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T3, 200088 1—aricBwTH Y
NI VERESPEFETHRELTEYY, ¥
WY I VB BEEMBEICKES L Catt iy
DA X EBETENSE ER & h, HENRE
DEERBE T ABEZRATLEL, Z0R
ELCHRIBFED A A r — P38, v DHE
BEMRHREDO X A= XhThHs, Zhid, ¥
BRI, M8, CA»ABRBER DA%
OWRMIEIC @ L EZohTwkY, —FT
WA, BERMEESR, in vivoBEBRSR catc
(3 RERIRARE % Bl SR T X LB T b 2AKD
RIIERSENICRET 3 2 L CERHEM o MEM
DRI 5 LKA EWSMITZh, FICALS
TINY I VBB LRSS L Tw
AR S NS LS ok o707,
YRR CRAENATRHOMNAESH - 2 —n
VIRBOTHEBEMIC VY I VB v AK—
Y —DEEREMA 2 LEWIEZ b, BHH
FeIc b 2 v AR —% —% 2— F ¥ 3 mRNA
D7 vFAmMRNAZ®EL, P77V AK—
=S RIDFEBEWML L LTy P EHES
Za—uYREEBECTE. £, Sy FEHY
EETHEC VY S VB 5 RAK—% —FHEA
THBETHAR¥ET B LIk b, AMPARE
F 2N L BRI BRA = 2 —a v
KETEY, choDREREPS, S8 IVEELE
FUYAR—Y —DREIZEY T TABBED 7L
Y IVERENERT S LEMHES 2 —0 R
BEXNGZEMWRINL, ZO/MEMEREIL
AMPAZAG® 7 v ¥ T2 Mk hENEXH 3
DTAMPARBZHORENAB®EE L Tw3
EBRINTWE, X6, TI4=2V—hn
Fr—Tit, B2 —a i1 —n
YITHAR, AMPARBH 7 T=RA it $ 58
HiIclEBECcH s 2 LD, AMPARABH]R Y T=2
b & BRERGNIC 7 v P ES T TRICRS
T2 L BATH= 2 — 0 IR O RS

2RI, BlohA = vBEDA~SEREOEE
BECIEH = 2 — o VHASERNICER T2 2 L
Bsin vivo BB TRE N D, AMPAZAKRDIEE
WEZEIC k hEE = 2 — 0 VIOERE OB
W E S 2 L PRA BEBRRTREINL, R
513 AMPARZ A& % /T 2 ML ALS D
MA@ THwB I L2 RBTEHDTH
F3 2,3).

'B. MiZifiRast & AMPARE &

TN I VERBEEIRE(AAVF v 2 VE
ERFBFERICHBEING, 2L T4 AV F v 2
NMZ X 5 I NMDARZEE, HA = v EBZEE,
AMPARAEHICT T o5, NMDAZAEHA
ORI 5T 2 Dlox LU TRICE VLY
;7 AEEITh b 5 AMPAR SR, =2 —
a v OEEEOMBFIcES L, EiH-a2—uy
&, RFricREORBHMLICHES TH B 2 Lt
HohTwd, Z2O5FAA=XbE L THIRIGE
ICSENE MR % Ca® HEAIC & B MIRAN Ca?t EE
DR LA BER - o —n v THL DT E 1,
ZRUCH F < Ca¥ KM T 1 7 7 — ¥ O
ft, S rarvyFY7HEE NOSELELLEILL?
AR — PRl R T LkkL hE
BRICE VB picdhi Y, iEMEEA Ca®
BRE LROBREICIE, 1) NMDAREEDEHAL
KEB3F ¥ 2S5 DCa% WA, 2) Ca®* El
#: AMPA A OTEMEAL, 3) REB /Ly I v
BRBGLREOREIC X D IP3EARMNT 5/
25D Ca® B8, 4) BoOBsyEIC X 3 RE:
BB Ca® F v 2 A DBOL ED A A=K LbS
MehTL2 Y, B ERIHKEES 74 ¥
BBREF v FAOBESELTRINTVLS (H:
transient receptor potential, LT TRP) 15)
R RESE I AMPA A D Ca® Btk 0 B
ERKEODD, KoL TRELAHLZ SRS O
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NH2

R/Gsite Flip/flop

GluR2 Q/R editing site |ADAR2

GluR2R (B£E) CAG ——CIG — MRQ
GluR2Q (REEH) CAG — CAG — MQQ

/LK% mRNA FI/E

0
Ll

4.1 protein famiy
(GR1,GluR4)

PICK1, GRIP1,GRIP2
(GuR2, GIuR3, GluR4c)
E1 AMPARBGO#E (#2,3,16-20 & h¥E)
AMPARBHBIZAEE DY 722y FGIURI ~GluR4A » SR X 2 4815 5 5. MI~M4
BEEFXA Y S1ES2RRIBMI VY S VEBREEEE. &Y 72y MCRZNFIERWR 7
FAVITICEDRLEDZ T I VBRI Lo NlipElE lopBIE V520D % 4 Thid b, Fwg
RO TRE->TV 3, GluR2~4ICIZR/GEHMH H, RNAREI LD 7LE=Y (R)
oYy (G) ~NE#T S, JOBURREGBEELENT 5. £ 512 GluR2DERMEHA:
CBAMZRLE LTMZICFFET 5 QRIBREG DS, BIFSBRTCAGF712CAA (/1 ¥
Tv (Q) BCGGE/ZIZCGA (PAF¥=v R) k3, 20k, ¥ 7212y +oilladthb
EOEOHEEN SR b o T LM X 15, HBA CRMMERICIZ PKA, PKC, CaMKII
2 & %Y RR{LEBMLP GRIP, PICK, SAP97 % ¥ DPDZ ¥ v R/ BREAWMMBET 3. O
I3 PDZ F X 4 > %4 L T GRIP % ¥ postsynaptic density (PSD) # %7 LEEAL, v+ 7 A
TOAMPARBEHEOREN L ElchdbboTw3s, £, AMPAZREKIITARP ¥ v 87 (&
2H), stargazin¥ »/%7 (VDCC y2), VDCC y3-8 L EEETRET LI LIS NTED,
INSDI Iy RIPF Y RAVEHELE PP DLoTRBE I EMbhroTn 3,
PDZ: Postsynaptic density-95/Discs large/Zona occuludens-1,
PKA: protein kinase A, PKC: protein kinase A, s ,
CaMKII: Ca?*/ calmodulin-dependent protein kinase phosphates II, GRIP1: glutamate
receptor-interacting protein type 1, GRIP2: glutamate receptor-interacting protein type 2,
PICK: protein that interacts with C kinase, SAP97: synapse-associated protein 97,
NSF: N-ethylmaleamide sensitive factor, PSD: postsynapitic density,
VDCC: voltage-dependent Ca?* channel
RpDCIGE, VRV —ATIRI7 /7>y (G) LASTHEERLENE LY, CIGE Y 2
FYiZCOGG ERLINRELTHRE N (AXEBH).

M, EDkHiz Caz+i§i@ﬁﬁ§ﬁlfﬁléﬂf W3 A4BETH S, HY 72y MIHEBEL L S,

RO LFOMAIhTLS, | HEICHT0%D 7 = ) BERFIOMRAE: b,
AMPA A3, 4Dy 72=v b (GluRl- M DONEE, R XA (MI~M4), HifEN

GluR4) DBfh¥ /- 134 kA bE LS H 2 DCHEM S %% (F1)2H1620  AMPAZ &k
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o Ca?* Fildft % e T 2T i, 1) GluR2 ¥
7=y b, 2) GuR2Y¥ 72 = v F DRNAK
# (5 Q/REBHz), 3) flip/flop splicing var-
ient ® R/GEDEER L & F v 2 A DO ZE
L£TBFAL v hY, HlaLEE LTizY M
FARE D AMPAREBHEE b Ca® MARZIRTE
THRELEFELRS, LIL, ZhsDREFD
TRCOSHEE CEEBEET 2T TREL,
AMPARBHBRFICIHBBT 255 )E2) D
Db haKE,

F—ItF v F LD Ca? BB REICEE L%
HEZLLTVEDEGIURZY 72 =y +Th
5. AMPAREERZEE T 2404 71=y +
D9 5 GUR2 %2 &L RAE X, Ca? BB K
{, GluR2%#&Z %\ GluRl, 3, 4DY T2y
PO E AR, By Cat ERN
BRY ),

2% h AMPA R A kD CaZ* B, GluR2
DHBICEIDREING, LEXIE, 7y MR
7k = il Ee AL Tk, oy
=y bICHARGIUR2Z 2% { #B L, AMPA

REGHD Ca® BBEEC Y, BHED AT v

iR, FREOJEHGMA, Vo Bergmann
7Y 7ML ETIRGIUR2Y 7oy FANiZ E
AERBLTOROLE, Ca? @il izmn?
EBAELNTVS,

FEICAMPARBERDZY T2y FOM2IZ
H5QRBAMCa Bt Z HBL T 3,
Q/REPHLHICa® BB R EICHEELDIZF ¥ F
Ve R7ICHELTED, BEAMDRHCaS 23l
(DL TEKNICPEDOQTIE Z DIEMALS
FolkdThHrLELIONTVS, RHHI
GluRZA TR 7Ny v (Q) THEDITHL
T,GluRZZGR7AX=> (R) THB (X1).
LirLY /5L R)LTH, GIuURZH o4 7 2
Zy FAKRICQZI—-FLTw3, £HLTRK
DWW E, RNARBEL WIBRKBES

5 TH3, 2%hH, DNAH S RNA~NEE,
mRNA 2% 3 HiilZ, adenosine deaminase acting
on RNA type 2 (LIFADAR2) & X iSh 25G%E
BEEICE D, 77/ v (A) oA /vv (D) ~

ERNABENMNRZ 22 L CHEEBZ L, VF
V=LTHIZT /v (G) LRAZTHBLAL
Ensw, CIGEW) aFVIZCGCERE &
NRELTEHRENZ2. KFELBGIUR2 (Q)
oV 72 =y b AKAMPAR %k D Ca?*
BRAEEFHHECE LT, BEBGIUR2 (R)
& AT AMPAZBHBOEANEL TS, 3
WIZRFEERGIURZ (Q) Z&A 7 AMPAREH
OEEHEMT 2 L AN~ Ca? THi ADIE %
%20 RNA#E£IZ, GluR2 Q/REFMIBSIZH A
A =vBRESEY 7212=y }FTdH 35 GluRs,
GluR6 ® Q/RE iz ® GluR2, GIuR3, GluR4+
71z y FOR/GEGL, Kvl.l I/VEHZ, 5HT2
A~EBECIERNABEOERIC LD F v 2L
Rt Z{AsE U, ADAR2 o self-editing Tt 2
T34 T A POEICKBE 7L —LY T b
kb, BEEEMEAERT 52 4 U4 R RNA
DENHERDOEPELTEL T30, 2 DRER
F—ERTHRAY TH B, £Ir0, GluRZDQ/R
HOiE, BREND o BBAICE 3 £ TI2IF 100%
REINTLE L5 ECBENTHY,
IR WEIN TN,

UL, GluR2Z®D / v 7 7% k= ATk
FEhtE L9730, — 4 CRNAGEXMEIEL %
mutant mouse (¥ GluR2 Q/RIPHLA30.1% LA T I
BTFL, EH20AMMNICRBEBIC L DT T
33 = % Eh 5 GIUR2ZORNAFRE IZ 12 Q/R
B OBEHRREOHBAUSNIC L, AMPARE K
DR BT 2EANH B L EL 0N, £F%
EHET3IEEEWENICO Ebd TEEL Bk
boTwa LHEEN B,

ZOBHMERADO—2D, Z—a2—aryEHD
AMPARERHE, 722y F2EHE~D



216 Annual Review fi§& 2008

5 C¢dH 3. Greger 53 QRBPEMQMRTH
AL HoTH T2y FOLSEEENEDLD,
RICARBERICE WTELBRELDZE, T
bbb, KEBER GluRZ (Q) HEER GluR2 (R)
& D LMEHICEEMNAMPAZAHZER L ®
TOIEERLA®, I5ICQRBEDT I/
BEEDRVICLY traficking B4 b, Q
B (GluRl, 3, 4, K#EH£GIuR2 (Q)) IXRE (F
#FGCR2 (R) kKHLBENE L, T4
HLREERGIURZ (Q) DERET 2HAICIIRE
#£RGIuR2 (R) »UMEEL» SEHREX LI LD
IKNLT, GluR2 (Q) 2&8LH¥ 72=v A
1%, ZhE &  EEMIC traffickingXh 32 2 & %
RLUE, LDk S QREBLIQTH 2 H
RTHIZDPIEkS>TH T2y FOLAERB X
UuaffickingZI 8R4 b, HHRMNICGURZD
MR E ~ o trafficking 1 12, HER GluR2
(R) & hERBERGIUR2 (Q) DIFH H8T B i
B3, Thbt, GIUR2, vy 77T YR
WIZHIBESESEE Z 5 v i, RNARERE <
ACRERBERENEI 2013, RNAREDOEE
D F5 DML O Ca?t 3Bt AMPA 2 A (A
DL, MEACaT BENLRL LD KELD
THEMEESRC 2 EZ o3, EEMET
X, RBEBGIURZFEBIZ €T, trafficking %
BELILT 3 & AEMIRASE b BHIE X 01339,

C. AMPARBH#Y a1y R E
ALS O:Egh= 2 —0O 3k

INSDORRERE 2, MR cET 2
S FEATH 3GUR2D B 4 (Ca?* 35 8
AMPAR B HROHEE DM % v L GluR2 Q/R
BEOBWERET (Ca® BBIEAMPAZEHED
KEMNEM) DHEEZALSOEH - 21— T
gt ¥ % 72 ® ic Kwak & 2 laser microdissector
A THEEHREARD S M—aigMlaz g b &

L, A% ALSHEHIEH -2 — o vy OR—WE
MLy ~voEHic BV T, GluR2 mRNARHE
BICHBELRBA R WI Y, BXUHHNA
L <V, TTIREE LTV BALER
i - B RM Y GluR2 QRBDEERET
RHERLLY, 2Rt &9k, EENEED
EE = 2 — oY Tid, £86IGIuR2 Q/REFHL I
100% RNASE XN T w73, ALSBETIZ0O~
100% & 152 %, FEHMHIZ38~T75% L{ETF L
Twrz, ALSEHCE T 2PV ¥ v 2 fifaoiRE
ERIG, ERNEM L AKRICIZIF100% IR0
Twi, ¥, fhoMEEMERBOFRMEERE
L7, RERIZEFEWHELFRO LRI KL
BTk, IoICEFAREZEPL, MR
ALS t 2R x /e, B, PBP, ALS-D,
RN AT 2 BEERER ) 1cow
THRERLZFARL L ZZBRGEDRE L ZNGD
ALS CHBERIIETLCE Y, KBosTRE
DIFIED R A= A H D EMBHERE 1299,
—7# TSOD! B R B ALS (ALS1) €70
7 v F ®SBMA (BRERMMUBHEMIE) O&EH
Za—OryTREMGOREERIZa2 fa—L
ARTHH, chooEBOEH= 2~
TIEIMHEALS L I3 R 2HIBAFED X A = X 4
BETHREEIOGNE, —HT, ERSODI
FIUAY 2y 72 AT, AMPARAE
Z A L7 AEHIRIBEASE > T\ B Z £ 4%, GluR2
R AL ORI & 3 MEFEOHHR Y
Ca®* % & @ ¥ 5 Q/R¥ 6z # A L # % GluR2
(GIuR-B (N), N (7 A/5¥)) 2HALKL
ER<2 9 R EERSODIEEF D double trans-
genic = 7 X2 &1} 3 MEEMKISE D IRED » 5
RENTWL S, ALSI TGIuUR2 D RNAREHIE
WEETBE, GURZORZIZ X 2 AMPARE
tho Ca? BBUTHENTEIN 328, GluR2D
BEFRBC X VEFHMPER T L 2R LK
&4, GURIOFEHBIMML T2 LT3
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100 @ o= v oy D WA WIS SRS UPSC e Spee O TP
g Pl
geof « ] I -

220 .

R

d & » &t =
Al A2 A3 A4 A5 Cl1-5 A2 A5 M1 M2 D1 D2 Ci C2

n=10 20 21 10 17 76 24 24 24 24 23 22 24 20
HHEH -1 —0Ov N ILE T TR

2 B—#HEERICSTSGIuR2 Q/RIBAIRNABEE (R & h&E)
FR (KE R BITSMM, /NS sz 1 {IR) 13, ALSEESH (AL-A5), v bo—
LEESH (C1-C5) DHE—BEHEH = 2 — v v icB17 3 GluR2 Q/RZFfrD RNA
g2, ALSH 241 (A2, A5), multiple system atrophy (LI FMSA, % %%
RefE) #2410 (M1, M2), dentatorubral-pallidoluysian atrophy (LAF DRPLA,
IR RIRE IR 4 REHEE) BE260 (D1, D2), avtuo—#24 (Cl,
C2) DHE—PME7A* v THBOBHEELEL T3, Figft BEHEN%E L B
LM% (n) bRLE:, #B—a—0 e8I 3EREa - L 76HORA
Fux, Cl1; 28, C2; 12, C3; 13, C4; 12, C5; 11 TH 3. #EH=2—1v v T,
EHayro— L EOTATOMMICE VT, AN CRERIZI00%TH -7,
SRS L T, ALSBETI, T L 257 — AT RTIREWT, BERIEH ~ 2 —
Y TEIC0%H 5 100% ETRECIESHE, FEMELIEEay Pu—LBEL
#L, AEIZETL T/ (Mann-Whitney U test, p<0.001), —7, NK7
VxR B BEERICOVLTIZ, ALSE, MSA®, DRPLAB: o> Lo —

217

NEEDORICIZEE®E L4 v (Mann-Whitney U-test, p > 0.05),

WES 3 —oFMeEHET 5. B,
GIUR3 DFBEEMMIZ, RLMBAHA =V EBEEEM
BEET 2 LICKDERLIZALSDEF N T v
FcbaonN 33 TELTH H Y, ZEESODI
FIVARYzZv ey R, KEKALS]I T
AMPARZ AR ORFFHMRBIC X D EBi= 2 —D
v ORBUNE ¥ - L ER, HAXHICGluR2 0
HAMNTHBZ & TAMPAZAKD Ca® BB
DIUEL, MBI EZ AR — P ouB5Z
ENFREINDG, ZnXHi, ALSIE, EHR%E
£ ALS % & &R FatE ALS & TI1F, MERMIFIE
ZEIEBITHFAI=ALBERE Z LT,
ALS, midE{HIERIEISE (FTLD) oMiKaAE Al
ICRRMICERT S ENREIN T3 TDP-43
B, ALSLICRRWVWE IR T AL 2 h
5 b THRE Y, i, 7v Fay v254

DCAGY ©— bR L T\ 5SBMATIE, [
URY 7 V¥ 2 v TéH 2 Huntington i € 7L
2 A TCOBNH S ¥, AMPAREREAL
AR I B TR wEEISNE, 20D
£ ICEE = 2 — v ERBOMBEMBGEIC 2R3
KR &I, BusBiBOTFAAZXLDH
MLICE E, ALSICIZAMPARZ AR %2 /47 288
Za—0VEBEHETOEIDODOE—DPT A A
ZALTRIENE LSRN B 52,

Plds, MBEALSENHESH > —o T
RO oNT-RNABERE L, MEBRN» O
BRENLZITELTH Y, AR CERED)
PhoTOLLAEEBEVWEELZ NS, ZDX
5 MERY - BENEZ A OHEF L LTk, FiE
Bo—a—n O AMPAREEE MRNAKERRE
XUGIRZ2Y 722y F ODAMPARAEHKY 72
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=y beEic o3 HEDY ffo—2—nricl
RT, &35 g L Ca?t Fidi AMPA 32
BHROEEHS 1 DICRNABEETORE 2
RIFPTLItBhTond, i hETo
ADAR2 7 v 2 7% b= ZDOW%ED S, ADAR2
IEE T HGIUR2 Q/REMOBERFEZEL T
SAMSE QBRI & D85 2 &5 2585
IWEn T3, ADAR2HEHEBE T IHFDO—
D3 mRNAFB L RV TdH h 9550 prskst ALS
ARG CIRESENHICHK L, ADAR2mRNA 3%
BESMECY, ALSHHEH -2 —n> i
ADAR2 DEEFTEMHMET L T2 5 2 & GIluR2
Q/REBRNAGEREDFEE L E X7, ZOK

FMETWT 370, b — T ADAR2
DIRFZHEDH T3,

D. ALSOARICEITT

AR D X 5 ICTRFEPEALS O BARHE & EiE»
PboTw3EEZ N5 AMPARAKEED
DFEREBRODD, REX D= X AE IR
FTEMEEE AR CE 2 MHEESRE - E
7o, EE) = 2 — o VBRI GluR2 Q/REFLLD
RNARE 2 EETENIL, ALSDOKRE~NEDOL
BELDEEZ NG, BAFTHROEHTICER
THEHEEZRZ LHSHICL T2, A ALS

AMPAR acticvation/

EEEH-2—0Ov

Caz+’ Zn2+

ALSI1
KA-it rat

Ca2t+-permeable
AMPAR 1

7

(Ca2+}) i (Zn2*) i1

}

FRERRRESE

El3 AMPARZBAENTZEE= 1—AVOWEHERTOBEOE L (52 2 HE)
EHEB—~ 2 — 0 TiRIEE A YDAMPARZ A (AMPAR) RIBHETIGIURZ (R) TH b Ca®™
ZEX B, TRV SER = 2 — 0 CGIUR2 24 £ 4 v Ca? " E B O > AMPAR ME1E
THIEBAMONTVE, KPR L 5 ICTMFEHALS, ALSI DLz AMPAR %A+ L
IR D A A = X LD LE FY A03H 5%, BWEDA A =X LIZRE>Tw3, MFEHEALST
ARBEERGIURZ (Q) 238N 3 Z & &R AMPAR HinL, —7 ©ALS1 T GluR2 DEl
BEOWAIT X WEERGIUR2 28 F 5 AMPAZRAROHEI GG T 5 2 & CHIlaN Ca’ t BE D
ERL, RN ERE NG, 2L, EVEMTHRMBEESEL 50T, &
#13SOD1 DiifaEE Lk L DR TIMb 2 BE1H 5.
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Abstract: We aimed to obtain a reliable, objective scale rep-
resenting disease severity for appropriate management of pa-
tients with Parkinson’s disease (PD). Nineteen patients with PD
at the Department of Neurology, Tokyo University Hospital,
were classified into mild (n = 10) or severe groups (n = 9)
depending on their Hoehn-Yahr scores, and wore accelerome-
ters on their wrists for more than 6 consecutive days. During
this time we monitored their subjective assessments of symp-
tom severity and analyzed the power-law exponents (o) for
local maxima and minima of fluctuations in the activity time
series. Statistical comparisons were made between the severe
and mild groups and of individual patients on “good condition”
and “bad condition” days, as well as between days before and

after antiparkinsonism medication. In all patients, the a for
local maxima was always lower when parkinsonism was mild
than when severe. Presence of tremor did not influence the «
for local maxima. As the lower o value for local maxima of
fluctuations in activity records reflects more frequent switching
behavior from low to high physical activities or the severity of
akinesia, actigraph monitoring of parkinsonism, and analysis of
its power-law correlation may provide useful objective infor-
mation for controlling parkinsonism in outpatient clinics and
for evaluating new antiparkinsonism drugs. © 2007 Movement
Disorder Society

Key words: Parkinson’s disease; actigraph; akinesia; fractal
analysis; power-law temporal autocorrelation.

A reliable objective scale representing disease severity
is necessary for appropriate management of Parkinson’s
disease (PD) patients. Although the Unified Parkinson’s
Disease Rating Scale (UPDRS)! is a standard method for
evaluating parkinsonism severity, UPDRS scores may
not adequately reflect the disease severity. Wearable
accelerometers (such as an actigram AMI, Ambulatory
Monitors USA) enable long-term recording of patient’s
movement during activities of daily living, and hence
might be the best choice for a device for quantitative
assessment of the symptoms due to various diseases.>®
Recently, studies have been successful in developing
reliable analytical methods that quantitatively represent
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the disease progression in patients with tremor.%-1! Here,
an analytical method sufficiently sensitive and reliable to
represent the severity of non-tremor activity is presented.

Recently, fractal analysis was shown to be a robust
tool to disclose hidden autocorrelation patterns in bio-
logical data, such as heartbeat and limb movement,12-17
Power-law autocorrelation exponents for local maxima
and minima of fluctuations of locomotor activity would
be the most useful for our purpose, as they represent the
level of persistency of movement patterns. In this study,
we analyzed patients’ physical activity records collected
by an actigraph device using power-law exponents prob-
ing temporal autocorrelation of the activity counts. We
found that the power-law exponent for local maxima
most sensitively and reliably reflects disability without
being influenced by the presence of tremor or the pat-
terns of daily living.

PATIENTS AND METHODS

Nineteen patients with PD (13 male and 6 female;
mean age * SEM, 63.7 = 9.8 years) at the Department
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TABLE 1. The profile of subjects

Hoehn and Yahr score

Duration of
Patients Age (year) Sex On Off illness (year) Tremor
Pt 1 54 M 20 3.0 5 +
Pt. 2 72 F 2.5 30 4 -
Pt 3 41 F 20 2.5 7 -
Pt 4 70 M 2.5 3.0 9 +
Pt 5 57 M 2.0 2.5 10 -
Pt. 6 60 F 1.5 2.0 5 -
Pt. 7 65 M 1.5 20 5 -
Pt 17 57 M 1.0 1.5 1.5 +
Pt 18 42 M 1.5 2.0 8 -
Pt. 19 71 M 20 25 8 -
Mean * SEM 589 £ 3.52 185+ 015 24 x 016 6.25 % 0.82
Pt. 8 60 F 35 45 6 -
Pt. 9 64 F 3.0 4.0 8 +
Pt. 10 60 M 3.0 4.0 10 -
Pt. 11 64 M 3.0 4.0 5 -
Pt 12 70 M 4.0 4.5 10 +
Pt. 13 79 F 35 4.0 12 -
Pt. 14 60 M 3.0 35 20 -
Pt. 15 57 M 35 4.0 8 +
Pt. 16 73 M 4.0 4.5 7 -
Mean = SEM 65.22 + 2.43 339+014 4.11 =011 9.56 * 1.49
Controls Age (year) Sex Property Profession
Con. 1 36 M Healthy Student
Con. 2 51 M Healthy Professor
Con. 3 28 F Healthy Technician
Con. 4 50 F Healthy Manager
. Con. 5 32 M Healthy Student
Con. 6 30 F Healthy Student
Mean * SEM 3783415

of Neurology of the Tokyo University Hospital partici-
pated in this study (Table 1). Depending on their Hoehn
and Yahr scores, the patients were classified into mild

(=3, mean * SEM, 2.13 % 0.13) or severe groups (>3, .

3.75 £ 0.12). Three patients in the mild group and 3 in
the severe group had resting tremor but only on their
dominant sides. Patients had no overt dementia or de-
pression. Six healthy control patients (3 female and 3
male; 37.8 * 4.2 years) were recruited from volunteers
at The University of Tokyo. The study was approved by
The Ethics Committee of the Graduate School of Med-
icine, The University of Tokyo, and performed under the
principles outlined in the Declaration of Helsinki.

A small, custom wristwatch-sized activity monitor,
ECOLOG (ECOlogical neurobehavior LOGger), equipped
with a computer (Ruputer Pro, Seiko Instruments, Chiba,
Japan) was used in this study to register and quantify human
physical activity. In its Zero-crossing mode (ZCM), the
zero-crossing counts were integrated over 1-minute inter-
vals and the data was stored in internal memory. The
activity monitoring device is analogous in performance to
the commercial Actigraph Mini-Motionlogger (Ambulatory
Monitors, Ardsley, NY) which has frequently been used for

studies of physical activity?'819; the correlation coefficient
between activity counts measured simultaneously by both
devices for 24 hours was 0.91 = 0.02 and for awake-time
alone 0.82 * 0.03 (mean * SD, n = 6) in healthy adults (Y.
Yamamoto, unpublished observation). In this study, we
recorded activity counts/min in the ZCM with a setting
comparable to mode 13 of the Mini-Motionlogger (filter
range of acceleration signals: 2-3 Hz, sensitive threshold:
high, gain: low). After recording, data were transmitted to
an external computer by software installed on the device.
Participants wore the ECOLOG on the wrist of their
nondominant side, or on some occasions on both sides,
for more than 6 consecutive days. Patients were asked to
keep a diary in which they recorded their disability grade
every 30 minutes. The diary scores were defined as
follows: 0 (almost no activity), 1 (very difficult to initiate
movement), 2 (difficulty in initiating movement), 3
(some difficulty in activities in daily living), and 4 (al-
most normal). They were also asked to write down the
time they took pills and periods when they removed the
ECOLOG. Because most of the patients could manage
their daily living by themselves and reported feeling
good when the proportion of diary scores at =3 exceeded

Movement Disorders, Vol. 22, No. 9, 2007
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60% of the awake-time, we arbitrary classified the days
into two categories based on this proportion; when more
than 60% of the awake-time was scored as =3, the day
was defined as a “good condition” (GC) day, and when
less than 60% of the awake-time was =3, the day was
defined as a “bad condition” (BC) day. Six of the PD
patients, whose diagnoses included MRI findings, and
who had not received any antiparkinsonism drugs wore
the ECOLOG for more than 6 consecutive days both
before the initiation of medication and after the stabili-
zation of medication effects (Pt. 1, 2, 6, 7, 17, 18). The
“after” study was conducted when the dose of the med-
ication (2-3 mg of cabergoline or 0.45-0.75 mg of
pergolide) was stable for more than 3 weeks in each
patient.

We separated the data acquired during awake-time and
sleep-time with Action-W, Version 2 (Ambulatory Mon-
itors, Ardsley, NY) and the data during awake-time were
used for analyses. To examine temporal autocorrelation
of the physical activity time series (i.e., dynamic aspects
of physical activity) we used an extended, random-walk
analysis, the detrended fluctuation analysis (DFA),!3
with a recent modification'? for various “real-world”
signals including activity time series. The original DFA
evaluates relationships between time scales and magni-
tudes of fluctuation (standard deviations) within each
time scale; more correlated signals represent a greater
growth of the fluctuation magnitude with increasing time
scale or length of data window. It also eliminates non-
stationarity in the input data (i.e., changes in the baseline
and trends within the data windows at different scales)
that could affect calculation of the magnitudes of fiuc-
tuation, thus making this approach suitable for the anal-
ysis of the long-term data collected in the present study.
The power-law (scaling) exponent (), obtained as the
slope of a straight line fit in the double-logarithmic plot
of time scales versus magnitudes of fluctuation, was used
to characterize the level of such correlation. This index
reflects the probability of a simultaneous increase or
decrease in the variability at two distant points in time in
the time series, applied to all distances up to long-range
time scales, thereby probing the nature of “switching’”
patterns between high and low values in a statistical
sense. Larger power-law exponents indicate positive
temporal autocorrelation or persistency in the increase or
decrease, and lower values correspond to negative auto-
correlation or antipersistency. ,

Recently, Ohashi et al. reported that physical activity
data have different power-law exponents in periods with
higher and lower activity levels, corresponding to qual-
itatively different physiological states, (i.e., active and
rest, respectively).!? The actual procedures we used are
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FIG. 1. Conceptual explanation of the method to obtain power-law
exponents for local maxima and minima. (top) Various widths of
hat-shaped wavelets are slid along the data to detect local minima
(middle) and local maxima (bottom) of the wavelet coefficients. Note
that the local minima and maxima appear at the transient decreases and
increases of the activity, respectively. The power-law exponents are
calculated from the slope of the log-log plot of squared wavelet
coefficients versus the scale for local minima and maxima. In the actual
analysis, we used an integrated, rather than raw, time series and W(5),
i.e., the derivative of the “hat-shaped” wavelet. This yields the same
power-law exponents. as those obtained by the DFA method for the
same local maxima and minima as obtained in this figure (see, Methods
for details).

as follows: (see Ohashi et al. for details).!? First, a
daytime physical activity time series was integrated, as in
DFA, and wavelets with different time scales (S) were
slid along the time series and correlated with the data to
obtain the wavelet coefficients (W(S)) at each point. We
used the third derivative of the Gaussian function as the
so-called “mother wavelet”:

P() = o3 — Pe ",

where ¢ is time. This is equivalent to using the Gaussian
second derivative (so-called “Mexican hat”) wavelet to
examine the raw signals (Fig. 1), though the integration
approach automatically removes the local mean and the
local linear trend, as in DFA. By changing the scale of
the wavelet, this “hat-shaped” template dilates or con-
tracts in time, probing transient increases or decreases in
activity records in different time scales. The transient
increases (low-high-low activity patterns) yield local
maxima of the wavelet coefficients at their time points,
while the decreases (high-low-high activity patterns)
yield local minima of the wavelet coefficients (Fig. 1).
Next, the squared wavelet coefficients at the local max-
ima or minima were averaged for all the available days.
As the coefficient gives the magnitude of local fluctua-
tions matching the shape of yi(¢) with different time
scales, the squared W(S) was used, again as in DFA.
Finally, the power-law exponent (o) was obtained sepa-
rately for local maxima and minima as the slope of a
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straight line fit in the double-logarithmic plot of S versus
W(S)>. In this study, the range of S corresponding to 8 to
35 minutes, where acceptable linear relationships be-
tween log S and log W(S)* were observed for all the
records, was used. This range is also approximately the
same as that used in Ohashi et al.'? Note that this method
yields the same a-values as does DFA,20 but separately
for periods with higher and lower activity levels. The
power-law exponent a’s of local maxima and minima
were used to assess the quantitative disabilities during
awake-time and the differences in disabilities between
GC days and BC days, between before and after antipar-
kinsonism medication in individuals, between the severe
and mild groups, and between groups with and without
tremor. Records during 6 consecutive days were used in
the analysis.

Wilcoxon signed rank tests were performed to com-
pare a-values for local maxima or minima in the various
group comparisons. P values < 0.05 were considered
statistically significant.
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RESULTS

The daily profile of physical activity exhibited robust
activity-rest cycles but no apparent correspondence be-
tween daily activity profiles and diary scores (the mean
activity counts vs. diary score: r = —0.063) (Fig. 2).

Average wavelet coefficients for local maxima and
minima of the severe and mild groups provided
straight lines in the range of 8 to 35 minutes (Fig. 3A),
indicative of very robust a-values. When the mean
a-values for local maxima and minima were com-
pared, we found a significantly lower a-value for local
maxima in the mild group than in the severe group
(Fig. 3B). All the patients in both the severe and mild
groups showed significantly lower a-values for local
maxima on GC days than on BC days, whereas there
was no significant difference in the mean a-values for
local minima (Fig. 3C). When the effects of medica-
tion were examined, we found that all the patients
showed lower a-values for local maxima, but not for

A. maxima minima B.
1.4 msevere
~—e— severe 8.6 —o—severe 86 2] oymild
slope=1.085 slope=1.105
--a- mild --a- mild 5
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FIG. 4. Effects of tremor. (A) Daily pro-
files of physical activity for the arm af-
fected with tremor and that without
tremor of a patient with unilaterally pre-
dominant parkinsonism with continuous
tremor on one side. (B) Average wavelet
coefficients for local maxima among
- arms with tremor (tremor) and without
— + tremor side tremor (no tremor). Arms of patients

—rz with tremor (n = 6), arms of patients
no tremor side without tremor (without tremor: n = 13),
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local minima, on days after they received antiparkin-
sonism medication than on those before (Fig. 3D).

We compared the activity records from the arms with
tremor and without tremor from 6 patients with tremor,
and arms of patients not affected with tremor (n = 13).
The activity counts in the arms with tremor were signif-
icantly higher than those in the arms without tremor (Fig.
4A). Power-law scaling of the records from arms with
tremor showed a linear correlation between log S and log
W(S)* in the range of 8 to 35 minutes (Fig. 4B) and
a-values for local maxima but not for minima were
significantly higher in patient arms than in control arms
irrespective of tremor (Fig. 4C).

DISCUSSION

We demonstrated that analysis of records of a custom
actigraph by the. power-law temporal correlation is a
powerful tool for the quantitative evaluation of physical
activity in patients with parkinsonism. The diary-based
subjective scoring of good or bad conditions was appar-
ently not correlated with the objective daily profiles of
physical activity recorded by the accelerometer, indicat-
ing that the ‘activity counts themselves do not represent
the patient’s condition.

Larger power-law exponents (o) indicate positive tem-
poral autocorrelation, or persistency, in the increase or
decrease in the variability of activity at two distant points
in time in the time series, and lower values correspond to
negative autocorrelation or anti-persistency.!2 In other
words, a lower « for local maxima or minima of activity
records reflects more frequent switching behavior from
low to high or high to low physical activity, respectively,
and the switching behavior from lower to higher activity

Movement Disorders, Vol. 22, No. 9, 2007

minima

levels is considered to be related to akinesia in patients
with parkinsonism. We found lower a-values for local
maxima during GC days than during BC days, in the
mild group than in the severe group, and before medi-
cation than after medication. Thus, these results demon-
strate that the power-law analyses accurately describe the
well known phenomenon that under these conditions
patients switch their physical activity from lower to
higher levels more easily, in other words they exhibit
milder akinesia, when the parkinsonism is mild than
when it is severe. It is worthy to note that lower o-values
for local maxima were obtained for all the patients after
medication than before, and when in GC than in BC,
thereby providing a temporal profile of parkinsonism in
each individual patient.

We adopted Mode 13 of the ECOLOG to record the
motion range during daily living. This is compatible with
the same mode of the AMI Mini-Motionlogger and is
said to filter out the majority of movements with fre-
quencies outside the 2 to 3 Hz range. Although some
resting tremor in the 4 to 8 Hz range, found in typical
parkinsonism or in a part of the “true ” movement
accelerations resulting from muscle force?! might have
been filtered out of our recordings, we found higher
activity counts during awake-time on the arms with
tremor, which erroneously indicated milder parkinson-
ism compared with the arms without tremor when judged
from the level of activity counts. In contrast, the a-values
for local maxima did not differ between the arms with
tremor and those without tremor, but were significantly
lower in both of the patient groups than in the control

" arms, indicating that although the presence of tremor
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greatly influenced the actigraphic counts, the presence of
tremor did not yield false positive results in the power-
law exponent for maxima.

In conclusion, we found that the power-law exponent
for local maxima sensitively and reliably reflects disabil-
ity without being influenced by the presence of tremor or
the pattern of daily living. Our results thus suggest that
analysis of power-law temporal autocorrelation of phys-
ical activity time series using the bidirectional exten-
sion!? is applicable to patients with parkinsonism for the
evaluation of akinesia irrespective of the presence of
involuntary movements including tremor and may pro-
vide useful objective data necessary for the control of
drug dosage in the outpatient clinic and also for the
evaluation of new drugs for parkinsonism.
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A 73-year-old woman presented with a 5-month history
of continuous tingling pain in both feet. She had a past his-
tory of laminectomy at the level of the fourth lumbar verte-
bra due to the damage of lumbar intervertebral disc 7 years
ago. Lumbar sympathetic blocks could calm the pain tran-
siently. The patient had not an urge to move the legs or the
toes. The symptoms did not change with rest or walking. On
neurological examination, there were intermittent and irregu-
lar movements of the right toes, mainly of abduction and
adduction. The patient could not suppress them voluntarily.
There was no muscle atrophy, fasciculations nor myokymia.
Muscle strength was normal. Tendon reflexes were normal
except for ankle reflexes which were absent. Light touch,
pinprick, cold sense and position sense were normal, how-
ever, vibration sense was slightly decreased at the distal
lower extremities. Peroneal and posterior tibial motor nerve
conductions were normal. Sural sensory nerve conduction
was slightly decreased. MRI of the lumbar spine revealed no
abnormality in the spinal cord or roots. Baclofen, clonaze-
pam, carbamazepine and tricyclic antidepressants have been
tried without success. Gabapentin (200 mg 3 times daily)
was prescribed, with partial relief of the pain. Then, the pain
could be controlled by 700 mg of gabapentin per day, how-
ever, movement of toes continued.

Discussion

Painful legs and moving toes syndrome may not be a ho-
mogenous entity (2, 3). At least two different physiopa-
thologic mechanisms have been proposed: peripheral and
central mechanisms (2, 3). Lesions in the posterior root gan-
glion, cauda equina, nerve roots, or a peripheral nerve can
cause frequent impulses in afferent fibers which activate lo-
cal circuits of interneuron and motoneurons resulting in lo-
cal muscle movements. Pain and involuntary movement may
also occur together in a central disorder (2, 3), although the
precise mechanism is still under investigation.

A variety of medications, such as baclofen, benzodi-
azepines, tricyclic antidepressant, anticonvulsant, beta-
blockers, and corticosteroids, have been tried in painful legs
and moving toes syndrome previously, usually with disap-
pointing results. Gabapentin was initially produced as an ad-
junctive antiepileptic drug, its indications now include dia-
betic neuropathy, postherpetic neuralgia, trigeminal neural-
gia, migrain prophylaxis, bipolar disorder and anxiety disor-
ders.

Gabapentin is structurally related to the neurotransmitter
GABA, although it has no direct GABAergic action on
GABA receptors. Gabapentin seems to enhance inhibitory
input of GABA-mediated pathways. It has an inhibitory ef-
fect on voltage-dependent calcium ion channels at the post-
synaptic dorsal horns and may interrupt the series of events
leading to the neuropathic pain (4). Gabapentin has been
clearly demonstrated to be effective for the treatment of
neuropathic pain in diabetic neuropathy and postherpetic
neuralgia (4). Therefore, gabapentin should be considered an
important drug in the management of other neuropathic pain
syndromes such as painful legs and moving toes syndrome,
although there is only one previously reported case success-
fully treated with gabapentin (5). '
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Abstract

Human herpesvirus-6 (HHV-6) is the main etiologic agent of exanthema subitum in young children. Cen-
tral nervous system (CNS) infections in children due to HHV-6 have been described on many occasions.
HHV-6 is also a common cause of infections in immunocompromised individuals. However, little is known
concerning the impact of HHV-6 on the CNS in immunocompetent adults. We report the first case of relaps-

ing HHV-6 encephalitis in a healthy 73-year-old female.
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Introduction

Human herpes virus-6 (HHV-6) was first isolated in 1986
from patients with lymphoproliferative disorders or HIV in-
fection, and it has been identified as the causal agent of ex-
anthem subitum in young children (1, 2). Central nervous
system (CNS) disorders such as febrile seizures, meningoen-
cephalitis, and encephalopathy may complicate the course of
HHV-6 primary infection in children (3, 4). HHV-6 is also a
common cause of infections in immunocompromised indi-
viduals (4). However, CNS infection induced by HHV-6 is
very rare in immunocompetent adults, and the pathogenesis
of these cases remains unclear (5-14).

Here, we report the first case of relapsing HHV-6 en-
cephalitis in an immunocompetent 73-year-old female.

Case Report

A 70-year-old healthy female was admitted to our hospi-
tal with disorientation after tonic-clonic seizures in June
2002. She had been well until one month earlier, when she
began to feel general fatigue. She had no anamnesis and had
never gone abroad. Neurological examinations revealed dis-
turbance of consciousness, right Chaddock sign, and frontal
sign. Blood cell counts were normal and blood serum and
chemistry showed mild liver dysfunction and elevation of C

reactive protein (CRP). Analysis of cerebrospinal fluid
(CSF) showed a protein increase (85 mg/dl) with a normal
leukocyte count (3 cells/mm’). Magnetic resonance imaging
(MRI) performed in early July revealed high intensity le-
sions at the bilateral basal ganglia on a T2-weighted image
and a fluid attenuated inversion recovery image (Fig. 1A).
Oral antiepileptic drugs (phenytoin: 30 mg and phenobarbi-
tal: 100 mg per day respectively) were started after admis-
sion. But drug-induced skin eruptions appeared on her hip
the next day, and the rashes extended to her trunk, limbs
and face with high fever on the following day. Therefore the
treatment of phenytoin and phenobarbital was discontinued,
and oral prednisolone (30 mg per day) was administered
from the same day. Improvement of the skin rashes and fe-
ver were seen from mid-July, and the eruption was disap-
peared by the end of July. Her consciousness improved
gradually, and she left the hospital two months after admis-
sion with mild cognitive impairment. HHV-6 IgG antibody
titer of the serum which was collected three days after ad-
mission, was elevated to 80 -fold (reference value is less
than 10 -fold), and decreased to 10 -fold early in July, while
the serum IgM antibody was not elevated. The abnormalities
on MR images disappeared by April 2003.

In January 2005, she complained of general fatigue. She
became disorientated with a slight fever of 37.8°C in early
February and was readmitted to our hospital. Neurological
examinations revealed disturbance of consciousness and bi-
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Figure 1.

MRI findings on T2-weighted image of this patient. A: There were wide high intensity

lesions at bilateral basal ganglia on the 19th day of the first hospitalization. B: There was no in-
tracranial abnormal lesion including basal ganglia on the 20th day of the second hospitalization.

lateral patellar hyperreflexia. Signs of meningeal irritation
were not observed. Her blood cell count was normal, and
blood serum and chemical studies showed neither liver nor
renal dysfunction. CRP was not elevated. CSF analysis per-
formed on the admission day revealed increase in leukocytes
(32 monocytes/mm’) and protein (102 mg/dl) with a normal
glucose level. Bacterial, fungal, and mycobacterial cultures
of the CSF were all negative. Human herpesvirus simplex
(HSV) PCR was negative, and cytology showed no malig-
nant cells. Electroencephalography showed a diffuse slow-
ing, but no seizure discharge. Brain computed tomography
performed in early February revealed no abnormal lesion.
Because viral encephalitis was suspected from the clinical
findings and CSF analysis, aciclovir (ACV) was started im-
mediately, but her consciousness disturbance did not im-
prove. Skin rashes appeared three days after admission, and
corticosteroids were administered. She could speak after a
few days, and skin eruptions disappeared. After three weeks,
she could walk with support. Brain MRI findings at the end
of February revealed no abnormal lesion apart from mild at-
rophy of bilateral frontal lobe (Fig. 1B). HHV-6 IgG anti-
body titer of the serum which had collected in mid-February
was significantly elevated (maximum value: 320-fold), and
decreased to 20-fold with improvement of consciousness by
mid-March, while serum IgM antibody was not elevated.
Neither anti-HHV-6 IgG nor IgM antibodies were elevated
in the CSF. The CSF was not examined for HHV-6 DNA
because the volume collected was insufficient. Blood HHV-6
DNA was not detected. Furthermore, neither IgG nor IgM
antibodies to other herpesvirus (including HSV-1, varicella-
zoster virus, cytomegarovirus, and Epstein-Barr virus) and
Japanese encephalitis virus were abnormally elevated. From
these results, we assumed that this relapsing encephalitis
might be caused by HHV-6. Finally, she was discharged
without any sequelae fifty-one days after hospitalization.

Discussion

HHV-6 is the main etiologic agent of exanthema subitum
in young children, and has been implicated as a possible
cause of encephalitis in pediatric patients (1-4). Epidemi-
ologic studies have shown that most people are infected
with HHV-6 at an early age. The virus remains latent state
in lymphocytes, salivary glands, and brain tissue after pri-
mary infection, and has been reactivated in immunocom-
promised patients (15, 16). Encephalitis caused by HHV-6
has occasionally been documented in immunocompromised
individuals, e.g., HIV-positive patients; recipients of bone
marrow transplants, liver transplants, and renal -transplants;
and persons with lymphoproliferative disorders (1, 17, 18).
However, there are few reports on the involvement of HHV-
6 in the CNS in immunocompetent adults suffering from
meningitis and/or encephalitis (5-14). Furthermore, there is
no report of relapsing encephalitis due to HHV-6 in an im-
munocompetent adult. The present non-immunocompro-
mised patient experienced a recurrence of HHV-6 encephali-
tis, which is very rare.

After primary infection, HHV-6 is characterized by life-
long latency in peripheral blood monocytes, salivary glands,
and brain tissue (15, 16). HHV-6 seems to be a resident vi-
rus of human brain and is able to cause a restricted or mini-
mally productive infection of brain cells, including micro-
glial cells, astrocytes, and oligodendrocytes (16). There have
been several reports that suggest the direct invasion of HHV-
6 into the CNS. The frequency of detecting the HHV-6
genome by PCR in the brain tissue of immunocompetent
adults was reportedly between 15% and 85% (19, 20). One
group demonstrated HHV-6 DNA in 57% of brain tissues
obtained from AIDS patients (21). Reactivation of infection
occurs occasionally during pharmacological immunosuppres-
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sion or acquired immunodeficiency. Thus, HHV-6 may be
considered an important opportunistic pathogen. In contrast,
immunocompetent adults very rarely have HHV-6-induced
CNS infection (5-14). In the present case, the serum HHV-6
IgG antibody was elevated in the early stage and decreased
afterward, while the serum IgM antibody against HHV-6
was not elevated. The considerable increase of IgG antibod-
ies without a positive IgM antibody titer indicates reactiva-
tion of the virus (14), but its cause is unknown. One possi-
bility is that the pathogenic mechanism involved in HHV-6
meningitis/encephalitis in immunocompetent adults may be
related to the ability of HHV-6 to evade host immune re-
sponses through various mechanisms; induction of CD4
lymphocyte depletion via apoptosis, down-regulation of CD3
expression in T cell clones infected in vitro, a decrease of
peripheral blood lymphocyte proliferation by HHV-6 via
transcriptional down-regulation of IL-2, and decreased gen-
eration of reactive oxygen intermediates from monocytes
that were infected with HHV-6 in vitro (22). Another unde-
niable possibility is that the patient had an immunocom-
promising disease that had not been diagnosed. In the pre-
sent case, ACV was administered because the etiology was
. uncertain at first, but ganciclovir (GCV) and foscarnet were
demonstrated to be more effective than ACV for some im-
munosuppressed patients with HHV-6 induced encephalitis
17, 18).

According to the past literature about immunocompetent
patients with HHV-6 induced encephalitis, the majority
(80%) of the patients presented with an altered level of con-
sciousness; 60% had seizures, and 55% had focal neurologi-
cal signs (9). Meningeal irritation, weakness of limbs, hy-
perreflexia, ataxia and visual disturbance were reported as
the neurological findings. Analysis of CSF revealed mild-
moderate increase of leukocytes (monocytes-dominant) and
proteins in almost cases. In about half cases there were CT
or/and MRI abnormal findings at CNS: including basal gan-
glia, thalamus, cerebral white matter, brain stem, and spinal
cord, but there were no lesion at CNS in the other cases (5-
14).

The first symptom of our patient was disturbance of con-

sciousness and tonic-clonic seizures, but the only recurring
symptom was disturbance of consciousness. The MRI find-
ings in the first hospitalization revealed bilateral basal gan-
glia lesions, but there was no obvious lesion on MRI in the
second hospitalization. The reason is unknown, but we as-
sume that the degree of second HHV-6 reactivation was
more subtle, and therefore the clinical features due to HHV-
6 were different in the same individual. It is reported that
basal ganglia lesion on MRI is often observed in encephali-
tis caused by some viruses such as Japanese encephalitis vi-
rus, Nipah virus, West Nile virus (23-25). Because serum
antibody levels to Japanese encephalitis virus were not ele-
vated in our case and the patient had never gone abroad, it
was thought that these viruses were not the cause of en-
cephalitis in this patient.

Drug-induced hypersensitivity syndrome (DIHS) is char-
acterized by a severe, potentially fatal, multiorgan hypersen-
sitivity reaction. DIHS usually occurs 3 weeks to 3 months
after starting a limited number of drugs, including car-
bamazepine, phenytoin, phenobarbital, dapsone, mexiletine,
salazosulfapyridine, alloprinol, and minocycline. The diag-
nosis of DIHS is confirmed by the presence of five of the
following six criteria: 1) macuropapular rash developing > 3
weeks after starting therapy with the above drugs, 2) lym-
phadenopathy, 3) fever, 4) leukocytosis, 5) hepatitis, 6)
HHV-6 reactivation (26). HHV-6 encephalitis associated
with DIHS was reported previously (27). In the present
case, a skin rash with high fever appeared soon after the
dosage of phenytoin and phenobarbital in the first hospitali-
zation. Our case can not be said to satisfy this DIHS crite-
ria, as it lacked the following criteria: lymphadenopathy,
leukocytosis, and hepatitis. But the skin rash appeared in
both the first and the second hospitalization, which may also
be related to encephalitis by HHV-6. ’

It is particularly unusual for a person not in an immuno-
compromised state to suffer from relapsing encephalitis due
to HHV-6. We should consider the possibility of HHV-6 in
the differential diagnosis of encephalitis in immunocompe-
tent adult patients when the viral etiology of meningoen-
cephalitis is unknown.
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