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B T BV R AT SR B I B & (EE A E R BT IR FE %)
SRR 22-23 FREE REFRREE

IR N2 TR ORI ER AR RIS
WoERERE Rk B  BRER KRR

WIREEE A 279 Nasu-Hakola disease; NHD)IZ, DAP12 #{5-F$£7-i1% TREM2 EEF OWRERE
RS R LB BB RS MR B E BB T D, TREM2 & DAPI2 1. BB HEN - BRI~ 211 —
TeonZ Y7 OMRARE RICHBL RB/E - TH T~ EEEEFEEL, THRICLE TS Syk DU
bEA LT FARARET B, NHD 1. 20-30 A1 S 3B 3811 S B HE B4 & 1 BNIEIZ LD
PRAER CHIAEL | 40-50 FEAICHEAT HERBANE R SE L CHR T L, BRI IBIREN DO EER ©, B3I B AL
T4 TURIZERL 0D, TR 21 FREE(H21-EER-—-201 )1, BRI B2 /ERLL . Web kTR
Ule, ST REHHR R B8 BIRAME 4071 MR E R BIc T v r— NS EHL . F— 2 — 2%
TERL L, RRFREBELEH) 200 ALHEEL . BR—A_R—IC BESEOMRE D 2B Ui, YRk 22
(H22-HEHA-—f-136:1 4F B)I, 35410 TREM2 I5F 25 B RE T2 | 557 3 (Il BILC. Z BARsT
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UL BFEE T, NHD 1236172 BB IMIE O FAEMTE XA S0 Tl | TR KRB 3 2R Fl "rae7e
AISEE 7 VR IR ST STV VRV, TRk 23 E}E(H22—§f£?é-~}3&“~136;2$ BN, BRI B2V kL
Syk @%ﬁ%ﬁ%ﬂﬁ@sﬁ{t%@&:%*ﬁu PRREHERRIZ 1T D Syk 27 IAREE R B 5 A B E 38
EZFEL QNS REMEE R LT, F7- NHD AIEEE7 L%/ ELC, DAPI2 BT/ v 5 7 L Bk
by g RVA Y N é%&:ﬁk%ﬁ’ﬁ%w%ﬁﬁ@b’c WHFERCR 2 IR L SRR 21-23 SR BRI 13 NHD BE#E 3
SCRISC 5 WA LTS, SES CEPSMEEL CREOBISEIRL RBFFOR R A 5 TR &
A BE QOL M EOEYM ISR, SBITIET Y A (v —IFE Rl 4L OD%%ME%%ODE%@%\
R T — AL RIRERE ORI B L1825,

WS EE | | - WS E
RKERE 5L+ (BEBRFIRZEAAFA FE HRE (B - RERNSEY & —
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& (LR RZEEEMAREAR )
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mfE A (BRI E TR RN RHE
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B R CREEZREIIERTMISE - #
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Dr. Florent Ginhoux (Singapore Immunology
Network, Agency for Science, Technology and

Research)

A. TFFEERY

BZE/~a 75 (Nasu-Hakola disease; NHD)I,
AR E L Hakola (240, 1970 FEAHIER
(RN T RS i 2B B L B E ME
EEETHMmDEETHS (Nasu T et al. Acta
Pathol Jpn 23: 539-558, 1973; Hakola HP. Acta
Psychiatr Scand Suppl 232: 1-173, 1972)(&#t-1,
EH-2 M), NHD 1% 19q13.1 Yk o
DNAX-activation protein 12(DAP12)iB {1713
6p21.1 et {R _E D triggering receptor expressed on
myeloid cells 2(TREM2) i# f= T @ ## 8 38 &
(loss-of-function)ZE RIZ IV FIEL | H YRt
BEER%E 29 5Paloneva J et al. Am J Hum
Genet 71: 656-662, 2002), FBEILHARLT 1T
RIZERL TV %, TREM2 & DAPI2 i, BB
fE - R -~ e T 7= a7 DR
i EICREL BT H S —EE TR
L, T E T HHEREGRTF o od T —E
Syk DUV ER{LEN LTV T T AERET D,
TREM2 ORI TP IERIZRESI TR
VY,

NHD OFHIELL T O 4 MUK &5, (1)
FEBEHIQ0 BAVET), QYEERIA0 A LIRE):
REBOBWMMICH R TR EERERE
TOREVE T, 3)FHIREFRRAER B30 A AR LA
We): o] - ZIE - ANEIEE - EREEERE D
RTERZEREME - CADAFELE, (BRBIR T RREE IR
o mARUE) ETHERMEZR2TD
(Klinemann HH et al. Neurology 64: 1502-1507,
2005), B TR/ BiRE, BhSRAE A, ffE
MR, 7 A VA — VA onr )T
TEMEEZRRD D, B E MR FF ORI
Bl 572> T72\ (Paloneva J et al. Neurology 56:
1552-1556, 2001),

HIOIUTFRL 21 FEIIRE N2 TR DR
PR RO e e 2 LD BT T (B -3 5
), NEEERE-(AaERNRFEER) L HE
B R EHEILTF (TR IR R FEBH). W gEhs 1
B IE(E LR - R ER v 7 — R
R RER) LU (B SLRE A - PR R AT 98 &
H— BRI ST NERER R - M (L A R E
FEARE AR ) A E Z (T RR R
e ) - e A R o (] LR Bt [ IR Bk iy
FHE &) - B HE RGO B 20 A T FERT
e PRAPRR BT FEHB PR P &) O S ., L
IBRERICEE B E -, AENICHIEZ 2T
L7z, ,

TRk 21 FEEH21-EHA-— 2012, Ak
FHTER R A ERAER LI (B -4 2 R), =
DM EEICE SRR - 2EREICEID &
FREEBIIHT 200 NEHEE ST TOD( 1), TR
22 FEEE(H22-EEHR-—R-136:1 45 B)ITIE, AT
BTIHBEFEOHREBEALFRL ., MEAR



BFEOERBELPERBRITIELIZ(EE-5 &
fB), JAEET 18 FEHHD DAP12, TREM2 Ef=T
BERPMESHTODH, AFRTIL TREM2 ££
DIEFNIRE S QR0 Tz(E k-6 B HR), K
WFFEPECIE, A TREM2 BT RICHE
H45 1 5% 3 BICBEL T, R SRS
EFRBBFET V., BEBMKICBITORIE
(inflammation) & #H % 2 {4 (neurodegeneration) D [F]
REETTA R T AR B FRE T a7 — V% B
L 7z (Numasawa Y et al. Eur J Neurol 18:
1179-1183, 2011)(K 2), E-L MMM TIZIrws
U7 283175 TREM2 ORI FEHETRDIRNTE
ZHBA BT (Satoh J et al. Neuropathology 31:
363-375, 2011),

YRR 23 4F BE (H22- B TR -— X -136:24F B IZIE.
NHDH| # AL 3 1T DDAP12S 2 VB E Sy
F-SykDFE B A Se S MEAR L S2 RO AT L. RIBRZ
B VBRI I BSyk D B E U Rk E
RH U7, F-NHDAIFEET 1V REL T, DAPI2
BT/ v 78D e NEER IR E B LU T, —
EDOHFFERLSIT . NHDFSE B A7 I I =R L
EAE T BITEE LT HBEOQOLM Lic>
R BEEbiLD,

B. W5k
1. NHD 2 & EOEREEE T — A
WEORERFFHRE(1972 42009 F)DHEERET
ROBEEREL. EMRYEER DLW —KERR
ETHOEZ TR IREL/0 D457 NHD 22l &1
(B2 ER LT, £EOMBENR( B AR
L) AEHHIRENB AR RES) B
(FAREETA R EE)BETHERIRR 4071 VP45

SICEATELT, AR EEEEWERIC
BT — MR EEL T,
2. NHD FBE SR Rk oD S HE kA L 2 RO R AT

W EABIIEN T B 7
Research Resource Network(RRN)Z @ U CTHfES
TSR o U CrE R B2 S L7 NHD
B (n=3; 2 BllZ DAP12 141delG ZE £, 1 fl1Z%
BRAE), SHRELTHBEE AT 41—
(MDY (n = 4), BEFEFHNC)(n = 4)DRITEEZE -1
B - BRI AR R B T, & CORRER T,
8N EHRIT—EI RSN T, IR ST 7 ¢
VHI B & VT, DAP12, TREM2, CD68, IBAI,
Syk, pSyk, Src DFBLE T IR L SRR L
77 |
3.NHD O 1 5% 3 BlOBRFEAIERE

FEIRE L 36 B MEPT3), CADARIETA
B2, MBI IERIE, 4 AR 0 3 FH, ZREE
i SRAVEHDS-R 7/30), CT HEJERAKAL,
MRI fNZE#E, 99mTe-ECD SPECT RifBA{IFAZE ML
IR TE2RBDT, £ APTHERIL(PT2)E, FEK
#91Z NHD 23%&iodu, £EH 39 7% 31 T
L, B LIEHR CREF IR HE L, BRI
BERL, PT3 OFEMMmE PT1 OFRMLY,
genomic DNA Z#E8IL | TREM2 #&{5F. DAP12

5% PCR CHIIEL . PCR EMZE Y — 7=

VRN LTz, ET- PT1 DU BTEEIE R AR D
total RNA % #f1 ff L . Human Gene 1.0 ST
array(28,869 genes; Affymetrix)% i\ CEE T3
a7 4— VRN LTz, PT3 LB NHD BE
& 2 2L TCERBEREL, £REE
FBRA iPS MRS 2 (REA K AT R IR FEZIR)IC
AL, BESE AL PS MMMaL L, BRI



GRS T ~BEFLUT,
4. NHD RlIZEE7 /1 R DOBR %

DAP12 siRNA(SDF LT scramble RNA(SCR)%
GeneClip Ul Hairpi cloning system(Promega)%
WTHARIFY —IZI/n—=v 7L,
TREM2/DAP12 [t MEERHE MR THP-1 I8 |
SIFE 7 m— 815, SI17 8L NSCR R /m—r
SCR1, SCR4 ZHISLL7Z(X 3), ZHHIZEAL T,
Human Gene 1.0 ST array %\ C, Bz FRE
7T =)V BT LT, iz DAP12 FRMERR(LED
a7 VT Hil HMO6(Nagai A et al. Neurobiol
Dis 8: 1057-1068, 2001)iZ, DAP12 FH A7 52—
HAL, DAP12 BHELE HMO6 MakkamrL
7. ¥7- sphingosine 1-phosphate(S1P)% R A7
FE FTY 720(fingolimod)? HMOG6 {25695 7 A h—
VATFERBI OO TR AL,

J1 A 2(Bombyx mori)id, 2006 FEIZ H A & E s
HLERoTET /AEFZFTE T L E B h
T, eNREBHEERRFAN YT 2L HEL
TWD, Fiz 500 O HRERENFEL, Bis
TEEBIRLIESI SN TV D, HALEM RS E %
TRA L. BB PO MR RN ~ZE 3 5 3 T EC,
BB MR EE T =2 — H AR E D5,
ARHFZECIINHD @ in vivo BIEEET VAN §5
7o, LA RZ I T B I A2 DI-1
cDNABmDJ-N)&ru—=7 L Mo in
vivo 2RI DB LRE A fRIT LTz,

(T E E~DHELE)

T = ORERITE NI MR E ST O
FREICE L, SRR BRI IR ORAT
WCBRELTHEAT2IICEE L7z, BFFefE I

LU TEREBEEZRELZEMMHEERIL. RRN %
SrUTREE SNz, BRI TOY ) MEFTHIFRIL,
PR ER RFMmEEES 1904 5 Nasu-Hakola
RO DAP12 &/ WBARTRENT . BE iPS MR D
FAIZBEL T, 2306 5 TiPS % MV -tk
FETERAE ORI R4 BRGE ) | B5y F-5 BESRAT
BRI E LR - R — R B £ (19-2-
T NBIUVELERERE Y —HEZES
(65TYDAREET,

C. WroufssR
1. NHD WD E 2 T 7 — Mk
NHD 2 Wr ¥ (& B-) & ER L, Web Lk
(www.my-pharm.ac.jp/~satoj/) CAB LTz, Rk 21
F11 8 11 B-¥R 2241 A 31 BIZ, 4071 fgk
WL TT 7 —MAEZEML ., 1656 MERMND
B %157 (B 2R 41%:; B 29 44 311 8 i), A
FIZIIT D REHITR 200 A (BE L 29x BT =R
THIE 2.5x JRBEEHIIE 3.5; 20-40 AR {RICER) L
FESNIZ(B DAL 21 FEREREESR),
2. NHD B4 IR R O so it R b S B AT
DAPI2 I b — L CidIoru 7y
(ramified microglia)lZFEHL TV /223, NHD i T
133 Bt DAP12 DFEBLEFRD/R03 572, TREM2
FERZu YT TR R B LR T DK
OMERNOEERC~v/nT 77—, iRm0
RAEIZF B L TV e, —FF, NHD BE R T,
Ibal BBMEI7 a7 VT3 L TOZRNWZEA D)
272, NHD BL U@ ha— b RO D1
Ja, —EoOIras )7 <wra 77— BUN T,
HIRE 23T 5 Syk, pSyk OFHEFEDT-, pSyk
{3 NHD i TIEFEHROEIREFRD | —FOPHEEH



Fa CIEZENIC BT DR B A TRO Te(ER 23 FEEE R
HEHREESR),
3.NHD @ 1 5% 3 BIOBEFHIELR

PT3, PT1 D4 /A DNA &ix F &4 C.
TREM2 % 3 A2 ba 8 2 fii(the splice-donor
consensus site)? T>C 2 F(c.482+2T>C)&788 .
exoﬁ 3 skipping % 2 L, 27-kDa, 24-kDa O
non-functional truncated proteins DFEEZFRD T,
PT1 ORIFAIEMGEME DNA <~ 12707 LA CHET
L. NHD i CH# 8L L5 136 BInFLHBET 188
BEFEFEEL, 7 —2#% National Center for
Biotechnology Information 7 —4-X—2Z Gene
Expression Omunibus(GEO)Z GSE25496 &L Tx
BRI, BB EFBEFHICITI0nT7—
TN T O — I —BEBEFBEEN, TR
ETREFHIZIE GABA 2RV T 2oy
ST T ARERRS NI BEEFEL TV, NHD T
HENEEZ LA TOHRANAAF~— D — &I
&L T regulator of G-protein signaling-1(RGS1)
% [EFE L7, Ingenuity Pathways Analysis (IPA)IZ
LD5FARY NI — M Tid, BB L BEEF
#£1% inflammatory response, cellular movement,
and immune cell trafficking(XERHEE /R AT R.)
&, HBUK T BB TET cell-to-cell signaling and
interaction, nervous system development and
function, and genetic disorder (FfRZ % RTFT
R)E DR EMES RS (B 2)(FRL 22 FEEHR
EREEZMR),
4. NHD BIZEE T LR OBHF

DAP12 SI, SCRZ L~ 4 —% THP-1 [ZHE A |
SIFH/m— SIS, SIN7 B L NSCR FEHL I/ m—
SCR1, SCR4 ZRI3L, #1/TL~L DFE BN %

JITAK Ty NCRRFELTZ(E 3), v/ T LA
fEATIZED SI17 THEIME T2 27 22 BinF&
FE LT, IPA 8D F 3y b — 7T T,
cell-to-cell signaling and interaction, hematological
system  development and  function, and
inflammatory response & BSEMEDRIEIIL, BR
B+ NF-«B 03 LR El 2o T e
Dotz (FR 23 FEERSEREESR), £
7z DAP12 #RESE R E MM/ 7 U T AIFE T VR
RIS 572012, HMO6(DAP12-)IZ DAP12 &
BT HE A LT HMOG6(DAP12H)Z 3L
7o

FElehAaDFBELY 7 DIl OBEF
BmDI-D&E7a—=27U, i, T, Bk, 15
B, = e DB REEL, OREL, mERICE
FHFEE L, IR T EFRERES
& 1 BLE A Rotenone & 5-1Z A ARIEDBHHEE
FEHEEBLIZ(CERL 22 EE S HEBEESR),

D. B

A = FHNHD)IX, 1970 FERYEEICHA
AL Hakola {1 L0 R BALE SRS STz
5 35 1B BRI S AR MR T M B B R & R
THEEFIEBEE T, BRRIBFIEDOR B
i CdbDH, DAP12 BIZFE7213 TREM2 BinFH#
BEFERARICIVRIEL . H YA ASHHRIRTEN
EEL BEILERETATURIZEBLTND,
VB MIE IS BBE - 7 VA — s R B FR K M
LTV DB RIEM I IR Th D,

RIRCIHEFHERERETIITOIL TR
e, Db IETERR 21 S EMH21- 85—
2001, — MR ERER E 23F FH FT 72 S 5 IR R IR 72



W B YR VERLL . 916D C, EEMR AR -
L BB THEHEER 4071 WPTEXIEIC,
BRI HELE G EAE E OT o — MR EML
T AFRICRITDEBELEZR 200 NEHEELZ, &
7 ENTHIH T TREM2/DAP12 EinF2 Wil
ITRIREZR EDNT BRI A B LT, SBITR—
DR—VICBEFRBEOMRBOLHRL., %
NEEMECEERZE T OMIRREEHENE
FIZBL Ceh A =4 st s 2 B AL
7oo ZOEH LB A, EAFETE A E L

3% NHD £ D QOL [ iz 272435,

MERY 22 R BE(H22-EEE-—%-136:1 48 BDITIE.
WP SOICHEE T A 72012, FF e/ 2R
BRI P OEMR LS LeAF 8 4101
BiR{b L7z, NHD B3EH| iR s ik b
FENMEHTLC, Ehvraryy— U RIS
% TREM2 DFEH 53472 B 6732 L 7= (Satoh J et al.
Neuropathology 31: 363-375, 2011), AR FH ] D
TREM2 ZR|ZJ5 NHD1 5% 3 EFZREAEL,
TR OBEFHI T 07— VERENT, R
PEEIIEDRIFRFETZMREAL . FTH A~ — T
—RGS1 %3 R L7-(Numasawa Y et al. Eur J
Neurol 18: 1179-1183, 2011), L/ FTHID T,
NHD 835 2 2 DK E LY iPS LRI, HR
FIR S 7B U T (REAR R AL RIRE IR O
CEEIZLED), BTE, Florent Ginhoux {#4 & o ik
F#FZEC iPS LD raZ V7 Mk E (B CH
Do WA R {RIREIR AL LT iPS A
i, ERICHETEL . HHWWDEMEE R T DM
Wb o2 aetEEr s LT, NHD ¥ i fiE
BRI IR B IR S L Db D L b s,

Rk 23 AF B (H22-BEA-—%-136:2 45 BNHITIX,

NHD B3 F e ik a s B R L 2T L
C, TR BRI 5 TREM2/DAPI2 v
FIAREER ULy F pSyk DI FRE B DN
L7z(Satoh J et al. Neuropathology 2011, in press),
ELIZAIEET LHRELT DAPI2 /vy r& T B
BER THP-1 fEEEE DAP12 KIBENMMI 70/ U7
M E Bk A& A8t 32 L 7= (Satoh T et al. Cell Moll
Neurobiol 2011, in press), F/-IREEEBRFE DR O
ZGDID | IATET NVRE AT, DI-1OFTER
{EARN AYE 2 B B2 C L 7= (Tabunoki H et al.
PLoS One 6: 17683, 2011),

VL EOB R G TR AT AT, Rk 23
7 8 25 BIZABREI—2BIELE,

E. &3

AL 21-23 SEEED 3 AR, NHD D RRRIHE
BEFWZAEICEREY TTIFREITV,
NHD MIZ 3311 5I7a7 )7 - i i o RS
b, PR PRNE & 25 M D [ e AT 70 & BB 38 S0
X 4 WERE LT, BEE CENSV R CHEEL
DBFFEITIe RO RFIIEEFBITE L £
LT HEE QOL [ EOMOMAIT oMM, &
DIZIET NINA< =R E Z < OREVER B D
BHABWIECT — T AN IRBEIEOBILICH B IR
LELEEDILS,
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Disease Summary

[Name of the disease/symptom]) [Nasu—HakoIa Disease

[Number of Patients)

[Background]

[Cause]

[Major symptoms ]

[Major complications])

[Major treatments]

[Contact information]

|Approximately 200 patients in Japan

Nasu—Hakola disease (NHD), also designated polycystic lipomembranous
osteodysplasia with sclerosing leukoencephalopathy (PLOSL; OMIM 221770), is a
rare autosomal recessive disorder, clustered in Japan and Finland, characterized
by progressive presenile dementia and formation of multifocal bone cysts. The
neuropathological hallmark of NHD is profound loss of myelin and axons, and
accumulation of axonal spheroids and sudanophilic granules, accompanied by
intense astrogliosis predominantly in the frontal and temporal lobes and the basal
ganglia. More than 200 cases have been reported worldwide. In 2009, we
performed a nation-wide survey of NHD by sending a questionnaire to 4071
hosipitals of neurology, psychiatry, and orthopedics. Based on the results of this
survey, we estimate the prevalence of approximately 200 NHD patients in Japan.

NHD is caused by a structural defect in one of the two genes, DNAX-activation
protein 12 (DAP12), alternatively named TYRO protein tyrosine kinase—binding
protein (TYROBP) on chromosome 19q13.1 or triggering receptor expressed on
myeloid cells 2 (TREM2) on chromosome 6p21.1. The TREM2/DAP12 complex,
expressed on natural killer cells, osteoclasts, dendritic cells, and microglia,
regulates key signaling events involved in immune responses, differentiation of
dendritic cells and osteoclasts, and phagocytic activity of microglia. Currently, 18
different NHD~causing loss~of~function mutations are identified in either DAP12
or TREM2, and they cause an identical disease phenotype.

The clinical course of NHD is classified into four stages: (i) the latent stage with
normal early development, (i) the osseous stage beginning at the third decade of
life, presenting with pain and swelling of ankles and feet followed by pathological
bone fractures, (iii) the early neuropsychiatric stage occurring at the fourth
decade of life, presenting with a frontal lobe syndrome such as euphoria and loss
of social inhibitions, often accompanied by epileptic seizures, and (iv) the late
neuropsychiatric stage occurring at the fifth decade of life, presenting with
profound dementia, loss of mobility, and death usually by age 50 years.

In the osseous stage beginning at the third decade of life, the patients often
suffer from repeated episodes of bone fractures with pain. In the the early
neuropsychiatric stage occurring at the fourth decade of life, the patients show
various neuropsychaitric symptoms that prevent normal daily life. In the late
neuropsychiatric stage occurring at the fifth decade of life, the patients become
bedridden accompanied by respiratory and urinary tract infections.

No curative treatment is currently available. At present, symptomatic therapy and
supportive care are the most important issue, including orthopedic management
for bone fractures, psychiatric medications for neuropsychiatric symptoms, and
antiepileptic agents for seizures.

The Study Group entitled “Clinicopathological and Genetic Studies of Nasu~
Hakola Disease (H22-Nanchi-Ippan—1386)"




