLNT N7z, BREARE &72FHERE LT, NVRAT ALV AR
W5, EHMEEN R e &0, HEEAYIZ1E Lindenberg ©H @ EDT ANV ARG K B IEGHE O W R D AT S T
FEGNZ X CHM LTV D00, SEREER, FRRAERD O BILHR SN DA, BHHATA, 71V APURM, PCR it
THRZoTWE 20, FURETH L OFERITE ST, EDOFERD S IRAMITIITEN & SN T A, 1990 4F121F

NIID & L ClddhkE s Twih o7, Z0DF%, Lindenberg H Goutieres 5 12 & > THitE#AS NIID D Mbﬁﬂf%ét@
DREGNZFEADL L 72/ NEIISSRE DREFI 2V 23S STV B DI DTHE SN TN D D, 11w IC G RN & 7% ) 35,
fz, MR % #2450/ 5F) %2, Freidreich ataxia £k DJE ZOt%, IRBEEE MREVERZE, MM, BRI RE
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BFASEST L7 AEGNI T L, SR N CHEBEM %175 T
W5 IRE R ORI T4 Y VT RO NE AR E
R, EFHME T TR LI 74 7 2 2 MRoOW
S BE A E D272 NID LS LTWwa. Fz,
10 FI>/NE NIID B SRk L ¥ — L, diebE s 120 2
THEMRAMRRERE 35 & OV AT RS & 5k ) JE R 2 RO 72356
IZIZNID 2 ZEB3RETHDHEH LT DH. 1990 E R4
12IE, M ERF U Pk e w72 50812 X - T, NIID O
BNE AES L X F U kIc s n g 2 L PG sh s
I mo/zy. Lk, TS50 H&E TR, SoRgemit i
BLOEERI R 7% & ORI R SRR R L L C, NIID i
BAshs ST &7z

2003 4-121%, Takahashi-Fujigasaki 52 & 0, 30 i3 & D
NIID BIASL ¥ 2 — &, NIID Ef) % SSIEF G B & O faE
H o, NBESRERE, FHAESERE, A SSREIE B X OREMESIE
BRI L, ENENOBIRIEROFFEAGLR SN TnD 7.
ANREEAERE TIZPUBGEB) LT, WA EE, R RS 8
&S, HEFRERTIIMSEL, #ARBER, /=%
VZALDFEOLND T ENL L, RAFSRERE TR
FEENRBDSHNDL L LTWD. TS DREFIOK 70%I13/E
L L RFEIHERTH Y, T OB ST b R ATSERE L HB)
DFFIZE EE o Tz, ZOBIBWIHEE L TEEIBT
ETHY, KIRE LTNID & LT S ERIE D720
RMASHE 72, R AR & 2 B R O MRt 22 & 5 W
ERRS MR M X B Schwann ML OMGT 20 7 &AW ERTS
Wi s LTl SN27S, WIho FELREIAE L
T/, ERBARTIEZECEFHMICTNID &2 s/
JEBI S S /-2 & b dH -T2, RIS NID 25320 S
HZEIFIFEAERVIRITH - 72,

HEEREIC LS NID DR

P4 1% 2005 4E & ) AR NIID O R K & (s 7RSI %
BIlGL T/, L)% O NIDEFZZH L, Wif§ 20
Yd o 72728, NID OARZIOJTiEO RS % O T
720 2011 4F, FAREEN =2 —0/8F—ORJMEE L 72
FEE NIID B2 BT, B2 M2 & NIID 02 HiAsn)
RECHLHIEHFRIBLIE LY. 5122014 41213, Sk
FEAEC, BHES MRI b CEVENE % 729, DWI TRZ#lBEFIC
1o 72 BE BAS 75 & R TG YE NIID (2B C b [k ISR
AERCBWPIRECTH 5 2 L AWM L2, FEARIZOW
TSN TV LS b Loy E v, 4R S
10 cm (2 EHARA OFRAL A HEFILL T2 30 At >~ 7 v
i, AV YEEOOLEEIL, HlaeFF AHUES L <
VI p62 Pilh % WV CHRER BTV, BEIc s b
WE AROF Bt LT b . a5
N5 DAB F % WV CHRIDSTTRECH 2 75, 8 ORER
oL, RO A v, SORTAMEE TR LA
L OVEDIHENFAMROF ML H]5ETE L. HEE FEBOMRT
ORI CTIBEME L 2 25605 VHIR THh 5 (Fig. 1E, K).
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PLL ¥ F T 2Pk & 7z ot gt < 7 500> NIID i fd)
TGRS L7, KRS Aokt o IR o 10.8 + 3.0%
DOWNHKENE AEDZR0 S 7z, AR ISR O 8.3 +
3.1, AL 4.9 + 1.6 ITENE AKZRBO TS Y. L
L, EHIL, DIPEBITIED LD, —HOBEFERA T A
FIZH 3 2 EUE O AR L0780 6 7z 72 o 72 9ERI T,
%k 3 % NOTCH2NLC #tfrT- 5% % D 7 EB O KRR A B
LT EDD, WAL o TIRERME T2 o TH R EAER
MREE L TBEEEHESNTLEI LA LD S LIS
B AR RAABRIETH > TH, KR R LYo B
HA 5 NID 2558 < $eb 2 B A2, Bk 3 2 @ nTHE
ERETRETHLEEZOND.

S50, i, FEUORIGE L 2T S FXTAS (Fragile X
premutation tremor/ataxia syndrome) V32 OFZf§12%, NIID
IR DR PIE AMEATTED 7z b v ) A e SR,
JE M TdH - T, NIID & FXTAS O8I %47 9 4573
B0, SHRITEET TORFPLEII LS LEbNIS.

B ARIE NIID OEaK{G

AR COBBIIRE L 7 5 F Tld, HASSIED NIID
FEBI DML T DT H - 7272010 F DEFRGIZH S 2T
Faholz, 2T TERAIL, EMARKS X UHEHRIZE ) NIID
&S S N7z NFEHE O NIID 121 B (FN3E61 98 I, K&l
23 ) 12oWT, BERERE S & O % #ist L 72 (Table
D). WFEERE LT, IR TERIEL, bOoELERT
HEDRED HNT720, HIME T L b ORI LGS
L7,

ZEME NIID Tld, SMBET OENE EFHRICZH T 5
JEBIS K% B 7z OB CEREFRKHILTET64.1 T
Hote. LOENDITIE, HMilEhT 58.5% THRw H/ziF
B, KRR 47.8%, WEIEAEREREE & 38%, BIET 5 WakkE
EE36.5%ROT. EEMEEED 147% TROOLNT. F
7o, TEEkBEEE SEE B L ORI 29 A AN
FROIEIR % %9 24% OREFITERD 72, FEROD I & [F] #1235
Ze N RIE & FIEE O R ) = 558 LA MRI £ T30 5
EFDRRO BNz O L) RMEROEREICH L, AT
A R8OV ZIREFAT - 7ERI T, RO S L O F %
LAV O L CEBBNZIZER TH o 72ER 780 5
n7zhs, EMFHAOEIT L CUISBOBET B LEET
Ho. IS OFERDAMIFED SN EfRE & LT, Rk
R, DU T, BORRESE, REATEG EABIT o N
L. BETEHOM L LTE, SREOTNE, ERAHOSH
s, v > T IVARLE % EAES bz, AR R TIE,
SHE MRI DWI i % T R #5550 ) T TR b5 BE &
{55 FHI% % 98.9% DIEFI TRHTHB Y, T, Wi{E A EMIE%
97.8% THRO 7=, BhMATIE, BEN O FH2763.3%D
FEGI TR B, HRME SRR (R ERIE,
L IXIRIEOMRT) % 91.9% DIEBITERD /2. ik nbk R
4 Cl%, mini mental state examination (MMSE) 2K L C
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Table 1 Summary of neuronal intranuclear inclusion disease (NIID) clinical manifestation.
Sporadic NIID total n = 98 Familial NIID total n = 23
Dementia Weakness Dementia Weakness
n =97 n=1 n=12 n=11
Diagnosis Skin biopsy 96 (98.9%) 1 (100%) 11 (91.7%) 8 (72.7%)
Autopsy 2.1% 0 (0%) 0 (0%) 3(27.3%)
Average onset age (range) 64.1 (42-77) 39 60.6 (43-75) 27.5 (16-39)
Average disease duration (range) 5.7 (1-24) 18 6.3 (1-15) 21.1 (3-44)
Sex ratio (male/female) 32/65 0/1 3/9 5/6
Clinical Muscles weakness 31.2% + 66.7% 100%
manifestations Sensory disturbance 25.3% + 45.5% 81.8%
Autonomic Vomiting 12.8% - 8.3% 45.5%
impairment B, dder dysfunction 38.0% - 55.6% 63.6%
Syncope 6.5% - 0% 0%
Miosis 58.5% - 71.4% 60%
Dementia 93.3% + 100% 9.1%
Tremor 24.5% + 25.0% 0%
Rigidity 19.4% - 36.4% 0%
Ataxia 47.8% - 63.6% 0%
Abnormal behavior 25.3% - 41.7% 0%
Generalized convulsion 14.7% - 8.3% 0%
Disturbance of consciousness 36.5% - 33.3% 9.1%
Encephalitic episode 24.0% - 8.3% 0%
Head-MRI Leukoencephalopathy 97.8% + 100% 40%
DWI U-fiber high 98.9% + 100% 33.3%
Ventricular distension 90.3% + 100% 40%
SPECT Hypo perfusion in cerebral cortex 96.1% + 66.6% 100%
Executive function MMSE (<24) 60.2% 20 0% 0%
tests FAB (<age matched average) 90.2% 15 100% 100%
Laboratory Data CK M:>2601U/ F:>170 TU/l 6.7% 98 16.6% 87.5%
CSF Cell (>5/mm?®) 11.4% 0 0% 0%
Protein (>45 mg/dl) 63.3% 30 42.9% 33.3%
Glucose(<50 mg/dl) 0% 65 0% 0%
HgbAlc (NGSP) (=6.2%) 21.4% n.a. 0% 33.3%
FMR]I premutation 0% - 0% 0%
Nerve conduction Motor MCV slowing 91.9% + 50% 100%
CMAP reduction 34.2% + 0% 71.4%
Sensory SCV slowing 64.0% + 50% 100%
SNAP reduction 43.2% + 25% 71.4%

Except for Diagnosis, Average onset age, Average disease duration and Sex ratio, we described each value as the number of incidence case/ the
number of available case (%). About sporadic weakness case, each column showed actual value. We calculated incidence rate(%) for each value
with available case number for each item. MCV slowing, SCV slowing, CMAP reduction and SNAP reduction were determined that each value
below control average value —2SD. MMSE = mini mental state examination, FAB = frontal assessment battery, NGSP = national
glycohemoglobin standardization program, CK = creatine kinase, MCV = motor nerve conduction velocity, CMAP = compound muscle action

potential, SCV = sensory nerve conduction velocity, SNAP = sensory nerve action potential.
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W72 5078 60.2% Tdh > 72Dk L, frontal assessment battery
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EEZLND. BREMEIT, LU FF CBEOEAE A
EHFED L NAULNIID THh S MHEEEIRO TEWEEZ D
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Ml DM 2 E 5 F VB HEOBNE AR E B L, Lvis
7o NIID U OB 2 233 ETH ), T, RIS
LEHNHAREZRD L EORELH L. + ) T7 2 Fa
A MZIFEEPE ARDZZD 5N\ 57 &5, NIID & 387
L5003 FEROBH TOENIHAENETH L Z & »
5, BEOHEMNMFONEEIE, EE L TRET S
NIID @ J5 [l & {2 T & % NOTCH2NLC #{5¥® GGC Y
Y= FOIEEDOHFEL BT 520, b L 1L FXTAS OJE K
G HA (FMRI {510 GCC ) ¥ — MEEDRNT) %17
FZEDNEF L WEEZ TN,

FEE8 MR Ei{§

IRZEVE NIID #EHICld, B#E MRIT, 3 X U° FLAIR #i{%C,
EVE R & @072 (Fig.2). @faaisud, BBEsEFH & il
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DORITTOH 720 FTIL L BO LN HIERDL L, T, Wmifg L
HBRA— CREAMFMEICERD S, R SEIEE AL O E)
WL WEHIRTH 2 0929 gz d T, BiE5 o 23 HERN
o biA, DWIEHETIX, KMo BTN 72555
fEidia B b, ZOEE S, e o DWI 4
EREFOIHIREE L DIHBT LI 3R, RIS
BHENTVD, FHOTIE, SR T RVFFIIZO
AEEFEBODLDORTH LN, WD E L %0 FERIEL
FHIZoN, EHMBERIR-> TIERT 2 HFES RO b5 10
B, EEHEICE TR T A HIIERED ST e v, F 7
Jix EREREIR O IR BRE (1L, JRATR 2 2 E  (Fig. 2E, F) &7
BV =9 A8 A R b G S hTn g 7
CORBEERO DWI SESIE, EHa Y bu—LTidED
5NF, NID IFFEREOEH VTR TH L EEZTWE. L
L, MRIT, Bi{§CHEMIE % 2 L7256 % 28 0at L 72
ZECIE, DWI CTEEESEFTERL TR VIEFO 512D
NOTCH2NLC #{zF® GGC L ¥ — MEE % 380 724 6l A3
BENTWD® UG T CIIET A NID #1d, F84EY
WNEFVEINRE 35 & O DWI EEES W TIL b /R S R WIER] 2
FIEST 52 &b, DWI BEEE TSRO LNLZVnHL Evio
T, FLLNIDATHEENDLLDTELEVEEZTVD,

NIID EREEZFRE

Fx 132005 FE20 0, #HIRE= 2 -0 F—ORGE R
L 7z NBEHE NIID 0 2 5B % Hula2 77/ 4 DNA % )i < X
£, FEENID ORREETOERREFG L. &7/
MID 725 THAIT % 400 BFTO~Y A 70754 b= —
H— % W CHSEENT 21T o728 25, 2007 EDKET, b
k77 4 o 20 Mbp (2472 % 5H38 25, Lod Score 4 Fifk &,
& T\ Lod Score 2R 2z R L7 (Fig.3). 20
20 Mbp OFIHMIIEZHOBIZTFBHIEL T izizo, 4
B, LR MDA REE oo 72y a— b Y — RIS —
gL Y —FHWT, &Ly VB LT AT R
1T\, Z @ 20 Mbp DFEIRIZ OV TRE 4 2 fIEED HIET £ 1T -
7, BEHREETOREICRES aho/z. L L, ZOfE
HFCE SNz —1EH 4R (single nucleotide variant; SNV) 1%
wAEHWT, BEEEBII 1T o728 25, ¥f7uatT7 T
A b~ =7 — % F 7z TR R &R — ORI B v
C, LodScore 2S@fliz /R L7z &h 5, BF5 L NID DOJE
K & 7o T B EIE T OZERIE Z O Lod Score FHI 2 FEAE
THLDOD, —IEHERTIIAR L, YK LEY oBEELR &
Eviofzd g — N = FEKIHC Y — 7 = 2 4 — TR O
W CTH LT ERTHS ), LOWIHE VTR ZO%k
AR X BBEB L 2D, £ OFRBIEHZEICHM
At Z E DU HE L 72 o 72 12, Oxford Nanopore fhoo 11 > 7
1) — FEIRAMAG S — 7 = 24—, MinlON |2 X % f@#Ar 251 B
L% o722 LT, NID OJFERBRF2E—Gefufk Lo
NOTCH2NLC #f5¥ FEdD GGC V) ¥ — FNEFIDIERETH 5 2
& FR AR IR E L 72 19 (Fig. 3). NOTCH2NLC #1xT
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X, 2013 4EICABE Nz F ) 7 7 L v AKE hg38 12T
MHTE b7/ A IR ENEEZT TH L. oAYC
LR, b MEFOBET T, Ktz RS dkEsSE
%720 BE R n T & ST Wb 3. NOTCH2NLC #E 15T
DGGC Y E— MRFIPMEET 25 LI2XoT, #H-hHl
AT S NTAER, BNEHARDPTER SN L &L b4 0
JEIRZ 726§ L 8EHIT#E 2 TWh. Table 1 Tzt L7z NIID
FEGITIE, FWME NIID 122\ T4, JI%E1E NIID 1225w
TULE fm T O [F 25 5 17z 56 BlIZ DWW TEfIT, GGC
JE— MEHIOERE #7807z, F72, E¥I > ho—)b225
BIOMITTIZ, 1HOH 61 1) E— kO 2 ZBd72As, ZFofit
OFNETRT30 ) E=FUTFTHo/2. ZD61)E—+D
1L, REIEDREB OTTREME DR T & T, BlIkE
LCE30 ) E—=bhLHdRWIREDNIID OJFER & 7% 5> T
LEWRINDD, SHELLINGEIVPLETHL. b
DOFEFIZ LY, NID Z fFELEEMI 2 2 DRI 2> 5%
Wrd 22 EATEEL 22 b, BIfEIL FXTAS 7 L OFFEE L
O %, L DIEMEICAT) TEWEEE o,

RIS RUARES

1968 412 Lindenberg &2 & - T NIID ASSCHE 46 T v
SITLME, H&E BT, WEIT R B L O R @i e & o
FRELAEAY 2 B 2 BRI L C, NIID ERI SRS ST b,
Fx O BHBNIZ BT o NIID Bl & Fko %
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Abstract

Neuronal intranuclear inclusion disease (NIID)

Jun Sone, M.D., Ph.D.V

D Department of Neurology, National Hospital Organization Suzuka National Hospital

Neuronal intranuclear inclusion disease (NIID) is a progressive neurodegenerative disease that had been diagnosed
by autopsy until recently, but the number of cases has increased since skin biopsy was reported to be useful in 2011. In
2019, the genetical cause of NIID was identified as the extension of the GGC repeat sequence on the NOTCH2NLC
gene, and genetic diagnosis became possible. In NIID, there are two groups: a group onset with cognitive dysfunction,
and with leukoencephalopathy on head MRI and a high intensity signal at the corticomedurally junction on DWI, and a
group with limb weakness. It is necessary to include NIID in the differential diagnosis of leukoencephalopathy and
neuropathy, and it is necessary to combine skin biopsy and genetic testing to accurately diagnose of NIID and promote
pathological elucidation.

(Rinsho Shinkeigaku (Clin Neurol) 2020;60:653-662)
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