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S, KRB IFNS O NKBOAFF =Y
RE, VTNV ATFAL LY VICEBRSH
PESHBAIE L, RTENTERAINS. —7F,
IFN/31a i Chinese hamster ovary (CHO) #ifg T
EAESNHERBS AL, AN - R TET
fFRSN 5,

B AT MS 12513 % IFNR DRI A
&, OBFEDROEFBFESToHEHI LT
v, QEBERSE - &5 H5HEI R
2TV, @IEFERIEDZ L nonresponder
BHEET 5%, @%EFE % (mmunogenecity)
& b hHIPUK (neutralizing antibody: NAb)
PHBET L LREDEPRIET 5, OREH
(adverse effects) IZ & ) iEEBHE L K SE S5
BB VERINEET 52 L Th s, IFNS I
BHERRRSMEAERRES X D RhEDS
KEWEOHEYDDH 5%, EHNZIE (long-
term effects) IZFEH SN TE ST, BERTO
BT EHEH2 N, poor responder R nonresponder
W2t LCidftio> DMA(GA, cyclophosphamide,
azathioprine, mitoxantrone, #T CD25 ¥ifk) D
$£ F (add—on rescue therapy) 23 ETdH 59,
7272 Ut integrined (VLA-4) Ftdk & O - Tk
AT 25 B B M JE (progressive multifocal
leukoencephalopathy: PML) ® F i 2 i & &
NTBYVERZET LY, TL-MEEME . &
RIBE - WMEHOET T 2 IHIZIRIEH
LA TIE R L, PPMSIZIZERITH S, NAb I
TFNB1a i 8 L C IFNB1D CHIRE S <,
BESRLZRITEE L), HRBEBTHEET
ZEHHWE, BHERE LCIIRERER, &
BHERAL R IR, BBk, iSRS,
9 ofERK, BERECRERBROBE,R &
MEOINTEY, ZTHEBERBRELIC
HBT 5.

3. MSIC&(T 2 IFNB iBEHFED
FEHRE

a. HREHEHER (immunomodulatory
effects)
MS 12 BV 5 IFNB D&% RO RIHEFE O
EFRMHSNL TRV, HLDATF v T T

HABRk 64 %% 7 5 (2006-7)

i DEEFAL (antiinflammatory) 1281 & & %
55 (R 1), F—I2 IFNS I8 RHERE (dendritic
cells: DC) % macrophages/microglia 7 EHiJE
$2 R (antigen —presenting cells: APC) DL
BIRREEZHIHI T 5. CD4™ THIARIZ APCHIRE
JRFET Lo class [1 F EHBE &P (major
histocompatibility complex antigen: MHC) {2
&L TF FRERB#®RT 5. IFNy i3 APC
Lo class I MHC - FORB LNV E, class
II transactivator (CIITA) DR IHFHE% /v L TH
E\IHERT A, —HFIFNB i CIITAMHIEF D
WA FEL TIFNy 12 X 5 class Il MHC %3
BRICHERT AT EELII T A OYA
b (astrocytes) fiE# % FH\»C, IFNS 2°IFNy
\2 & 5 class Il MHC B 58 % FRMICEHI L,
IFNy 2 & 2 B REERICH L THRTAZ
LR L2"®, [FNa/f & IFNy OFEHHIE
HVEH (antagonism) 1358 4 DEERRACHEIN
T v 620).

BEICIFNB IZ APC T X 5 TL—-12 BEA: % $]1]
352 &2 & Y Thi shift #21E3 5%, IL-12
I Th1 M DG LFBICLEZT A AL >
T, MSEHHHEECEEHEANLAELTWA.
L LIFNS 2SBHIC Th1/Th2 NF Y A EER
5LORMIZIIRTED HHP. FIZIFTIFNS T
DC O fbpi# 2= fEE L T, CD4*THIRBIZ L 5
IFNy & IL-10 DEE % FHET 5%,

EZICIFNS WEHLEC RIGETHRE D
BBB @@ % #%3 5. IFNB &5 F O MSBE
TIZMRIDH F1) =7 & (gadolinium: Gd) &
ERBEEFERT 5% IFNS i THEO L%
N B2 4 B3 (endothelial cells: EC)~ D # % K
F very late antigen—4 (VLA-4) DFEHR L NV &
T &4, ECFEME L ® vascular cell adhesion
molecule—1(VCAM -1) % 4t & C, TH
Fa®D EC~0##E ¥ $ 5%, IFNB X ECD
Vg% - AT T 3 5% IFNS 3E
AL THIREIC £ %5 BBB R EEMBANELE T
F#3% matrix metalloproteinase—9 (MMP-9) O &
A% P 57,

ENCEFKS L IFNR X, MSEEHR
BT L7-BBB%EBL T, 7 T7THiE
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(astrocytes, oligodendrocytes, microglia) %>
BB EENICER LSS, IFNp I3
astrocytes T3 IFNy F5E M INOS 0 4= % i
L, f#%ZERT nerve growth factor (NGF) %
pleiotrophin D FEIE L NV % L7 & & 559,
IFNpP 13553 microglia TIX IL-1 EAZ KT &
4, IL-1 receptor antagonist DFIR L X% k
H 8859,
b. IFN [CE&EZF &Y D
Q£ FERER

TEF I A7adz7 PETICED e Ma#t
EFEARGSHHE SN, BEF7 L1 (DNA
microarray/GeneChip) % BTl 4 O#IIC
BT A2HATBET (e M&#ETH 30,0000 0%
BURImAVEIER - RN - SRR BRI
Bolz. BEFTVAEASTA FIrsRESEL
B D DNA £ 7244 1) T2 7 Lt F KA
EEINTVWEF Y T ThHA 2EBETIEIRIEZT
FERLANVORL L 2TEEOMA - i, Bz
WX IFNS & 5 Ri# Oie 2 &2 5 mRNA % fll
L, B4 o#EKEEE(Cy3k, Cybik) TINW
L72cDNA, cRNA%ER LT, Fv 7 LTH
BENA TV FA ¥ -V a r&2f7H. AFxy
F—THERI T VEREL, 7% 2 ER
(normalization) L'C, BEFEHR 07 4 —
% LIRS 5.

T D &9 RABRERFEIUENT (global expression
analysis) DFHEIC L D, HEOHFEFE T
TFTHL o 72 BIEZFRHOMSHEBIEZERIZE
T ABRED KA LB LHPIZEN/Z®. Whitney
5 12 %1% T cDNA microarray % F\v»T MS &k
HIREMRE & IEEHRHE (normal-appearing
white matter: NAWM) % leE L, BiE BT
% interferon—regulatory factor IRF-2 & 5-
lipooxygenase DFEIR LA Z#HE L72*. Chabas
HIZcDNASA 79 —BREHNY -7 TV R
BITIC X D, MSHXIZ3B1T % osteopontin (OPN)
BHEEALZRERLEZ® H51E7 v N EAERH
@ microarray 47 COPN O L B # B L 7=,
OPN iZ Thi cytokine TH 9, BEFRE<Y
AL EAE B iIx L CHIiEEZ /RT3, Lock 6
I MS BHRERRE L BHIERETREZ R

1303

BL, WMiECBITSG-CSFOLRLEEICB
¥ A IgG Fc receptor, IgE receptor, histamine
receptor type 1 D L H %50 72%, F7- G-CSF
%5 CEAE 285E1b L, Ig FcRy—chain Bf&xF
RIE¥ 7 A TR EAEBH RIS B &
ZEER L 72,

EEFT LA MS 125813 5 IFNG e &
BHBFE LB TSI ZTOLERATH A, &
#HHEe b astrocytes fiEEOREFREERA S
074 —)VEEN L, IFNB IZ X % interferon-
regulatory factor IRF—7 & pleiotrophin @ k5.,
IFNy I2 £ 5 IRF-1 & ICAM-10 L7 2D
72®, Wandinger 5 & RRMS & &% # D PBMC
% IFNQ 776 F 5% L, Thl BT CCRS,
I[P-10(CXCLI0) D & HFE 2 B 2? FEH
513 1361 RRMS T IFNS i # B MGHT - B4a
%3HA 64 BITHRMLT, RHEIMY > 732k
(peripheral blood mononuclear cells: PBMC) #»
% CD3 ket THiRE & CD3 Fa non-THIM = 5
BE L 7= BHHE 2 B (R T 4% 58 (annotation) ff &
1,259 &= F % &t cDNA microarray (Hitachi
Life Science) # i\ T, IFNBHEEIZ L D &
BEB L 72 & 5T 8 (IFN IS & {5 78 IFN-
responsive genes: IRG) # & L7-%. THilET
81& 1= F(IRF-7, ISG15, IFI56, IFI6-16,
IFI60, IFI30, ATF3, TLR5) ®_k&H & IL-3, MIG
DT, non-THIF T 12 &ZTF (RF-7, I1SG15,
IFI56, IFI6-16, IFI27, IFI17, TAP1, TNFAIP6,
TSC22, SULT1C1, RPC39, RAB11A) D 1 #,
IL-3 DIET =D, 1SG15, IFI56, IFI6-16,
IFI27, TSC22, SULTIC1 ixa#ERMEE3-6 74
BCHRENE LR 2RO —FHREtENE
BERX D o/2d, HEZICTh BERETF
CCR5(T), IFNy (T), TNFa (non-T) ®_EFAH
FEEb7. S OFF R IFNS 43 L b Bk
% Th2 shit #FE L B & v ) RIEP 2557
5. L0 b 9EMETF (IRF-7, I1SG15, IFI56,
IFI6-16, IF160, IFI17, TAP1, TNFAIP6, MIG)
137 1 & — ¥ {H1812 IFN -stimulated response
element (ISRE) % IRF element (IRF-E) 2’ F7E 3
5EEHIIRG C, IFNSICEBERE LFE S,
BEMHRICECESLTVwEEEZ LML,
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B A ERbk 64 % 7 5 (2006-7)

g2 KMMY > /NEBRICH T B IFN BEEETF (IRG) OB R

57Ty —

BIZTFE

#IZF4 (GI%)

. conventional IFN -response
markers

. costimulatory and adhesion
molecules

12

. components of IFN-signaling 12
pathways

. chemokines and receptors 11

. cytokines, growth factors, 17
and receptors

. apoptosis, DNA damage, and 29
cell cycle regulators

.. heat shock proteins 9

IFIT1(IFI56), ISG15(G1P2), IFIT4(IFI60), MX1(MXA), MX2
(MXB), IFI27, G1P3(IFI6-16), 1SG20, IFI16, IFITM1(IFI17),
IFITM3 (1-8U), ABCB2(TAP1)

STAT1, IRF7, STAT2, JAK2, IRF2, ISGF3G(IRF9), MYDSS,
IRF8, STAT3, JAK3, IRF1, TLR3

SCYB11(CXCL11, I-TAC), SCYB10(CXCL10, IP-10), SCYAS
(CCL8, MCP2), SCYB9(CXCL9, MIG), SCYA2(CCL2, MCP1),
CCR5, SCYA4(CCL4, MIP1B), IL8RB(CXCR2), SCYA3(CCL3,
MIP1A), SCYA19(CCL19, MIP3B), SCYA13(CCL13, MCP4)
IL6, ILRN(IL-1 receptor antagonist), IL1R2, IL15RA, IL15, SPP1
(osteopontin), CSF1, IL12RB2, TNF(TNFA), IL2RB, IFNG,
NTRK1(TRKA), PDGFRL, TNFAIP6, KITLG(SCF), 1L10, IL3RA
TNFSF10(TRAIL), CASP10, BAG1, TNFRSF6(FAS), CASP4,
TRADD, GZMA, CASP7, RIPK2, MAD, RIPK1, CFLAR(FLIP),
RELA, STK3, CASP1, TNFSF6(FASL), PARP4, TANK (I-TRAF),
POLE2, LMNBI1, E2F2, CCNAl({(cyclin Al), CDKN1A(p21),
PPP1R15A(GADD34), CASP3, CDKNI1C(p57), CDK5R2{(p39),
TERF1, NBSI (nibrin)

HSPA6(HSP70B"), HSJ2(HSPF4), HSPA1A(HSP70-1), HSPA1B
(HSP70-2), HSPCA(HSP90A), HSPA5(GRP78), HSPA1L (HSP70-
HOM), HSPA8(HSC70), HSPB1(HSP27)

CD80(B7-1), SELL(selectin L), TNFRSF5(CD40), CD163, CD86
(B7-2), HLA-DRA, FCERIG

K1) > 733k (peripheral blood mononuclear cells: PBMC) 23T IFNp (50 ng/ml) §ll# 3-24 B CHRBEFH

BEINHBEFHREZBENICSHEL-

IRF-7137 4 )V ARREIZISE LT IFNa/p BE
wHIET A HHE T TH 5% IFI30 X class IT
MHC #WER MBI ERROBE S F4 — ViETEE
£T, BETRE~YY A TIHESRERT 2
%99, TAP1 iZ class I MHC 5 HEHEIRR D
Bl < R7F FEIEETC, #ERFRE<T X
TIZ CD8TTHIRIC X A BB AN T
5%, TNFAIP6 & TNFqa, IL-18 12X DFE S
NAEDWERE THAEERZET AY. 4
HHIFNB EHY 4 VR - PERE - REFHHE
FeLTHLEHRIRGEFET LI EHHS
Moz BIREWES XIZ, SLE TIIBEIC
b 63 PBMCIZBIT 5 IRGEIE L NIVt
F=ARCL)

&iEE#H © 1L PBMC % IFNB (50ng/ml) T 3,
AREREE L CRIICRHAFBEINS in vitro
IRG % cDNA microarray % B\ CEIER IZIENT

L, ¥ &% real-time RT-PCRETCHIEL 72
(Satoh, et al, Submitted. #2). EH EHFX3
ef 107 E{nF, 24 M 87 EIZF T, 69&(R
FiE3, HURETE—N—F v T, TDkr
[ZIERTR D in vivo IRG11 &R F (IRF7, IFI6-
16, IFI17, ISG15, IFI27, IFI56, IFI60, TAP1,
ATF3, SULT1C1, TNFAIP6) 23& T\,
FEBET X 3R 22 BI5 T, 24 W 23 BT
T, 28{EF(FOS, IL1A) I3, 24BFETA—
N—=F v FLTw/ FIRGERFEELTIT
Y — : (i) conventional IFN —response markers,
(ii) components of classical and Toll-like recep-
tor (TLR) —~dependent IFN —signaling pathways,
(iii) chemokines and their receptors, (iv)cyto-
kines, growth factors and their receptors, (v)
apoptosis, DNA damage, and cell cycle regulators,
(vi)heat shock proteins, (vii)costimulatory
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and adhesion molecules 275 S L7z (5 2).
ZEDIRGAT R M=V ARLR b L AIREDH]
MAT AN Lid, IFNR OSMRA
WERES 2 /T 5. Y244 VEEIRGD
9%, F& L Teffector Th1 MR &, MSIE
R BN ERI TR I L Tw5A CXCR3 Y
A F4EHA ¥ (SCYB11, SCYB10, SCYB9)
&, F& LTHEZK(monocytes) 128 CCR2 Y
A RrEHh A (SCYAL0, SCYA2) %, 3, 24
BEOEM20EEFIETLTH . —H,
F & L TiFdhEk (neutrophils) 12 { CXCR2 Y
Av RrEH A (SCYB2, SCYB1, IL8) B &
UF regulator of G-protein signaling 14 (RGS14)
H3RHMIZBIT ARRAETEMEFICEINT
Wi rEH A4 VBRI G-protein coupled
receptor(GPCR) TH 1, RGS141X GPCR ¥ 7
FVEREZEHHREFCTH S, EIZIFNS E—&
DRFEW®EY 14 M A4~ (IL-6, IL-15, OPN,
TNFa, IFNy)DFEBZFEL/. SCYB10 &
IL-6 2B RAEIR, SCYB10 & SCYA2 i 1%5)
BNEEERE ORRBERFEHIALTY
Aua EELDOERIZ, BHIRGE LTHEEX
NBERERTr ALV - F 4 b A4 VHIFNS
RIVEASEHCTHLONEREZ R LT s EEM
% "3 5. Weinstock—Guttman & 3 IFNS {&
FRIE D 861D RRMS @ PBMC % B IY 12
B LCinvivo IRGZRELZ®. ZIIEFEES
DOFEE L7z in vivo IRGP & A —N—F v T LT
W5, Liang % % Weinstock—Guttman & @7 —
5 BT L, IRG i early—onset(within 8 hours),
intermediate —onset (24 hours), late—onset(48
hours) D 3EEIZHTEINA T L X RN L72%,

4. BEFTLAICLSMS O IFNg &
BUStEFRIDE A~

A, BYRERETORALEZETETT
VA CREMICEBITT A2 LICL D, LA
BT BEYSEREEAZ BRI TR AR
AP EINTWS (EHES ) I v 7 A pharma-
cogenomics). Stiirzebecher & 1% IFNp {BHHl
#1081 RRMS CPBMC D BIEFRH T 1
74— V% exvivo N L72%. BEFI6A H

1305

POBBHE12YATITEA GIEZMRIZT
WIFBIMRE R A BB L, BRBEREED60
% LA ERA L7 iER % responder & EF L 7.
¥ 72 nonresponder # AU A LR D %
V> nonresponder from initiation of therapy (INR)
&, BB —EREIERIR L RO722% NAb H
B2 X ) ah B A% ES L 72 nonresponder with
development of NAb (NAbNR) @ 2 BRIZ 4717 7.
B2 PBMC % IFNB 1 T THEZE L Tin vitro
BN BT o 72, ex vivo AT Tl responder T 25
BE{=F JFI17, OAS, Statl & & IL-8, CD69,
c-Fos, TSC22 & T2 &) s 25 L L&) L 7=,
B2 IL-8 DREBUE T iX responder i#& 5] DGR
& B REMEAURIR Sz, — 7 in vitroIRG 1
87 #&{%=F T, responder & nonresponder [ T
HERZAOL o 2. FH 5 Stiirzebecher
LB LR LT, IFNG HERICTGFS-
stimulated protein TSC22 D H M| LA 2 B D
729, o OMBITESED DR HEBREL
72PBMC#%#BELTHBH, EBRBEVERET
ZHICEE LB 5, 721610 responder Tl
BEMICHIOEOERHREZEL TWAHD,
N EEBOECHRELZ R TEMNIIERIET
ZEFITHS. Hong HiEMSEED PBMC %
IFNS 7213 GAREBRICREREREFT V
A Z2HCTENTL, BESEREFHOME
P79, MMP-9IZIFNS TIRTL, GAT
S ERLZ.

van Boxel-Dezaire & (& 26 §10 IFNp 68 &
%1372 RRMS ® PBMC C, #4 +# 4 V&R
FRBELRVEPRERMRT-PCREIC & ) #
L7z WBHEEZ2EMOBFREL - IVMP
% - Extended Disability Status Scale (EDSS)
A a7 %45 LT 16 H1®D responder & 10 F1D
nonresponder (2431} % &, responder (X {AFFR]
WIL-12p35 BE L N MEWEHmE E L7z,
Wandinger 5 ¥ RRMS TIFNg &% % 14 H
BRENRCEDSSA a7 EAOAR LN ZWEE
%% responder, F¥ L 7-fEH] % nonresponder
LEFL72®. 20510 responder & 19 #1P non-
responder % real—time RT-PCR# & ELISA &
THEMT L, responder Ti& TNF-related apoptosis
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—inducing ligand (TRAIL; TNFSF10) 2585t 09 &
fExRgT xRV L7 TRAILIXIRG O —
DOTHY, BEFRE~Y R EHWBEMAR7 R
PV RAEREELRL, 257 UVHEHERICER
ZHIZR Y. EESIIMSOTHIRICBITS
TRAIL #BURT 2 #E LT\ 5%, Baranzini 5
13 IFNS ¥ 52 0 RRMS TPBMC i281)
5 70 BEFDOREBL NIV % real-time RT-PCR
BCRERRICEIT L2%, BER2EMERY
7z { EDSS R a7 EALD %\ EF % responder,
2 Bl EFEE U 7R % nonresponder & B L
7z. T & 13 3:& {5 F (caspase2, caspasel0,
FLICE inhibitory protein: FLIP) D& L~ v
D3R~ v ¥ T T%BITEE L &L
7z.

R, FEH O 72610 IFN RIEBRTEETE MS
(65 RRMS, 7 SPMS) & 22 A & o KA 1M
CD3 Bzt THEfE & CD3 &t non-T Mg D #Efx
FHEE S0 7 4 —)v%, 1,259 cDNA microarray
(Hitachi Life Science) & IV CHAT L72%. T
HECTRAZE 2RO LU0 BETF 28R
5 &, THifE25#ETF (NR4A2, TCF8 LR &
MAPK1, SMARCA3, HSPA1A, TRAIL, TOPi,
CCR5, BAG1, DAXX, TSC22, PARPET 7%
&), non-THikE 27 &fZF (ICAM1, CDC42,
RIPK2, SODD, TOP2A b5 & BCL2, RPAL,
NFATC3, HSPAl1L, RBBP4, PRKDCIKT %
E)VRTR =Y AHHEETEHICES L
ThbbEMSTT K b— ¥ 2{EEEETF (pro-
apoptotic genes) & il # 1= F (antiapoptotic
genes) DER EAB IR TORHANT v X
(counterbalance) # #2872, F 72 MS 72 Bl 46
B BRI 2 £ 0 IFNG 8% BRta L 72,
REFMS LBREEMCRHAZRS/RT 2863&
{5F % $81E & =T (discriminator genes) 12 L7
FERERy 7 9 A ¥ —f##T (hierarchical clustering
analysis) C, 286 &f=F1¥527 5 A (class #1-
HOWHEEh, MSEHIIBEEEIOLHHES

B X 73

H 4Bk 64 % 7 5 (2006-7)

h, BlZarv—7-25X%—(A, B, C,
D)ICHIGEE NP, ARZIEETFRA Y
A —VHARDBEZICEUL, BRIRDLER
HIZEBIHELIEL, Y EH 4 VEEFOZ W
class #5 DEH L RNUAEL, CEHIIKKRER
WEXETHEEIE L, DEIZRD EDSS X
AT7VNEETHo 7. RENBR2EHROBER
El% - IVMPH#% - ABEH% - EDSSZX a7 -
MRI T2 SR E R R & BE R ED O IHHE
MR 7 28 H T 5L, responder i AFEEL B
BEICEFE L Tz, responder Tid nonresponder
ICHEB LT, BERABEZe I AOKRET, IRG
(ISG15, IFI27, SCYA2, TNFRp75) % L ~X)v
PE LRI Tw Thbb THREDER
FRBETT 7 4 — VERIZIFNS EEEOTF
WIcERTHHEEZEZ DN

b VI

IFNR OAEMZIERIZEHTH Y, MSI
B HEFMROBBERF I ToHHIATY
v, DNARA 707 L A4I2L 588N EE
FEBMHTIE, MSIZBIT 5 IFNG BEMER
EIVER O Flz & { EBMLiEE (individualized
therapy) DRI D L Bbh b,

HE ARTEAN LR, EXEW - fRE s
& — MR FERT R R ILAT IR, Hi B FoE,
RUEEREL, B EMITRE, tEFAE, HEEAN
S, RREREARGEL, WBABRE, BLUHEER
BOEPRZE - BEESICHETAMETRORBHEK
EORRMETE SN, T 17 EEEEFHREMFR
BEBEIIA0RBERF@EEFTLVAICI 28RN
EAAEERTFUER LICETSHE  HI7T-2 2 A-
020) BL PR ITEFERELE L 2 - U F A LU XK
EWREEDNATS 707 L 4L 5 RBEB{LED
AR ZWE OB IS 5% | KH21101) OB % 5%
7z,

1) The IFNB Multiple Sclerosis Study Group: Interferon beta—1b is effective in relapsing-remitting
multiple sclerosis. 1. Clinical results of a multicenter, randomized, double-blind, placebo-
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Abstract

A 34-year-old woman showed clinical features characteristic of Nasu-Hakola disease (NHD), also designated polycystic lipomembranous
osteodysplasia with sclerosing leukoencephalopathy (PLOSL). The genetic analysis of the D4PI2 gene (TYROBP) identified two
heterozygous mutations composed of a previously reported single base deletion of 141G (141delG) in exon 3 and a novel single base
substitution of G262T in exon 4, both of which are located on separate alleles. The protein sequence motif search indicated that both
mutations encode truncated nonfunctional DAP12 polypeptides. This is the first case of NHD caused by compound heterozygosity for loss-

of-function mutations in DAPI2.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Compound heterozygote; DAP12; Loss of function mutations; TYRORBP; Nasu-Hakola disease

1. Introduction

Nasu-Hakola disease (NHD; OMIM 221770), also desig-
nated polycystic lipomembranous osteodysplasia with scle-
rosing leukoencephalopathy (PLOSL), is a rare autosomal
recessive disorder characterized by a combination of pro-
gressive presenile dementia and formation of multifocal
bone cysts filled with thickened adipocyte membranes [1].
The clinical course of NHD is divided into four stages: (i) the
latent stage with normal early development, (i) the osseous
stage beginning at the third decade of life, characterized by
pain and swelling in ankles and feet followed by frequent
bone fractures, (iii) the early neuropsychiatric stage

* Corresponding author. Department of Neurology, Yaizu City Hospital,
1000 Dobara, Yaizu, Shizuoka 425-8505, Japan. Tel.: +81 54 623 3111;
fax: +81 54 624 9103.

E-mail address: ryoukuroda@hospital.yaizu.shizuoka.jp (R. Kuroda).

0022-510X/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/1.jns.2006.09.019

occurring at the fourth decade of life, presenting with a
frontal lobe syndrome such as euphoria and loss of social
inhibitions, and (iv) the late neuropsychiatric stage, charac-
terized by profound dementia, loss of mobility, and death
usually by age 50 years [2].

NHD is caused by a structural defect in one of the two
genes, DAPI2 on chromosome 19q13.1, alternatively named
TYRO protein tyrosine kinase-binding protein (TYROBP),
and TREM?2 on chromosome 6p21.1 [2—-5]. The DAPI2 gene
encodes DNAX-activation protein 12 (DAP12), a transmem-
brane adaptor protein that associates with several cell surface
receptors, including triggering receptor expressed on myeloid
cells 2 (TREM2). Because DAP12 is widely expressed in
lymphoid and myeloid lineage cells, including natural killer
(NK) cells, monocytes/macrophages, dendritic cells (DC),
osteoclasts, and brain microglia, DAP12 signaling regulates a
broad range of immune responses, along with differentiation
of osteoclasts [6]. At present, 16 different NHD-causing
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Fig. 1. Biopsy specimen of bone cyst. Dystrophic bone tissues characterized
by the presence of alveolar membranous structures (HE, magnification X200).

mutations are identified in DAPI2 or TREM2 [2]. They
include a large deletion of exons 1 to 4 of DAP12 identified
in all Finnish patients and a population of Swedish and
Norwegian patients [3], and one base deletion of 141G
(141delG) in exon 3 of DAP12 in several Japanese patients
[4], and a single base substitution of G233A in exon 2 of
TREM?2 in two Swedish families [5]. All affected individuals
are homozygous for the disease-causing mutations.

In the present report, we describe the first case of NHD
caused by compound heterozygosity for two different loss-
of-function mutations, 141delG and G262T, in the DAPI2
gene.

2. Materials and methods

High molecular weight genomic DNA was extracted from
300 ul of whole peripheral blood samples using the
GenomicPreP blood DNA isolation kit (Amersham Biosci-
ence). All five exons and 5’ and 3’ flanking regions of the
DAP12 gene (TYROBP; GenBank accession No. AF019563)
were amplified by PCR using the primer sets specific for
individual exons [3]. The purified PCR products were
processed for direct sequencing by the dideoxynucleotide
chain termination method on ABI PRIZM 3100 Genetic
Analyzer (Applied Biosystems). To verify the heterozygosity
of the mutations, genomic DNA amplified by PCR using
exon 3 sense and exon 4 antisense primers were cloned into
pcDNA4/HisMax-TOPO vector (Invitrogen), followed by
processing for sequencing analysis. Specific protein sequence
motifs were surveyed by the database search on the Scansite
Motif Scanner under the high stringent condition [7].

3. Case report and results of genetic analysis
3.1. Case report
A 34-year-old woman was admitted to the hospital because

of progressive mental disturbance. She has no family history of
recurrent bone fractures. Her parents were not consanguine-

ous. Her parents are in good health over age 70, while her
paternal grandmother died of dementia at age 80. Until age 30,
she experienced bone fractures of distal extremities 3 times
following trivial accidents. At age 30, her husband noticed her
memory disturbance and personality change characterized by
emotional lability and irritability. At age 32, an X-ray exam-
ination showed multicystic lesions distributed bilaterally in
distal ends of tibia and fibula. The bone biopsy specimen was
compatible with lipomembranous osteodysplasia (Fig. 1).

On neurological examination, she was almost normal
except for mild spastic gait and hyperactive deep-tendon
reflexes in both upper and lower extremities. The Wechsler
Adult Intelligence Scale-revisited (WAIS-R) score was 76 in
total intelligence quotient (IQ). The Rivermead Behavioural
Memory test (RBMT) suggested the presence of mild cog-
nitive impairment. Brain MRI showed high intensity lesions
in the bilateral periventricular white matter and internal
capsule on T2-weighted and fluid-attenuated inversion re-
covery (FLAIR) images (Fig. 2a), while low intensity lesions
indicative of ferritin storage were found in the bilateral basal
ganglia and thalamus on T2-weighted and FLAIR images
(Fig. 2b). An electroencephalogram (EEG) and somatosen-
sory evoked potential (SEP) were interpreted as normal. The
routine laboratory examination of blood was normal. The
plasma very long chain fatty acid (VL.FA) C26:0/C22:0 ratio
(0.005) was normal. All of neurological and radiological
observations described above supported a clinical diagnosis
of NHD,

3.2. Hdentification of a novel heterozygous mutation in the
DAP12 gene

After written informed consent was obtained, peripheral
blood was processed for genetic analysis. PCR and direct
sequencing analysis of five exons and exon-intron boundaries
of the DAPI2 gene identified two different mutations com-
posed of a single base deletion of 141G (141delG) in exon 3
(Fig. 3a) and a single base substitution of G262T in exon 4

(a) (b)

Fig. 2. Brain MR (a) High intensity lesions in the bilateral periventricular
white matter on an axial FLAIR image (TR: 8000 ms, TE: 120 ms). (b) Low
intensity lesions in the bilateral basal ganglia on an axial T2-weighted image
(TR: 4000 ros, TE: 102 ms).
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(a) 141Gdel in exoP 3

(c) cloning of exons 3 and 4
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Fig. 3. Sequencing analysis of the DAP12 gene. All five exons and exon—intron boundaries of the DAPI2 gene were amplified from genomic DNA by PCR.
PCR products were processed for direct sequencing analysis (a, b) or were cloned in a vector, followed by processing for sequencing analysis (c). The panels
represent (a) a single base deletion of 141G (141delG) in exon 3, (b) a single base substitution of G262T in exon 4, and (c) the heterozygosity of 141delG and

G262T mutations verified by cloning of the segment spanning exons 3 and 4.

(Fig. 3b). The former caused a frameshift in the open reading
frame (ORF), thereby causing premature termination of the
polypeptide chain at amino acid residue 52 (Fig. 4c) [3,4].
The latter is a novel mutation which replaced glutamic acid
(GAG) by a termination codon (TAG), resulting in premature
termination of the polypeptide chain at amino acid residue 87
(Fig. 4b). The heterozygosity of two distinct mutations was
verified by cloning and sequencing of PCR products of the
segment spanning exons 3 and 4 (Fig. 3¢). Protein sequence
motif search on the Scansite Motif Scanner [7] showed that
the G262T allele encodes a truncated DAP12 protein which
contains a DAP10 membrane domain but no intracellular
tyrosine-based activation motif (ITAM), while the 141delG

allele codes for a shorter polypeptide that has no structural
domains (Fig. 4a—c). These results indicate that the patient
is a compound heterozygote having two distinct mutations
in separate alleles of the DAPI2 ORF, both of which are
nonfunctional.

4. Discussion

Here we reported a clinically typical NHD case caused by
compound heterozygosity for two different mutations,
141delG and G262T, in the DAPI2 gene (TYROBP). Our
previous study identified two mutations 141delG and T2C
in Japanese NHD patients [4]. The G262T mutation we

(a) WT (b) G262T (c) 141Gdel
Kin_bind Kin bind kin_ hind
115 L1% Li5
Predicted | Predicted Fredicted
Sites Sites l Sites
Ar18 H DArig i
o &Mooy 5-82> He: dgnsns found
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w Accessibility Accessibility Accessibility
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100
e - 113 #n fr——] 57 4 ] 52 a8

Fig. 4. Protein sequence motif analysis of two distinct DAP12 mutants. Protein sequence motifs were analyzed by the Scansite Motif Scanner. (a) the wild-type
DAP12 protein, (b) the G262T mutant protein, and (c) the 141delG mutant protein. DAP10, ITAM, and “Kin_bind” represent a DAP10 membrane domain, an
imnunoreceptor tyrosine-based activation motif, and a consensus sequence for the mitogen-activated kinase (MAPK 1) binding site, respectively. A plot of the
surface accessibility shows residues that are likely to be near the protein surface and thus potentially bind to interacting proteins.
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identified in the present study is the third one found in
Japanese NHD patients.

Although various loss-of-function mutations were iden-
tified in NHD patients in the DAP12 gene or the TREM?
gene [2-5], the precise molecular and cellular mechanisms
underlying the pathogenesis of NHD remain unknown.
DAPI12-deficient (DAPI2™") mice developed an increased
bone mass (osteopetrosis), a reduction of myelin (hypomye-
linosis) accentuated in the thalamus, and synaptic degener-
ation, suggesting that DAP12 signaling is essential for
development of osteoclasts and oligodendrocytes and
synaptogenesis [8]. NK cell and DC function is impaired
in knock-in mice having a nonfunctional DAP12 ITAM
motif (KAY75) [9,10]. Differentiation of microglial cells is
markedly inhibited and their function is altered in KAY75
mice [11,12], suggesting a role of persistent microglial dys-
function in hypomyelination and aberrant synaptic plasticity
in DAP12-deficient mice [13]. Importantly, differentiation of
osteoclasts in vitro is delayed also in NHD patients, asso-
ciated with a reduced bone resorption capability [14]. All of
these observations suggest that the ITAM motif of DAP12,
which is deleted in our patient with heterozygous mutations
of 141delG and G262T, plays a pivotal role in signal trans-
duction for development and differentiation of osteoclasts,
oligodendrocytes, and microglia,

In addition to a great range of genetic heterogeneity, NHD
clinically shows some phenotypic variability [1,2]. Bone
fractures are diagnosed at the mean age of 27 years with a
range of 18 to 33 years, while the mean age at onset of
personality change is 33 years with a range of 25 to 40 years
in NHD patients with homozygous mutations of the DAPI2
gene [1]. However, there exists no obvious difference in the
clinical course between Japanese NHD patients homozygous
for 14168elG in DAPI12 [4] and a case of compound het-
erozygote we reported here, suggesting less importance of
genetic variation but an involvement of as yet undefined
nongenetic factors in development of phenotypic variability
of NHD [2].

Acknowledgements

This work was in part supported by grants to J.-1.S and
T.Y. from Research on Psychiatric and Neurological Dis-
eases and Mental Health, the Ministry of Health, Labour
and Welfare of Japan (H17-020), Research on Health
Sciences Focusing on Drug Innovation, the Japan Health
Sciences Foundation (KH21101), the Grant-in-Aid for
Scientific Research, the Ministry of Education, Culture,

Sports, Science and Technology (B18300118), and the
Program for Promotion of Fundamental Studies in Health
Sciences of the National Institute of Biomedical Innovation
(NIBIO), Japan.

References

[1] PalonevaJ, Autti T, Raininko R, Partanen J, Salonen O, Puranen M, etal.
CNS manifestations of Nasu-Hakola disease. A frontal dementia with
bone cysts. Neurology 2001;56:1552--8.

{2] Klinemann HH, Ridha BH, Magy L, Wherrett JR, Hemelsoet DM,
Keen RW, et al. The genetic causes of basal ganglia calcification,
dementia, and bone cysts. DAPI2 and TREM2. Neurology 2005;64:
1502-7.

[3] Paloneva J, Kestili M, Wa J, Salminen A, Béhling T, Ruotsalainen V,
et al. Loss-of-function mutations in TYROBP (DAP12) result in a
presenile dementia with bone cysts. Nat Genet 2000;25:357~61.

[4] Kondo T, Takahashi K, Kohara N, Takahashi Y, Hayashi S, Takahashi H,
et al. Heterogeneity of presenile dementia with bone cysts (Nasu-Hakola
disease). Three genetic forms. Neurology 2002;59:1105-7.

[5] Paloneva J, Manninen T, Christman G, Hovanes K, Mandelin J,
Adolfsson R, et al. Mutations in two genes encoding different subunits
of a receptor signaling complex result in an identical disease phe-
notype. Am J Hum Genet 2002;71:656-62.

[6] Tomasello E, Vivier E. KARAP/DAP12/TYROBP: three names and a
multiplicity of biological functions. Eur J Immunol 2005;35:1670~7.

[7] Obenauer JC, Cantley LC, Yaffe MB. Scansite 2.0: Proteome-wide
prediction of cell signaling interactions using short sequence motifs.
Nucleic Acids Res 2003;31:3635-41.

[8] Kaifu T, Nakahara J, Inui M, Mishima K, Momiyama T, Kaji M, et al.
Osteopetrosis and thalamic hypomyelinosis with synaptic degeneration
in DAP12-deficient mice. J Clin Invest 2003;111:323-32.

[9] Tomasello E, Desmoulins P-O, Chemin K, Guia S, Cremer H, Ortaldo J,
et al. Combined natural killer cell and dendritic cell functional
deficiency in KARAP/DAPI12 loss-of-function mutant mice. Immunity
2000;13:355-64.

{10] Sjélin H, Tomasello E, Mousavi-Jazi M, Bartolazzi A, Kiime K, VivierE,
et al. Pivotal role of KARAP/DAP12 adaptor molecule in the natural
killer cell-mediated resistance to murine cytomegalovirus infection. J Exp
Med 2002;195:825-34.

[11] Roumier A, Béchade C, Poncer J-C, Smalla K-H, Tomasello E, VivierE,
et al. Impaired synaptic function in the microglial KARAP/DAP12-
deficient mouse. J Neurosci 2004;24:11421-8.

[12] Nataf S, Anginot A, Vuaillat C, Malaval L, Fodil N, Chereul E, et al.
Brain and bone damage in KARAP/DAP12 loss-of-function mice
correlate with alterations in microglia and osteoclast linages. Am J
Pathel 2005;166:275-86.

[13] Takahashi K, Rochford CD, Neumann H. Clearance of apoptotic
neurons without inflammation by microglial triggering receptor
expressed on myeloid cells-2. J Exp Med 2005;201:647-57.

[14] PalonevaJ, Mandelin J, Kiialainen A, Béhling T, Prudlo J, Hakola P, et al.
DAPI12/TREM2 deficiency results in impaired osteoclast differentiationn
and osteoporotic features. J Exp Med 2003;198:669-75.

-190-



PubMed

Search Nucleotide

Display GenBank

Range: from begin

My NCBI

XXE3 )
SNucleotide

—1: AB280795. Reports ...[gi:117307340]
Eeatures Sequence

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE

AUTHORS

TITLE
JOURNAL

FEATURES

source

‘ [Sign In] [Redgister]
Nucleotide Protein Genome Structure PMC Taxonomy OMIM Baoks
7 for AB280796 B - Go ' Clear
Limits Preview/Index History Clipboard Details
_;_ _ Show 5 _:__ Send to __2__ Hide: __ Sequence __ Lesser features
to end _ Reverse complemented strand Features: o v REFr;?E
AB280795 47 bp DNA linear PRI 02-NOV-2006

Homo sapiens TYROBP gene for TYRO protein tyrosine kinase binding

protein, exon 4, partial sequence.
AB280795
AB280795.1 GI:117307340

Homo sapiens (human)
Homo sapiens
Eukaryota; Metazoa;
Mammalia; Eutheria;
Catarrhini;
1
Kuroda,R., Satoh,J., Yamamura,T., Anezaki,T.,
Yamazaki,K., Obi,T. and Mizoguchi,K.
A novel compound heterozygous mutation in the DAP12 gene in a
patient with Nasu-Hakola disease
J. Neurol. Sci. (2006) In press
2 (bases 1 to 47)
Satoh,J., Kuroda,R.,
Yamazaki,K., Obi,T.
Direct Submission
Submitted (31-0CT-2006) Jun-ichi Satoh, Meiji Pharmaceutical
University, Department of Bioinformatics; 2-522-1 Noshio, Kiyose,
Tokyo 204-8588, Japan (E-mail:satoj@my-pharm.ac.ijp,
Tel:81-42-495-8678, Fax:81-42-495-8678)

Location/Qualifiers

1..47

/organism="Homo sapiens"

/mol_type="genomic DNA"

/db_xref="taxon:9606"

/chromosome="19"

/map="19gl3.1"

<l..>47

/gene="TYROBP"

<l..>47

/gene="TYROBP"

/product="TYRO protein tyrosine kinase binding protein"

/note="A 34-year-old Japanese woman showed clinical

features characteristic of Nasu-Hakola disease (NHD), also

designated polycystic lipomembranous osteodysplasia with

sclerosing leukoencephalopathy (PLOSL). The genetic

analysis of the DAP12 gene (TYROBP) identified two

heterozygous mutations composed of a previously reported

single base deletion of 141G (141delG) in exon 3 and a

novel single base substitution of G262T in exon 4 which

replaced glutamic acid (GAG) by a termination codon (TAG),

resulting in premature termination of the polypeptide

Vertebrata; Euteleostomi;
Haplorrhini;

Chordata; Craniata;
Euarchontoglires; Primates;
Hominidae; Homo.

Terada,T.,

Yamamura,T., Anezaki,T., Terada,T.,

and Mizoguchi, K.

-191-



variation

ORIGIN

chain at amino acid residue 87. Both mutations are located
on separate alleles. This is the first case of NHD caused

by compound heterozygosity for loss-of-function mutations
in DAP12."

/number=4

33

/gene="TYROBP"

/note="a novel single base substitution of G262T in exon
4“

/compare=AF019563.1

/replace="g"

1 cagcgacccg gaaacagcgt atcactgaga cctagtcgcc ttatcag

1

Disclaimer | Write to the Help Desk
NCBI | NLM | NIH

Sep 27 2000 15:22:006

-192-



XXE3 . My NCBI
<3 NCBI @, ‘e ‘o S Nucleotide [Sian In] [Register]

PubMed Nucleotide Y“(ot 2in Genoms Siructure PMC Taxonormy OMIM Books
Search | Nucleotide " 3 for AF019563.1 Go . Clear
Limits Preview/Index History Clipboard Details
) S & ST i - )
Display GenBank _»_ Show 5 v Sendto » Hide: __ Sequence __ Lesser features
Range: from begin to end __Reverse complemented strand  Features: .+ Refresh.

—1: AB280796. Reports ...[g1:117307341]
Eeatures Sequence

LOCUS AB280796 134 bp DNA linear PRI 02-NOV-2006

DEFINITION Homo sapiens TYROBP gene for TYRO protein tyrosine kinase binding
protein, exon 3, partial sequence.

ACCESSION AB280796

VERSION AB280796.1 GI:117307341
KEYWORDS z
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1
AUTHORS Kuroda,R., Satoh,J., Yamamura,T., Anezaki,T., Terada,T.,
Yamazaki,K., Obi,T. and Mizoguchi, K.
TITLE A novel compound heterozygous mutation in the DAP12 gene in a
patient with Nasu-Hakola disease
JOURNAL J. Neurol. Sci. (2006) In press
REFERENCE 2 (bases 1 to 134)
AUTHORS Satoh,J., Kuroda,R., Yamamura,T., Anezaki,T., Terada,T.,
Yamazaki,K., Obi,T. and Mizoguchi,K.
TITLE Direct Submission
JOURNAL Submitted (31-0CT-2006) Jun-ichi Satoh, Meiji Pharmaceutical
University, Department of Bioinformatics; 2-522-1 Noshio, Kiyose,
Tokyo 204-8588, Japan (E-mail:satoj@my-pharm.ac.jp,
Tel:81-42-495-8678, Fax:81-42-495-8678)
FEATURES Location/Qualifiers
source 1..134
/organism="Homo sapiens"
/mol type="genomic DNA"
/db_xref="taxon:9606"
/chromosome="19"
/map="19g13.1"

ene <l..>134
/gene="TYROBP"
exon <l..>134

/gene="TYROBP"

/product="TYRO protein tyrosine kinase binding protein"
/note="A 34-year-old woman showed clinical features
characteristic of Nasu-Hakola disease (NHD), also
designated polycystic lipomembranous osteodysplasia with
sclerosing leukoencephalopathy (PLOSL). The genetic
analysis of the DAPl2 gene (TYROBP) identified two
heterozygous mutations composed of a previously reported
single base deletion of 141G (141delG) in exon 3 which
caused a frameshift in the open reading frame (ORF),
thereby causing premature termination of the polypeptide
chain at amino acid residue 52, and a novel single base

-193-



variation

ORIGIN

substitution of G262T in exon 4. Both mutations are
located on separate alleles. This is the first case of NHD
caused by compound heterozygosity for loss-of-function
mutations in DAP12."

/number=3

46747

/gene="TYROBP"

/note="single base deletion of 141G (141delG) in exon
which caused a frameshift in the open reading frame (ORF),
thereby causing premature termination of the polypeptide
chain at amino acid residue 52"

/compare=AF019563.1

/replace="g"

1 attgcagttg ctctacggtg agcccgggceg tgctggcagg gatcgtatgg gagacctggt
61 gctgacagtg ctcattgccce tggccgtgta cttcctggge cggetggtce ctcgggggeg
121 aggggctgcg gagg

//

-194-





