Clinical Neuropathological and
Immunohistochemical Study of Nasu-Hakola
Disease —with Special Reference to Abnormalities
of the Cytoskeleton in Cerebral White Matter
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AiZE-Hakola JRDERAFREEY), SRBEMARFEHIPR
— I KRN VBRI 351 B AR B D RFT O\ T~

SRAFEZHAEHHELRE (L L UDRRERD)
(O - N SN

8/-Hakola 7% (Nasu-Hakola disease, NHD) okhii B BERE W~ 57202, HEHI 5§l (NHD #) L MREUEET S
MR S 6l (3 NHD #) 2T, =2—874 %2>} (neurofilament, NF), 7'V 7 #iM¥EE (glial fibrillary
acidic protein, GFAP), ¥ 2 5 v (vimentin, Vi), = ¥ % % > (ubiquitin, Ub), —EH®ATZ 45 AV (paired helical
filament, PHF), #%/V&BIEEH (microtuble associated protein, MAP) 1, 2, 5, MAPs, =Y viEEMHEH (myelin basic
protein, MBP), Leu?, % ¥ (tau) DHiEERERL, 72V~ 4 F vEAH (avidin biotin complex, ABC) s W h ¥
hERE, TEREYET L CREEREINCER L. S5, BEI10961 (RIT4H, SEIEH) ZRT 5 LB ER T
W, RESET R L EEEROBERRIENCER L. BFE L NHD flii& T, R 7Y 4+ — > 25H-L, i b T
HYERE Fe (bt B B IMAERY (sclerosing leukoencephalopathy type, SCLT) T, 2 I CRIRMBLEE M DS AR b, Bl
DB T, MBP BB OET L BREBMRcEE Y B, WICHEEOH Mz T MBP SRR O MME R I

3, BEEBMROEEILE SR, -, RO 2 RE T2, B NHD T3, 3 (RRL, &8, 28%) »
&L, % NHD T2 1 HE (FBIBHE) A CH-7z. NHD OEERMA X NF, Vi, Ub, PHF, MBP, % v, MAPS, MAPs,
Leu? THEEMYRL, 3 NHD ik NF, Vi, Ub, £, MAPI, 2, MAPs, TREE#RLXRLI. b, —ERBT
NHD o#h#R’, SEBEEL O MBP & LeuT TR ABIEE 2R L. L EOF R, D, Bl OB BT, fis
FUEROMAERC S WTEAREOFENTR N . BREETIE, AR 2HATEERDALRER ST bV 2ol
BRAERIIS, BRL ARE(LAR bR, SR, BERDAFASRFLTOLH, SAEFATIHAD . PR
e LTER, AR, $EE, R, #6RERIERCHE L. ARBBRER2ZML 7+ v T F22flE Dk
BCIEER, SR, BREREEERIIE «ETABHON RRIEFRIMED -T2 SEOF R L BRERLBL LA
bEDE, EERORERLGNATR EREADETOEER G EREIE L, BERORRAVBVCHBET, HITOEE
B3 FESABE T -1, COXERKBROEEEC L » THBERBCENE LD EE bR,

Key words membranous lipodystrophy (Nasu-Hakola disease), neuropathology, immunohisto-
chemistry, spheroid, regeneration

AR -Hakola 3% (Nasu-Hakola disease, NHD) (2 EfTH O HIX

P & R R AR REN A DR B T &b, —TH

LEREREME L, FEEMCITIL S OEHARCEERR
BLEE XN ABEERERE (membranocystic lesion) & Hi
MEOABYEETARAEREETHS. RELTERRT
HEZIZUSDELT, 74 VFVYF, AV z=FvV, /¥
Vo=, TAVG, AZVTD6 s ETCHEENEA IR T,
T, WI0FIOHEN DD . PIRHRIC OV T O E R E L E
PE2BITH D, BENCIE, 1961EICFIL AR EF LR
T L1280 Bk & R O BEM & BHERCBERE LY
B, MBI RS A bh S T LR E
AR RE L. 0K, 1973EICHAS, FHE LD
LT AMNREREORBEROEE ORERWEL L, PR
BB B AR RS A EER OB REREL, I8

PR 545 A 7T BHEA, PHI5 S5 A28%

BN RSP TR - I hE TREBREDECHF LK
BrEZI. —H74 VIV P TRHBOFILOBREELRL
9, Hakola® #% Harjamaki B0 % 20 CHAGIVNEE T, #
AeofiivRL, EESCEREEVEL, VY VEER
TERDEEFELED bR IAUROTHICER LTwic. &

D, BED2AORBIMTIEAKOERTABRLTELL
%, Hakola ¢ Jarvi, Sourander & O [FP R T, 19724
osteodysplasia polycystica hereditaria combined with scle-
rosing leukoencephalopathy & 3% LiARECHE L. -
CAERBIIARLE Y 4 VT v FTHRIUTRRSh BRI
madbh, Zotd, BETERIERNE ITHE Hakola 75,
7 4 ¥ 3 v FTIL polycystic lipomembranous osteodysplasia

Abbreviations : ABC, avidin biotin complex ALS, amyotrophic lateral sclerosis ; CJD, Creutzfeldt-Jakob
disease ; CT, computed tomography; DAB, diaminobenzidine ; GFAP, glial fibrillary acidic protein; H-E,
hematoxylin and eosin; LFB, luxol fast blue; M, monoclonal; MAP, microtuble associated protein; MBP,
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with sclerosing leukoencephalopathy & HFITH A2 Z LI »
fo.

NHD KB LT hE TELAMNRKTFENREATETY
A7V BEFOEEL FIGERBOBENEEIRTE D,
> THRREELEUBEOBERRXLEEINR TV 29, &K
RICBILTIL, 74 Y IV FRAY = —F Vv TIHFREDOKREA,
MO RO & LDBIROELE BT T 208390,
IR OBRY TEERRIIAOh > T, —F, &
BTREHWCEERBRELERL TV 229, BEBH
TR, EREAHORECHBER OSSN EHEh TV 3
B L RBIBALATWI. ERBYEFVIRT58
HOTh, vR= vOERIC X - CEHMIEFERCEH TR
BEYIERTE TS D0, PREAFCREZNELITE L
BT e, BRRIICIL, BIEREME & MR ik gAY
CHBEIhAZEWAERIA TS D, EfRZH 12" 51
EOHEMR, MEOLKX, EEKOBRIURAL EHIh T
5. EHK, REHEEECELTLY EHRCREROGRE
BECETEIVELITHREILTEY, 4, BEAFHOE
i, BEEOEEY JREIATVA. BERE2ZMCE, B
BB TRRMEME 27 ) 4 — v ADRBE e R & VI B MAE
# (sudanophilic leukodystrophy type, SULT) &, Wi Biggst
BECTHMEE 7V A v ARBULELEE ERER
(sclerosing leukoencephalopathy type, SCLT) 8 X%, @ED
F & (transitional type, TRT) 23\ fE#ET %". NHD OiRE¥M
ZEc T 2 BHEORH™ TREXBRUOELATR IR T
WBNRERBHEILE R S DT, o TARICH LTI
SIEERMDERD 3\,

4SREOHFE T, NHD O BEREC S TRERBRENHF
Er AV, BEREOHBOMBNY, BEOEELBEMRD
EE, REREQOSMER, ML T, AR LCHEL
BREUZ LB LC, NHD DRE2MM A LEREROBEFE L&
FEWCERTS.

Table 1. Demographic deta of the cases

MRE LV HE

. =%

BRI AW NHD L 2B Shic 5 0l GEFI L —5) %
HELELTRE L., i, BREHE>VWTHIE T30
, WEREYAETS, BRHERERINCEE S h i HER
YRISEE(LEE (amyotrophic lateral sclerosis, ALS) 2 (54
7, 8), i*27m—XATAH»A (myoclonus epilepsy, M-E)
16l (FEGI9), 7vA4 Y7 =t —+ 2 7% (Creutzfeldt-
Jakob disease, CJD) 2 i (FEGU10, 11) DAELEMEER 5 Flr
Wiz, LT NHD BERFIiz oW TEERE AR L ORE S
REid. o, BEMMARP CHERKERE FHERCTK
LB IR TV SEH (ESI6) OBKERBIC W T LR
T5(EIL).

1. BREEE & MEREENTR

FEGI 1™ : JETCREISER, ik

AHRAENBREECTHS. 4 ARHELCEEEIET, 3
HHILIE otz OREL W EAR LR VFEFCARHE LI
ACFBTE Ly, HSTEENHEA L. Lok
BELLORBELETHKL ), BICREERLS i)
ZLBREAEIILV LS5 THote. ZD L5 IEEE L HREL
R—BEE LD, BEMNEWRRRCAR L, ABRK, g
NEEE, KAYE, 2%, OFEOEHEERALN. MEL
HEORA, #HIRRECIERETCKBEH TRAETRIAL
e, OBRECERETCOImMBE I Y 7 AELEDTCEET
Bole, VY I FVBREATHEFFEREHMRELEDh -
fo. EEEE L MERREIRAICE e, TREICIE LA
EEARREEL 72 h, BREBAZ LD, BITEBHRER
ot TORHAT, ME-—BE>Y + v ME2ZETIhT
b, Wik, EHEERFERREEL ), TOK, SHEE, ©
BERRE, BMEls—BERE Ly, REOKEREL k-7,
FTORBEACLEHRENELL, BH LY, RAERES

Case Diagnosis® Sex? Age (y)® Brain weights (g) Cause of death
1 NHD F 38 920 Cardiac failure
2 NHD M 46 1030 Renal failure
3 NHD F 41 860 Pneumonia
4 NHD F 33 1040 Infection
5 NHD M 40 1040 Pneumonia
69 NHD M 42
7 ALS M 74 1350 Respiratory arrest
8 ALS M 47 1390 Respiratory arrest
9 M-E F 34 1000 Pneumonia
10 CJD F 54 1070 Respiratory arrest
11 CID F 54 1025 Cardiac failure

a) NHD, Nasu-Hakola disease; ALS, amyotrophic lateral sclerosis ; M-E, myoclonus epilepsy; CJD,

Creutzfeldt-Jakob disease.
b) F, famale ; M, male.
c) age at death.
d) He is in the hospital for treatment.

myelin basic protein; M-E, myoclonus epilepsy; NF, neurofilament ; NHD, Nasu-Hakola disease; P,
polyclonal ; PHF, paired helical filament; SCLT, sclerosing leukoencephalopathy type; SULT, sudanophilic
leukodystrophy type ; TRT, transitional type ; Ub, ubiquitin; Vi, vimentin
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it RS, BURSEEREAHEL, ZOREEND
FECTEEES A AbNhD L 57D, 370 OTETHR
= B, R OB S DT AN AT S DA TRED
BARET 7. AOEFSORIER b B RDIEr - 7
b, HEEOL FRE TR & Lk SRR IR
HENRSHRER S Nz, 2EESE.

Fig.1. Histology of the cerebral cortex. The neuronal
cytoarchitecture is largely preserved in the cerebral cortex.
Kliver-Barrera stain, x20

(FMEREAT ) INE 920g. RECREEL, ED07
7o — AELHRE S 2 bhic o 7. KB - JIBARESA
WCRFRMICER L CREOR KRR, EETE, BERK
HAERTES, GEAELLTEY, AINE0HhK, NROJE
LA B, EEE, SRIBESHENE CAMEMHMI
EEL, BEOARRES ALK, T8, &, PHCEEE
<, BHRSATERL T, KMEEOMERRRT X H#
T h, MEEELRERLALT . BETIEE - [
FEOLINCHB A R 2 B EE T SREH AR T
fo. BMEME S ) - v AR L CENCEECH .
AE A DOEFRIZE Y U CHE L HERE (spheroid) 234& Hhtz.
A& vBEREER A NSRBI bR, BRCHEE#
HEME 2 ) o — v AR DR, B, BWRE &R, TR
QBRI 7V - v Ak bh, BRBERERE T i =
4 P EL R, FRIEEIER L RERNNS LUAED
TRz A b iz, B TIREEC IR & B 7 ) A — >
ARELRN, B0 I NREHHREO KR Bdlc. £DOMD
R, ST EEE L, KNSRI AR R
Abhichoic.

FEFI 2% FELCHEAGHE, B

LHEXLERBFABIERBTH Y, ERBETH -7,
BHEEIIRETH-10. FEEE, VY A VRECEBRICE
BBAS O B RS E G A LoD, BHiERORER NHD &
BRI IR, ME, 005 F, RERRSOTE, NELBE
DHREDOBARRD. BEL OHBEEROET, HBETS,
weh, RENEB S RACEN DL S h, 38mIEEALR.
AR, &, BERORM, £HEYE, UBNE, CHOESE
B, MEERNCIIRERAETTE, mRTROBNRHE
#, IRER AL, BEREE, RAE2RD. BAFR TR
B EBRBILRERT, 2 v o — & ~MBHRE (computed
tomography, CT) THRIGMNE OILK, BEHEEEN ORESR
*x, WRABAKOERIE, Vv Y vBRETCESBCERYEE

b

Fig.2. Gross appearance of the cerebral white matter. The degree of demyelination is less marked than that of fibrillary gliosis
- and marked fibrillary gliosis in the cerebral white matter is noted. (a) Woelcke stain, X1 (b) Holzer stain, X1
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Tl Wbl TORPARI—BEE LY, AREI VES
FRBOESEFEEIHTA L, EARCERET, RaEEs
gLt ote. BEI VKRS bERD 1 EIE DOSHEBRF
YR LESREEL L. SREL vEFNEAHEAL, £
N—BEEE L 7c 0 BEED M 7. 458K L D RS RREIER 23
B/, BEBRXS, TEROREREREch, e
B bR LEBRES e, BREFLARE -, £D
BREOEFBEERFLEL LPIREE(L LI DRFELD
ATRSBEERTT. ERFAUB RS TET. 288812
£,
(WRFRERMTR) ME 1030g. KEZBESE. MEFOT
7 v — AB{LERERAD ) 7. WHE, NEEOERFIE
BT, BCHEOCEMABY Y. HRIBERACEE LIEHE
s dBE S A <, BT 1.5mm & IETHE, KAMEI
BEER. XEZ, MRIIBRI R TOE. AREEIIL2HK
R MR 28R <, BRE LRI T (1) 25, /b
M BRI NEFEE M BAE L T U, B EASEEOR
VA — v AR RS, BFICRHERMCH S, BEILSY
A — v AR TBRO YRS B 5 BEb -7 (K 2a, 2b).
RS OEREERD, XF VIBEOIERNIZ O
L bhichote (K3). #%, RERCEARIEERLD
Rl BERTRATE, W, BRECEIRCERMEE 7Y
F— VAL BEESMNEERRORE A bN, AEIRR
FTIREVEE - BEomREREE YRS (K4). B4t
BEWR, BRI ERLRE A AD R, MBREBRCEE LW
2, KEEE X OO ERHEICBEE N R bh, BEMRELR
ERL LT o, EMMEEICAVGEEYRD, T4 - 78
BREK LT, AT EL e L. TR TIAT - fIECE
U RDLBKABCIIEE X RDIh o2,

Fig.3. A few sudanophilic lipid droplets in the cerebral
white matter. Sudan Il stain, X200

FEGI 3% FEU-RERAIRE, ik
WEIRENBREBTH H, Mo ARCRER LT TS
LTWwh. £RBETERLMOeh oo, BHE X vy,
HEE, BE, £REHE, ME, BRI DIBRIETL. ¥
B, RMMESE, &8, EBL, FERINEZRDME ek
BIEESRE S AERR TEREYRD, VYV M VRETAR
F, FRECEBREEYED-. ARvEDHLERL, L
BARE TEBE LAeh o7, BB, LIERSHEBLCE
0, BESELE, £, S0, &EL, WX, &5
B, D#OEE, KRMBERON, KE, KfT, REE,
HERFRIREDL» o7, BREZEMCIKFEEER AR
%, HHRRKEOITE, D& LB, HHERR, £
REBROTEHE TH - 1o, ARG« CHRIET Lk
WERH D e, BEROKRD, HAERL B DL 5K
ol AE, BERCTEHCERREY RNHR I,
NHD &M hic. FobmftEarZBcRmnEviEgs
TEOWED, FIERMELSRPRFLEZ Liz. Z0%, &
BAEIHE LBRESESLRD D L 57, BETIR
—MERECRTEL , B LBEOBAV—BREY DL 5
wich, CT TIZATHRECEACRFENE IR L g Mg
A, VLYY vBRE LS FBCEREE(LLE D, 25K
OB Ebicw, BURKREE 720, AR DO DI
. &K 6 E.
(FEERESMITR) INE 860g. KB, M RFEL. AN
TR OERE RO B, I - UEECEMLTH-
fo. EE TN ERCEAL, BRIIEELL TV, &
Hit, BREEOEITHAHY, HERBEFH CEHERED
BAnsbhic, BRIPPLLEHENCEML CV1o. MEH
B, PRABRHCEL Y Rdieh oo, KIMEEO®ENR
WO BERE LT AR TV, KERD
EhREMR e 7. AETIAE - JHES L OCRAE0R

Fig.4. Gross appearance of the thalamus. Fibrillary gliosis
is profound in the nucleus medialis,.internal and external
medullary laminae. Holzer stain, X2
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EOBSEE D MEE TS REMIHE L R RIAT
p. BEmc B LT, AEHE - AEERCREORMENE S Y
S AREDR, HEOE ADLALWENICE TEYR->T
Wi, ABROBRIIEM E, SROFERESLLN,
BN 7 ) A — v ADEWEIICH K Abhie. XX VY
ISR M EEC 2 PR bR, EERIT L KR
hTEY, AREELRD -7z, BRI SRATH
# . BEMEMRGELCR T, FEEORMERE 7Y A —
v RIS, BEATRBEOEN RS, FHTRIERS
AT, B ESHEN S ) A — v AR BB PRTRAE
RET RN 7 ) A — v R L RO EIR A DT

FEFI 4T FETE33R, Lol

FEABAL - BOMBRBETH D, RBCRELL, AAD
e, Fio ] - 2EOSFWERELES LU, RF
R e o . 0RES DEFICMER e h, FUEE
OREHBETO L i h, EEINTHEEH IR LED
WRIEA BN DL S o, Ei, HRARREEILHE
BbR ot 0T B L DIt MRS, BERMA TR
e, IATR D THASAEENERE L. £OREMN
s e SR L Te 7o b, BELORIN LHREDR, KEX
B ORENAORB L ot EE, HE, TRESSE
BT, KORBERCHY L CERICREI NI O THIDHIR
BALE. ABREE, SBECHSHT, MR SEHFTILIK
W, R EEIsRIC RIT, EFT BT EERS £ 57D
BRI HbAL., BRBTEKRLLBNREY, MUER
YD ETERGEAYED. BRI -F Yy v =X
ABOUUE O EME & HTEE, W TREBREHTTE, BHE
fepibnt- b, MERRIES TR IRRED . &
HT R TR S SIREREOHE, CT LATHER
OEMRE, BANZEOA, REKFESC RO NEE 2D
fo. —BRMEEE, BRRECREES, VY M URETY

EESIREYEDEM . AREES » H BT SERERE
BEIL, BESNRERERD, SEEHAZ LY, FHE
Fieieots., Tk, TANAERELD, £F, BEREL
7o 2FREENL, BE, RRERRLET LIIRELT.
BT T2 SR RS Bl £EEH 256 »
H.
(MRRE2MTR) IKE 1040g. 8, MERCRELL.
BIEE - IR EA e HEERE AR bR, BICAIEEGED
BRI LW TABREEEREAGRTH o, HEDOEW I
K&, MERoOFEH L, BREOFALE, REFAKICHED
EERAORE. BROIHEOBRbALAL. BERZIL
DT HRNE, PNMCRERES o, KBEBTREECE
EORKS ) 7HEOEMY RSN, GEMREELIT (R
BETHERE L FEiohTuwie. BETR, AEEYFOCRE
BEOBRMERSLN, KETAHETREENEETH 2. #
BT, PEENLBEOHEHENE 7Y 4 — v AR AHEL RO
wLTHRERI, BEgoREL L CEMCEERLTY
. A, BRBICEEN Y+ — v ARSI o Te. BRI
RHYEHREOERENSHHE L, X& VBRI M
SEBCOBHE LT, BREZSCSERETRED 7Y
TR0 #ENE R, MAREROFWHLARIEA DR,
BRIXEETH -7z, ERNEME, ik, SURMCRRMED
RHEN: 2 ) — o AR RD BN EEMAEY, WKL,
7o, WEBTIZRE, RMEEG, BEE, T4V - 7B
Y7 A — v AT, T SEEICNT CO T AR
B S AN 2 ) F— v A& DA, DMHIR L {RIch T
2, BECEEORMEE 7Y - — v AR RD

FEM) 52 L FECRA0R, B
MEARRBEBETH Y, kAFRCBAELEICECLTY
B, 20BN TEEEL L FAMELEL b, REE, FHALE
L4+ Ei© NHD 02Wid &3 7. SURE & H BRI EAT

-Fig:5. - Cranial CT findings in .patient 6. (a) Cranial CT 'shows marked -ventricular dilatation and high density area in-the ‘basal
nucleus. (b) Cranial CT shows marked ventricular dilatation and frontal atrophy with widening of sulci.
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L, 2R <72 0 3R ORBMRNC ABE. ABBS, &%
TR#L, BREOLT=v=v LT\ /. B85, BEmEY
BIEBEIR TG, BRI REATE VD ERIIED
Mot BRCHLTHRIChLLEWEIEL, 2350 T &
SmBEVHE L. HEMBaEE, £, BESESea
e stz MEY v, HAvy AMESEO—RRNEIET R IC R
L, VYN VBRETEREERME, FES, BEMio
PECHFEEERUETEIBD ORI, WREPICI, i
ZRDIIIT T, HAHIER, #EARER, KRS
Hhish ot B LTS R BB OBANR AL R
7o, CT TINE, WHCiiARE S I MECHANEE T,
FIRERE, BRE, HROEMA B -7, TR, HEn
SHICETL, B LIHREEROEEY T2 L5
Lotz 0K, BRERS, DXL LRE, FEERS M
B L7z, 3OmRERc i, Bl BB OBk, CT k, (R=s,
BIMBOIA, BREROTRIEARLN. 4050, Wi
THE. FBEFEBRERILSRILI -7, 288104,
(MERERHME) ME 1040g. BT 7 = — AF{LERE
FirHbRish -7, BIEE, REEOHEGHEHTH 7.
EH T, NSO A LHEE IIEESE, BRBOER
PEUDMRLIEFEL LT e, BEOBEDER L B4
MBS E S R T KINEE R 0 O B
T, BEEIFRIN, FERNHRMRER & O ROERSG
ERDBDHTH -7, Wl HECHE TIIHENLEE
DRFFEE 7Y 4 — v 2% B, HFEHEERFcE» -, §
BEOBMIA TIZHRHE D5 0Y, HREIGHERE 7 v+ — v =
WHANTEMCEG. & VBB OHBEIT S % v BT
o, MBRCLKOERG LD, ERGIIER, Bk s

Fo s NANMAANAA A MM Ay e s N
Fr A A A AV s s S A s P
AU AN A M, ottt et M
F P\l VAN st

TNV ANMNAM N ANM AN A e At NPt A At SN SN P

Fig.6. Electroencephalography findings in "patient 6.
Erectroencephalography records dominantly 9Hz a-activity
combined with- slow activity.

U A= ADBNIC B LTHERA BN, T
bHRE LT io. RERAEICAKINE RS 5h, SRAHK
R & RAEN 7 ) o — v AR BB, v R &
ESECREES, BETREAMBOB MMELL S5 h
o, HEARRBECRE TS - . Ak, BE, Mb,
PMRICERE T ol BHRIBREI R -7,

TEF 6 @ BAEMB AR ha2ss, Bk

B RELRREBTH D, ITREE, MBI L VEREH LA
FRCHRBEABELCI LD 5. FOHEI VEEOERDE
T, BROETAALND X5 1ich, 30mEY SRRSO
BEE, A2 DIRAR T Y L TRICIL > T 0T+ 5 ke
DRETHIHE. 2EHCRFAOBLERY, BB S
ShallD=EY - FiA 0, Bt SH L. Baoa
e LTHREI NS, RES, STEE, 28 0BE HE
ZLich, EOBBROFLIALRE. I512 CT L, BIER
BEBENL D AR & T JU R AR D BE B D B RS (K 5a, 5b),
I TERE L (R 6) Z 8B Te. BEMRBMIRE T NA2SR Y
BHCAEA ShABE. ABERE, £EMT=F=YLTHRY, &
1% - CEEOEEE, LRME, YEANE, Yo L CESD,
EHEYE, RRXNERAD. WRENC IR TTORD
HITREE, MATH, & EREORMKHEY:, /RERK S,
REELR . BREE, CT BXONERE, RN
BETHHEENOOFOE T2 Rbiid, £FF LV Y
VBRERSTLIZE I A, SREMBEREEES (MT) 3500
h, FHERC TRERSEY X RS, NHD LM hiz. 0

Tl

Fig.7. X-ray findings in patient 6. X-ray shows many
transparent shadows in the bones.
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%1 EESEERFLRI Lich, PEOHTA»AERAK
CFDBORETZIBRT e, SREIFRLTEY, £
BRNSERERDOETIEALRS.

I. R FEOME & B

BHARAS Y O GRS RO Lkl oz, NHD 5 0
sE R ds & VAR O B R AR 200 B0 S h I B RIR A &
BT AEMERL AlOFIRBMLER LA,

ZEBRE, 10%+8L <Y VEESE, el o @B
(20pm) E i85 7 4 VAN (10pm) 2R L, HEEH
BEII~T Y .
Kliiver-Barerra, Nissl, Bodian, Woelcke, Holzer J¢fa &, BESA%
aon s v —LdrE (luxol fast blue, LFB), JRIFRBTH S
A& (Sudan) T MET L THE L. BEERILPHR
F, MEOFMIF2WCRTH, =2 -7 4 TAV D
(neurofilament, NF), 7'V 7 {&#f @4 E A (glial fibrillary
acidic protein, GFAP), ¥ £ v v (vimentin, Vi), = €% F v
(ubiquitin, Ub), % ¥ (tau), ZEH¥A 7 4 7 2 ¥ I (paired
helical filament, PHF), #%/N&BIEE [ (microtuble associa-
ted protein, MAP) 1, 2, 5, MAPs, 1 =) v EA%ERD

= # ¢ v (hematoxylin-eosin, H-E),

Table 2. List of the antisera used

435

(myelin basic protein, MBP), Leu7 =+ %% 7 = — v ¥
(polyclonal) F7-138 7 = — v ¥ (monoclonal) #ifk%x fv-T 7
vy v — e F vEAEE (avidin biotin complex, ABC, Vector
Laboratories, CA, USA) &R L, Y7 3/ RvF oV
(diaminobenzidine, DAB, Sigma, MO, USA) TE&L, ~< b
FoY UERIL S L LS (cresyl violet) TREHEA T o7,
EHI, WEROEWL L VFEL CBETHDIERIBED
TERAEYUTICRTHETT - 72,

1) Vi+NF

2) Leu7+Ub

3) Leu7+MBP

1. &4, 85—Hilk% ABC & (FH LT DAB THAE.

2.05M FPYRT S/ ARVEEK (MY ANy 7 > —, F
JHEIE, KBR) TH¥.

3. pH2.2000.1M 7'V v v IEFREETHE (REHIEE) T 2 85
B Lich by,

4.0.5M FYURT §J 2R VERBHECHYE.

5. B_Hifkd ABC R L0.5%EIL =3 MEK (R
W4ti%) +DAB BWK 541 V¥ o~ — a v (incubation) #,

Antigen® Clonarity" Dilution Source (manufacture)®
GFAP M 1:1 Biomedical Tec

NF M 1:100 Dakopatts
Vimentin P 1:20 Transformation Res.
Ubiqutin M 1:100 Dakopatts

PHF P 1:200 Chemical Credential
MBP P 1:100 Dakopatts

tau P 1:200 Biomaker

MAPs P 1:100 Biomaker

MAP1 M 1:500 Biomaker

MAP2 M 1:200 Biomaker

MAPS M 1:500 Biomaker

Leu? M 1:1 Becton Dickinson

a) GFAP, grial fibrillary acidic protein; NF, neurofilament ; PHF, paired helical filament;
MBP, myelin basic protein; MAP, microtuble associated protein.

b) M, monoclonal ; P, polyclonal.

¢) Biomedical Tec (Stoughton, USA), Dakopatts (Glostrup, Denmark), Transformation

Res. (Framingham, USA), Chemical

Credential

(Costa Mesa, USA), Biomaker

(Rehovot, Israel), Becton Dickinson (Mountain View, USA).

Table 3. Neuropathological findings in the present cases of Nasu-Hakola disease

Neuropathological findings®

Case Sex" Age® Duration® Consan-
No. ()] ) guinity” Brain Affected® Demyeli- Sudanophilic Fibrillary Spheroid Calcifi-  Type®
weights (g) lesions nation  lipid droplets  gliosis cation

1 F 38 8 + 920 F + + 1 H + SCLT
2 M 46 12 + 1030 F + + +# # -+ SCLT
3 F 41 6 + 860 F+T + + H Ht - SCLT
4 F 33 2.5 + 1040 F+T + = + H# + SCLT
5 M 40 10 + 1040 F+T + - + H + SCLT

a) F, famale ; M, male.

b) age at death.

c) duration of clinical course.

d) +, positive; —, negative.

e) —, negative; =, a few; +, mild; H, moderate; {if, severe.

{) F; frontal; T, temporal; O, occipital.

8) SCLT, sclerosing leukoencephalopathy type; SULT, sudanophilic leukodystrophy type; TRT, transitional type.
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3 20MER LKA (FIEHIER) TREA.

6. 47 7= LMK CRREE, T LB, * A &
YU v (AR BHEA. I . NHD BEfI5 SO REBEMFAR (£3)
fE->T, B—HFEXE, FSREBZFIRB SN, BILHRL e FEe - LI BBREZL (K 8a, 8b) 2 s
BEXIND. hic. MEIL 860—1040g (FH=978g) T, FTHE - MEHIECE

Fig.8. Membranocystic lesions in the adipose tissue of bone marrow. (a) LFB stain X200 (b) H-E stain <400

c ' . d
Fig. 9. Many axonal spheroids in the cerebral white matter. (a) diffuse type, H-E stain x400 (b) diffuse type, Bodian stain
X400 (c) core type, Bodian stain x400 (d) peripheral type, Bodian stain X 400-
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[T B R D B EILS 5 FEFI 3 4, BTEHZEF o R ISR
BLTEMEERERD BN TR ER 1BTO>TH. K
MERIILHE LABOERC I B LOT, HEOHK L NR
DIEFLAFKBOMAETH 72, WTHOIEF T b Bl Mg
DERRLT T v — A {LERERED I h 7. £5FELE
BOWEMBRIIIS B TEY, MBRELELERELTVS
A, ER S W REROMBRERLBD L.
ABECTREFATERPMC—R L CHEZRD 5, KET
HEHENRICAAERALED - 7. X LIBEIIC < TES
CIEEIE OB RN 7V o — v ARNEN o T, A X VK
PelfEBRIT A Bl CRECMERBCBEHR T34, EFIS5T
BRBLhieh o, BRERIZEMAE SEHBEALR, B
7, BRERELS I URMMEALBRBOERER L LR, =
h5OEFEEIT H-E i (K %) Tz —i~< b+

vic b d R Ui, Bodian 34 T, WERICER 2% #F
DORREH—Te R BN R R TIRIBE! (diffuse type) (B 9b),
ORI G REM S BbiNE ORI A 2 55 E (core type)
(K 9c), LR Gtk H58\ LB (peripheral type) (¥ 9d) 7z
EDOR AN RO b, LLEORT R b HERE 5 Fliig
TSCLT LExbhiz, b, EFASEBRLEY 4FITITE
BEHCBE-—FEEORIKENRDN, EFI2 & 5 T2, Bl
YIREE & L ORI £ AR 27 ) A — v A% £ 5 BERE
HWRB BT,

I. NHD BEfHI 5 fIOREEEYMFR (F4)

GFAP S i I AR TIRIEF 2 ©, RER/NMLERE
& FEERAI GFAP MMk HE L (K 10a, 10b), fEH
4 TIXHABERCEED GFAP BHMBEI A HE L Tk,
MBP @#fE%E i, i+ sEkitofiic, ABER TR D

Table 4. Immunoreactivity in spheroids, oligodendroglia and torpedo in cases examined

NHD ALS M-E CJD

Stain method” Spheroid

Diffuse Peripheral Core Oligodendroglia Spheroid Spheroid Torpedo
H-E +9 =+ + +
Bodian + + + + + +
GFAP
NF - + + -+ + +
Vimentin + + + +
Ubiquitin + + + + +
PHF + + +*
MBP + + + +
tau + + + + + +
MAPs + + + +
MAP1 + + +
MAP2 +
MAPS5 +
Leu? +

a) H-E, hematoxylin and eosin; GFAP, glial fibrillary acidic protein; NF, neurofilament ; PHF, paird helical
filament ; MBP, myelin basic protein; MAP, microtuble associated protein.

b) 4+, positve; %, some of them are positive.

a

b

Fig. 10. GFAP-positive astrocytes immunolabeled by GFAP immunostain. (a) Many small necrotic areas surrounded by
GFAP-positive astrocytes are seen in the cerebral cortex. GFAP immunostain, X200 (b) There are many GFAP-positive
astrocytes in the border area between the white matter and the gray matter. GFAP immunostain, X200
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Fig. 11. Many axonal spheroids and oligodendrocytes immunolabeled by various immunostain. (a) diffuse type of spheroid, Vi
immunostain X400 (b) diffuse type of spheroid, Ub immunostain X400 (c) diffuse type of spheroid, PHF immunostain X 400
{d) diffuse type of spheroid, MAP5 immunostain X400 (e) diffuse type of spheroids, MAPs immunostain X400 (f) peripheral
type of spheroid, NF immunostain X400 (g) core type of spheroids, MBP immunostain X400 (h) core type of spheroids,. tau
immunostain X400 (i) many ubiquitinated oligodendorocytes, Ub immunostain X 400
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UM —H L CREEROB T2ED 5 AR D HH, K
HA T BEORALIERES & OERBER TIXE L ARERE
BATTEL T B LS ERIAON .

I T NHD EM <k, £H THE L4 HE,
Bodian ¥ CHEM LRTH, HERE TIZ GFAP, MAPI,
MAP2 TixBBMAR R % /R& ¥, NF. Vi Ub, PHF, MBP, %
v, MAP5, MAPs, LeuT CHBMEOREREELT L. IHICHE
BREDOBREFEICO>WTHEL TAS L HE, Vi (K 1la), Ub
(R 11b), PHF (& 1lc), MAP5 (I 11d). MAPs (& 1le),
Leu7 B —7r a2 R EH Lhaabh$, NFI2EER
LR R ARG UER (X 1) © 2 BE» & 5, MBP
(R 11g), #v (R 11h) TIXHRBE & RLBCHGER LR
WE O 2 @BEMHRSH, Bodian TRAR L 3BEOR 0K
HRxbhic. ¥, REORGHMLTIE, HEEBMan
Ub (R 11i), PHF THEE¥ELRL, MBP, % v T3 —BORK
B REEERA DRI,

MRAGEO ZERA TR IR EFhOREER T2 RT3
DHHZBRELD, MHADREFEE Y FEOERERERAE LR
fo. D& D, Vi & NF T2, BO3IC Vi LB £ O
IZ NF EH2#FSL0 (K 122) Babi, ShichLEo
Vi FwEAAR D (F12b), L8R NF B & B h s
Vi BEAABRELD (K 12¢) dAabhi. Leu? & Ub
TRARLEIC Leu? EXEFDL, & Ub B2 EOL D
(B 12d), THRER 723D (K 12e), EHIZHIIC Leu? O
BRER RS, OB Ub ElvEs, BABIC Leu?
FEEZESLO (R 12) &b, Leu? & MBP O —FEH
BT, FOERIC MBP EHEAZ BRI, T&IC Leul EHE L
2% D (K 12g), MBP {E#MR I 5Bt >7 b D (K 12h),
WOREEM 2 — v ERTHO (K 12) Bxbhie.

. NHD LA OHETERAOREHBYHORE (F4)

NHD FList D 5 EFOmARDOEWZ, ALS FICE#HKAE
&, M-E # S, CID AITHIEERFERCEhEhRAD S
4, NHD & B7c b REEFEIATRBED bR - 7o, HE
AL D S 4L, 20 D H-E, Bodian THEMH R L
To. BHRAERRE L AR EMH 1T ALS # Tk, NF,
MAPI1, MAPs, Vi, Ub, & v clBMRT A% R, PHF Tiz—if
BM:, GFAP, MAP2, MAP5, MBP, Leu? TIize¥:TH b,
M-E #lTix ALS f#l & IRER#BTH - 72d', PHF TR T,
GFAP, MAP2, MAP5, MBP, Leu? T &t - 7. CID §l
Tz, NF, MAP1, MAP2, MAPs, Vi, Ub, % o ClB# T,

B’

MBP i —F3#:, GFAP, MAPS, PHF, Leu?7 CBR%TH -
fo. BEFRGTIES 8 © ALS flick+5 NF Yufs Tlic g
EBHEERTLOBRDLDALN U, £T—Keh ey
RTHBROL O LrRDLRIeh 1.

% =

BEREBIZ OV TR AE T EDBEUTOL 5105,

EREBC OV TRRO B 5 EBBENBRROBREMT, B
BAO1 6 Bl% 8 T2061vc L B 09emn~6 - Bk 165 4k 134
FEPRAE R R B3 16— 3618 (F3925.55%), £ D 5 bFMEH
RPRBAVY M VEETERBVRER IR D TEER
MEFAPIHITH H , BIERFIEERILTH265, BAERS
EFRI T3, RER AR TFI936. 48 TH - ).
BEiERIC WL, ERR2MAETICAR SR, BT
B, %1661, FEWRIE 5 F, MBI 54, Eis
Bl s b, —HEERICOWTIY, STEEZNISH, K
MO REETI0B, - 2 S FABIRIFIL 94, EHBRHOTH
TR D MBS OHEEBAER T 56, #EEABIERIE 5 7
b bhi.

KIFLAS OCBBPH 1, 7 4 V5 v FD Hakola #3224
ZOWTELDTEY, BYIF, wHI3ATHEERRES
24— 43 (FH32R), £ D5 bEOEIE, Wi, BEFH
PR EHR L E L EDTHERDEADB 2B TS b, BERS
TEFRNI 5205, RAERBESBII TS5, MRERRE
HEFRNI TR TH - 0. BREER E LCi2, RRESE, &
R, MREL, LonBEm, BRERR, RERXD, &
A, KRR, KAHE, BFEE, AFOHBERELSALLH
TWwb. —F, MBERE LT, BB TECHRYEE
DHBe EORBBIER, AR I A 7 - 2%t
n—RXRADWME, SHEBRIE, HO» D OREE, #isH
BIERENZ LR T W5,

AV 2 —F VTR, 2R THCEER S BRER, EBE
b, EHEBRIE, (47 e - AEOHEBEHERSARD
h, EBEESET LEVRREE 7o EROREL DY, /
Ay = = TRRABCEB ORI B CRREES, ERE
{EAEE L, £ < NHD L2¥ahicict: | FloRELRD
H, TAYHITIR1ER4AORBFNERIER & BT
AL, NHD LRI N WEN DB, T/, 12V 7 TiR1K
PR ARERIZFEE LTy, R B TS0 AR T
RS A R Zh NHD & LTHREZIATW5S.

Fig.12. Many axonal spheroids immunolabeled by double immunostain. (a) Vi immunoreactivity (brown) is found in the core of
the spheroid and NF immunoreactivity (blue) is in its margin, Vi-NF double immunostain counterstained with safranine X400
(b) Vi immunoreactivity (brown) is found to be more largely in the center of the spheroid and marginal NF immunoreactivity
(blue) is more confined, Vi-NF double immunostain counterstained with safranine %400 (c) NF immunoreactivity (blue) is found
in the core of the spheroid and Vi immunoreactivity (brown) is in its margin, Vi-NF double immunostain counterstained with
safranine X400 (d) Leu7 immunoreactivity (brown) is found in the core of the spheroid and Ub immunoreactivity (blue) is in its
margin, Leu7-Ub double immunostain counterstained with safranine X400 (e) Leu? immunoreactivity (brown) is found to be
more largely and cleary in the center of the spheroid and marginal Ub immunoreactivity (blue) is more confined, Leu7-Ub
double immunostain counterstained with safranine X400 (f) Ub immunoreactivity (blue) is found in the core and the most
marginal area of the spheroid and Leu? immunoreactivity (brown) is in its margin of the core area, Leu7-Ub double
immunostain counterstained with safranine X400 (g) MBP immunoreactivity (blue) is found in the core of the spheroid and
Leu7 immunoreactivity (brown) is in its margin, Leu7-MBP double immunostain counterstained wiht safranine X400 (h) MBP
immunoreactivity (blue) is found to be more largely in the center of the spheroid and marginal Leu7 immunoreactivity (brown)
is more confined, Leu7-MBP double immunostain counterstained with safranine X400 (i) Leu7 immunoreactivity (brown) is
found in the core of the spheroid and MBP immunoreactivity (blue) is in its margin, Leu7-MBP double immunostain
counterstained with safranine X400
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BN BRI HEENSFO Vv v S VBRER TN
i, BESMOERIC X - T NHD LRI hizEDOLTD
WAL D 5 HIR 0 TLSH £ VM2 = 5 b1k B
3200, LM 13BI TS FI S HEIHE 2 1 ER I I EA
Bk BN, BAG GEFI22) O 1 HILA . BB
gz LB 7o 380 235 TR B O MRS A bh, ¥ Rk
S LT 2 ARIEFID AR, 3 ATEFL 1 BOFH1IBARS
ha. BREORESHETND &, BREELIZSBM
EOREEOWFKHRCFE, BEEETHRAELTWS. BiER
LEEWEEIR DR REMITOWT LD &, BiER D R ME
RRE L D FEBHEELET LTS, AEORImeERE L
EORMIERNET Lt EbRAEMAN 4 FlR bR B,
FTHLBRBOBRORARMCHENTCOLDOTH b EERKED
EOEEAET LT W ERREETER. ¥, BRE
BERENIESTHERE THEBMHERNIE A bR WE
B AFIALRBR, FO4HIOFHEBI2RELEL, UE
DEBFICHEBEER N RE T REAF VL HEIND
rré, BRENED LRI MREDFELY Bbe ok
WERCEAPRIECHETCLHEBR L TRET A L EROE
b, BBAEE, EFNOET, BEOKMHCLHMERT L
BREDLNDEHREIR TS,

Zh# T NHD DEEEMIC->\T Hakola #iad & LT—
B, BRI, MEBWERT R L ORD 4 s
B EEZBRTERY. WEHTE, BiREEREY RT
BEEMRL VPP UBRETLONS NEERETEE L, BiER
" TR RS FEECER, ARAHE LRNERSBEH
HERT. ROTERHTE, FORHEPL I+ 7 -2 2
DHFERCRMAET, LD, SEECTV TR EvET
HEBEHIERIICA D, BRCETLEERRE, R, &
B, KR, EHEERESEVREIL, KX, RAEREL
th.

BRECOVTY —fRiciz, FELTCREEBFOE®MR,IL K
IR CE RO ERMERG LR L, I TR
DR THAEETHPRBEIC I AN, Z0OHOF
IR EELLOC LEBEEY Y — Ik, MROPETHZh
THEY, BCRmPeHmABALTWALBEIRTVD. F
BB, 20X cHBONEOHNELLEBITKE
WIRR R R T 2. —BICRETEC L TRET 28R
DIV W E DA, EOABICR LTAWSHETR
IR X RS h A S5 . NHD o FE LIz B ilE
B ORERMLELOKR, Bl ERShcEEDC
IOFEBSRTA U ke BINS B L 24 DTHD &
ExohTusd, BHEROREERRL, HMETCOREALEDT
SEFERBNIEFIOF T, HREIDEF 4 & KEHID 2 6
EROT, £TOREATCERBE LIRSV ARTRRELETD
5. LinLiehih, SIEFIOKRE D ITEERIC Y s b EER
DENZLRA. D¥ VEERNLER, HESRWEH AT
BT 2EGA»S, @RV Y NP VRETERG A DO) HIES
R, BHOEREWEE THEREELLAAONZ 00, &
B U TEERVHEBE LV DO FTHRATHS. IhiT,
BIREAZRDBH, 20MATH T TRELHD Tx H R
HHLCRE, MBAMEL L LB BRI IE RS ER
LT BZEE<HMbhTWBDT, BERNRE T S
B, BOREBBCEZBE LT UEBTHLEEI L ER

THZ L, £EEHOEARBBEEE I #E XL TS NHD
DFELE 2D LTERCEERATHLEELDID. T
bbb, BERNEET, EFARL LB OFHRCENST S
BB A T W BRI B B R A E A BB R EEHF
AL, BERNBRETH-h, RTBERNEETLH
BREB EAITIXEREANGE L, ILTBERORER
HANEL THETHEERL, EHEAVTBECHRE, b
BUVIZEMERIEGS, BEEOBRINCEEERN B\ ES
LEZBNA.

REER, RO REFIE B BRET L 26
12, BREECKRYS CORMBERIMHELTE, L
L ERER BB T 0R N T MER Y BT AR BT HE
EhA. HAEORESTS ARCHAERILIEOERE LT
BEIR TS, FONOBRER DL OEORET LFRHH
BLTkR), BRROETICE LIt - THAERBEEZ LB T
ERBLNTHD. KBALSERNE L ETS L, HEFIT
RERCRT, &E, KE, &%, RAVEEIRTW3Y. &
RB, BEREEZBDRDH, WTFhOERLBFOMCHE
THELOTHRHERERY D7 VETLTHABHBELTETE
0, LkRoT, MBcBRIEREELS X VIIEFOETC X
AR O BIRWBEO M IER & E X 500 E» b Lh
v, ERUACTERICHIETS NHD ORBEERE, $FM
TR E (L, SFr, MERRE, FERLORINTS & OBLREIO AR
BEL, BEXRE, ERLEEOBREETHL. HRH6
B, A#BH, AEACEBOERTH Y HESIZZWERT
V. IADOERIMERERYETAEREDO—DOTHEE
JIROFEREBELULTHS. By 2RO IR LDERI DU
T, Schneider™® i3 sk Btk Bkl ik, Mallison™ 12 ¥E B B M BB
TEEFTRFRERL TS0, €y 2 BICEE 7 ERiER
wEIE NHD Ok L3 & A EENR DR, ZOHK
FIHAT A KO FRE L LCORBEBAAIEEC LR -
TWAIERRLTED, BERIET LiVIEFTIIAROD
ZUNIFETBICH LV L EXHRB,

NHD iR 8I, Six i & T2 8 EHERT
AZbh BEERMEL L PREEOLEILTHS.

feliA O EBERMELOE THEHREORK TIZ™®, htk
feli% - RN 2 > TEE EHT 5 SR OB
Wre LBUNIREE S HTe AHIRBTH B Z EABRE IR T
WAL FT, BEINBEREL, ERICE, BADOKHR T
BARHLRTCD L 5I2, BB EREHERE O L8 A
Wier A s vEBIRPIC REEST5 2 &1 X - TEBICHEE)
LTwab. FAIALYE=E, #F37 -2/ ra—-2A
i 2hs3 s, #57 F~AENOHERD DT LIRS
Lk ots., ZOEENEERMEFBEOHBECED X 5 1Es
LT B0 DFEMITATHHH, Lo RBBEENLRD
BRETHAELWIROEN—20FRTH 5. BEEAUEN
DR DOWTOHE T, BEDCKRE T, BE S N EMEF
BIEE Lz S 11000810 T, 36FICEBERMEEM N HD
Motcl ERBRELTWAZ ERERHLTWS, ERERLL
Tk, AEmAt SoEnMMEERE L, TOME KEH
%, HBEEEGCEHCEBCEERETLIAREE LT
5. B o THEERET{ AR CRENFT R Tk,
O TRMR T T L RIIEETHBRETHS. L
M Liedis, HbhEBERENHER, ABRELEETS
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BEOHE, BHrhLL LA TOBEEREE(LIR
LA HETHB Z EIXEE L. e, FRNER
M TOEKRT, BERELCLORER SRSV h H 206
LgThy, £hi TOHERLRPOBROERTIOELLE A
LhT, EEHMOBHVBERETIEVOIFRR, BEDS
WCIRBHENDEELRE LTS AEELDS.

AR OFREE AL, B, B VA -2, B
BT IED L TAMBOELALEOREFTAERE L, GKE
W, HEBORK(LIEOHBETKHEEOREC T LHHA
%

Z‘\‘;B 0: }5"}' 6 NHD @g_u&ﬁ%m‘zmmm»zmm~33)35)~39u2um7)sam> bi )
BHEGIS Mlea&hCI6HITHD (R3 LFES5). 1661F IFIAE
WBIT, THRREFAITHY, FETRERII2T 50K TLIE
<, BRI S2.50 H33E LA, WHEOM NBRESE
EDOMEREBIT 1641061, BT U & T 52 HEHARK
CEREREYI2IFIEDLRD. 05 H, KEFIIYEE
sudanophilic leukodystrophy & L TH 4% & R -fEGIT, AFEMN
BEINTHOBHREIL, BYVEOBEEEEY Y IEERSC
HAFEL NHD ERIEERICEMNTHA. KEIX 680g 225
1150g T, kKNEMERAINCH D E, 16FHATHEECRERL
o Bp 3 6, PUSRERBGIA L 61, §I5E - UEECAN S, B
B Lo g cEEI 2 36, fE - &
FEEAN LB TH -7z, BHERESACBECERISHH, Th
FhoOEFOBEBBIITITE—HKLCRD OIS, KB
BEEPNIINAL, BRFIO 2HTH -7z, EhhEELE
DA R TEFLED 2FEMET EHTH, EH»MIKI6HF 5 FIC
TEF, CLATEEE CORMCR F AEAB1I66F1161&
. XX VBRIEIHENO MBI 2 flTRDT, UBITHE
LTRD, BICEMIE2I TELEBOBERNXERE LTS
b, BCTERIS, 16, 20, 2200 4 A SR L o BER5 B
HE#ZED. REZHREOR, REORE & IRIFER O
HEEZEEE X HcEmsd b, FESBCRILTIHE S
BECHhEBHBROEAEL L, BEOCHREMAALA
BEFATIIEHFBENOLBREL S VX5 THY, BIFBENOW
B 2P Chb BRI BE-BETH - 2. — RN
FYVF—vAL, BEOCEISHD LOOEHTHELN, FEME

MR—HLTCEh, HERML LV EECHRE LTV 34618
W FEGIN2, 2200 2 BIVIRRHENE SV A — Y ABBE TH B,
FOMDIABITIZ DT L bFEEULORMEKR 7V A~ =
AHB LTV, EEOHMEA L SEFAMCHEAEBCLD
ERNBDHNLALI6FALTICHBE LTV, S0
fE, KEIRFAFIARE—T, —F LIEMIZCWA, HE,
Bodian REICHTHHEHIT—FEL T\, EEBEORKT
ERAK, BAKEY &b 5 L 16FIR1261 TBRED Hehs
EouE A bhic. ¥, ABEREDHETIL, SCLT 1216
FlR1061CH b, SULT 12 260T, TRT 4 HITH -7, 1
BIGBE L LT, SEF2, 512X bRkt &
7Y A — v AR BIRPOERENE &5 T1661% 9 flic ik
DEHNBEINT S, FER 3 T2 Onuf BEOLH, &
Fl22 TIXEAB, FRERHEELNEREADR TS,

FHUNOHBBETIZ, 74 vFVFTEH, 729 5T
1BIDBERB BN, 74 VTV FEHRLHANMEEENOE
MEmL, BETRRGEMEE 7 ) 4+ — v, HBHEEOR
g, MO RZ BT BER AL BN B SCLT Th-1-. ¥
fo, 74 v IV NEITRAPEORE, REOHEMLE OBk
ORI N TS, T47 2 ) 241TE, ABDORV-&
MM 7 ) A — v AL B OFAR L R FRHEE LI REZh
T3,

ABMOEREBUINC RS &, BIEEEHH HEDTEH
B, HEFE LWCHHE - JIEEEMTERERLTCE Y,
Nasu #? 721 23 3H - BHEBALBHFLXRLTV5. F
RO A BER¥EEIE (leukodystrophy) DRBIZDOWT, EAR
FHCAMERESEOHBEIEE S, BEFNICRDLES
BRI N 5 BEERE L, RE TS REH O
RERAEAC DS ERNTW S, BAFAILREKRL TXTCOE K
BRI —KTHHATH - 1.

NHD O HEWERE LTINS MRESENEH A DN ST
LR EENE B D —DTH B . Seitelberger®™ ® Jellinger™ i
RO OWTHRE LTWa . Fhic X hizt, B,
B, WTHEN, €2 I VERZER L ORERETHRED
FHIHRETAZ L0, HRNOBER JUBHERET VI
I o THEINT D, 12, Lampert® 11BEIC L H5HET

Table 5. Neuropathological findings in the autopsid cases of Nasu-Hakola disease in Japan

Neuropathological findings”

Case Author Sex" Age” Duration® Consan-
No. (y) (y. guinity? Brain Affected® Demyeli- Sudanophilic Fibrillary Spheroid Calcifi- Type®
weights (g) lesions nation  lipid droplets  gliosis cation

12 Nasu et. al® M 38 12 - 1050 T+0 H H# + +# + SULT
13 Mizushima et. al® M 27 6 + 1030 F+T + + ++ + - TRT
14  Yakumaru et. al™ F 36 11 - 880 T + + H# + + SCLT
15 Harada®™ F 42 15 - 830 F+T + + 1 + + SCLT
16  Tanaka® M 4 16 + 1150 F+T + + 1 + #  TRT
17 Hanawa et. al™ F 37 8 + 1010 F+T + - H# s + SCLT
18 Takeshima et. a® M 50 15 + 1030 F + + +# +# —  SCLT
19 Murayama et. al™® M 4 14 - 990 diffuse + + H + + SCLT
20 Takagi® M 40 24 - 980 diffuse # H+ + H+ - SULT
21  Amano et. al* M 4 33 - 680 F+T H# H# # + #  TRT
22 Yokoo et. al™ F 50 23 + 740 diffuse H # H + + TRT

a) F, famale ; M, male.

b) age at death.

c) duration of clinical course.
d) +, positive; —, negative.

e) —, negative; +, a few; -+, mild; H, moderate; #}, severe.

) F, frontal; T, temporal ; O, occipital.

8) SCLT, sclerosing leukoencephalopathy type; SULT, sudanophilic leukodystrophy type; TRT, transitional type.
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T U DREERATIE LTI 2 & X 0 BB RO TR
CEGWZERELTHAEELZLRS. Ub ik, #Ava v 7K
E1 (heat shock protein) TR 4 O R EHRIC 3 HIEE T HHA
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H, MEEREOEE, MEYBIT. IHIK, MAP2 &b
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Clinical Neuropathological and Immunohistochemical Study of Nasu-Hakola Disease —with Special Reference to
Abnormalities of the Cytoskeleton in Cerebral White Matter Lesion— Kenji Miyazu, Department of
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Abstract

A clinicopathological study was performed to examine cerebral white matter lesions in 5 cases with Nasu-Hakola disease
(NHD) and in 5 cases of neurodegenerative diseases (non-NHD) with neuroaxonal dystrophy using immunohistochemistry.
This study employed antisera against neurofilament (NF), glial fibrillary acidic protein (GFAP), vimentin (Vi), ubiquitin
(Ub), paired helical filament (PHF), microtuble associated protein (MAP) 1, 2, 5, MAPs, myelin basic protein (MBP), Leu7,
and tau, using the avidin biotin complex method coupled with both single and double immunostaining. Furthermore, the
literature of 109 cases with NHD (74 Japanese cases and 35 cases from abroad) was reviewed to elucidate the relationship
between the clinical symptoms and the neuropathological findings. All 5 cases examined displayed marked fibrillary gliosis
and mild demyelination, indicating the sclerosing leukoencephalopathy type, and 2 of these cases were associated with
degenerative lesions located in the thalamus. Immunohistochemically, the white matter with severe demyelination showed a
decreased MBP immunoreactivity and oligodendroglial changes. In contrast, the white matter with mild demyelination had
an increased MBP immunoreactivity with preserved oligodendrocytes. Axonal pathology in NHD provided three
morphological types of spheroids (diffuse, core and peripheral) and non-NHD had only one type (diffuse) of spheroid. The
spheroids in the NHD cases showed NF, Vi, Ub, PHF, MBP, tau, MAPS5, MAPs and Leu7 immunoreactivities, while those in
non-NHD cases showed NF, Vi, Ub, tau, MAP1, 2 and MAPs immunoreactivities. Moreover, some of the NHD spheroids
were lamellary immunolabeled by both anti-MBP and anti-Leu7 antisera. These findings indicate a regenerating process of
myelin ‘and cytoskelton in axons in mildly demyelinated white matter. The clinical symptomatology inciuded dementia and
personality change without bone symptoms in 2 cases. According to the literature, cases with initial bone symptoms
included 61 cases in Japan and 35 from abroad. As for neuropsychiatric symptoms, dementia, euphoric personality change,
gait disturbance, urinary incontinence and pyramidal signs were frequently documented. When comparing 29 cases in Japan
with 22 cases in Finland, the mean age of bone, psychiatric and neurologic symptom onset was slightly lower in Japan than
that in Finland. From the neuropathological findings and the clinical course, cases with early onset of bone symptom and
rapid progression were prone to severe demyelination, and cases with delayed bone symptom and slow progression had a
tendency to mild demyelination. This difference is considered to be due to the fact that regenerative processes varied
according to the severity of the disease.



