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fehy OBAEAEW
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OEAE AN
7y B2LLWKHDTCLEh Ouo®, OEEAEVLDE, DeFEEE, OFENIC,
OFAEAEN
T BENERUELRED Owod. OEsASVLDE, OEFEESE, OFENL
OEAREAEW

10 8% 1 BfEIC, RAPERESHRDIT
&, AEDDEHLD, SHENSHDN
(SENIEERT, BEsicEn<ds

WaEErsnEueh
11 REBILERRENS SVSHTIC
HTREOFTH
7) RFEDAICHERTRRCED Y  OFo<Z20&B0, HEFEESTEES. HaEBHLIEL,
TNERDS OEEAEBHTRESTEL, OFATAHTIIRSEN
1) i, ANHBRTHD O&Eofe<Znedh, URESTEED. URIEBLAKL

UREAES TSN, OBATAMTEE SN
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EES) A OB EAEBTRESIEL, OFATAMTIIESHEL
T) MOBRREEIESICIV UFofe<zhesb, OEEFSTEES. UL bLA W,
UEEAES TS, OFATAHTFESTEN

N7=SF-8455. AAEZRLVEF—FIR, 7THa—-FREENDBH, HHIZY A TIETRTE
BETHMENDH D (http//www.i-hope.jp/tool/sf36_application.tml) .
c. EQ-5D (Euro QOL) ¥

ERRACEDOZE LA B L TEMIiT 2 20D A —ATh 5. BEFEMCKSMBEIATED, O&
BHICLBRRE TS, BEORE, S0 OEM, BEOEE, WA - A, RY - X EA
HD 5B ONT 3B L, BohBir o BBEE LB THBINELTMET 25 ETH
5. E5IT, BIEME (Visual Analog Scale: VAS, 10cm & 34 3 20cm OREMED 2 r — L LIcB
{EDWEEEF = v 7 THEDT, QOLAHMEA Yy —L & UCHEHZN, HEEICEEENRE) 4
AW 2 R E R > TWE, /S—F VY Uik EDFEBOTIEE P IED R 4 K U /- @5
¥ QOL Wiz L C5 ™%,

d. SEIQoL-DW:

TANT Y REILSREREE O'Boyle, Hickey'®'™ #3Ei% L 7 SEIQOL-DW 1, &I 1: &
TERFHE L ¢4 D QOLBHEA ¥ — L Th 5. ADQOL &id, HMADEFEDENMZBWTTE
HHME 2 EOMMELY - LUWICRR I W aE L L 6 2, Sl & 0 2@ & B4 EH L
7o FESREMDOA 4 EOBBAE D EFEE S/ FEE, PR XD BAOELD Kk H
TIRLEBELINS5D20FEMK ) 27X 8 (Fo-—-0HE), 2hFhOF 2 —I12D0W Tl
RE (VR FRCEHEL B7 5 70EK), X6ERAOS Y —-F 4 A0 EMALTEF 2 —
DEATFEITI. TOLIITUTHIL S AERN T XA 5 20 F 2 —12D % SEIQoL index (L
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NAXER) ABEML, 2T EEHET S BRKBREETRED QOL #HlikE LT, WAMD
AFEOSE WRELHE TS XEENEF I TH Y, SEIQL-DW Z I DK TEIL TV 3.
SEIQoL-DW HAFEM (HEM: PulER, KEEH, P& #E(E), SEIQL HOELAXNE TR
(WEB %4 MR &BIR X hIB ML ORAIERIRTFTH 5 ",
e. WHOQOL-BREF ¥

WHO & 1994 £ QOL D EHEIZHT %, QOL OEBRMEE 4 841 physical, /LB psychologi-
cal, EOV~JL independence, # 2R social relationship, WE#FERE B8 spirituality/reli-
gion/personal belief, ZEVEEE environment O 6 DDA 5, EFRRH HE A U & AHEH 22 WHO-
QOL-100"" % B % L 7=. A FRM X 7 — Ju i3 test-retest reliability, internal consistency, construct
validity, sensitivity 183, FHIEIZH T 5 sensitivity 27l TE 5 & S hd ® 2D b 24-item
ML, QOL2fk%&R> 2 HE & B L 7 26 HH A 5 4 3 3l 2 7 — -4 WHOQOL-BREF™ ©
B, Bkl LEE, HSOBEG, BRBO 4 8IS OV TERN L QOL (overall QOL) L IZHEIX
B¢ (general health) % MIZE3 5. WHO QOL26 & U THAREICSBRRE N TH b, @k 2 ##izon
5 BCHET B HRT, MAK LR b HEATES Y,

EhUIZ

JS—F VY VKO QOL T T B A —MIZ DWW T A B L7, QOL DEHRZ DL OH
H#ETHo, 2045, T [QOL] #ET 212, BMIZBUZFEX r —LOZBRPEELZ 2
S5NB.
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Changes in the Incidence and Clinical Features of ALS in the Koza, Kozagawa, and
Kushimoto Area of the Kii Peninsula — From the 1960s to the 2000s Follow-up Study

Tameko Kihira", Sohei Yoshida, Kenya Murata?, Hiroshi Ishiguti®, Tomoyoshi Kondo®
Junko Kohmoto*, Kazusi Okamoto®, Yasumasa Kokubo®, Shigeki Kuzuhara”

Abstract

In the 1960’s, ALS was highly prevalent in the southern part of the Kii Peninsula, especially in the Koza,
Kozagawa, and Kushimoto area (K area). Thereafter, the incidence of ALS was considered to have
gradually decreased, and the disease almost disappeared in the 1980’s. However, new patients have been
continuously identified in this area, and indicating the importance of studying the changes in the incidences
of ALS. This study investigated the characteristic clinical features and incidence of ALS in K area during
the following periods: period I: between 1967 and 1971, period II: between 1989 and 1999, and period III:
between 2000 and 2008. Data on all patients with motor neuron disease were collected for each year within
these periods from medical doctors and medical staff of the regional public health center and municipal
office. Neurologists on our research team examined and assessed each of these patients on the basis of the
El Escorial criteria. Probable and definite ALS patients diagnosed by neurologists using the El Escorial
criteria in K area during the research periods were collected. The crude incidence rate of ALS in K area
were similar in period I, i.e. 6.0/100,000, and in period III, i.e., 5.7/100,000. The age-, and sex-adjusted
incidence (considering the 2000 census) in women in K area during period III, especially in Kozagawa
district, was higher than that in periods I and II. The adjusted incidence rate in Kozagawa district was
8.8/100,000, and was higher than that in other areas of the world. The clinical features of patients in this
area were quite similar to those of patients with classical ALS. Five patients from 3 families with a family
history of ALS and 2 patients without a family history presented with the clinical features of ALS and PDC
during these research periods. The mean age at onset for period III was higher than that in period I (p <
0.01). The frequency of ALS patients with upper-extremity onset in period [II was lower than that in
period I (p = 0.05), whereas the frequency of patients with bulbar-onset has recently increased.

Conclusion The result of present study indicate that the recent incidence of ALS in K area is high, the
age of onset has recently become higher and the number of bulbar-onset patients has increased. All the
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abovementioned findings could be attributed to an increase in the senility rate in the population. Between
2000 and 2008, the age-adjusted incidence in ALS for women in K area, especially in the Kozagawa district,
was high, indicating an increase in that the incidence of ALS among women in this area after 2000. The
factors responsible for the high incidence of ALS in this area remain to be clarified.

(Received: August 3, 2009, Accepted: September 9, 2009)

Key words : focus area, Kii-ALS, incidence, parkinsonism-dementia complex (PDC)
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1911 4, BB XL D IRAEE I B D 2 HiEREkE
IR BE{LE (amyotrophic lateral sclerosis, ALS) @
SHLBYTICIRE SRz, 1960 BRI, REEEEE
N (Kzg #1K) 0, FERMEK (H#RK)?, 77 LB/
W, B —~F 7BV T ALS OERBENH S »
AR, R EEEIHIR TR L T ALSEHR
N 00~150 BFEVL ERMEShIY, TOHRINGS
FHBE O ALS FERET 2R LY, 1980 FRWTH
B, S6R77LEBTRALS HFHRIBEER LI EHES
hrd, Zhi b, SFRMTO ALS RECEEEROM
SRR ah, MBoE, KEOFEEN sz,
FBRRWEFPEHEIATHEWY, bhbhBIEFREE
D ALS fEFHC D TSR IR L T & 208, e
BRI T 2000 E LI b e R FENED STV
%00, 1980 LERICEIR L7z £ F 2 5Tz ALS 28,
BETHHFHRCREL TnDH 2 Lnd, BFEEBY
TALSEHRVBEELHMBEL T I ERF T
i, BEMEERORIE, 35 FRBHCEERLEZ
Hhb,

I. B iy

FRFFECiE, AR WCALE T 5 AL R B
BiF 5 ALS BFHHMD 1 DTH 5 HE/ « HEE « B MR
(KHR) iwB T, FRICL 2 ALS BREROEL EHR
L, RSO ALS ZHOBAFHLPI L, &5
2, AMIRO ALS EF OEERREOFERIC L DKL
PEASMMZ LTz,

L. 7 &
FILESEBRRFE T I E TEML TEAEH4E

ALS &0 ALSHRED S 5, AT, FICKH#
HMOERENRE LIFE—0HRIC & 5REDORHN, S

SRR UFERIE L 2 REFORL LBREORNEE
MET L 7o, A EIM I, 1967~1971 4 (B8 1 ¥,
1989~1999 4£ (BEIIHE), 2000~2008 £ (BB T,
Zho DB TE—OFEERCTHRELET-
7oo BARRNICIE, BREBEOHEE, BRAER, 8% -
BT A BEE T B R EBNT X BB B & BRI
HEL CHRNEL, NREBEFOTHEEOH 3ER
PHHERETL L0 b 0TH S, AHIROEII,
EE= -0 VERBREDER RS L ALSEFOZ2
REW DO THEEIM D AEERIT oz, X 51T, BEOE
Rz, BRI, BEES, REFHZEOBER
EEoNEML C LEOBRREGE, RERES» SR
EWMDPEET, = o —0 VEBEOLHIOFERIN
£ L 3B % 4, El Escorial criteria W#-7 & ALS
DB RIT o 1o FFFRICY 2> Tk, HUROEREG
FHREEBROFHRABEERL, ERCOEHAEKD
WTHBALAERR2ES CRE L. AR OHME,
1989~1993 £E12 & 2000~2005 190 W X FIKILBE AR D
SERBEENRE Lz ALS 7 v 7 — b EE 2 AR5
EAATUTHEMBL Iz, 72 1966 Eiz B EENFIcH -
7o IR DEFEE (6,191 A) @ house-to-house FHEL
BENTWBEW2-O 5 T s DERED & HRREE
PEHL, BB 5 ALS ORESEEOER X
BEALEHRE LIz,

TR CTEFOBIREHEL LT, ROO~O %/
32 & & L7, DEI Escorial criteria ALS Z2#E¥ET
probable & definite ALS § & U, EFHRIRE/LE, &
PR EITH AT (SPMA), B X RN & &2
NBFEFNEIRI L2, QFEFHB, FIEER, TIE
R, BRI S »ES T, Kiusitsy - BEETHS
ALSERID S &, EHH 8EU LEEEL2ET 2
ALS FEFIRERA L, ZhUA 0 ALS EFERI LTz,
@t —% vV AERCTAE CHEE L, 7 D% El Escor-
ial criteria ALS 2¥iEM¥E R U D RISER L
LTED, BERBZ W, 7 ABOF vyE0
BROMI T ALS RIE ¥ COBREBRZE B HH»
SHEHORE BEMEREINTVED L 2E%H
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Table 1

Clinical features of ALS patients in K area

Period ALS age at onset M/F (ratio) Site of initial symptom (%)
n (Mean=S.D.) Upper ext. Lower ext. Bulbar Parkinsonism Dementia  Others
1 10 54.9+10.9 6/4 (1.5) 8 (80) 2 (20) 0.0 0.0 0.0 0.0
I 11 59.8411.3 7/4 (1.8) 4 (36.4) 1 (9.0 2 (18.2) 3 (27.3) 1(.1) 0.0
I 12 68.6+12.7%** 5/7 (0.7) 4 (33.3) & 3 (25) 3 (25) 0.0 0.0 2 (16.7)
* p<0.05 when compared to the mean age at onset of II
**  p<0.01 when compared to the mean age at onset of 1
# p=0.05 compared to that of I (Pearson's chi-square test)
{Abbreviation} ext : extremity
Table 2 Changes in the incidence of ALS in K area
. . Crude incidence Adjusted incidence in 2000
Duration Area (population) (men, women) census (men, women) [95%CI] References
I (1967—1971) K (33,219) 6.0 (5.7, 2.8) 4.7 5.7, 2.8) [-2.7, 12.0] Present study
I (1989—1999) K (26,405) 3.8 (5.2, 2.6) 2.9 (4.8, 1.3) [—3.1, 14.8] Present study
HI (2000—2008) K (23,357) 5.7 3.1, 7.9 2.3 (0.6, 4.0) [—3.6, 9.5] Present study
1 (1967—1971) Kzg (6,078) 13.2 (20.7, 6.3) 12.4 (20.7, 5.1) [—15.6, 40.4] Present study
I (1989—1999) Kzg (4,193) 10.8 (41.3, 8.9) 9.4 (17.7, 2.4) [—22.2, 53.0] Present study
1 (2000—2008) Kzg (3.426) 9.7 (0, 17.5) 4.5 (0, 8.8) [—17.9, 26.9] Present study
1965 Kzg (6,191) 14.4 (14.1, 4.6) 13.3 (19.7, 7.5) [~11.1, 37.6] 1)
1989 —1993 Kzg (4,193) 9.54 (20.7, 0) 9.1 (19.3, 0) [—13.2, 18.8] 12)
19982002 Kzg* (9,468) 10.6 (14.1, 7.7) 6.6 (9.5, 4.2) [—9.8, 22.9] 10)

Kzg* contained Koza-Cho

W2 LTz, 2000 LA D FTFEEHE FAIRKILIR SLEERER
HEABELTER I (No.288, 289),

m. # ES

K co ALS fEFE, THITI 106, THTI 1L
B, WA 12 f % BRI BT 2 HEH L LT
2l L7z (Table 1), ALS OFEFAEFE T TH, 1TH,
MR LR R 2 CHRVWEERRRIRD S, T
DFEHFIFEERIT 68.6 R TH o Te, TR THIELL T
3. 7EOE®RTH -7 (Table 1), Bbbiz TH, I
B3 1.5, 1.8 X IFIZERRTH 203, MK 0.7 {EE%
R LB MR & S iz,

PIFER T BEOEF» S, EEER, TEEEWR, Bk
R IRMEERIRE 2 & 80), /S—F > Y VIR, FRAMEIR,
ZOM (FREHALL B - T - BRECHET E R w4,
MR E CRIE L7 O SRR Tl U s, B
FERTHRE LB, THITIE 80%, IHEITIE 36.4%,
M T 33.3% & T Hlc AT, METHA 2R LR
(Pearson’s chi-square test, p=0.05), —7, TFHFHE
B, NETHRWIERZS, [TH, HEIZEREO
HBERTH -, BRERFENE THTEED Lok

A3, I1ER 18.2%, UIHA 259% & MERIMER 2D & i
PEECR ol THTIE/ C—F 2V U ERPEA
TEIR THFIE U 7c B8 27. 3% 38 iz, TEATIHE, HRE
FECHAE U7 1 FlLMEET I E 2 M, RaEEE
L ALS/PDC (parkinsonism-dementia complex) &#
Wrani, REBWZDWT, THTERRFANTALS/
PDC 2R 3TEHINED s lzws, T, HWEATRERER:
By o@D ol £z, £HEE U KRGS
WD Lo lr, REFEPHEHEERE DWW CHEBIRET
OFEHRTHY, BHEHT b b5,

K #isf 0 £ S ERE, 1, I, M#icth?h
6.0, 3.8, 5.7/ A 10 AA%ELD (LATHEER) THY,
TH A CRIZREETH - Iz (Table 2) , Kot
HERC ALS ZHMK & A AN T E T Kzg K T,
I, I, MPECHBELRFLEN13.2, 10.8,° 9.7 TH
D, EEPCPBRAERI TCEH B DO, R HEFBESE
OBEEBIEFEL TWwA I EDNELLI R >, B
HRELEDOE AR AL L, KHSOBMETIZIHE5.7C
I 3.1 b FA TR oS, LETIZIH2.8
DOIEE 7.9 N IR D T2, iz Kzg IR 2 8T
W, BEHETIR IEE20.7 TH o708, MHIEFESTD &
ol LT, ZETIZIH6.3 oM 17.5
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Fig. 1

Changes in senility rate in the population of K area, people in Japan, and ALS patients in K area were

shown. The senility rate among the ALS patients has recently become much higher than that in the

populations of K area and Japan.

LRI R RS T,

Kiz, FRIZ XD AOBROESEERL TRERY
BT 579 2000 FO2EEBREAOEZHWY, 1,11,
IR0 ERMARAER 2 E N U, Ko FRigER
FERI T4 75 M 2.3 NP A 5N, Keg i
RizowTsd, THI124»5ME4.5NEHP2RD
Joo LIp LD S, BLICERARREEL2ADL LR
MWOZHRBINARD SNz, Thbb, BEOERH
BEFERBIKHE IHS. 726006 N WD L,
Kzg XTI IR20.7 05 M0 ~ L B 2R 7%
B, Ihie U KoLtk THH2.8 06 T
4.0 ~NEBIAR A S L, B Kzg IR, TH5.1
oI 8.8 ~ L EIMINEED T, 22T, BHRO
Kzg # XK ORFFER D & 2000 FOEBHEAD % AW
ERFEBRSEREHCEBL, 1, I, HHOER:
FHigE L 12, 1965 D BERE D &5 & Wiz TR TR SR
13.3, 1989~1993 £ D EEH{#ED 54 5 Nz R BFEE
Y1 THY, 2 THIIHOME E X {—&L Twiz,
1998~2002 O BEHEH & OFHBAERIL 6.6 T, 20D
A 13 1989~1993 4E%0 1965 fE Dl LE U EF %
RURABILSABT 2 EZ oz, & 5121998~
2002 O BMBEC BT BRI S B LU TH
ERBEPHER S N,

LI BV TRIEFR ORI AR OBE N A&
W EEZ SR, YRR D 65 M EO AN & BEEA
OE&OEXREE HESEOZEADEIG L B L
foo KR T, 1970 FEOHBFEADEE 12.6%TH 72

4
gﬁ Kzg area

Fig. 2 Residences of the AL.S patients were plottedona
map according to the period of onset

A  onset from 1967-1971, @ : onset from 1989-1999, O :

onset from 2000-2008. The residence of the patients span-

ned the entire area. @ : K area, dotted area indicates Kzg

area. # : Hohara area. * : patients with ALS/PDC.

32000 W13 34.2% £, HESESHHILBOEEA
DES O L TABRRMERL (Fig. 1), &
51z, 2005 FOLEOEBFEANOEE 21.0%, MIUER
24.1% U T K Hid 13 35.3% & B 5 i 8 i M % R
LTw3 (FIELBHHBRESFHAEER ORI
3EAMMAOD SEE), —7, EHRO ALS BEs
WTRIEERMS 65 B Lo BREOHED 2 E& IR, FRO
EBEAOEES I Db &S WABIHIMERL, 1970 T
W 13%TH -T2, 2000 ELE IR O EEERD
726
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Table 3 AL.S/PDC patients in K area

. . Calenda - at A
Family Patients alendar year a ge at

Sex Family history Symptoms

onset onset
OK #1 1995 71 F - ALS followed by parkinsonism
HY #2 1995 63 ¥ Propositus Demenia followed by ALS and parkinsonism
#3 1994 58 M  #2s brother ALS
ST #4 1990 53 M  Propositus Parkinsonism followed by ALS
t5 1977 64 F  #4s mother  ALS and parkinsonism
#6 1972 31 M  #4s brother ALS
M %7 1996 60 F  #8s cousin Parkinsonism followed by ALS
#8 1989 64 F  Propositus ALS
K #9 2002 80 M - ALS and parkinsonism

#5 and #6 were not included in this study according to the research periods.

[Abbreviation] PDC : parkinsonism-dementia complex
. 070

I EE, D—-—$z

ALS with tremor
] é1 &]2 *3 *4 [:']5 CBB é7

PDC  ALS
Fig. 3 Family tree of the ST family
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Fig. 4 Brain MRI findings (T,-weighted image)
Marked atrophy in the tegmentum of the midbrain and moderate atrophy in the frontal and
temporal lobes were observed in a patient (III-3, ST).
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Mutation Analyses in Amyotrophic Lateral Sclerosis/
Parkinsonism—Dementia Complex of the Kii Peninsula, Japan

Hiroyuki Tomiyama, MD,1 Yasumasa Kokubo, MD,2 Ryogen Sasaki, MD,2 Yuanzhe Li, MD,l
Yoko Imamichi,' Manabu Funayama, PhD,” Yoshikuni Mizuno, MD,?
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Abstract: To clarify the genetic background of amyotrophic
lateral  sclerosis  (ALS)/parkinsonism—dementia complex
(PDC) of the Kii peninsula, Japan (Kii ALS/PDC), we per-
formed extended mutation analyses of three patients with
pathologically diagnosed Kii ALS/PDC. Direct sequencing
analyses were performed in 19 genes, including ALS/fronto-
temporal lobar degeneration (FTLD)-related genes (SOD2,
SOD3, ALS2/alsin, SMN1, PGRN, ANG, VEGF, VCP, VAPB,
DCTN1, CHMP2B, and TARDBP or TDP-43), tauopathy-
related gene (GSK3PR), and parkinsonism-related genes (alpha-
synuclein, LRRK2, parkin, DJ-1, PINKI, and ATP13A2). Gene
dosage analyses were conducted in screening of MAPT, alpha-
synuclein, TDP-43 (or TARDBP), GSK3B, and parkin. We
found no mutation in the 19 genes. We found a homozygous

nonsynonymous SNP (ALS2/alsin V368M) shared by all the
three patients. Gene dosage was normal in MAPT, alpha-synu-
clein, TDP-43, GSK3B, and parkin. The present findings, to-
gether with a previous negative study on MAPT and SOD/
mutation, further elucidated the lack of causative mutations in
all exons, exon—intron boundaries, or some rearrangements of
the reported major causative or susceptible genes related to
ALS, FTLD, parkinsonism, synucleinopathy, TDP-43 protein-
opathy, and tauopathy. However, the familial aggregation and
lack of any environment factors suggest that Kii ALS/PDC is
caused by other yet unidentified genetic factors. © 2008
Movement Disorder Society

Key words: Kii ALS/PDC; amyotrophic lateral sclerosis;
parkinsonism; dementia; genetics

The Western Pacific amyotrophic lateral sclerosis
(ALS)/parkinsonism—dementia complex (PDC) is a
progressive and fatal neurodegenerative disorder with
high incidence among the indigenous people of three
areas on the Pacific volcanic belt; Chamorros on Guam
and Mariana Islands, Papuans in the coastal plain of
West New Guinea, and Japanese in the Kii peninsula
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of Japan.' Clinically, ALS and PDC occur in isolation
or in combination. Neuropathologically, ALS and PDC
on Guam and Kii are characterized by abundant neuro-
fibrillary tangles (NFTs) throughout the entire central
nervous system, most markedly in the brainstem and
temporal lobe, together with selective involvement of
the upper and lower motor neurons.>”? Most, but not
all, investigators consider ALS and PDC to be different
manifestations of a single disease entity (ALS/PDC)."*

In the 1980s, the disappearance of high incidence of
ALS and marked decline in PDC were reported in
Guam possibly related to changes in the environment
and westernization of the lifestyle of Chamorros.®
Although various environment factors, such as con-
sumption of cycad and fruit bats, and deficiency of
various minerals, have been suspected in Chamorros of
Guam,*® none has been experimentally verified so far.
With regard to genetic factors, although Tau (MAPT)
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FIG. 1. Family trees (Family A and Family B) of patients with ALS/PDC from the Kii peninsula. Squares, men; circles, women; solid symbols,
patients with amyotrophic lateral sclerosis/parkinsonism-dementia complex (ALS/PDC); open symbols, healthy individuals; gray symbols,
unknown (precise information was not available); /(slash mark), deceased. The sexes are concealed (diamond symbols) to safeguard the confiden-

tiality of the family members.

might be a modifier gene that increases the risk for
Guam ALS, Guam PDC, and Guam neurodegenerative
disorders in the presence of other unidentified gene(s)
or by regulating Tau expression,'®™'! no causative
mutation in Tau was detected in both Guam and Kii
ALS/PDC with abundant NFTs pathology.* In addition,
a previous genome-wide association study could not
identify a single gene locus for Guam PDC, suggesting
a geographic disease isolate with a complex genetic,
genetic/environmental, or purely environmental etiol-
ogy.12 On the other hand, other studies proposed a
mixture of other factors in the pathogenesis of ALS/
PDC on Guam, including prolonged exposure to an
environment severely deficient in Ca>* and Mg”" con-
current with a susceptibility genotype of TRPM7
T14821 allele,'® as well as neurotoxicity associated
with B-methylamino-L-alanine in the cycads.®

In contrast to Guam ALS/PDC, high average annual
incidence rates (417.9/100,000 in 1995-1998, unpub-
lished data) of ALS/PDC in Hohara area of Kii con-
tinuing even after dramatic changes in foods and drink-
ing water, and the much higher aggregation in the
same family with a family history of approximately
80% in patients with Kii (40% in Guam ALS/PDC)
strongly suggest major contribution of genetic fac-
tors.'"'*!15 And no customs of eating cycad or fruit

bats exist in Japanese people living in Kii. Thus, fur-
ther genetic analyses for Kii ALS/PDC might help dis-
close the pathogenesis of ALS/PDC.*¢ Backed with
this background, we performed mutation analysis of
genes related to ALS, frontotemporal lobar degenera-
tion (FTLD), tauopathy, and parkinsonism, and gene
dosage analyses of MAPT, alpha-synuclein, TDP-43
(or TARDBP), GSK38, and parkin in three Kii patients
with neuropathologically verified ALS/PDC.

METHODS

Patients

The study was approved by the Ethics Review Com-
mittees of Mie and Juntendo Universities. We analyzed
DNA samples of three patients with Kii ALS/PDC
from two families in the Kii peninsula. Consanguinity
was seen in Family A but not in Family B (Fig. 1).
The clinical diagnoses were based on features of typi-
cal ALS and PDC occurring singularly or in combina-
tion as shown in Table 1. The clinical diagnosis was
verified as ALS/PDC in each patient at postmortem ex-
amination. All patients showed cardinal neuropatholog-
ical findings of ALS/PDC including abundant NFTs
associated with loss of nerve cells in the cerebral cor-
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TABLE 1. Clinical features of three patients (A-1, A-2,
and B-1) with ALS/PDC of the Kii peninsula

A-1 A-2 B-1

Suspected mode of inheritance AD AD AD?
Age at onset (yr) 70 52 70
Duration of the illness (yr) 7 8 6
Sex M F F
Clinical presentation ALS with PDC PDC
Dementia with ALS

Dementia +
Psychosis -
Resting tremor -
Bradykinesia -
Rigidity -
Gait disturbance +
Asymmetric sign at onset -
Clinical response to NA

levodopa
Hoehn-Yahr stage

(best on stage)
Hyperreflexia
Babinski’s sign
Bulbar palsy
Respiratory failure
Amyotrophy
Fasciculation
Sensory disturbance
Orthostatic hypotension
Incontinence
Urinary urgency -~

+

{

+
A e e

fonl
e
n
w

b+ o+

{

L+ + o+
P+ 0+ 4+

|
+
+

ALS/PDC, amyotrophic lateral sclerosis/parkinsonism-dementia
complex; AD, autosomal dominant; F, female; M, male; NA, not
available; +, present; —, absent.

tex and brainstem, loss of anterior horn cells of the
spinal cord, together with degeneration of pyramidal
tract, and loss of Betz cells in the motor cortex. NFTs
with neuronal loss were prominent in the medial tem-
poral lobe without senile plaques.*'”'® Blood samples
for genetic analysis and clinical information were col-
lected after obtaining informed consent from the partic-
ipants.

Genetic Analysis

Genomic DNA samples were isolated from periph-
eral blood using standard protocols. They were ampli-
fied by polymerase chain reaction (PCR) for each exon
and sequenced for all exons and splice junctions of 19
genes (SOD2,'° SOD3° ALS2/alsin** SMNI?*
PGRN*® ANG?® VEGF* VCP® VAPB™
DCTNI,*° CHMP2B>' TDP-43,** GSK3B,*® alpha-syn-
uclein** LRRK2,*® parkin®® DJ-1°" PINKI*® and
ATP13A2%) using BigDye Terminator v1.1 Cycle
Sequencing kit and 310 and 3130 Genetic Analyzer
(Applied Biosystems, Foster City, CA). Gene dosage
analyses of exons 1, 9, 10, 13 of MAPT, exon 3 of

alpha-synuclein, exon 3 of TDP-43, exon 5 of GSK3p,
and all exons of parkin were performed by real-time
PCR using TagMan probes and ABI PRISM 7700
Sequence Detector (Applied Biosystems). We used B-
actin or B3-globin as an internal standard for each real-
time PCR. We used the primers and probes prepared
by “Custom TagMan Genomic Assays” (Applied Bio-
systems). Sequences of the primers and probes, and
conditions of PCR, sequencing, and real-time PCR are
available upon request to the corresponding author or
the first author.

RESULTS

Genetic Studies

Direct sequencing of all exons and splice junctions
of the 19 genes (SOD2, SOD3, ALS2/alsin, SMNI,
PGRN, ANG, VEGF, VCP, VAPB, DCTNI, CHMP2B,
TDP-43, GSK3B, alpha-synuclein, LRRK2, parkin, DJ-
1, PINKI, and ATPI3A2) revealed no mutations that
were shared by all three patients. A homozygous non-
synonymous SNP (ALS2/alsin V368M: rs3219156) was
detected in all three patients. This SNP showed a high
allele frequency in the dbSNP database of normal
Asian population (http://www.ncbi.nlm.nih.gov/SNP/)
and all our 100 controls of healthy Japanese population
had homozygous V368M. Gene dosage was normal in
exons 1, 9, 10, 13 of MAPT, exon 3 of alpha-synu-
clein, exon 3 of TDP-43, exon 5 of GSK3B, and all
exons of parkin.

DISCUSSION

In families with Kii ALS/PDC, many affected mem-
bers in more than two generations have been described,
with age at onset of 57-63 (mean 60.0) years for Kii
ALS and 53-74 (mean 66.5) years for Kii PDC.!
Anticipation has not been observed. Some unaffected
siblings of parents with ALS/PDC were identified.* No
marked gender differences in prevalence have been
seen. These patterns suggest autosomal dominant inher-
itance with low penetrance rather than autosomal re-
cessive one. Considering this genetic background and
the clinicopathological features, previous studies on
MAPT and SODI mutations as well as APOE polymor-
phism of Alzheimer’s disease (AD), CYP2D6B of Par-
kinson’s disease (PD) and polymorphic dinucleotide
repeats in MAPT intron of progressive supranuclear
palsy were reported to be negative."* In this study, for
further clarification of genetic factors, we extended
candidate gene analyses for variants in coding regions
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and exon-intron boundaries and gene dosages of neu-
rodegenerative disease-related genes.

We selected 19 genes (SOD2, SOD3, ALS2/alsin,
SMNI, PGRN, ANG, VEGF, VCP, VAPB, DCINI,
CHMP2B, TDP-43, GSK3B, alpha-synuclein, LRRK2,
parkin, DJ-1, PINKI, and ATPI3A2) as candidate
genes for Kii ALS/PDC in this study. Among these
ALS-, FTLD-, tauopathy-, and synucleinopathy-related
genes, some of the genes might be linked in a common
pathway leading to neurodegeneration. With regard to
gene—gene and protein—protein interactions, there are
many interactions between GSK3B and key compo-
nents related to neuropathology of AD such as tau.
GSK3pB phosphorylates tau in the fly model and could
modulate 1-induced neurodegeneration or at least wide-
spread NFT formation.*® Moreover, phosphorylation of
human tau following overexpression of the Drosophila
GSK3 homolog Shaggy resulted in the formation of
neurofibrillary pathology, including paired helical fila-
ments.*® In addition, LRRK2 was reported to link tau-
opathy and synucleinopathy.35

We also analyzed gene dosage abnormalities in
exons 1, 9, 10, 13 of MAPT, exon 3 of alpha-synu-
clein, exon 3 of TDP-43, exon 5 of GSK3B, and all
exons of parkin. Recently, further evidence for causa-
tive rearrangements has been presented in synucleinop-
athy and tauopathy. Indeed, multiplications of alpha-
synuclein have been reported in PD/diffuse Lewy body
disease with gene dosage effect. On the other hand,
mouse models that expressed the shortest isoform of tau
in a wild-type background acquired age-dependent pa-
thology that was similar to FTDP-17 and Guam ALS/
PDC: presence of insoluble, hyperphosphorylated tau and
argyrophilic intraneuronal inclusions formed by tau im-
munoreactive filaments.*! These were the first transgenic
mice to recapitulate key features of human tauopathies
associated with motor weakness observed in ALS/PDC.*!

In this study, we showed the absence of causative
mutation in all the major 19 related genes examined
by direct sequencing and no gene dosage abnormalities
in exons 1, 9, 10, 13 of MAPT, exon 3 of alpha-synu-
clein, exon 3 of TDP-43, exon 5 of GSK3B, and all
exons of parkin. To clarify the regulatory system for
abundant tau deposits, approaches to promoters or
intronic regions, other genetic factors that could not be
detected by direct sequencing, gene rearrangements,
epigenetics, or gene—gene interaction, might also be
needed. A recent study reported the deposition of
TDP-43 in the Guam PDC* and Kii ALS/PDC
(unpublished data by Kuzuhara et al.). Deposition of
TDP-43 in addition to tau might be a major feature in
ALS/PDC. More recently, mutations of TDP-43 were

identified to cause familial non-SOD/ ALS and spo-
radic ALS.*® Thus, further studies are needed to iden-
tify the roles of TDP-43, phosphorylated TDP-43, tau,
and phosphorylated tau in ALS/PDC. Although we
could not detect multiplication of MAPT, GSK3{, and
TDP-43, overexpression of tau or other genes remains
an important issue.

In this study, a homozygous nonsynonymous SNP
(ALS2/alsin V368M: rs3219156) shared in all three
patients is not likely to be a harmful polymorphism
because of the high allele frequency in dbSNP data-
base of normal Asian population and in our controls of
healthy Japanese population. However, because the
phenotype of ALS and PDC is heterogeneous even in
the same family, some common genetic factors such as
SNPs that are sensitive to certain agents in the early
stages of life might be also underlying mechanisms
solely or in combination. On the other hand, because
rare diseases such as ALS/PDC might be caused by
certain rare variants, further association studies includ-
ing healthy controls in the Kii peninsula would be
needed then. Furthermore, although the ethnic back-
ground is different, it is intriguing to investigate
whether some shared SNPs among patients with the
western Pacific ALS/PDC exist or not. Thus, these
issues should be investigated thoroughly in western
Pacific ALS/PDC.

To date, the etiology of ALS/PDC of the Kii penin-
sula and Guam remains unclear, and we could not
identify any causative mutations of the known genes
related to ALS/FTLD, parkinsonism and dementia in
our Kii ALS/PDC patients. However, aggregation of
the disease in some families and absence of any con-
firmed environment factors suggest the involvement of
other genetic factors in the pathogenesis of ALS/PDC.
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