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Fig. 2. Z-score map of a representative patient with AD-aMCI made with 3D-SSP. This patient was in-
cluded in the study because of the presence of hypoperfusion in the PCC and precuneus on SPECT. Col-
ored areas contain PCC and precuneus. Colored areas with significant rCBF reduction with a Z-score of
>2.32 were overlaid on original surface images from eight views. Color bar indicates Z-score, RT.LAT =
Right lateral; LT.LAT = left lateral; SUP = superior; INF = inferior; ANT = anterior; POST = posterior;
RT.MED = right medial; LT.MED = left medial.

IB[-IMP-SPECT was performed with a SPECT scanner (SPECT-2000H; Hitachi Medical
Co., Tokyo, Japan) and a four-head rotating gamma camera. SPECT data were analyzed us-
ing three-dimensional stereotactic surface projection (3D-SSP) software [11] (fig. 2). 3D-SSP
contained '?’I-IMP-SPECT data of normal control subjects with a wide age range and could
automatically compare the regional cerebral blood flow (rCBF) between an aMCI patient and
age-comparable normal control subjects. The peak cortical values of the SPECT data were
projected back and assigned to the original surface images from eight views on a pixel-by-
pixel basis. Z-score was calculated on a pixel-by-pixel basis as (Is - Ic)/SD where Is and Ic are
the rCBFs of an aMCI patient and the mean of normal control subjects, respectively, and SD
is the standard deviation of the rCBF of the normal control subjects. Areas with a Z-score
>2.32 (the significance level of the Z-score) were overlaid on original surface images from
eight views. With the computer program Stereotactic Extraction Estimation (SEE) we deter-
mined which gyri included the regions with a Z-score >2.32 [12]. In SEE, the percentage of
areas with a Z-score >2.32 in each gyrus was calculated and the percentage was called the
‘extent’. The presence of areas of hypoperfusion, in which both the Z-score was >2.32 and
the extent was >10% [13] in either the PCC or precuneus, was used as the inclusion criteria
for AD in the aMCI stage.

Assessment of Cognitive Functions

The attention/concentration (AC) index in the WMS-R was used for measuring atten-
tion and working memory, the general memory (GM) index was used for recent memory,
and the delayed recall (DR) index for delayed memory. For each index, the normal range is
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Table 3. Cognitive impairment in ES and AD-aMC patients

WMS-R

GM index 80.0+16.2 77.8£10.5 0.58
AC index 91.0x14.7 98.6+11.7 0.046
DR index 763%17.2 58.8+8.6 <0.001
GM-DR 3.6%x10.7 19.9+8.6 <0.001
WAIS-R

Information 10.1%3.7 112%2.8 0.37
Digit symbol substitution 8.0+2.7 11.6+2.3 <0.001
Similarity 9.9+32 125%22 0.024
Picture completion 85+4.0 11.2%£18 0.037
Block design 84%27 11.5%19 0.0018

between 80 and 120 and the mean index of normal subjects is 100. We also defined a new
index equal to the GM index minus the DR index (GM-DR), which is a measure of the degree
of forgetfulness. :

For the WAIS-R, five test data were used in this study. Four of the five subtests were in-
formation, digit symbol substitution, similarities, and picture completion, which were se-
lected according to the manual of the short form of the Japanese version of the WAIS-R [14].
Another was a block design to evaluate visuoconstructive function directly, as this dysfunc-
tion is a common symptom in AD patients. In each age-corrected score of the subtest, the
normal range is between 7 and 13 and the mean score of normal subjects is 10.

Statistical Analyses
Age-corrected scores of both the WMS-R and the five subtests of the WAIS-R were com-
pared between the two groups using a t test. The significance level was set at p < 0.05.

Results

Results of the WMS-R
In this study, the mean GM indices in the two groups were around the lower limit of the

normal range, and the mean AC indices in ES and AD-aMCI were normal (table 3). The
mean DR index of ES was slightly below the normal range, but the mean DR index of AD-
aMCI appeared to be significantly lower. The GM indices of the two groups were compara-
ble. The AC index was significantly lower and the DR index was significantly higher in ES
than in AD-aMCI. The difference in the GM and DR scores (GM-DR), which is a measure
of the degree of forgetfulness, was significantly lower in ES than in AD-aMCIL.

Results of the Five Subtests of the WAIS-R
The mean scores of all the subtests of the WAIS-R in this study in both groups were

within the normal range (table 3). The information scores of the two groups were compa-
rable, but scores of the digit symbol substitution, similarity, picture completion, and block
design subtests were significantly lower in ES than in AD-aMCL
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Discussion

We could not confirm that all AD-aMCI patients in this study developed AD to the de-
mentia stage. However, we were able to select aMCI patients that had AD-specific findings on
MRI or SPECT in this study. Pathological abnormalities related to AD, neurofibrillary tangles
and neuronal loss, were found to be present in the entorhinal cortex of AD in aMCI stage [15],
leading to atrophy in the region on MRI [16]. Because the entorhinal cortex is functionally con-
nected to the PCC [17], the reduction of rCBF in the PCC was probably caused by the abnormal
pathology in the entorhinal cortex. In addition, atrophy in the entorhinal cortex on MRI [18]
and reduction of rCBF in the PCC and precuneus on SPECT [19] predict progression from
MCI to AD. We used two reliable and user-independent statistical image-analyzing methods,
VSRAD and 3D-SSP, to detect AD-specific abnormalities in the MR and SPECT images.

This is the first report to compare cognitive impairment between ES and AD-aMCI. The
WMS-R GM indices of the two groups were comparable, indicating a similarity in the im-
pairment of recent memory between the two groups. Some previous studies compared recent
memory in ES and AD at the dementia stage. There is some disagreement on whether recent
memory is better [20] or worse [21] in ES than in AD in the dementia stage. aMCI is a rela-
tively homogeneous group with respect to memory impairment, because the definition of
aMClI includes the degree of memory impairment. However, the severity of recent memory
impairment could vary in patients with ES. The ES patients in this study were mild cases,
because they could complete the WMS-R or WAIS-R, which are comprehensive tests, and
the mean duration of their hospitalization was short. Thus, the recent memory tests in this
study indicated that the recent memory scores of ES patients with mild cognitive impairment
were comparable with those of AD-aMCI patients, and, therefore, that recent memory was
not useful for distinguishing between ES and AD-aMCI.

The fact that the WMS-R GM indices were comparable in the ES and AD-aMCI groups
indicates that the two groups in this study had similar degrees of impairment of recent mem-
ory. This narrows down the difference between the two groups to differences in other cogni-
tive impairments, such as forgetfulness; and impairments of DR, attention, working memo-
ry and executive function. The WMS-R GM-DR scores were lower and the DR scores were
higher in ES than in AD-aMCI, indicating that the degree of forgetfulness was less and DR
was better in ES. On the other hand, the AC was lower in ES than in AD-aMCI, indicating
that ES patients had more impaired attention and working memory than AD-aMCI patients.
DR was found to be better in ES patients than in AD patients in the dementia stage [21], and
forgetfulness did not increase in ES patients but increased in AD patients in the dementia
stage [20]. The present study confirmed that memory after a short while was retained in ES
but not in AD. In addition, we found that the retention in ES patients was better than in AD
even at the aMClI stage, which should help to distinguish ES from AD in the very early stage.

The hippocampus, parahippocampus, and entorhinal cortex have traditionally been
thought of as the principal structures responsible for the consolidation of short-term stores
into long-term memory. Significant associations between hippocampal size and memory
have not been observed in schizophrenia [22], although size reductions in the hippocampus
have been reported in schizophrenia [2]. In addition, memory capabilities were similar to
general intellectual abilities in ES [23]. Therefore, damage in the medial temporal lobe may
not play an important role in memory impairment in schizophrenia. On the other hand,
memory impairment in AD is inversely associated with hippocampal volume [24].

The ES group was more impaired on the digit symbol substitution, similarities, picture
completion, and block design subtests of WAIS-R than the AD-aMCI group, and each subtest
score in the ES group was below the mean of each score of the general population in this
study. Although the block design subtest was used to evaluate visuoconstructive function in
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this study, attention and executive function are required to perform the block design subtest
[25]. Thus, these findings confirmed that attention, working memory, and executive func-
tion are impaired in ES. Previous studies reported that ES patients were impaired in the
WAIS-R digit symbol substitution, similarities, picture completion, and block design sub-
tests [21], and in attention, working memory, and executive function [20]. These studies also
reported that impairment in these functions were comparable in ES and AD patients in the
dementia stage. The differences in cognitive impairment that we found in ES and AD-aMCI
deviate from those found in previous studies. This discrepancy may be due to differences in
the severity of cognitive impairments in the AD-aMCI patients in this study compared to
the AD patients in the dementia stage in previous studies.

Which region of the brain is responsible for the difference in attention, working memo-
ry, and executive function in the two groups? Impairments in cognitive function in patients
with schizophrenia were found to be related to dysfunction of the prefrontal cortex (PFC)
[26]. On the other hand, gray matter loss on MRI [27] and pathological abnormality [28] in
the PFC were not observed in AD-aMCI, and gray matter loss on MRI was observed at the
time of progression from aMCI to AD [27]. These results suggest that differences in impair-
ment in attention, working memory, and executive function in the two groups probably re-
flect the difference in impairment in the PFC.

The WAIS-R information scores of the ES and AD-aMCI groups were comparable and
within the normal range, being consistent with those of a previous study [29]. Semantic
memory may be preserved in ES and AD-aMCI patients because they have less impairment
in the inferior and anterior temporal lobe regions, which crucially contribute to semantic
cognition [30].

There were some limitations in this study. First, approximately half of the patients in
each group were not given the WAIS-R. Second, the ES patients in this study were younger
than the AD-aMCI patients, and cognitive function in schizophrenia patients undergoes a
marked decline after 65 years of age [8]. Third, we did not control the effects of medication
on the cognitive test scores in ES patients. Most ES subjects in this study had received atyp-
ical antipsychotic drugs, which might improve cognitive function [31]. These issues should
be taken into consideration before the findings are generalized.

In this study, DR and forgetfulness were less impaired in ES than in AD-aMCI, while
attention, working memory, and executive function were more impaired in ES than in AD-
aMCI. The results of this study should help clinicians to distinguish patients with ES from
patients with AD-aMCI and might also give us some clues for distinguishing ES combined
with AD-aMCI from ES alone. The next step is to clarify the difference in the characteristics
of cognitive impairment in ES combined with AD-aMCI compared to ES alone.
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Language Impairment and Semantic Memory Loss of Semantic Deméntia
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Hiromitsu Kazui*, Masatoshi Takeda*

Abstract

Semantic dementia (SD) is a neurodegenerative disease characterized by atrophy of the anterior
temporal regions and progressive loss of semantic memory. SD has recently been reported to be associated
with a pathologic diagnosis of frontotemporal lobar degeneration (FTLD) with T* DNA-binding protein of
43 kDa (TDP-43) immunoreactive inclusions (FTLD-TDP) type 2 by Mackenzie. In the first several years
of the disease, SD patients, especially those with left hemisphere-dominant temporal atrophy, present with
primary progressive aphasia, in which language deterioration is obvious; however, they do not have other
cognitive and behavioral impairments. The language impairment in SD is termed as word meaning
aphasia, in which patients experience both word finding difficulties and word recognizing difficulties
(two-way anomia). Phonemic cues are not effective in improving anomia. In addition, SD patients do not
experience a sense of familiarity with words that they cannot find or recognize. . While reading and writing
Japanese words, SD patients, except those who also have motor neuron disease, exhibit well-preserved kana
(phonogram) processing. However, in the case of kanji, they often exhibit surface dyslexia while reading
and also exhibit phonetic miswriting. In the aphasic stage, SD patients can explain what the objects are
and can use them appropriately; however, they cannot find or recognize the names of the objects. On
progressing to the semantic memory impairment stage, the patients do not exhibit any familiarity with the
objects whose names they cannot find or recognize and are unable to appropriately use these objects.
Semantic memory impairment in SD is attributed to damage of gray matter and of superior and inferior
white matter connections in the anterior temporal lobe.

Pick? 12 & 5, % D, 1989 ££1Z Snowden 52 BEDE

U Eb [z ERYNE - AT B HRARE S T v B IRIBIEE
THEERBOEMCH L, FHTSD DRZELEE LK,

- iIEE, m"l&b’é%fﬁ%qu'Cf&@ RS LHELCE 1992 F1Z i, Hodges 59 BEBEDFRNESICOWT

FEEVENUODBENEET A LN oNB XStk I L, LN OREESER D L ERE L,
FEREETERELBHRENB LS Tk o7, BE LaL, SDORAEWLLEwsRE L3k >7-01,

ZOREFEEETERFR R, AEED 3 ODRE, #T 1998 S RIERZE, EECEREOEE2F T 53F Alz-

MEIETIS R RERE, ERMEFIAIE (semantic dementia : heimer fJFPEERBICH U T Neary 5% DSHTEAIEEL

SD), IRz y 7 REBENED 5N5, ZOFTSD O fE (frontotemporal lobar degeneration : FTLD) & \»

REREFZLEI »5H 6N TEY, RUOHRER SUEHMEEREL, ZO0—BELTSDRAELTH

* RBEAREAZREEAMERNN AR RERE R SR LRER RS (T565-0871 ARFRETILEE 2-2° D 3) Division of
Psychiatry, Course of Internal Medicine, Osaka University Graduate School of Medicine, D3 2-2 Yamada-oka, Suita-shi, Osaka
565-0871, Japan

(EsE) #Hmt

1881-6096/11/ ¥500/53</JCOPY



1048

5 TH 3B, L, SD T BEEENFEICMEZ,
EfFR, S FEWENIIESE N s, SD
DIRFEEEEIISEA T E Tz, AR CIEBIICR I OB
ROREFMROER IZNZ, BHoWETHS»ITE-
TRHRZ2BNT 3,

I. 8Dz

KBS T 2 BB 1E+FEER L Tuzwk
O, ERIZBIEDIToNTwRWETREERH D, ER
IR 5 5T b WERTR I % 0 EPI T, hospital-
based DHFET, BRIMHEEES R %22 L7z 856 330
BIDS 5 158 (4.5%) Thol L OHBEREINT Y
%%, FEEIC BT % community-based DIFZETIX, E4HE
RAEDOTENESE 108 81D > 5, FTLD B 176, 20>
B 2B SD TH o729, ¥4 Cik B ﬁﬁikt"tﬁﬁ%ﬁ_ﬁgﬂ
D FTLD #% w3, FTLD D% 7% 4 7OHTSD O
KERERDRNESATHEY,

. 8D DERpRAER

SD DR XERER OIEE & HBEGRE T
bhd, 7, BYEERERERIIOWTE LD S,

1. BBKE

SD TREBRABLHEIN 2 HEOSEEE 22T
5, COBERFOSIT 1943 FEI0HA® MEBLTH
D, bBETIRECKE AT S B LB 5 7 0%
F DT, BREABOTHERIE, Bl T2E
R BICERNAEOEL E THIRL L S BBETH 2,
OSEOAE RN TE D, RBEREET, T0F
ALV, BRISDOM» R VEELS Y, HEDPLE S
ERECERTSE, FHMEEEE-ND, EMZED
L, ZEELETLER Y, BEEIEEOEES 3
DPNIEHEZ S, Wh® 23XV NV OBREIZE NS,
EFCHELCHEEEROBENR SN, SEXET
b BREBREIFRINB—F, BEXFETH2 LEBC
REXFTYHIBEFORECEESA2 5153, SDT
R EBESEBOEEZ T L 8% 37 DEE
DEEETLBR B L bTEBH, BT 5IcHoTHE
T EEREEEEL Lo A E S B I VREEL 2 2,
LBUFiz SD TRE» 6N 3 SEERIZ D W TEERT 3,
1) EREEEREE - HAEE
SDOEFERELTELMEA» S EIOERTH
%, BHEFEOHRTH B EENMARI B2 ¢

B3, Thhy, T2, 2 EOETRETATESI ZLH H
%o EIMREHET, ARIREZ S X S5HETRT 29H
A CHAMEEZ DAV, BAEEZEDRA ) —=
Y 7HRE L U TIT5 mini-mental state examination
(MMSE)RE T, HEEFBIZIZIZEILTWBIZ b bk
boT, UROHHRNTET, SDBFLIEILbH
%, /0 THIE) LEZZREEET "WE, %23
£ REEERLRD 2, BUHEEZIERNCEED b
LMD TEICE &b 2 BHREHETENS V2, (L34,
ZIESH, b X eEnBEfb 2 58S
Birefe v,

AT, BEIELONEVESEIIHLTR, —
Bz, FEEFEEYPELTEZ, BERET, £
KBOBEDES, BETL ¥ MIBSTH 2, SD &
ETREBCESRWI NS, 2T, SEriEs
LTREBICEMEMEIM, Erohiwe s Tz, T
MEDET L, ROTTTRA)THREVET L, &5
ITR AU THRED ET XL, £ &5 ITRENEL
REVWEY M EHLTHREBE TEEIES 2\, iz
BES TZRIE TZAY) twSDTTh, EEL,
Db ZORERE "TZAVD, EWIEEDORD
DIZ TZAAT, LW BERFEIBRFLEESLD,
DD BEHRPEETE L WEE LRI TR I O%
RSN B2, ETIHEWGRLITENT 3,

?) BEOE@ESE

WH NI BN T 28 2 EHOMROFH 532
REELBEMRETHRYBEL 2, LROTHRES
ELDEEEREIRER R THRETHL D, 100
BRI U OO EED TE oo EE, N/
DEELRERT S, 2L TIORFAEOEEHMHSD O
BHEEhTw3, 27, SDBECRETS N EE
(ZDOEDLV) WEBABRER LRV, Thbb T2 AL
D) EBRERVSTY, ZOFOLEVEEWIT Ltk
WERL, LIELE T2 AU D s THETT N tns
LI ZHICEMT 2, 20 TOO>TATT D, End
TV—AEZDEERTDTHI X3 B YUR LTI
SDBEREHENTH2 tEFERELTHY, 07
V—X%E< & SD BRI IELXTH B, THEES L FE,
REDETIHWEETE 2 LEE, WHAkOEE?
EHHHEEL B THEMLT WL,

RRSREE T, $E, HLITL, B, £ &y
FHA, BREA R OBERCH 2 HEDR 5 ~10 8
ZRGTEREEBEEZTET 2 2 L2950, SR
e BB EABERBEREY NERTH 2, ZOKRE
T, 273V — (8%, BEREY, B, BEHRogy
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WAHTIY =) LHEE (FOBELZULANS2 LR
SNBEMERLIZIEET, BLED2H5EENTH3B)
EEE & hiz 200 EOLEFASHEE L T 5,

3) BEShVPINESE

SD TREEEQDEVWEREEFBEI LR T, £/
BEOHITTV—ICE-oTHBEDINRTINEL D

WEEERD D, BYFESMCET 2 EBREBEILE
) FLHI D BEREOIEI BSEEIAIZ{ VW
EL|MEINTREY,

1) BEShBEED—E%

SD BEWCHEHE, FRECEEERERTO L, FE
HEE, BEEEE, WFAROBEELRD 255E, B
FUBMBRE S R WEEN—BET 3EARD 29, T
NIZRBEBE BT, BEIN2EFCESERRD
3L LB TH D, L L, BB THAIIESD T
LEHUEEPREOLIL b DL, BEPEELTWL L,
EHEE L TIRBERRD 5EEISEZ T Z0HT,
BEEWCEFEEETO L EEMBEL ML, —BELTE
£ n%%ﬁi)i’ﬁifh < 0

5) KBS, fas% (surface dyslexia)

&*GmJﬁSD%%TM;ﬁD@E?Méh%%%
CRERAER SRS ET ATRAIRTEE Y, — BN
BHEENCR- CRET2ERNDZ Z & %&ﬁ::‘én’cm
5, ZOZEMbELDRRZEERYDL S CHET
EMEVLIHBREIEEIND S, R EY LREZO
HAEFERPTWEELIONS,

bﬁl@%%ﬁﬁmfé:@ﬁﬁﬁ%gén%gkﬁ

F L NEWRE L ONIGIRBIR 2 RE TRED IS
<,%ﬁ§&®b,ﬂo%ﬁkiofﬁ%%ﬁ&ﬁﬁi

ZBEFTRES NPTV, AR, THTFIRTEA L,

TEEET, 2 TUU vy k5D, S R ZOERBEREII
I AR R4 T2 T ARBETRDRTV, HlzE
EE, R Thwsd,y, THE, B TE&A, Ly, X
FLBEEIGS D LIETT3E TR, ELLHE
DEDPOTMBEELLIBRT A I LRETR, HED
BERIEZD» 2L TH, HXOEFZOERIZDISTY
%ztﬁ%b,@iﬁrﬂ?J%FﬁALJtﬁhfm

, TF OXFIBETHNIIOL ST TFE, OfF
ﬁ%?ﬂ“tmo IORRIGELELVIEED NS, 20O
REEETOBRERERTIEESOEE L L {MHET2
T EDHEEINT VB,

§) EENES

SD BEOEFZOEZT CEENHEES L v BENLE

ReRD b, BEFLRFLERENH 25, BEFOER

BERL, TOHEFEIDOTHD, Fl2ITEE, » &
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Table FERAFLERERESOME —HREOHE
BERE -~ EREREES
X

R (FBEEER)

=N
ZEiEEWE I EBb a0
BITEDBHEH
Ewﬁ%m%?%%m
Hx B

BET 2 e ERTE 5,
—REEZREE LT WD

ZDGEEEED L S B ERTRE MR B S

OO0O0O0O0Ix x X
X X X X X|X X

ook, TERL R TEFOL L0 X EFOERED
THLBREDIIKED,

7) BOHTESEFEIER

BOWERK LR, Flz2iE, TTHhY VELhE, R
Wi e s da, rwnd k3, BRLE SR,
MlEz2 b ELLFHAZBRTHS, BOBREEL
LIEMTERLTY, L{MbhicBROEEDHRE

TERECLHETREFNC RSN ZEBELALT,

FIL IV TD—BEEILONE, LHL, SDBETR
5D BB, ReT T B,
FTEY FRHLTOBRTER LY, FRERHGKO
BREMI L ECRFENEFICLEE D, BOHRK
DOFOBHOEREIEZ shivw, B2, TENTID,
DEREMI &2, E2HS 2T, RCISEER
THEWIEIE, By, IO LI EEZRLEFRD
FERNTEREBICL V5,

B) EELEHNOEHTREESA
W%WKSDU%®*W®E*%§$LTM5E &1
TIREBEDOBE VANV EE > T 8550, BT
ﬁw%%ﬁﬁﬁ%ktaxénéﬁ%«kﬁﬁ?%o%
LT, BWHETEEE L LIS b BB
T3, LCTEZEOBERLYE-TWALVALEI,
Table D & 3 WAEEPIC L B EMTO X 3 BRETH
%,Table DERIDOEBEEE2RD 5, TROHE
MRETESTERVWRARKOEE LR, HOLH%
M2 e w e BMRL AR 2, Lrl, TBO
5O0EEEHALTREBES MR, ThbbHHERRE
BAHTZEBBB VL, FRACEREHETSE, %
TeIELS{EZ B, &8I, /—FRHELITA, $HEHD
PEET A LRHTE, —RIRAE, ==HER
VRRENRDHY, AERELTWE I LN CR
ZLBIEMNTE S,

—7, ERTEEELVANVEE, FONSEMERET
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TH5E-TH ZONEWERAETE R LRET,
Table TREEHIEESNZRETH 3, SR, /10
BES 32— B EARE P & WEICTHET 3 20
Lo TERDES VN NV HEHRTEREZED LV~ p0H
BridEb > TL 328, BRMIZEREZOL U hER
TREEED VAL PORFZ BRI Lt ik & 2w
BEEAZw, 7, ERFRIZEEEZOL~ LIz L P
ELHEELERTRESOLVAVICEL TW 3 EEHE
ETBILvEb2, g/, BEOBMICI-THE
REERBEELV VO E 62 HIRER D, SEERYEY
BRI TR CEEBEROMEERNZONSY 28
TEHREREIE LD B, £, TFISFE RO
ROLEELDY, TOXIREBCOWTIRESES
VARVHERTEEEEV AV RKET 2 2 L gE%T
B3, '

2. SRS OBRKRRES

)ﬁﬁ%X—ywﬁﬁﬁﬁfﬁ

SD B Tﬁﬁﬂ@ﬁﬁ@;ﬁ@ﬁﬁ%&%ﬁ?@é
S, BE, EEOBECRELEEND S, Kb 5HER
KEFEL T2 2 & > TAEUEEEGE » AAEEE
B LA ES NS, BRNICZABESEEMR DI
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WRECIEREE 2 27 2, SD TR—BHN B2 R siamss
RN ERREBOEERLAR I BEII v, Lo L,
ETDESBHREARA-—VDBBEINDLZEB8HY, =

H

DREA A -V DERYE, HEEEEMESD 0> 25 .

EEH»rSEEERD P T,

BRRIZ DR IERTLORERORAEREETH 2,
BEES, EPDPOLRVILPHELTWAZ LY S
B9, BEN, B, K, S0 RBESOEVRE TS
2L, BARLE AR W AETE R I AL LS
TWREEOEERZIRTL, BHL>TWwaFEL
DHALEYCEIRIEOEDIES BSbh b xR
T, EHOEENTE S LS cBRcELTs, M
HRRNEEEOERANRTE 2, E-HOETH
RO RITY TE, THhaZtizbroTn 3,

BERBEYPARORCEELRD 6N 5, REL L
T, BEBERERERLTATHIDREL XX
NS, BLl, ERSV—, &, Eim=wn
ERRAvWo G, CNEDEEKNLTS SD B2Eiza
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TnThl, 77—, FTHBItidbhr s, AEEE
EGIE SD OFAIEI T, BRAPKEOES*RET 2,
ZERTERLTY, TOADELRI»SES L OBEEDY

ZTOADHE, EARZERLIEADRYZOAREY
LHABEHETEI AV D B, £, BLLEWTR
BRI EDRVEVwSTH, BYDLE» 5 Zh
ECEHBDWP, EOLIBBYTH bR ELLI L
BTELIENDHB, IOBRBTIIEELT (Ea8)
DEHETLLZ B LBTE 2, EEOEFIZHEL,
TOA, BYCOWTOBERLE - T g, EHTEE
FOVAINAEEL, ZDED, BRESCET2ER
EEvEEShS,

PED &> 2HEFEPFLEY, ERESRD L 2ES
DIRBEA A—=PRT TR, Ky F+ADERBTO L
ITHEYRCET 2 EEA A —YbEEL, ATk
BRBEWVI, E5RYVIR TR EQEYDEE A
A—VBELTE, fIZIE, F44y, ¥V, 7F0
EERAETHRLTENRWEEL, YaDBEES A
Wiz &R, "HECAREBS VO L HET
BIEbHBY, HHEERAE SD BECIESLT
2 & B EFEER» b ONSYORERE TNz THERS
%#Bwﬁﬁ%ﬁ%én%?mkb,ﬁ&%fvi4—
P56 ORERE L BRIDEEEO&ELH LYY
vy,

2) EENEEOERERERE

REEIEIE &1, THELL, T84 84 L, TBVLTB LT,
D& 5 2RI HENEREET2EEDC L ThH B,
SD BETRRBNEER T3 L5BRLTHTER
Vo BICRBEIIER A T HALERT 2EETH 2 H
REETE RV, ULal, BABskETr REY
D, RESTIREBEEREMT 22 LIETE 3, L
EDZ E2e, SDBETREMNEEO BRI ENE
EINTwaELLNS,

1) BORkLEES _

BRREREEEST2EMH D, BETLREAS,
PIZEBBEDOT A Vo 0E, BEDEEY, BYon
EF, BOERETH B, CDL I RBEZTPE T,
SD BECRHAR2ERT 25 hbhr o 32 t2H
51, g7z, SD BECRBEENAETE 2B LT
IR Z RO ED & RERSH Y, BAREPE TR
VWERTRRERETHL, SSBEETORENTS
BORRIZOWTI, é EVHED 5 DRIE D TE R WE
F2H D, BEENFORTMCIRS FERTEESEI L 2
t¥iéioﬁﬁi%sw LW ISR L T2 A HEE
EEAR SD BE TR, BEOELTEDORED, BOED
REDPREBPHBITE D, KEOERET b B
BERDT, HOFLL DML E Mo,
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3. SD OEHDREEELUADER

1) BETEES

BHTEIRE L U C 3B, %288, ERTH,
SR, BRETREE2RD 5, Ihs RNENENR
4 (frontotemporal dementia : FTD) TH8H 25
KTH2H, BFCERET R YOS » iz AMRZEL
i FTD 2t 3 L 20BN, FIHIRALENRE:E=NT
WBBENE Y, HEEBRBERETILTWw3,SD &
EHETEUOERRERTE CH 2, AUELEVETE
e HUEE» ) &~ 2 ERNATERE,
AUAM— RS T RO WERNEE 8BS
THROIFERIED 2T el RN
EERENLELEED NG, TNSOERITEET
i3 2Tl RE & L T i Stereotypy Rating Inventory
(SRD®2 MEATH 3,

2) R :

TR DT, 23 L b HEIC B ER- LT
WEHIRERD, BEREFESBVWHLIZL W LEH
EL, BolATwaEFAAONE, 2L THSME
REEERT 2BE VS, HBEER, Libhroik
Do OVTHREZHE, ZOBIAFEELTW
Joo ELTID& I REENA 4 BREKCESLD &
EbNTwIe, SbREFNSDEERBORKCTT, &
TEVIIIRFTILICELEDELTW, BED L &
KHIDEF 2B YR W EZOBKEHLTE T, &
2ES3e7aILbbolz, &z, EbhoBWI L
BEHELTWBEIEREL, ZOZE%HL 2, BSD
BERETAHATEINIARERZ L T30, LEERE
TB5EWD TWEEH W),

3) EfHIFREDRETE

EMEEB2IZ L AL LT oiz SD BEM, B
IR S IC R o e BICHERE S LWRRERE, Bl
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BEELRBLTWS, &5 EMNFEEOREIX FTLD
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4. 8D DETICHESERDES
14 IO ERIEZEEME SD BE & 5 floAEAEER
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fE SD BEOF:E % BN CEE L - 7E»
T, 196 16 B CERBESEVVERERTH 7. S5
BEOH TR, BERE  THESVRLEL, HER
FH 1.3 EOREATRO I R TEEEEE 2D (F
ERFE2.15), TOREFETHF -EFEE (2.5
F8) eWd Tz, HHEZEEME SD BE T, HHREOR
FEELSE D EL HET 2R CRERTY 0.9 £08K
HThole, INIIEREERMNE (4.5 F%) LHEHEL
TEECREVRETH- 2,

EFITE, BTE, BB, BERETRCOBETE
BERRER 3~ 5 EORETRDHED I, ZOHTE
bEHICHE T AR ERTEI Ch o Tz, BRIEE -
WERZAEEEEMEEE (FY2.95%) TEEE
EEHEE (FHILFER) LHELTERIELY
Bl .
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FDWTE, 5 EL EOFBTHEDED, BEHL
(FH 5.4 F8), BEONEI (T3 6.6 F18), REE(F
BT.0FE%), B5E (FY1.15%), FRES (T
T.1H8), BURER (FI7.4FE8) Tholz,

b, BEIZa1—-OVERZHS SD

FTLD iZi3EE81= = —u V&R (motor neuron dis-
ease - MND) 25 EFIMNFEET 2 EBHSA T
% 3%, MND % # 5 E 6l © B K & 3 MND  with
dementia (D-MND) & L TEHRE I NLEAZESDTHIE
LA EFTD (FTD-MND) TH 33, LT, FID-
MND & MND ##b%w FTD & D &, £E5E8E
{, BELHEECERLLPTLWREER2E8855 2
EPHRESNTWE®, —J, SD i MND %43 SD-
MND D& Han 6 3 fl26-29, ¥giidn s 2 F2es0 iz
L EEDHEF AT,

L L, SD OEFEMR 18 fITORR TR, BEER
DFFREIC MND OFEREEL TwisESlIRE Wi »o
7o 8, FRIEMHASERTI X 18 Bl 13 Bl MND 12 B
BRI F VBEEHARERD, 51270
B 5 flic B T ILESHER RS NEEFEETED
7289, L7z285 T, SD T% MND 243 Efn—EiE
ET 2 EFERINZ HEFDD VORI, MND O£4E
BRENI L, BRERESET 3 L ERERS TR T
BBk, SDZOLODEENDRZ NI LR ENHER

ELIoND,

%72 SD-MND T, [RAOHEELHEL L OELE
FRE L AGNHEENEI R Y — B SD LIZE
RBEREET2WRENREE AN TS, BiELE
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Fig. 1 ZEMSEEEMAE SD &0 VR Eig
ZEAIHERETIT T8 (IR OB O IMES I 0 B G o IITEET b B3 4 2 EHERTIRIY L B GROLPD,
g A, TITIREOY S I AT I 4 v,

Pk FTD-MND ORISR » ST b, g 2. EREREEOMAZEER
1z Jo 59 D-MND TF B DI D BTl SRR N 0 & & & & AL S L T &
Peasdy B2, 2 O IMa L L4 woll, Sh- M, S5 O - 2 LSTR85 &

MND 25 W T, EAFc B4 2 40 e E & o ’";xb;n Tha, ZLTSD ALH’ T, i A% M"J
NP 4 A 9 2 el » TR % e T D S 4 M)}wa O i BT L EHZHNT

SD LD bR SEEES N AL STl B EH LD b0 SDIMFCHL T I T 7 797 1 — &P Es

NTws, b a)lix‘..._, W CREY Li U[J“’ W, SD MRS T

' BER B TN, B, BRI S, R

. SDoEsE A O S B TR O RTJTHS & #etk R L

7 UINABEINE RS, TlTORE & T TR 20 4% e 10t ol oo s
. HREGEERR Jlﬁ)i""*zlf) B0, ZOWIFE M5, SD O

%D DEWHCIE, magnetic resonance imaging (MRI) BERG 730 & il "ﬁfiﬁiﬁ&ww\ﬁ i A &
T, TN WA B o NTIAE o) BR B s ’CJ?U L, ThbbBIWHERE 525 2 L bTHETE
Eib B (Fig. 1)o Rz, IMEHRE, WA R, IS5, %o f&’J/Ji b ’""lj B2 & DBV RS T HEAT D i
WELRTE], T 0 f B 0 S5 A0 T B 5%, {1 THFBENTA B S B eI HZHTH b, —H,

IR, SRR PR B A NI S 1 M LAy 2 FITHEE b TETENE & OOREE LA
5o AT EPIOBEE LD O & sHll oML L b u’~1b~:1—:7: NBT, W, ik, 850 & 8O P

HMEHEFF L, AR 1 leiu" BEOEAAEIIF LAY S Rl Bb. ZORMETIE S S B S Selom) %

BB ENDoTHAES, Positron emission tomo- WEREIN MRI TRHIL T b, 0858, SD M Ty
graphy {PET) % single photon emission computed HERE O P & S O FETAMeR - & s 2 2%

tomography (SPECT) & > % MBEREISARTRIC 95 v TLTW
T, MRI T A5 41 % I35 & [RITHLIC BEREIS T 2538
BNAH (Fig. 2), 3 3. EEEEER
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BTH B, Pick #54 Onari & Spatz™ 12k - T, nuﬂll{lllf
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We analyzed the association between PPP2R2B gene CAG repeat length and Alzheimer disease (AD) sus-
ceptibility in the Japanese population. Blood samples were collected from 218 late-onset AD patients and
86 controls. DNA fragments containing the target CAG repeat region were amplified using polymerase
chain reaction (PCR). PCR products were sequenced using AB! PRISM 310 genetic analyzer. The mean CAG
repeat length did not differ significantly between the control and AD groups. In contrast, the frequency
of CAG repeats shorter than 15 was significantly higher in AD group, specifically in the AD with APOE4
subgroup, than in the control group. The results suggest that CAG repeat lengths in the PPP2R2B gene
may be potential genetic markers for AD susceptibility in the Japanese population.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Alzheimer disease (AD) is the most common cause of dementia in
the elderly, and is characterized by progressive cognitive decline
and cerebral atrophy. The primary pathological feature of AD is
the presence of neurofibrillary tangles and senile plaques in the
brain [26]. The presence of the &4 allele of the apolipoprotein
E (APOE) gene (APOE4) confers a heightened risk of late-onset
AD in multiple genetic backgrounds [4]. Although trinucleotide
repeats are common features of the human genome, the trinu-
cleotide repeat number varies among individuals and the lengths
of these repeats is associated with many genetic diseases, including
Huntington disease (HD) and Dentatorubral-pallidoluysian atro-
phy (DRPLA) [25]. A majority of spinocerebellar ataxias (SCAs) are
caused by the expansion of trinucleotide repeats. SCAs are a group
of autosomal dominant progressive neurodegenerative disorders
thatare characterized by overlapping and variable phenotypes[20].
Spinocerebellar ataxia type 12 (SCA12) is caused by CAG repeat
expansion in the non-coding region of the PPP2R2B gene [11]. Clin-
ical symptoms of SCA12 include dementia, upper limb tremor, and
extra pyramidal symptoms. Brain magnetic resonance images of
the affected individuals revealed cerebral and cerebellar atrophy
[11,23].

The PPP2R2B gene, which encodes a brain-specific regulatory
B subunit of the serine/threonine protein phosphatase 2A (PP2A),
is located on chromosome 5¢31-33 and is widely expressed in
brain neurons [21]. PP2A has been implicated in cell cycle and
proliferation and development and regulation of multiple signal

* Corresponding author. Tel.: +81 6 6692 1201; fax: +81 6 6606 7000.
E-mail address: kimura@psy.med.osaka-u.acjp (R. Kimura).
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transduction pathways [30]. In addition, PP2A dephosphorylates
the hyperphosphorylated tau protein [ 7]. It is suggested that PP2A-
mediated dephosphorylation of tau is facilitated by the Bregulatory
subunit of PP2A [6]. Tau, an axonal microtubule-associated pro-
tein, promotes microtubule assembly and stabilization [17], and
tau phosphorylation has been implicated, to varying degrees, in
AD pathogenesis [12]. Because of the overlap between the SCA12
phenotype and certain aspects of AD, including the functional role
of PP2A, it is important to determine the association between the
PPP2R2B gene and AD. Recently, Chen et al. reported that the pres-
ence of short alleles of the CAG repeat in the PPP2RZB gene is
associated with increased AD susceptibility in the Han Chinese [3].
However, the existence of such an association among other pop-
ulation group is uncertain. In the present study, we investigated
the association between PPP2ZR2B gene CAG repeat lengths and AD
susceptibility in the Japanese population.

Patients with late-onset AD were diagnosed with definite or
probable AD according to the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke Alzheimer’s
Disease and Related Disorders Association [22]. The control group
consisted of non-demented elderly subjects from the general pop-
ulation. After written informed consent was obtained, peripheral
blood was collected from 218 late-onset AD patients (mean age:
79.0 years; women: 65.6%) and 86 control subjects (mean age: 74.7
years; women: 52.3%). The protocol for specimen collection was
approved by the Genome Ethical Committee of Osaka University
Graduate School of Medicine.

DNA was extracted from peripheral blood nuclear cells using
the phenol-chloroform method or the QlAamp DNA Blood Kit
(Qiagen). CAG repeats in the PPP2R2B gene were identified
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Table 2

355

Short (<15) and long (15>) alleles: CAG repeat number in PPP2R2B; the short and
long allele repeat numbers in the AD and control groups were compared.

Group Allele number pvalue OR
Total Short(£15) Long(>15)

Control 172 110 (64%) 62 (36%)

Control with APOE4 24 16 (67%) 8(33%) 0.267

Control without APOE4 148 94 (64%) 54 (36%) 0.022" 1.58

AD 436 320(73%) 116(27%) 0021° 155

AD with APOE4 212 163 (77%) 49 (23%) 0.005" 1.87

AD without APOE4 224 157 (70%) 67 (30%) 0.197
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Fig. 1. Distribution of allele frequencies against the CAG repeat numbers in the
PPP2R2B gene of control subjects and AD patients.

by polymerase chain reaction (PCR) amplification using 6FAM
dye-labeled forward (5-TGCTGGGAAAGAGTCGTG-3') and reverse
(5’-GCCCGCGCACTCACCCTC-3') primers. The PCR was performed
with 36 cycles consisting of two cycles of 30s at 95°C and 30s at
70°C, two cyclesof30sat95°Cand 30sat 65 °C, twocycles of 30 s at
95°Cand30sat60°C,and 30 cyclesof 30sat95°C,30sat56°C, and
30s at 72°C preceded by 10min at 95°C and followed by 10 min
at 72°C. PCR products were electrophoresed in a capillary in an
automated ABI PRISM 310 genetic analyzer (Applied Biosystems).
Analysis was performed with GenScan analysis software (Applied
Biosystems) [11]. The APOE genotype was determined using a PCR-
RFLP method [15]. .

Statistical analysis was performed using JMP (version 7.0, SAS
Institute, Cary, NC). The 2-sided Mann-Whitney’s U-test was used
to evaluate the difference in CAG repeat distribution between the
AD and control groups. The difference in the CAG repeat allele fre-
quencies between the groups was further tested by the Chi-square
test. Each value represents mean (standard error). A p-value of
<0.05 was considered statistically significant.

The frequency distribution of CAG repeat alleles in the PPP2R2B
genes was analyzed in 218 LOAD patients and 86 controls. In Fig. 1,
the CAG repeat number (X-axis) is plotted against the frequency
of distributions (%) (Y-axis). The repeat range was 5-37 and 8-35
in the control and AD groups, respectively. Pathological expansion
of CAG repeats was not detected in the AD and control groups.
The most common lengths were 9 (15.3%) triplets in the control
group. Similarly, in the AD group, the most common lengths were 9
(20.0%) triplets. The mean CAG repeat lengths in the AD and control
groups (14.2 and 16.6, respectively) were not statistically different
(p=0.158). In addition, when we divided the AD group into APOE4
and non-APOE4 subgroups, we found that the mean CAG repeat
lengths of both subgroups (13.9 and 14.5, respectively) were not
significantly different from that of the control group (Table 1).

Differences in the allele repeat numbers in the AD and control groups were deter-
mined using Chi-square test.

" p<0.05, statistically significant.
OR, odds ratio.

Because the mean CAG repeat length among all subjects was
15, we dichotomized the alleles into short (<15) and long (15>)
categories. Statistical analysis revealed that the frequency of CAG
repeats shorter than 15 was significantly higher in the AD group
than in the control group (p=0.021, odds ratio=1.55) (Table 2).
Compared to the controls, the AD subgroups, APOE4 and non-
APOE4, each had a significantly higher frequency of CAG repeats
shorter than 15 (p=0.005, odds ratio = 1.87). However, there was no
significant difference in the allele frequency distribution between
the non-APOE4 AD group and the control group (p = 0.197)(Table 2).
Additionally, a comparison of the allele frequency distributions of
the control subgroups, APOE4 and non-APOE4 with that of the AD
revealed that the frequency of CAG repeats shorter than 15 was
significantly higher in the AD groups than in the control without
APOE4 groups (p=0.022, odds ratio=1.58) (Table 2).

SCA12 is a relatively rare late-onset neurodegenerative disor-
der characterized by diffuse cerebral and cerebellar atrophy [11].
The phenotype typically involves action tremor of upper extremi-
ties and various symptoms, including dementia. SCA12 is caused by
CAG repeat expansion in the non-coding region of the PPP2R2B gene
[10,11]. Pathogenic CAG repeat expansions have been detected in
SCA12 patients in the range of 55-69 to 66-78, but normal individ-
uals from different ethnic populations have exhibited ranges from
7-28 to 9-45 [2,3,5,11,27-29]. A correlation between the SCA12
phenotype and certain aspects of AD has been suggested. However,
the lone study that analyzed the association between CAG repeat
expansions in the PPP2R2B gene and AD susceptibility reported that
the frequency of the Han Chinese individuals carrying the short 5-,
6-, and 7-triplet alleles was notably higher in AD patients [3].

In the present study, we investigated the length of PPP2R2B gene
CAG repeats in AD patients and control subjects in the Japanese
population. The mean CAG repeat lengths in the AD and control
groups were not statistically different. In contrast, we found that
the frequency of CAG repeats shorter than 15 was significantly
higher in the AD group, specifically the AD with APOE4 subgroup

Table 1
Comparison of CAG repeat numbers in control subjects and AD patients.
Group Control AD
Total APOE4 (+) APOE4 (—) Total APOE4 (+) APOE4 ()
Number 86 12 74 218 106 112
Allele range 5-37 9-34 5-37 8-35 8-35 8-35
Allele with maximum frequency
Allele E] 9 9 9 9
Frequency (%) 153 14.2 16.7 20.0 20.1 17.5
Mean (SE) 16.6(0.8) 14.4(1.8) 16.9(0.8) 14.2 (0.5) 13.9 (0.6) 14.5(0.7)
p value 0.942 0.114 0.158 0.110 0.362

The differences between the CAG repeat numbers in the control and AD groups were assayed using Mann-Whitney's U-test.

SE: standard error of the mean.



356 R. Kimura et al. / Neuroscience Letters 487 (2011) 354-357

than in the control group (Table 2). Our results suggested that AD
is associated with a lower number of CAG repeats in the PPP2R2B
gene. This was similar to the findings of a previous report by Chen
et al. [3]. However, in our AD patients, we did not find short 5-7
triplet alleles which detected in AD patients in the Han Chinese
population. This discrepancy may reflect a genetic differentiation
between the Han Chinese and Japanese populations.

The presence of the &4 allele of APOE gene confers a heightened
risk of late-onset AD [4]. As compared to individuals without the
g4 alleles, the risk for AD is 2- to 3-fold and about 12-fold higher in
individuals carrying one and two &4 alleles, respectively [1,14,24].
Though several studies have attempted to elucidate the mechanism
for this increased risk, how APOE4 influences AD progression has
yet to be proven. In particular, we found that the frequency of short
CAG repeats (<15) was higher in the AD with APOE4 group than in
the control group. Therefore, it is likely that a short number of CAG
repeats of PPP2R2B gene play an important role for the progression
of late-onset AD with APOE4.

PP2A is composed of three subunits: a catalytic subunit (C), a
scaffolding subunit (A), and a regulatory subunit (B). Assembly of
the complex with the regulatory B subunit is required for the speci-
ficity and regulation of PP2A [31]. In addition, PP2A is the major tau
phosphatase that dephosphorylates tau at multiple sites, and its
activity is decreased by 30% in the frontal or temporal cortex of AD
patients compared to controls [8,18]. This down-regulation of PP2A
activity in AD brains is thought to be partially responsible for abnor-
mal tau phosphorylation. Therefore, differences in the CAG repeat
lengths in the PPP2R2B gene may regulate PP2A activity, leading
to AD progression. Through a reporter assay, the short 5-7 triplet
alleles were shown to be associated with decreased PPP2R2B pro-
moter activities [3]. However, it has not yet been demonstrated that
the short CAG repeat lengths in the PPP2R2B affect PP2A function
directly.

APOE plays an importantrole in the distribution and metabolism
of cholesterol in the human body [19]. APOE4 has also been associ-
ated with tau hyperphosphorylation in several animal models [9].
In particular, high cholesterol such as in Niemann-Pick C disease
might be involved in decreasing membrane fluidity [ 16]. Therefore,
itwas recently supposed that signal transduction through the inter-
action of APOE4 with the neuronal cell membrane might involve AD
progression through various kinases and phosphatases [13].

In conclusion, our results suggest that CAG repeat lengths in the
PPP2R2B gene may be potential genetic markers for AD susceptibil-
ity in the Japanese population. Further investigations are required
to confirm the role of the PPP2R2B gene in AD using a larger sample
size and a different population group.
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