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Fig. 3. Caspase-9 activation in LRRK2-transfected cells. (A) WT- and 12020T LRRK2-
transfected HEK293 cells were treated with a cocktail of proteolysis inhibitors (MG-
132, lactacystin and chloroquine), and apoptosis was induced with 3 mM H,0, for
50 min. The level of cleaved and activated caspase-9 in the lysates was analyzed by
Western blotting. UT: Untransfected HEK293 cells. (B) Graphical representation of
the molecular ratio of activated caspase-9 relative to inactive caspase-9. Stars

represent statistical comparisons by one-way ANOVA (n=3); *p<0.05.
***p < 0.0005.
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apoptosis was significantly abrogated by co-transfection of the
LRRK2-specific RNAi but not the RNAi-control. These results indi-
cate that the ability of LRRK2 to protect cells from H,0,-induced
apoptosis is related with its intracellular protein level.

Discussion

We have previously reported a novel molecular feature charac-
teristic to 12020T LRRK2: that it is more susceptible to post-trans-
lational degradation than the wild-type LRRK2 and G2019S mutant
LRRK2 [19]. In the present study, we found that the increased
intracellular protein level achieved by preventing degradation. of
[2020T LRRK2 restore its protectivity against apoptosis. Indeed
the protease inhibitors used in this study have been reported to
show various additional cellular effects, e.g., promotion of apopto-
sis (MG-132, lactacystin, and chloroquine) and activation of the
CMV promoter (lactacystin) [20-25]. However, such effects, if
any, would have appeared in both WT- and [2020T LRRK2-transfec-
ted cells in a similar manner. Therefore, an increased amount of
[2020T LRRK2 after treatment with proteolysis inhibitors would
be the most plausible explanation for the increased protective ef-
fect against apoptosis. The notion that the intracellular protein le-
vel of LRRK2 determines its protective effect against apoptosis is
further supported by the fact that knockdown of transfected WT
LRRK2 impaired its cell-protective effect. Similarly, the apparently
opposite effects in WT- and 12020T LRRK2-transfected cells after
proteolysis treatment would have been due to the fact that, in
the latter case, the extent of the increased protective effect might
have overcome the toxic effects of the inhibitors. When its degra-
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Fig. 4. Effect of a decrease in LRRK2 protein level on protectivity against apoptosis. HEK293 cells were transfected with WT LRRK2 cDNA together with the LRRK2-specific
RNAi or with the RNAi-control having the scrambled sequence. (A) After 24 h of co-transfection, the protein level of transfected WT LRRK2 was analyzed by Western blotting
using anti-V5 antibody. (B) The cells after 24 h co-transfection were treated with 0.05, 03, 0.5, 1, or 3 mM H,0, for 30 min to induce apoptosis, and cell viability was
measured. Dash-dotted line (----): vehicle, solid line (—): WT LRRK2 cDNA, dashed line (- -): WT LRRK2 + LRRK2 RNAI, dotted line (-----): WT LRRK2 + RNAi-control. The resuits
of treatment with 0.3 and 0.5 mM H,0, are also represented by bar graph. Stars represent statistical comparisons by one-way ANOVA (n = 6); **p < 0.005. ***p < 0.0005.
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dation was prevented, the 12020T LRRK2 expressed by HEK293
exhibited an even stronger protective effect against apoptosis, in
terms of both annexin V and caspase-9 analysis, than WT LRRK2,
suggesting that 12020T LRRK2 might have a higher intrinsic poten-
tial than WT LRRK2 to activate a yet unknown apoptosis—protec-
tion pathway.

Although in the present study we found that the WT LRRK2 had
a protective effect against H,0,-induced apoptosis and that knock-
down of the WT LRRK2 abrogated this effect, there has been some
controversy as to whether LRRK2 is protective or toxic for cells
[12,15,26-28]. Under our experimental conditions, we did not ob-
serve any increase of apoptosis in WT LRRK2-transfected cells
without H,0, treatment. However, we could not exclude the pos-
sibility that over-expressed WT LRRK2 exerts a cytotoxic effect
on cells in a steady state, whereas it functions as a maintenance
or protective molecule when cells are exposed to oxidative stress.
Interestingly, loss of the LRRK2-orthologue in Drosophila has been
reported to induce an increase in susceptibility to oxidative stress
and a lower survival rate, being consistent with the results of our
LRRK2-knockdown experiments [29].

Although hyper-kinase activity of mutant LRRK2 molecules,
particularly G2019S LRRK2, has been reported to be one possible
mechanism for the pathogenesis induced by this molecule [8-
13,15], there is controversy in the case of 12020T mutation. Some
studies have reported augmented kinase activity [9,15,16],
whereas other studies of this mutation have demonstrated un-
changed or impaired kinase activity [11,17,18]. The results pre-
sented here suggest a new neurodegenerative mechanism
induced by 12020T LRRK2, i.e., higher susceptibility to degradation
gives rise to insufficiency of functional molecules to protect neu-
rons from apoptosis. Several reports have revealed that insuffi-
ciency of gene products can cause dominant hereditary
neurodegeneration, e.g., progranulin in frontotemporal lobar
degeneration linked to chromosome 17 [30], transforming growth
factor beta 2 and neurotrophin receptor trkB/C in the mouse PD
model [31,32], and p73 in the mouse Alzheimer's disease model
[33]. In addition, because LRRK2 has been reported to form dimers
[9,34], any postulated molecular instability leading to degradation
of 12020T LRRK2 may influence the stability and/or function of not
only the 12020T/12020T-homodimer but also the WT/12020T-het-
erodimer, as is the case for GTP cyclohydrolase I in DYT5 dystonia
[35,36] and KIT (mast/stem cell growth factor receptor) in piebald-
ism [37,38]. Finally, as in the case of [2020T LRRK2, the G2019S
mutant LRRK2 exhibited impaired protectivity against H,0,-in-
duced apoptosis (data not shown). As we reported previously,
the G2019S LRRK2 does not differ from WT LRRK2 in susceptibility
to degradation [19]. It cannot be excluded that each type of LRRK2
mutation affects a different molecular aspect of LRRK2, i.e., kinase
activity, dimer formation, or susceptibility to degradation, all of
which finally lead to neurodegeneration through a common and/
or an independent pathway.

Conclusion

The intracellular protein level of LRRK2 determines protectivity
against H,0,-induced apoptosis. The protective effect of 12020T
mutant LRRK2 against apoptosis can be restored by preventing
its intracellular degradation. Our results suggest a new etiology
of neurodegeneration in PD caused by the LRRK2 mutation.
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ERER R EHENBIEHE EEIT
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SRTHBEHORE, LROHLS ORFLE
2T, &SR HIGENLE I NS, AHNHE
DLEFT « FITOREANSEREEZHRT DI ENT
5. BRT L LAMTHEESNEDNSEE
BEREHEXZLRL NS, ZBLEOMK, H
YRR OREKME, Bk - BHNAFRRIZE
BRI T 2 EN D D,

2. MEERAHERORBESE K - FHE
BRUSS7)

KRR EERESHR SN 2T MR ESH O HET
FEMHEXE & BITHEED FRFEERT 5 2 &0
ETdHB. Creutzfeldt-Jakob #F (CJD) TiEH
HBHEIA 00— XX ERME E O periodic syn-
chronous discharge (PSD) & 9 2850
H5.

3. FRHER
REHROBRIFEIC X > THRIN D KFHE
DHREIEESRA K, HERRE SEE
B & long-loop reflex (FEiERE#E K & spino-
bulbo-spinal reflex, FE#EH K4 transcortical
reflex) T o6n 5. RERFEIA I O—X
2 TR BB EIORNICHERL, CREEITT
NBHRIGHEERINS. REICHTH )Y Y
REHADFHELH D, RENELC TNWLIHE2XE
THEHRIIH L TEERABIREEEA 2 EFR
RHIHE DB DR FSHIC BV CIREBO BRI £
hEnad, TOFRBHBN—FV 2R K

200ms) L AREMIREE (100—120ms) TR 5.

4. Jerk-locked back averaging (JLA)

it & ARERGERNICHE D HiEN = RIKFRCE L,
REDOIL B ENDE DN UF—& U THETHEICH
BEMEEETHIEITXD, REEEEICEfT
TEOMEHZEZRLZHBRTLODHETHDY. BEDOK
¥ - HEXNRV T I 7 TIIAEEEHOHHREIC
o T EREERENEDSNIBVWEETDH

ZDHETERERMEBANEHAINE I ENHS.

EEMEIF /70— ATRERFOAEEHKE SN

BIOHLERE ICTFOEEIZH1I0~25ms%EfrL
TEREOMEMZLHT DI ENTES. N
WSEEBEEOREREELZRL THD, KEKEE
WTE2 —HRETHEIAIO-XATIZIO
KD RFETHEMITEF I NN,

5. {ki4 R E %R E (I somatosensory evoked
potential (SEP)

EERNEIA70—-X AN IECREDH
BIiz%fT U T SEP DRERSMNIEFTICEKR (R
@10 VELE) o T3, E£/- 2 BEREESH
WaE 5 A FEEEEEEZ TV EEKXSEP
DEHOBRE LR EAREEDOEL (SEP EE )
ERREITESY,

6. BIESHIH TR transcranial magnetic sti-

mulation (TMS)

THEEEH TIHEEFOREN - FMENE/L
LTNBZENE N, FEMAIL MEP BRENTEE
3B, IFV7O0-XXATIETL TSI &M
<, FITADAEDIRATE <7/x%. Cortical
silent period (CSP) 13 #IfIREREDIEIRE L /25,
THEBBIIEEE AW TGEHEE WA NS IR
HWEMBTMEP BELAT O&HFM & MEP RM{#
LORBFIEE G Z D5 E 1 ~5ms THIFIZIREN
FOoNDS, FHITRAET 5.

_] O E R R O R &

Rikxzhn

DREERONIAHEEHE2ETHEEDR
BHSEEL WZ EMZNY, DT OEEMNS ERT
5, OZERHBEL, RRWPERTDIENEN. O
fRiE, B, SANEHL TV, QR
BEPIEEL, WL EERTS. @
placebo % suggestion THEH 2 WITEMRT 5.
ORFEEZTSTELERT S, ZOBRIIMRDESF
LBRNETERNWKIREMIIBELZSA 500
PR THS, @OLENER 5D, ERAE
BE) BEET D, EAEAHEEEESIIHIES T
T2, BIENHERETERVRERSZDZ &
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HY, IF7O—XZARPAMNZTRETUITL
TBRINS. 2HICk oo ET A RECER
HENTOMEREBVERY

:

1. KIMREZEZELREETIHO
TRTOEENORMILBERIZ—REHFNS R
T25M, TOREHREIZL > THBFRITHNIGES 2
RENBHONIFAIZIO—-XATHS. 347
00— X 3R AREL 2BRMAN T jerky IR AMRE
BITHO, BEVHIBICLX > TAHEL 2B%EIA42
O — X A & FrGRIIURED SR RIE R Bt 2 4
O—X AT oNn%. BEEEMNZEIIRER
%, KETE FHEOIDIIHEING X5
\ZHBBERME:, propriospinal myoclonus BHIBHN X
N5, TORNTELZND OIKINEE 2 iR
ETOREMIAI/O—-XRATHD. FEERE
SITEFEN RRgE ERARICAEL ), RERHME
RIBBEEN D D, AHAHERE, BE SR
IRETHERIND), FtERT TANAFEIEeD
lepsia partalis continua (EPC) X730 505.
FHLIF 7O —-XADQERBREBENREE
ERIMNEIIREEIA 70— X XOBMICEE
2HDTHA. propriospinal myoclonus 74&E D
BWICIZEGNS OETHERNSNKRETH S
(R1)®, $£-3I470—-XATHEEEICEL
5b00H5. RETH (CJDTPSDICEERL
B0, TIVIYNAI—HO—E), FEHHE, K
B (RKINREEEZERETOY O0—X 2RO
H?, familial cortical myoclonic tremor with
epilepsy TORBIEOS D) 72E THB. Mirror
movements & FEMEBFEICEEN, MEENL

I THEEESHZREFENSERD

£1 SFHI/O-XRABBICHELRBRERYNREE

CEEGER BHRGSEH. EOBNSIBEDN)

+ Giant SEP (10 V 2L ) :

- Jerk-locked back averaging i (LA 12k 5
FATHER

- Long-loop reflex @7 (C k&)

- HSEE GEBMECET)

- SEP [EIfE #h#R

3\
RS ER S BRAROMS - BEROEK @1/

T IR RE D RE ISR D REATIND D B
IRINE— 2 % RT.

2. BEZESIN -7 2ELRELTEIHO
HEZERI — 13— KEENE, KNEEET)
REMEE & RICHRE RSSO TEHORITICHE
RL®, TEO3IDOEEZHERER THEIN
T3, NAN—EERIIAMEENS BEEA
hEZF-HETEZ 2 -0 B D GABA
EEMME = 2 — O VTS 7 AMICE S BRI
BHTLBRETH S, KD ETHEE— KM
RE#RE-Z -0 E<AGINS. EERI
GABA & H T XS AP E OB 1 —DO
U IRICE Y 7 A RN T AR TRE
Bl ER S B MEEHICHERE
M- o—D0O MNEHT 5. BEICEH < OREE
THD, GABAEI 77 E2EDBRENE
-T2 T AEICKEERNEID GABA
EEE= -0 KR TROI IS 2 2 1EE
Za—OrENLTEAKTENL, BN 2—
O OESMIFRIH INDE. ZOXIITKRME
BOWRERE I TRO G2 EH & MM FHICED
WTEHMEL, Tk > TEHRFIDTHEKELZ
BRL TS, IS5 2IRTXIICEEKIC
WEXLZEESUNOREAT 2:EH 2 HHT 28
& (EIM& : surround inhibition) &0, K
MZERIMIGES 2 I hO—)L L TW3", %
ERGEEN)) — 7 O RE D DVILEIME O REIC
Lo TTREIRTIEIERAHEEEHNEL 5.

1) PRbZ=7

PARZT LR OERODPEVWIETEL
BODTIVAMNZTRBED AN T EENG L
5, HIERREIMOBRELL TORBLE - R
WRAT, BEIEENEIEZ2D-<DLAE
BThHD, INSIEZFDEMCESTERNTH
D, BEREESERE BENIYIENIE
MEETD REHEXTCRBEOETIHG
RPN RS T 298I L > TR
NW=AMRICHRECIET 22055, VR
oY OREBFIESH T T —F 2 BEOH
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WEE

LR 5EE

ISR

B e e e e 2 A s e ket

AREOEEFS

L R TN T S
0.5mV

100 ms

1 propriospinal myoclonus [CE (T A REHER
BIsHRLEG NS IRED, ETIERTHZ &0thhb.

GV RTHE, TOBECKEREFNEA
HEHICKMEE & BREROBICHRENE—E
DEBS) PREBEELZSNTNS, K—/53
> DABLHEY - HETHIBEIN 5 A B L B (D1)
D@EE B LURIEE (D2) OREICLIRE
WIOVOBEAE, BRTHONMBIORKE, RER
P 5 OISR ATE (RIED XhP R
RoPRELBEZEZSN TS, ZOMEEL
TEEH N OFEI K BE 4 OEEBORnE &
SDHEIDIETIC & o T HEICE AN 72 E 8t
TEF, BOTAHETIMMELTLES T &
B, EUMEIHEE O EMIZIE H B TMS
BMEWSNTVD, EEFITEESHBEAIKL100
ms 5 RAETREMESEAL, BHHICIIHE
REED AN TWS, B3 ICET &I ICER

FETREHERER TOEHH (EEENERH)
D MEPH#KEEH CE—ERIERMG) O MEP
HGINEDOENBINY AN 7 BETEIERTO
NHEINEEINTNDS, £-MEPEEHEEE
TR I BEE - BIRE AR O EET 51D
ANZT7EBETIRIZEAELTH LWL (M4),

2) 7Fh—¥

75k —FidEE L THEEMICHEL TR
BLHENSERSHRROEHICL O EEED
LUBEOIRBETH D, XEHHEEARBIZRLY
LTIMEL, FEBNERETEHIO >0
FREBKOT—EOZXREERETERRN, FEE
BELUTIIRERENR DS, RAHERTIE
1~ 3WEFET 2 BRI IEEES R L ENE
B EPUBICHEL TIN5,
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TEBHIC O~

THEED S BREBOKE - HERDERRK @

AREEE

BREES
SNit&=E®H 3

2 BRAEIOREE
(Mink JW:2004" 2% %)

3) SHE (BEEH)
EEAEITHERELS, HERRb D RKEI b E-
LS AHAZR, BEE, Wi ARCRSe2EED
THEEETHS. HHHNRECHEED THE®
THIENEZN, BELM»MZD, BEET<0HE
D, FHRE2ER - BHITEDEWVLEBEE
DBVWREEZITEDSIPT W, REHERT
1250~300ms fL DEFE 2 DN — A M IRD K
EBNFBELREIDTRHEANTN AN ARHICHE
T5. BEEOREMFTEL THHERORE &
EAONTHO, BEMENSKERINE DI

MENDIEITED, BRTENOMHINHERL,

RERNENOHEBMHERANMET T 272012, ¥
EERNED S OMFEIEHAIMETL, MEESZ
i B EEPCAEREEF 2 WK TER<RE2D
IEENRL LIRS,

4) N U R A
NUZLEEEDDNVETEZETHT LS
BLWEETHAMEDOZ ENEN (KN X
L), EEHEZZEN, AU —-2 08 &%

BOIRTH, #gEMEITRN. NYZLZEICHEEK
TEEFLEL ZFERNBRPCEEZEIND
LTk, HEANOHKINENTHET S, OE
BESHMIENEREE L TEWN, HRRERKFLE
DG HHHEEN TN D,

3. BHIOT7 1 — RNy I/RRBEELRRET
53H0

REIAEEES TROHEENZNDHDOTH S
NEOREBFEIEEToERAIh TV, &
BHESE<HALTHEDICIITCIDOT 4 —R
Ny ZEENEEL TWaEEZ5NTHBD, £+
DEZNPIREOFEEICEERL TWBE T EAHERIS .
NTVW3BY, KMERE L THES ST ARTHR
5 (HEERH) BdiTonsd FEERELT
BNV —7 S REER T NhiF e 5.
AT, KA E — MR — /N Bk — sk
% — E/NMBIAE R — ERI O EK — KN E & i
ELERETHS. IO5DT4—RKNy IDE
MZIC L > TEU ZEERS & R TOHRHRE
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a. Changes in MEP amplitude of tested muscles
during motor preparation in 10 normal subjects
1.8
—e— APB

16 --0-- FDI
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o
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B 0.8 \ BEiER 2
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v/ \
0.21 v/ k o -4
&j \D__,,D’ \\D,/
0 T T T T T y ,
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Interval from go signal to TMS (ms)
b. Changes in MEP ratio of APB muscles in Dystonia
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B 3
a  EHRETOEHEBRETOIHG ERENEH
O MEP A& #HH (E—HHBRH © MEP #IH
b AT EEFETORFGNG ORE

EEOREREHTHRE (T+H)—7# #BK
RE) NERRBIEERS. FAELTT7+—R
Ny 7 BEBSET VI REBEOBREIIE< 251,
TR E A ORENCER L ZIREBISEEA IO
EEZ ZITIC <\, Parkinson JFiIZ BT > LH
R IREE 3 ~ 6 Hz DRERRF IR /I D LB
SIAE DI ENEN. T OREBORAEITIIEER
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a. Rapid movement

'\1L~,~./\/~_.
/\jL/\\/\\:\//\ﬁ/v/ 23M
/\’/’k
ﬂs‘_‘l’\/\/w—-
L—-\——f\__ A
— M—f Control (n=14)
/\\/\/ CVia 5.740.5%
&Z/ CVamp 58.3%9.8%
/\~/
VN
-‘/\,-\v_,
—— 5mV
CVLat 6.4% CVAmp 73.9% 10ms
b. Rapid movement CBD 65F
/\/—' 5ms
CV0at3.2% | CVamp 11.9% | 10ms

B 4
a : [E#¥#F To MEP 8.
b PRANZTEBEICBIT S MEP & D ZEH,.
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BEMEIRBR D FEARIRIIRIZHELL THNnAY, RAH
ERF L D D PREREHR (& ITTFFU—-TH—
INHR B B NI KIMBREEEE) NENTHS.
B ERFIRE, - BRIREIES OBRAEEN SR
0D, BESKRD D EHET DR B ERIREL

TH5 HEERBTIIRICHEET S SFEUILES.

ERREIIEEICE > TEL 53~ 6Hz DR
MThoD, HRCHD DI > THEEL, D%
DOEBEFROMBIRENFRT D, VTN B/
O (BAHEZRHT D) OBEEEASN
TWw3, Holmes iR#: (hiNIRE) 13RS X
VEMERICEU S 3Hz BEDW > D &L AR
¥ TdH 5. Guillain-Mollaret = (K& — X
BORE—-TA ) —T8) OEEL ICHFEEL
DREEED S BN S8 n ARE L TH /2 wiEiE
ENECERRIRENEL D EZEXSNTNS,
OFBREKIT2~3Hz OROBEDIREKTH Y, MR
- EREICHELDZENH D, Guillain-Mol-
laret ZAORETEL 5.

.

BSERREOZ 2 -0 S L S RE)
FRTH2END, HMEEHEELTDHNHLD
DOEBIF Y b T — I NEET B, J2 & AEE)
D & & ZR 1T HIT X4 D B HE B BF 1I240~50
Hz gamma #I ?D event-related synchroniza-
tion (ERS) MU 5. E/-EEKRT 1 ~28%
1213 15~25Hz beta #5? ERS 21D 5N 5.
TS DEREN—HMOREEE DFREEICHHN
boTWwaEEZLND, £z, TAMAEBET
H FEAERRIARFIC very fast oscillations (80~500
Hz) 23RO 5NBTEMH S, 4~ 7Hz oscilla-
tion IXENHRER Y N T =22 D, GABAA
MENCERT B2 L, 15~25Hz 1k idling %W
IEEERIRBICEERT 2 2 &, 40~50Hz 13/
FOMREHICEETSEZERAENTNS, &<
WEEEIAIO-XATEHD UL THER
EMENEEHLTHWTHD?, TOUXLERERT
37 DICHARBEEEE U T paired-pulse TMS

IK%%E@&M@UXA#B%%%

& jerk-locked MEP 8% 5.

1. 15~25Hz oscillation

RERFHEIAI/D-XXTEEL XIZIE=
BICCRENBREINAIENHD. ZhH50%
BECKHEOBEEIZIZEAE40~50msTH 3.
JLABRZRAWT, CREFICETT 2REOE({LE
T HECRNERU U X LA TEEMEKKIEE
NEEFEEIND., SHICEREIAI/O-X2HS

W CREEE R U Iz U CHIE RS2 % At

S5FDEEE % MEP ME T O®E TRIFNET
% (jerk-locked MEP) & &% 245 1 327 THREK
FEL 2B BT MEP NEBBICREHIN, 0¥
AT TIESHFOREBENTTHEL TR E
NEHEIN, ZOEEDIFrO—XAHDNE
C k5t & MEP O #FFZE1340~50ms ThH B, F
BOMMIEEHEIFZO—-XXZEL = 1HICH
WTEEGEMGRUZ 7 TTRBOEEME
F 70— XL THLEREE Eh s Fhn s
BU Y X LD20~25Hz BENMERIFIEEIN LR X
N7z (M5). EEHEFEBRIZILAKIIBNTS
ZF 70— X ZADFTHE TOEFMEMEETNTHED
—REENEFFHIDEE LN S &I N/~ paired-
pulse TMS TidFI#EFE45~40ms T MEP 21
BIZHIBEINZ ZOLDSNCKRERKEIAY
O—X 222U EEFDE < TI5~25Hz @ os-
cillation 528 51, beta ERS & 0 REE{EAHE
Blxha,

2. 40~50Hz oscillation

BEEI A 70— X ZAE 2L /2BE T340~
50Hz oscillation Z/R 9 Z &ENEW, (Kl EIE
BICEEEIA /0 —-XXE24E U 1 flERT
BETIIRLRY EHTEEEZ S VZHBERY
S50Hz DX LEHT SHME /NS —2ERL,
EEGEMG R VT Z 72BN THHIEENIC&IT
LTRU UX LOREERIRM SR TNz, JLA
BeMAWRETIIA /70— X AHREICH
30ms Fef7 U TxHEl D S 030 Bt BRI 3R
5 7=, paired-pulse TMS THRKED Y X LD

— 189 —



A ER L BREROME - HERORK

EEG - EMG polygraphy after left tibial nerve stimulation
‘ Cortical myoclonus 80 F

50uV

EES - ATA2 qﬁ f ]
*""L'u‘l,am %".I,'h b "ﬁ/h'i”u v ;
I LW

poe: . by ur”r“”“w p "

’ L]
[..t t|b|a| n Stl .

F5 BEMEEMIAIO-IXREETERDSN/20Hz oscilation

0.5mV

RENOEAEEHEINL?. ZOXSx8E4 4. KBEHEBEREMLE (CBD) [C&i1F5Hos

A/ 0—X XA TIRENMERIZ40~50Hz O oscil- cillation
lation @O H N, MEEHRFICEEINS CBDIZBIFTAIA/7O0—XAIMDOEERTER
gamma ERS & QR ENHER TN 5. DOENDIF IO —XRAELXRTUTIRTELD
RERSHMEET D OEBMSERT LK
3. very fast oscillation (80~500Hz) WHIMD, OQR#ERFIDHEERICEEERD,

EHRIIBWTHMOKRMEE ERIRIC very HIHEZHIREOAREZEATHREREZED S
fast oscillation W7EHET D Z ENHFERIN BN ZLETHERINPTL, FOHERIT—EEFGHET
FNERTTARERIZ LN, C RFZEEIE  (6~T7H) J0—XZXRICRAS, @giant SEP
simple RFEHZERTHRICESHELLIHBEYN BROHONT, DUARERINIEEEO Z &8

D EHEEE—OEEIZ25~4ms (250~400 £\, @ILAETD premyoclonic spike H1E8

Hz) T® 1, very fast oscillation W 7LEL T SV, @ CKRENIEHEININZOEBEEN
WHREEMENZEZ o=, £z, TMS#ICH#  SEE IR S cortical delay time 138 <, &KE
B2 —02iZEL % multiple I waves B BHRERHLAZRKFEIEZZIZ<W, ©40~50Hz ©
HMWRETH D, FORFEEIIFNS00~700Hz oscillation 258D 515 Z & 41%, EEG-EMG
THo NIEEREHOREH TROLNDE  RUTIFT7IZBNTH40Hz DEHEEENICE
high frequency oscillations (HFOs) ERUH ShimflCORRMEIF I/ 0—X2% R H—
FHOWIBBZBEODONMNRHTH S, Lal, & LU /= jerk-locked MEP T3 C x5t & 23ms D
HBEOTAINAT very fast oscillation DTTE R TMEP BRI NDIFEIIIFTiZs. -7

MBI, IF70—-XRABETRERD KEHEEBERSITEL TWAIEMREINS
HFOs MEIRIETH BT EMNMEINTHDY,
REREMOREZEU 2EATIEEBEND S,
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_] AREEDERERy 7 — o
5E2 5

MID I S 5 A 5 KR E BRI 5%
FET AN, EIEHREH (PMd, PMv) &
REGHE, HWEEEH (PPC), BEBSEET
HbD. FEMRENEOEELEETHS., b
Dy N7 —EEE BB HEE L TEOERIC
TMS 5 Wi rTMS 2 & BRI E L TEH X
MEP \NQEEEZ LB ENfTHhR TS,

1. EBFIEFRN

ERIOPMAIZHL THRETORERE TMSH %W
121Hz rITMS 25 2 %5 & MEP IR IRIBET L,
5Hz rTMS TIIIRIEM KT 5. IhEDHEER
FANWTY A K7 TOPMA-MIIMGIHE#SET
MEAHINTNS®, ISR TERGREOR
HOWRD PMA S DEELRMNIN TN,

2. N BRI

INBIZ TMS 25 25 Z &2 & 0 KK EEE)
BAOTMS 250N BKFIEICLDER NS
MEP 2S#lIfl & 91, /IREFABETIIER LD

ZENREXINTNST, /PINKBGRIE D =D
BTN a—2a NV OFhLEBELRE L&A
HL2E5 8 L2 %BEILBEL D 3cm AMIDE
PLiCEE, a2 b O—)VERICHRT, FIEER
S5ms TMHINIBED, 3~4msilEAEFHET
%, ZTORBET/NREIBIC L o TMNEEE DT )L
FTHRENFIE SN, R A 2 VL AR
DO, MR - KENE EERBSRIE LN,
REEHH M2 ENHRAETNATNS

b B A RERIGE L R TY TV a—2>
IV ERWT/MESHAEN. TMS Z2A 5 & [
D LR SER A S 26~ 28ms TIREAY R
DAEL, ZRUTENTHS0mS #FEed 2 MEIRH R
MEHOEND., HHRIKREME 6 » AREL /=&E»
S&E EEOHFEESEEICMA TH 3Hz D EE
RFIR & 3R 7o BB T /NI AR PR S D B 2 HE
SN, ZOHETOE EREH TOREHN
HEL Thiz'?,

_]I RESNICTHEENEERTHS

TMS ZFW/-EHFOHEENL 2 A 5BEXEIT
F2WWRTELOXEZHBRERIN TS, LrdbE

x 2
a EEFEEMNALDEHD VEP JIEE

Single TMS
Motor threshold (MT)
MEP amplitude (MEP)

Cortical silent period (CSP)

Paired TMS

Short-interval intracortical inhibition (SICI) : 1 — 5ms
Intracortical facilitation (ICF) : 7 —20ms

Short-interval intracortical facilitation (SICF) : #1.5ms &
Long-interval intracortical inhibition (LICI) : 50—200ms

KRR

Short latency afferent inhibition (SAD :2 — 8ms

b :TMS L EBEMER

MT : Na*channel lHZHITET

MEP : GABAR agonists TI&F, SSRI T LRI E
CSP : GABAAR # KBt R T GABAR

SICI : GABAAR % KBk
ICF : GABA? glutamate?

SICF: BEMMF-_2—D0> (I wave E%)

LICI : GABAGR % ik
SAI : cholinergic function?




OEBEMEEDNROMBIAINTHED, Ihbo
OFEEZBNWTENS OEBENREENELRNTH
R TEDLLIICROTERY., ELITAMEE
BZ BN THIFAS A TEY, I3/ 0—-XATIE
short-interval intracortical inhibition (SICI)
D& F & intracortical facilitation (ICF) D7,
AEEMEIRE TIXICF O, P A7 TIECSP
D¥EHE, SICI DX T B LU short latency affer-
ent inhibition (SAD @D 7L, JBEHEE T
CSP m&EHE, SICIOHEES, long-interval intraco-
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lnternational trends of neuroethics in functional neumsu‘rgéry

Takaomi Taira

Department of Neurosurgery, Tokyo Women's Medical University P

Abstract: Resurgence of mzerest in ﬂeuroethxcs is not only because modern neurosurgxca! techmqu& stch as deep braxn sumula~ -
‘t;on has been introduced to psychiatric disorders but also recent deve!opment of neuroscience enables us unthinkable ;
application to enhancement of human natural abilities. Discussion on neumethzcai aspects of neurosurgery is not new
but was an zmporcant topic of functional neurosurgery in 1970s in the westem world, while ‘social circumstances i

; japan did not allow such reasonable and fair arguments in these times. Considering the recent spread and acceptance

of neurosurgical imervemions to psychiatric dtserders in countri

Japan, we Japanese cannot ignore such

changes, and have to seriously consxder what to do.  The author revnewed bneﬂy the mtemanonal trends of sucha

topic, and considers that now it is approprtate to start discussion on 1ol

f neurosurgical mtervennons 1o psychiatric

dusorders especia ly. for obsessive compulsive disorder and treatment esis nt depression.

(: ywords: Neumethics, Psychxatnc disorders; Neurosurgery
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