1298

¥ —7 xu ¥~N—% (interferon-beta: IFNS )
O MS BEMFRRIE SN, BAETIE
MS S HHEEMCEREIBEREA T 04 FELHH
RKEFIRA# S (intravenous methylpredniso-
lone pulse: IVMP), E# - #1212 IFNR
DMBEET - HRAEES, TL-E3EARE

RIET I )BT V¥ AR < — copolymer-1
(glatiramer acetate: GA) D#EBEHI B T #5205,
& b — M BYIE # I (first-line treatment) & L
THERSN TS, L2 L IFNS 3R 22 FE 41
(nonresponder) R B O 72 0 ik & ki T
ERVER S ST HAE F Tresponder &
nonresponder DN FHREENEZERIIHEHELH
TV 72\, nonresponder DFFEFEIL MS IZBIT 5
fE B4 i6# (individualized therapy) 8 37 D B
P& RIET 5,

ARTIRIMSIZBIT S IFNpG G HEDOREE, %)
REBETF, BIUEETT7T VA 2HWHG
LIBENORAIZE L THIT 5.

1. MS O%EHREE

MSHEETEAEHICCDATTHIEE 7 0
7 7 — ¥ (macrophages) # £k & § 5 1) %
RIEEE MWERME A ) 7Y Fad 4 b
(oligodendrocytes) ® M B 3E 35 & UF I B (de-
myelination) # 8% %, HEHICIIHMEL
(remyelination) b & SN 5 A5, KFEIEEAL
3% & #ERE M (axonal degeneration) 3£ LT
AAHEHEBHEELZRT. MSORERTIZ
EHINTWZRWY, BYETVOERMAED
5% M b B 6 & (experimental autoimmune
encephalomyelitis: EAE) 7> 5 O3EH T, MS Tit
B s B Y B S HUR 5T M % (molecular
mimicry) Z 7R $HRIUE (7 4 VR 7% &) % Uk
LIEM L L 72 CD4* T helper type 1(Th1) ¥z
%%, ML#EA%EEFS (blood —brain barrier: BBB) %
HWEL, PREHERICEBELTCRENERSN
HEHRINTHE(R1). HORGH Thl 4
B V3 R R R MR N C macrophages % 3 7
T 27 7 (microglia) 12 & Y BEHERR % 2T
THEEMLEN, Th1¥4 F A4 > (FNy, IL-2,
TNFB)ZEAT 5. % O F macrophages/

H A B W 64 % 7 5 (2006-7)

microglia 25E M L &, KIEEEEEF (TNFa,
nitric oxide (NO), oxygen radicals) % K& 2%
# L, oligodendrocytes ® 7 & b — ¥ & (apo-
ptosis) R & 7 & — ¥ X (necrosis) % #F3E L THi
BEDSEAE SN B". —F, T helper type 2(Th2)
MR Th2 %4 b A A4 >~ (IL-4, IL-5, IL-10,
IL-13) 2 B4 L C Th1 Mila 0 2 ¥k 2
2, MSEMMELIZIETh1/Th2 /85 ¥ At
Thl EZ 2R L T % (Thi shift). HERE
P Thl Mz % B3 % RS (regulatory
cells) (213 Th2 MFE D IE A2, CD4TCD25 THE
fa, T helper type 3(Th3)#ik3, T regulatory
type 1(Tr1) Mg, natural killer NK) i3, NKT
MigAdH o, CD4*CD25%, Th3, TrlixIL-10
2 TGFB %, NKIZIL-5%, NKTIXIL—4 % B
A LT Thl MR OBEE % #H1 3 5.
MSIZZHLFHELXET 5. BREEIOH
%t & % 1 (relapsing -remitting MS: RRMS),
2 REFTH (secondary progressive MS: SPMS),
1 X #4728 (primary progressive MS: PPMS) |2
T IN A, SPMS & PPMS Cldhi &g E -
MREEEEESREBEETICEE LT, K
BRI PR HERER IO T 5 A
(conventional form: CMS) & ####% < FHICHE
T 5 MEEF A (opticospinal MS: OSMS)
WO I N B, MSHERRITFCKAIL 50-200 A /
100N, HERAZ5-10 A /105 AT, FHAHH
TIEHCKIZHE LT OSMS OB E .

2. MSIZH( 3 IFNB REORE

MS Tl 7 4 VAR FTBICHERIEL L
N5 ENRENEDOBREERICEDS X, 1981
12 Jacobs B IZHD TRRAEIFNG 257 1 v
AEE LTMS BEOBERENICHES LIBEYD
R RO, —JF, 1987 4£1Z Panitch & i34 4
B IFNy # MS BE& ICHRNES LR,
BREZERLZY 1990 ERICHRKTER SN
7o RBEER R 3AB% (multicenter, double-blind,
randomized, placebo—controlled study) {2 & 9,
IFNpB %" RRMS X° SPMS THEFEHE % % 30 % %
A&+, Kurtzke's expanded disability status
scale(EDSS)IC & b FFfli S /- MR F %8
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NSC transplantation
periphery axon CNTF, BDNF, IVIG CNS
APC
demyelination
oligodendrocytes
axonal injury
@ MHC class II | <
glutamate TNFa, NO
_ macrophages
IFNg glutamate antagonist microglia
5 anti-Nogo Ab

IL-12

IENg
minocycline
anti~-VLA-4 Ab

VA
3%

regulatory cells

= IFNy, IL-2 TNFg

IL-4 astrocytes

(CD25* T, NKT, NK) TGFg
TNF
G A / a
oral tolerance
APL o Th? proliferation
TCR vaccination * glial scar formationl chondroitinase ABC !
statins IL-4, IL-5, L-10 | ©
PDE-I ’ ’ (4]
IFN
OCH BBB I NGF

1 ZRMECEOCHKERR & IFNG AEMR R

MS TIRFH (RER) THEIRTR % 211 CIEHE L7 B T RS CD4Y Thl 1 5% i %% B8 F9 (blood —brain
barrier: BBB) #5883 5. THRAERN T~ 27 7 — ¥ (macrophages) ® I 7 7 7Y 7 (microglia) I & Y &
EHERRZZTC, BEEEINRTI YA A4 VAFNy 2 ) EEET 5. £ OF R macrophages/
microglia 25E AL S, LAEMIRE T (INFe, nitric oxide (NO), glutamate 7 &) & K& ICELEL, TV ITF>

Fu4 b (oligodendrocytes) 25E & T Hif (demyelination) 2SE#R & 5. IFNB 12 @ IFNy 12 X 5 class
I MHC BHFEICHAL CHERTEZHFAL, ONERIMEOIL-2EExHH L CTh1 ¥ 7 FE2REL,
© I51AL B C RS THIFL O matrix metalloproteinase—9 (MMP-9) D4 ##1%] L C BBBE#@ % HIEL, @7
A a4 b(astrocytes) 12 X BHRERETF (NGF 2 L) OEAFEET LI &L Y, PIEEMEREHBER
EEREZET A, MSICN T2 EEE BN BIREBOLOZEL) OEARERT.

GA: glatiramer acetate, APL: altered peptide ligands, PDE-I: phosphodiesterase inhibitor, OCH: an
altered glycolipid ligand named OCH, NSC: neural stem cells, CNTF: ciliary neurotrophic factor, BDNF:
brain—derived neurotrophic factor, NGF: nerve growth factor, IVIG: intravenous immunoglobulins, Ab: anti-
body, Ag: self antigen.

EDET IR L, MRI EOFEHHEHR
BERTELLILDPNIES NG Y.
T b IFNB 25 MS THD T class I evidence
WCE DX EREAIEE X N7 HHEE (disease—
modifying agents: DMAs) & L CARE I /.

BPENCBIT ABRAB TR EFAMFELE
B EIFHERIN?, BICMSTFHETDH S

#%450 (clinically isolated syndrome: CIS) G,
IFNR % % BitA$ % & clinically definite MS~
DBITEIHTEL I LPHSPIILDY, B
HARAROBESESF RSN, BEMST
ITHE A2 Bl e b IFNS1D (B 54 Betaferon ®,
Betaseron®) 3 & OF IFNB1a (% i 4 Avonex ®,
Rebif®) 2MEH S LT 5. IFNLIb KGR T
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F1 MSIZHT 5 IFNG BBRRER

No. BEE RBEE [ENDS 4T E
1 1981  Jacobs, etal natural IFNB, 1MIU twice a week for 4 weeks and once a
month for 5 months, IT
2 1984  Knobler, et al natural JFN«, 5MIU every day for 6 months, IM
3 1986 Camenga, et al recombinant IFN«2, 2MIU three times a week for 52 weeks,
sC
4 1987  Panitch, etal recombinant IFNy (Immuneron), lug, 30ug, or 1,000ug
twice a week for 4 weeks, IV
5 1987  Jacobs, etal recombinant IFNB, 1MIU once a week for 4 weeks and once
a month for 5 months, IT
6 1989 Australian Trial of Transfer Factor and IFN as natural IFNe, 3MIU or transfer factor 0.5U twice a week for
Treatment for MS(AUSTIMS) Research Group 2 months, once a week for 10 months and once every two
weeks for 2 years, SC
7 1990  Kastrukoff, etal natural IFNa + 3, 5MIU every day for 6 months, SC
8 1993 IFNB MS Study Group, UBC MS/MRI Study recombinant IFNg1b (Betaseron), 1.6MIU (50 ug) or 8MIU
Group (The pivotal trial) [Ref.1] (250 ug) every other day for 2-5 years, SC
9 1994  Durelli, et al recombinant [FN«2a (Roferon—~A), 9MIU every other day for
6 months, IM
10 1996 MS Collaborative Research Group(MSCRG) recombinant IFNB1a(Avonex), 6MIU(30 #g) once a week for
[Ref.2] 2 years, IM
11 1998  Prevention of Relapses and Disability by IFNBla recombinant IFNpla(Rebif), 6MIU(224g) or 12MIU (44 pg)
Subcutaneously in MS(PRISMS) Study Group three times a week for 2 years, SC
12 1998  European Study Group on IENBLb in SPMS recombinant IFNpB1b(Betaferon), 8 MIU(250ug) every
other day for 2-3 years, SC
13 1999 Once Weekly IFN for MS(OWIMS) Study recombinant IFNS1a(Rebif), 6MIU (22 #&) or 12MIU (44 ug)
Group once a week for 48 weeks, SC
14 2000  Controlled High ~Risk Subjects Avonex MS recombinant IFNpla(Avonex), 6 MIU(30 4g) once a week for
Prevention Study (CHAMPS) Group 3 years, IM
15 2001  Secondary Progressive Efficacy Clinical Trial of recombinant IFNB1a(Rebif), 6MIU(224g) or 12MIU (44 pg)
Recombinant IFNBla in MS(SPECTRIMS) three times a week for 3 years, SC
Study Group '
16 2002  Independent Comparison of Interferon recombinant IFNS1b (Betaferon), 8 MIU (250 ug) every other
(INCOMIN) Trial Study Group day for 2 years, SC vs IFNpla(Avonex), 6MIU(304g) once
a week for 2 years, IM
17 2002  Evidence for Interferon Dose Effect: European— recombinant IFNp1a(Rebif), 12MIU (44 4g) three times a
North American Comparative Efficacy week, SC vs IFNpla(Avonex), 6 MIU(30ug) once a week
(EVIDENCE) [Ref.11] for 1-2 years, IM
18 2003 Leary, etal(London trial) recombinant IFNS1a(Avonex), 6MIU(304g) or 12MIU (60 ug)
once a week for 2 years, IM
19 2004 Early Treatment of MS(ETOMS) recombinant IFNp1a(Rebif), 6MIU (22 ug) once a week for 2
years, SC
20 2005  Multiple Sclerosis Study Group of Japan[Ref3] recombinafit IF Np1b(Betaferon), 1.6MIU(50ug) or 8MIU
(250 pg) every other day for 2 years, SC
21 ongoing OPTimization of Interferon for MS(OPTIMS) recombinant IFNA1b (Betaferon/Betaseron), 8 MIU (250 ug)
for 6 months, followed by 12MIU(375xg) for a further 6
months every other day, SC
22 ongoing Betaferon/Betaseron in Newly Emerging Multiple recombinant IFNR1b (Betaferon/Betaseron), 8MIU (250 ug)
Sclerosis for Initial Treatment (BENEFIT) every other day for 3 years, SC
23 ongoing Betaferon/Betaseron Efficacy Yielding Outcomes recombinant IFNp1b (Betaferon/Betaseron), 8MIU (250 g)

of a New Dose (BEYOND)

vs 16 MIU (500 xg) every other day, SC or glatiramer acetate
20 mg daily, SC for 2 years

RR: relapsing —remitting MS, SP: secondary progressive MS, PP: primary progressive MS, CP: chronic progressive MS(SP
+PP), CIS: clinically isolated syndromes (first event of RR), CMS: classic MS, OSMS: opticospinal MS, IT: intrathecal,
IV: intravenous, IM!: intramuscular, SC: subcutaneous.
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RAE  BEH biays i
RR, SP, 20  decrease in number of relapses
stable
RR, SP 24  decrease in number of relapses
RR, SP, 98  no beneficial effects
CP
RR 18  increase in number of relapses
RR 69  decrease in number of relapses
RR 182  no beneficial effects
Cp 100  no beneficial effects
RR 372  decrease in number of relapses and MRI activity
RR 90  decrease in number of relapses and MRI activity
RR 301  decrease in number of relapses and MRI activity and inhibition of
progression of disability and brain atrophy
RR 560 decrease in number of relapses and MRI activity and inhibition of
progression of disability
SP 718  decrease in MRI activity and inhibition of progression of disability
RR 293  decrease in MRI activity in the high dose group
CIS 383  decrease in MRI activity and inhibition of conversion into clinically
definite MS
SP 618 decrease in number of relapses and MRI activity but no inhibition
of progression of disability
RR 188  decrease in number of relapses and MRI activity more manifest in
the IFNA1b group
RR 677 high—dose/high—frequency treatment more effective than low—
dose/weekly treatment in reducing number of relapses and MRI
activity
PP 50 no efficacy in progression of disability
CIS 263 inhibition of conversion into clinically definite MS and slowing
progression of brain atrophy
RRof CMS, 205 decrease in number of relapses and MRI activity in CMS as well as
OSMS in OSMS .
RR 216 high dose is more effective than low dose in reducing MRI activity
(unpublished)
CIS 400 the study includes pharmacogenetic/genomic analyses
RR 71 the first phase completed
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EhEh, RABIFNBE ONKRED X F4 =
RE VTNV AT A LY VICBEBRSL
PEGRBHII L, ETENTERSINS., —F,
IFNp1a iZ Chinese hamster ovary (CHO) #ifg ¢
BEISNESHEH*AEL, HIRAN - K TEHT
FRHINS.

B ETO MS 51 5 IFNR i QRIS A
i, OBEBEDROBHABRESTHHEIATY
v, QEBREE - E5E - KEHHEPRE
o TWwiw, @EFEFRDZ L nonresponder
MBHEIET 5%, @% % FE % (immunogenecity)
D Y FFIHEK (neutralizing antibody: NAb)
PHEAT L LREBFEHRERPRIET 5, ORIER
(adverse effects) IZ & ) {EEREZ Brat S5
R VEFINFEETAZETH A, IFNS X
BHEEERSMEHEBRRS X )RR
KEVEDOHEYHYD A, BHKZIE (long-
term effects) IZFBH I NTE LT, HERTO
BT FLHEDS2 N, poor responder X° nonresponder
WX L Cidftod DMA(GA, cyclophosphamide,
azathioprine, mitoxantrone, #it CD25 k) D
#t A (add—on rescue therapy) 23 ETdH 522,
7272 L ¥t integrined (VLA-4) ik & OB T
AT L B B B JE (progressive multifocal
leukoencephalopathy: PML) @ 4 38 & &
NTBYERLZETHY. F-MEENY - #
FREE - MEROEITICH T 2 HHRRIZH
LA TIE R, PPMSICIZERITH A, NAb I
IFNp1a (BB L CIFNS1D THREENE <,
HEDRZRBITSE L, BHABBTHETS
ZEHBWP, BEMER L LCIRERERER, &
BIERAC R BB, BIMMEkRY, RS,
) ofER, EEE E CRBEEEOEEL &5
EOINTEY, SLITRERBRELDIC
HBd 5.

3. MSIZ¥} 5 IFNg BEHED
REHRE

a. RIFFAMEA (immunomodulatory
effects)

MSIZ81F % IFNB DEBES RO RHBEF O

ERIFBHRIRTOERVE, BLDAXF v FT

H 4Bk 64 % 75 (2006-7)

P DEEERL (antiinflammatory) (21 £ &z
55 (E1). H—I2 IFNS AR (dendritic
cells: DC) % macrophages/microglia 7z &' HiE
$27R MM (antigen —presenting cells: APC) DL
BiRREEZHIHI9 5. CD4* THikZIZ APC #ifiz
R £ class 1T FEMBE SR (major
histocompatibility complex antigen: MHC) (2%
G L7RTF FHUEEZRET S, IFNy iZAPC
E®class I MHC 3 FDOEHL NV %, class
II transactivator (CIITA) D& FE %~ /- L TH
F BT 5. —H IFNS i CUTA#HIEF O
BB A FEL CTIFNy 12 & 5 class II MHC %31
BRI T A", EELIIL I T A YA
I (astrocytes) #isE#& % F\ T, IFNp ' IFNy
(2 & 5 class Il MHC S B3538 % B IZHIFI L,
IFNy 12 & 2 B REERICH LTHRT S 2
EEBELZ®, IFNa/p & IFNy OFHUAHE
H VEH (antagonism) 3 fE 4 OEER THE I
vC vy 620)‘

BEIZIFNS IFAPCIZ X 5 1L-12 P A % P
352 &2k Y Thl shift # ZI1ET 5%, IL-12
i Th1 MR O LEEEICHEH e YA AL >
T, MSEUHRETEERIPLALTWA.
L LIFNR 2582 Th1/Th2 /85 ¥ R 225 %
5EORMBIIIETD D B2 BIZITIFNS X
DC Dbtz RE L C, CDA*"THIRRIZ KL 5
IFNy & IL-10 OEE % FET 5%,

= ICIFNG EEHLE S RS THE O
BBB @@ % #H$ 5. IFNp#&5H DO MS EE
TIEMRIDH K =7 4 (gadolinium: Gd) &
EmBEHMNERT A, IFNB & TH O ME
N B2 M #2 (endothelial cells: EO~N D #EF R
F very late antigen—-4 (VLA-4) DEF L X)L %
T &4, ECEH_E® vascular cell adhesion
molecule-1(VCAM-1) % B i & C, THl
FaD EC~D#E = IH 3 5%, IFNBIZECD
WEHE - BBELYIET 557, IFNS 1%
AL THIRZ & %2 BBB £ KM/ 2 E 5
%3 matrix metalloproteinase —9 (MMP-9) D&
A % S 7

B4 B L7 IFNS it, MSIEEMH
ECTRBELZBBBZEALT, 7V T7HE
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(astrocytes, oligodendrocytes, microglia) <4
RARICEENIC/ERLE S, IFNG X5 #
astrocytes T3 IFNy FFE M INOS o 2 4 % ¥
L, ME%ERT nerve growth factor (NGF) %
pleiotrophin D RHE L NV & L H &4 55,
IFNp 13342 microglia Tl [L-1 EAZ KT
4, IL-1 receptor antagonist DFER L )V % 1
HEE5BY,
b. IFNEZEEETFENT S
RS FEN/ER

WESF ) A7V PETICED e 2R
RFEERFIVEH SN, #EZF7 V1 (DNA
microarray/GeneChip) % F T 4 OFAZIC
BB HITRET (¢ b2&&ETH 30,0000 DF
HIBRAVIIER - MR - BB RIS
ol BEFTVAEATA NI AERLE
\HO5 D DNA Z 72134 ) TR 7 LA F K4
EBEENTWEF v T THAH. 2BETIIERET
FHLRXVORR L 2EEOMA - M, #lz
IZIFNRG # 5 R OMBL 2 &% 5 mRNA % HiH
L, B4 o@Eke® (Cy3R, Cyd5kk) TINWV
L72cDNA, cRNAZER LT, Fv 7L TH
EENATYVTL¥ =Y a v 2FTH. Ax ¥
F—TEEY 7 FVERBL, 7% 2R
(normalization) LT, BEZFEHR 71—V
% BRI 5.

Z D &9 L HBRENFE IR (global expression
analysis) DFEICL ), RKOBFEFETIZ
FH Lo BEFHOMSHBERICE
T ABREIDR A L LI E N2, Whitney
5 13408 T ¢cDNA microarray = F\» T MS &t
Bl 4ot im 5 & IE ¥ A% H E (normal -appearing
white matter: NAWM) % B L, RiEIZHBIT
% interferon-regulatory factor IRF-2 & 5-
lipooxygenase DFIH LA ##E L 72*. Chabas
HIEcDNASA 79 ) — MK —7 TV X
I X Y, MSHXIZB1T 5 osteopontin (OPN)
FEERAXRERLL® #5135 v N EAEFHE
@ microarray f#47 T OPN ® LR 2 #EE L 72,
OPN 2 Thl cytokine TH b, BEFRE~Y
A1 EAE E#ICx L CHEIEZ R ¢, Lock b
i MS EMREERE S BYEEESEREL R

1303

B, BiECBITAG-CSFOLRLHERICB
\T % IgG Fc receptor, IgE receptor, histamine
receptor type 1 ® LA %R 7. F72 G-CSF
1% 5T EAE 7E L L, Ig FcRy—chain &{xF
RIE<wT ATIZEAEBME (LS IEI SN E Z &
ZEEBH L 72,

BIZTF 7 L4 MS K513 5 IFNp WGlah 2
BEBFLBITT)ZATOERATH . &
Z 5tk b astrocytes MR EDOEBETREHR S
074 — VRN L, IFNB IZ X % interferon-
regulatory factor IRF-7 & pleiotrophin @ k&,
IFNy 12 & 5 IRF-1 & ICAM-1D EH %27
72, Wandinger 5 iZ RRMS & % %# O PBMC
% [FNB AR T TH#E L, Thl R #E{n T CCRS,
IP-10(CXCLI0) D BHFE 2 R 2?. FE
513 13 %1 o RRMS T IFNP &8 BIART - BAgA
%37 B -6 AICRMLT, REMY 735K
(peripheral blood mononuclear cells: PBMC) #*
5 CD3 Btk THifg & CD3 Batd non-T il % 4
BEL 72, BARE & @15 F # 88 (annotation) {1 &
1,259 & {=F % & tr cDNA microarray (Hitachi
Life Science) # W C, IFNB REIC X D &
BESH L - BEFHIFNDEEETFRHIFN-
responsive genes: IRG) # {=ZE L7=®. THT
83& = F(IRF-7, ISG15, IFI56, IFI6-16,
IFI60, IFI30, ATF3, TLR5) ® L& & IL-3, MIG
DT, non-THIK T 12 &fxF (IRF-7, ISG15,
IFI56, IFI6—16, IFI27, IFI17, TAP1, TNFAIP6,
TSC22, SULT1C1, RPC39, RAB11A) D EA,
IL-3DIET %D/ ISG15, IFI56, IFI6-16,
IF127, TSC22, SULTICl iX{G#ERBHE 3-6 4
ATHRNL2 LA 2307 —FHRetFENE
BERX D o720, BEBICTh EERRET
CCR5(T), IFNy (T), TNFe (non-T) D _EFH
WEED. ZOFRRIZIFNS 343 L bR
% Th2 shit # FEL Z\v &) REP23Z/HT
5. LE®D9H B 9&ET (RF-7, ISG15, IFI56,
IF16-16, IFI60, IFI17, TAP1, TNFAIP6, MIG)
137 o E — ¥ 481812 IFN —stimulated response
element (ISRE) % IRF element IRF-E) 23+ 1E 3
HEEHIRG T, IFNR WWHEHERS LHE S,
BEMRICECHES LTS EEZ LN,
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£2 EEMY NFRICET B IFN BEEEF (IRG) O#EESE

HF LY —

BEFE

BT 4 (Bl%E)

. conventional IFN —response
markers

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

. costimulatory and adhesion 7

IFIT1(IF156), 1SG15(GiP2), IFIT4(IFI60), MX1(MXA), MX2
(MXB), IFI27, G1P3(IFI6-16), 1SG20, IFI16, IFITM1(FI17),
IFITM3 (1-8U), ABCB2(TAP1)

STATI1, IRF7, STATZ, JAK?2, IRF2, ISGF3G(IRF9), MYDSS,
IRF8, STAT3, JAK3, IRF1, TLR3

SCYB11(CXCL11, I-TAC), SCYB10(CXCL10, IP-10), SCYAS8
(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(INFA), IL2RB, IFNG,
NTRK1(TRKA), PDGFRL, TNFAIP6, KITLG(SCF), IL10, 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, LMNB1, E2F2, CCNAl(cyclin A1), CDKN1A(p21),
PPP1R15A(GADD34), CASP3, CDKN1C(p57), CDK5R2(p39),
TERF1, NBSI (nibrin)

HSPA6(HSP70B’), HSJ2(HSPF4), HSPA1A(HSP70-1), HSPA1B
(HSP70-2), HSPCA(HSP90A), HSPAS5(GRP78), HSPA1L(HSP70-
HOM), HSPA8(HSC70), HSPBI1(HSP27)

CD80(B7-1), SELL(selectin L), TNFRSF5(CD40), CD163, CD86
(B7-2), HLA-DRA, FCER1G

FKAEIM ) > 735k (peripheral blood mononuclear cells: PBMC) {235\ T IFNS (50ng/mi) #il# 3-24 B CRIE

B3hsBIEFRHEZBEINCSELL.

IRF—7 (&% 4 v A Bei2 & L T IFNa/f Bk
ZWIRT AHIHETFTH 5%, IFI30 X class II
MHC #RMERERROBE { F4 — VBT
T, BEFREYATRIARERERT 2
337", TAP1 i3 class I MHC # 5 BEHLE SRR O
B < X7 F FEE R T C, #ETFRETY R
TIX CD8* THIRIZ & 2 R E I ASRET T
5%, TNFAIP6 i TNFa, IL-1R2& Y FFE X
NBTWERECHAEERLZET Y. T4
HH IFNL IZH T 4 VR - PLESE - RERHE
FELTELSELRIRCGZFET LI EHHL
Mol BREEWE &2, SLE TlBEIc
2 53T PBMCIZBIT 5 IRGER L NS
"%“1\40).

&EEH 5L PBMC % IFNS (50ng/ml) C 3,
AP E L CRICHEEAFBE IND in vitro
IRG % cDNA microarray % Fi V> CHEIE IR

L, #% % real-time RT-PCRE CHFEL 72
(Satoh, et al, Submitted. #2). ¥ LHFL3
R 107 B15F, 24 B[ 87 B2 T, 69#fx
FiE3, 24 TE—N—-F v 7L, TDOL»
WIEZETR D in vivo IRG11 E1n T (IRF7, IFI6-
16, IFI17, ISG15, IFI27, IFI56, IFI60, TAPI,
ATF3, SULT1C1, TNFAIP6) & h Tz,
RERT L 30 22 BEF, 24 WM 23 Ef=T
T, 2#&EF (FOS, IL1A) X3, 24ERfTH —
N—F 9 FLTw/ FRIRGIRFEEHT I
1) — : (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 {253 &7z (F 2).
ZHOIRGHET R P =TV AR F L AREDH
HWEFICHTEESNRLZ EE, IFNR OERHLRAE
WENEEEXH TS rEAL VEHEIRGD
3%, F & LTeffector Th1 MARICE X, MSIE
BRI R ST b CXCR3 Y
# v Kok 4 (SCYB11l, SCYB10, SCYB9)
&, & LTHIERk(monocytes) 2B { CCR2 Y
v FEH A4 v (SCYAL0, SCYA2)iZ, 3, 24
BHOERL20BETFICEFELTN —7F,
F & L CiFER (neutrophils) (2 { CXCR2 V)
HvRrEh4 v (SCYB2, SCYB1, II8)B X
U regulator of G—protein signaling 14 (RGS14)
WIREICBIIA2RFAKTEREFICEFEINT
Wiz TESA VEEFMIL G-protein coupled
receptor (GPCR) T& 1, RGS14iZGPCR ¥ 7
FVEEIHEFCTH A, BICIFNS 1T —#
DHFEWET A b A4~ (JL-6, IL-15, OPN,
TNFa, IFNy)OFEHZFEL7. SCYBI10 &
IL-6 X BREHER, SCYB10 & SCYA2 iZ{F5t
HUEEEREOERBHEIEH I AT
500 FELOERIL, BHPIRG & LTHFEX
NBREWTEHAL Y - F A4 b4 VHIFNS
BITEABBE CTHONEREZ R LT AN
% RMe§ 5. Weinstock—Guttman 5 % IFNB {&
FHI# D 8 51D RRMS ®» PBMC % R 12
M LCinvivo IRGEZFHEL7®. £ I13EFES
DOEZE LR in vivo IRGP & 4 —N—F v T LT
W%, Liang 5 id Weinstock—Guttman & D7 —
& % BT L, IRG i early—onset(within 8 hours),
intermediate—onset (24 hours), late-onset (48
hours) D 3B HEENAL T LR RWIZL /2%

4. BEFT7LAIC&S MS D IFNG &
BEHEFROE A

I, EMSEEETORBLESH L EETT
LA CREMICE A2 212X, e Al
B AEYCEREER ZFMICFHIT AR
AV BRINTWA(EHS/ I v 7 A pharma
cogenomics). Stiirzebecher & % IFN AR
# 108 D RRMSTPBMC O BZFHBR 71
7 4 — V& exvivo AT L72%. 1BHERET6 A H

1305

PR I12H7 AT TCER GAERZ MR 217
WIEBIHRE A ER L, BRBERERN60
% VLA L7 fER % responder & EF L 7.
¥ 7= nonresponder # B S LR RO %
v» nonresponder from initiation of therapy (INR)
E, Bt —E R %ED 255, NAb
B & YR EARES L 72 nonresponder with
development of NAb (NAbNR) ® 2 #2531 7z,
F(ZPBMC % IFNB FFE T TR % L T in vitro
AT B AT o 72, ex vivo fEHT Tid responder T 25
B{xF (IF117, OAS, Statl k& & IL-8, CD69,
c-Fos, TSC22 T2 &) A 2fF L LEB L7z,
B2 IL-8 ORFIE T 13 responder ik O #E
& B REEAURIE S N7z, — T in vitrolRG X
87 #{ZF T, responder & nonresponder i T
HERPAD Do 7. FHE 6T Stiirzebecher
LS LR LT, IFNB ¥ # % 1 TGFE-
stimulated protein TSC22 D %3 L H # # O
729, o OMFERITEFRL IR CEEREL
72PBMC#fB#H L TBY, EBRBEFEET
R LB, /216810 responder T
BEAICHOBEOEEZHREZEL TWBED,
ZhEEZBOEERELY R TEMIZERIET
ZEFITHD. Hong HiEMSHEHZHD PBMC %
IFNR 721 GA BB ICRERERETT L
A2 RCTEN L, HECERETFEOMHEE
229, MMP-9 1 IFNS TIRT L, GAT
FEALZ

van Boxel-Dezaire & i3 26 Bl IFNp & &
21772 RRMS ® PBMC T, ¥4 b4 A4 V&R
FREAL ANV E R EEWRT-PCREIZL V#E
ML BRMH2EHOFRER - IVMP
E# - Extended Disability Status Scale (EDSS)
2 a7 %85 LT 16 B1® responder & 10H D
nonresponder (247} % &, responder {ZIGEHH]
2 IL-12p35 BE LRV HPMEEE Z 2 L7
Wandinger 5 iZ RRMS TIFNG {A## 14 B
BRI EDSSR a7 EBADAR LN R WIE
%1% responder, F% L /2EFI% nonresponder
LEF L%, 20410 responder & 19 D non-
responder % real-time RT-PCR # & ELISA %
THEMT L, responder Tit TNF-related apoptosis
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1306

—inducing ligand (TRAIL; TNFSF10) 285t &
fEZRd &RV L TRAIL X IRG D—
DTHY, BEFRE~Y A IZWEMET R
PV ZXEEERL, 27— VBEHRIER
ZHWIC 5, EELIIMSO THICBITS
TRAIL BT % 8 LT 5%, Baranzini 5
& IFNQ % 52 $10 RRMS T PBMC 2 B1)
5 70 EzFDEIHE L NIV & real-time RT-PCR
TR L%, REE 2 EHNERD
7 < EDSS R a7 EBALD %2 EF % responder,
2 B EBE% L2 fER % nonresponder & EZ L
7z. T % X 3E 5 F(caspase2, caspasell,
FLICE inhibitory protein: FLIP) D% 1L~V
DIRTLY Y ¥V 7 T8 % BITIRE L it L
7z.

BT, FH DI 72610 IFNR RIGFIEEIE MS
(65 RRMS, 7 SPMS) & 22 A0 #E % O KA1
CD3 Batk THifE & CD3 Bt non-T ML DE (=
FHEIE ST 7 4 —)V%, 1,259 cDNA microarray
(Hitachi Life Science) & Fi\>TH#AT L72%. T
HECRAZE 2RO LU 30EETF 2 ER
35 &, THIE25:&EF (NR4A2, TCF8 LA &
MAPK1, SMARCA3, HSPA1A, TRAIL, TOP1,
CCR5, BAG1, DAXX, TSC22, PARPIKT %
&), non-THife 27 BfZF (ICAM1, CDC42,
RIPK2, SODD, TOP2A EH & BCL2, RPA1,
NFATC3, HSPAl1L, RBBP4, PRKDC&T %
)BT R b — ¥ AHBEFRICTEI .
ThbbMSTT7 R b= 2B ERT (pro-
apoptotic genes) & ¥l # 1% T (antiapoptotic
genes) DR EAB I KT ORIHINTS VR
(counterbalance) # g7z, F 7= MS 72 Bl 46
B A BRI 2 FEB D IFNS (8% Bata L7z
RIEFEMS LEFEER CREZERE2RT 286 &
=¥ % 812 & {5 F (discriminator genes) IZ L 72
MEBEY 2 5 A ¥ — AT (hierarchical clustering
analysis) T, 286 #fzTi¥5%7 F A (class #1-
HO)IZHESIN, MSERBEERE O SEEX

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

h, BilZasv—7-25A%—(A, B, C,
D)ICHES SN, ABIEETREHA /v
4= VOBRLBEEIEMUL, BEIIROIER
WEEEIEL, FYEAAL VEEFOEZN
class #5 DRBE L NNVHEL, CHIIKERE
WEZE2THBENE L, DEIZERD EDSS A
AT7VEETH o7 BERAB2EROEBER
H% - IVMPH#% - ABEH% - EDSSX 27 -
MRI T2 SR E R E L & BZWmEED b RK
iR 27 #EH T 5 &, responder i AE LB
BEIZEERE LT\, responder Tid nonresponder
B LT, WERBKR6 N HORLT, IRG
(ISG15, IFI27, SCYA2, TNFRp75)#IR1L XV
FEL RS Tw T4bb THilROER
FREBETT T 4 — VIEFIZIENR BRI ROTF
HWAERTHD EEZ DN

EbH WIS

IFNS DAEYFHEEEZEETH D, MSIZ
B AEENROBIBF I TOoHHASI AT
v, DNAXA Z7u7 LA4ICX5MEENER
FREMAIE, MS 2B 5 IFNG BEHRR
BITER O F Iz &0  fE5MbE# (individualized
therapy) DB ICE D EBbh b,

B AR TBALAFRIR, BB gt
¥ — TSR REM AL LA R, flEFRE,
hTEEELE, B EWMITRE, TEF KL, BEESN
Stk ERERIEERAE, RRAESE, B L UHBHTE
BOBEHMSE - WEESCHETIMAROBEEHER
LOXFAMETR SN, FRIVEEEEFHHENRE
ERPEC 0B E@ERTFTLAICIZERE
BAEREFUES LICHET A%  HI7-2 2 A~
020) B L OFR I7TEEEESF 2 —< A LY AR
HHREEDNAYA 707 L4 X BERERILED
REBWHEOB IS 2 B4 | KH2110D) OB % 5%
SPAS

B 73

1) The IFNp 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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The pathology of multiple sclerosis——Breakdown of immune regulatory mechanisms

RS (52

O FIILE (MS) 14 LB ERO SIS BBIRR T 5 5 7,
" HEEELBNTWS.

4% Th HERRIC L 3 HERERIGT

WiF B

Toshimasa Aranami and Takashi YamMamMURA

EE - fE e v o — DTSR BT RO R

ZOFRERPEBENITY VEAIC
ZhiCx L TECRSHE T M LT

E’JLJ?JK%J?Z%%EH@#T‘EL AR E SIEhE. MS ANOBISFTRES W TV 3 REREREE LT

i, CD25B§J’K‘.¢.CD45%T¢T§HE@ NK #Ha, NKT #5a% &% 5,

MS DFRER BERIGH T #ifse < n

b%rnﬁﬁ"%ﬂﬁ‘ad)/\7xxc‘_oﬁof&iéhét%i%hé AT, MS DRE - RELEREEALS D
Z.TE%&%E@E%EB@LE@T%E&@%HE’é’:’ﬁuﬁﬂ'éé: é:%)(.:, ghb#ﬁTéﬁr%ﬂHEWI\“i PR ELY

7E§r’—i#b MS o)r%é’&;ﬁbé

Key & SRME(LEMS), RERMMRE BCREMETHE, CO25MEME CDARZTHIRE, NKHiZ, NKT

word : A

%5 F5MEREALAE (multiple sclerosis : MS) i F AR ##
R RAEVE B REIE RS B DSHERTRY - 2RIMIC S H
THEERT, EERANCERT S, SELRHEE
RERL, ZLOFICEHLEBLRYVIETS,
Z OWEITPEEEO S ) YERICNT 3 EDS
HERETHB EEZONTVE, HERERE
%, CD4 BBiE~n,3— T #if8, CD8 BHEX 7 —
T #HRE, B kG, BHRMRE, ~ou7r—vil
DHEBERMILIC X o TERBIN B, FLAERE
2RELT0300 CD4 BiE~VS— T #ilET
Ha, K SEBIIBLTEERELENES
KRG CD4 BBt T Mifais PRI RE L,
SXY VIEEEERWMBP)RED I LY VEH
RREMNICRIE L TEREMLE 1, IFN-y, TNF-a
REIFIERRKEETA AL vRTrEh LV
REET S, REWT TN L Vi ko THEIRETE,
vru7 y—-YhhEPKENLVEESIN, 6
CRIEDERE, KT BY.

Zucxt L ¢, BERIGHE T #ilamn ik i

ZOEMELIIH U Csin i fERMiRORF
EBHONTED, RERAGHEREE LiThs, &
EREMI I REEY A P A VICERNICE

{, IL-4, IL-10, TGF-B81 % Y OFEEY 1 b
hA vEREEL, EEMNIZ, H50widENREEES
v ru 7y =k EOFERENEROME Z AL
TR, BERIGHE CD4 B T MR Kt
PMEIT A EEZOND, LizddoT, MS DFE
BBl EHORIGME T il L fERgsEo N v
AW EoTREIND LEZONS,

Afgcid, MS KBE T 2 REEECRGHE T
R & SR AT R B T 2 RIE D AR Z BN T
b, BRLEFELVIBERERNINS
BT 3 0ERMEONI VALW)IBREPOE
mTEsZLtERL 5.

| BE R THIEE —Th1#8#s & Th1 75k
GERIG2HIET 2 CDABE THlEDb - L
SEELREBEOOEDRY A PAA VEERTD
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%. CDA BT HIEIREET 2V A A Vv D&
o k> C, IFN-y, TNF-a 7% £ % E&E$ 2 Thl
MHRE L, IL-4, IL-5, IL-13 R &2 ELET 5 Th2
M KRS N3, Thl & The MR zhends
BETIYA AL VBB XD ZBnIicEI
B L) HIEEER2 O, MS BXUZDw
Y A EEE TN TH B EBRWE CRBRENEER
(EAE)IzB W TR 2 ¢, Thl MMEIYREEME T
WREThBEEIONTER, LPLEE, $6
%o THRELT IL-17 2EE£T 5
Thl17 #ESEAE S . 2D T #if@ld EAE 28
Wi Thl $HEE L b AR E O REERLRE

bOLBMEINTRY, TLEHEEEHEEMS &
HIERER RO IL-17 BE LESHE EN?,

MS IZ8 T Thl7 MENRENE T ko0 &
2L LCHEEZINDDH B,

| & FXF1rmERRE

CNETEAE HBWVIE MS ICBWTEEXE
HAEBEREGEENEEI N TV, CD4 Bk
CD25 [Eit T #ifE, IL-10 EE4£ M T regulatory
type 1(TrD) flfE, 7 F =2 7 V% 5 — (NK)#lfgE,
NKT {4, B Mgz cH 5. EAE, MS kEE
T3 & I ERAEREHEC O WTEET 5.
1. CD25[5MCD4GM T

t FSRASIML CD4 BBl T MO ~10% % &
B, KEEREERICBT2EELREZRLL
TWVW3, 27 AICEBWTIIPL CD25 Hiffic kb
DiifazBRET S L, I TLEERFENECD
BBEREYRET Y, 5, ZOMBOERS
L USRI AT H B Foxp3 EHDEETICER
PEOE MBI ATE, BORBEELZH
RIEFET 2. Thbb, ZORSHEIZ O RICE
¥ X ¥ BB oNT 5 BEORIGHE T fMiaz s
LTWw3 EELZSNS, EAE ITBWTH Z D
DEFIc k b EAE REELT 2 Z L 59, fE
FEME L LCEERREEZR L TwB I R
REING, E5HITMS kKBWTIX, CD25 B
CD4 [Bi: T M0 R EY, 8 X Foxp3 #B
DRWPOPBEINTED, MS DRAD D ED L
LTOHEBEDRRINT L3,
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2. NKifiE

NK #HRIE 7 A L A Bgeife, EEHER &%
BiaEEEE LTHON TV, ZOELY
AL VEEENLTI E X E R AERIGICHE
ELTw3, THlEDsk L Ak NK #fllgic®
WTh, NKL B X NK2 #RE L v o gk
menTw3?, NK1 $ifgid IFN-y, IL-10 & &,
NK2 #ifix -5, [L-13 % &R BEET 3. EES
i%, NK $ifal&3ic X b EAE &L T 5 2 &9,
MS EEE O NK #ilEssE e IL-5 EEEz b b
(NK2 fRfd), B CRGHE Thl #fgcx U TR
EE S 52 EH 50 NK MiEss i
ELTHEREL TV AT LARREL T3,

3. NKTH#iie

27 ZICBWT, NK filgRm~—A—& Tl
AR RS A (TCR) 2 IR T 2 2= — 7 2/
faptr LCHEEX N, TCRa#EIZEFEDIZLEA
FHrwuA vy Py rER SO L5, NKT
B, & {2 invariant NKT #fE (iNKT #fg) & K&
N5, iNKT #iaz_7F FHETIE R <,
BRI X D iEELEh, BEIC IFN-y & L4
REET S, WUHRETIZI OCH Lt vwHHEEEZ
&R L, ZOFHRGHEMEEED INKT Mgz &k
X, BRI IL-4 DAZEEIEE I L2
&1 7. EAE 2B TiZ OCH o5k ) £&
N INKT #HfE & 0 @RI IL-4 DEE SN, IE
WHEINSL Z E2FLEY, b FRMILFII
b INKT Ml EE L, MS ERIHICE VT,
Z O IL-4 2EMAICEETBY. ozt
1% INKT #EREAS IL-4 EEA %N L CEMBH DR
WS L TW A HRBIEEZRRT 5.

4. Vo19i THIRE

oAV NY 7Y FNERFEET S NKT kg
Thh, EFBIVYRAOBEREERRICE
4 52 LD 5, mucosal-associated invariant T
(MAIT)cells & & X iEh 39, YHEETRE
Val9i TCR F 3 v AP = v 797 AT,
Val9i T {480 IL-10 BEEFE 2L T,
EAE ZH&EIL, ic Val9i T filgz KRBT 5 <Y
ZWBWTIE EAE BSEET 3 2 2R L, ZOM
fabs EAE B 2 EE L AEREMETH S Z
LRSFEHL 7219,
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ERZZHAME] (days)

1 FHMENKHROFRRE EMSOEKRFENED

1HEE

REMHFRESERE MS BF 23 £0OKMMm
NK ffg LD CDllc oHEHRE2 7u—¥ 4 F X b
Y —TEF LT, 4 DEEIZ CDllc DHEEEICRE
vy, CD11c™"MS & CD11c"MS it i o h s, FiE
Y7 v 7% 120 BEOBROFEREIFL,
Kaplan-Mayer D EFESICH Y, BEREZ2HEHL
To. 7, BREBOFEEZERELE 0SS5 F R
F2RAVE Z0HE ARKFTEED,
CD11che"MS #iZ, CD11c"MS Bl HiREEICER
EHMEN T LW h ot **p<0.01,

| eEREREs BCRBETHED

NS ADWE

MBP 2 &IV yEHKNT 2RBREANTD
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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 DAPI2 gene (TYROBP) identitied 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.
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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, (ii) 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, Yaiza City Hospital,
1000 Dobara, Yaizu, Shizuoka 425-8505, Japan. Tel.: +81 54 623 3111;
fox: +81 54 624 9103.

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

0022-510X/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
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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 (TREM?2). 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 DAPI2 in several Japanese patients
[4], and a single base substitution of G233A in exon 2 of
TREM? 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 DAPI?2
gene.

2. Materials and methods

High molecular weight genomic DNA was extracted from
300 pl 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
DAPI2 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 clectroencephalogram (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 (VLFA) 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
DAPI2 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

@) (b)

Fig. 2. Brain MRI. (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 ms, TE: 102 ms).
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(¢) cloning of exons 3 and 4

(a) 141Gdel in exon 3
4 exon3 exon 3
TGGCAGGG A TCGT -~ NNGG ]| » % +CNNGT G ATCGTATGGGAG G TCGTGATGGG~G
1311 122 133 111 1 89
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(b) G262T in exon 4 : .
1 exon 4 exond
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A }f \ f (\ ﬁ
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Fig. 3. Sequencing analysis of the DAPI2 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
represent (a) a single base deletion of 141G (141delG) in exon 3, (b) 2 single base
G262T mutations verified by cloning of the segment spanning exons 3 and 4.

(I'ig. 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. 3c). 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

in a vector, followed by processing for sequencing analysis (c). The panels
substitution of G262T in exon 4, and (c) the heterozygosity of 141delG and

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 DAPJ2 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 bind
L15 X L5 L15
Predicted Pradicted | Predicted
Sites Sites Sites
DAP18 ing ¥
M HP = dousla Fumes
ﬂ ! Surf }k surface Surface
) i_ ACCE: " Accessibility ficcessibility
o v ol S A 1 w vl
100
b 113 & ] 87 28 prosed] 5200

Fig. 4. Protein sequence motif analysis of two distinct DAP 12 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.

immiunoreceptor tyrosine-based activation motif. and a consensus sequence for the

DAP10, ITAM, and “Kin_bind” represent a DAP10 membrane domain, an
mitogen-activated kinase (MAPK 1) binding site, respectively. A plot of the

swace 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 DAP!2 gene or the TREM?2
gene [2-5], the precise molecular and cellular mechanisms
underlying the pathogenesis of NHD remain unknown.
DAPI12-deficient (D4P12™"") mice developed an increased
bone mass (osteopetrosis), a reduction of myelin (hypomye-
linosis) accentuated in the thalamus, and synaptic degener-
ation, suggesting that DAPI12 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 [TAM 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 DAP12
gene [1]. However, there exists no obvious difference in the
clinical course between Japanese NHD patients homozygous
for 141delG in DAPI2 [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].
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