ISSN 0912-8921

Official Journal of
The Japan Society 3 5

for Biomedical Gerontology

IOMEDICA L Bt

CFRONTILOCY

B7 =04 RIC&kBcalsyntenin-3DFE L HBEYE
WE EF

HEDENARNV RICEDEBEDIBEET 7 =V DORANV A {EA
BEIFVF

EE;E?{;JEEE%?E —IRIF—EHTEDRIRIFICHT DI EEEROERTTE-

IEZLEMIDINERICHES DNA XFIL{EDZEE)
TH &%

FERS I The 215t International Conference of the Korean Society for

Gerontology: Intervention of Aging and Age-related Diseases|c&ilUT
Al BEE

yans || WRXGOEDEFE
Al E5

i 2 @ EBLHAFEIL------ELIOVFVICENEEN? =H #7
W @ BREE(LFERY—F15— F915

BAEMRE{LFS . Japan Society for Biomedical Gerontology



Hfie (LR

358 $45(2011%)

BAERE(LFEREE
REZERZER BF IR FRORRRSERUYI—WEA BERMRF—L
T173-0015 RRHREXKEIZ5—2
REZEANE  =H B0 RFERRRSERUVS RN BBERERTF—L
T173-0015 RREREXKEII5—2
REZE2ZE  WH X RESRRREEBRUYVI—HRAM BLHEHRT—L

T173-0015 RRERBEKREIS5—2

S5H EBER EHNROBEEFEIO_— XERESHIRA RIEFE
T480-0392 EMREAHMMER713-8

BK EEZ RREBERREFERTCVY—MHEMR EBLEBHRT—L
T173-0015 RREEHRBXKEIZ5—2

WL BH— REEMKFEFREGRIERZR
T278-8510 TRREFHMILIE2641

B HZ RREERRFERtCVY-MEMR EBLGERRT—L
T173-0015 RFEEREBEXKETIZ5—2

BIOMEDICAL GERONTOLOGY Vol. 35 No. 4 2011

Official Journal of The Japan Society for Biomedical Gerontology

Editor-in Chief:

Managing Editor:

Editors:

Kazuhiro Shigemoto, Research Team for Geriatric Medicine,
Tokyo Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku,
Tokyo 173-0015, JAPAN

Yuri Miura, Research Team for Mechanism of Aging, Tokyo
Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku,
Tokyo 173-0015, JAPAN

Sae Uchida, Research Team for Functional Biogerontology, Tokyo
Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku,
Tokyo 173-0015, JAPAN

Atsuyoshi Shimada, Institute for Developmental Research, Aichi Human
Service Center, 713-8 Kamiya-cho, Kasugai, Aichi 480-0392, JAPAN

Takahiko Shimizu, Research Team for Mechanism of Aging, Tokyo
Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku,
Tokyo 173-0015, JAPAN

Yoshikazu Higami, Faculty of Pharmaceutical Sciences, Tokyo University of
Science, 2641 Yamazaki, Noda-shi, Chiba-ken 278-8510

Noriyuki Fuku, Research Team for Functional Biogerontology, Tokyo
Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku,
Tokyo 173-0015, JAPAN



COHEICDOVT (BIRENDAN)

[ H:BEE Lf%E] (Biomedical Gerontology) &, HAMEEEILFERORFET. 4428, 5. 8A. 11ARITS
%o NFE. AFESEHPOEMSN, £33, AFRABROREZRS L VIKELZ 2T 2820 08HE, B3l (B
L2 o). MYy 7 A, o, B, HIE ToMTHE I NS, HL, 25 ERKEOTU T T AL
R, AT IFIERRIF R Y VR T 2 0BEBIEREIN L, AFIZRITEHTRA SN S1E0, HRSL
CHfli (BIAEIE2,0001]) THEEES NS,

1. K - A X AR 2 EALETOERORAICOVTIE, MERBATIET b, BIIZOVWTIE. WEREE
MR REHA TR LHELRR GRERR) X2 &nE1TH.

2. FEHIZX BRI, B3, FEY 7 AIZOVWTOARLEITS o ZORDEMN, ZEHEIGHEZR W,

3. KRB REN-RFOFEMEMIL, HARERBFRIRBET 5. L, HOOFEZMHT 255121, A¥ES
WD M HHICEATE %,

4. Hk. BHOER, BIXUO My 72134 v 7 =%y FOR—2X=DIBREN L, 5174 2 FER78E L7280,
A ENS,

5. B#. Py 7 20FEHIE. JIRD 30 % EA CHER T 5, 30U ERMLOLE TR () LT, &
i - AR IC Z O BT 5 2 Lo

6. FROPFICEL L, REEOFEEZFINLE) 2 &,

W £ E W

FERIECTY—F7atyd—%2 32 (BEfEa s ¥a—F 774 VENn—Fav¥—CiEM352), 1) %1 HIC
. BEROFE, FEL. TEEE, e, ¥, 2 EEE Y. FAXE S, Email7 FLAREKT 5,
BB OLE T, EHLEOFLEEWRL TS, 2) E2HICOLMOIC, FEH, Rz EX, ZoRICALEE,

3) Zgib:ﬁﬁ%?ﬁbjé%/ﬁ\\ 1.\ 2.\ 3.\ R ;Z?,TTJ»bj’.(ﬁﬁ%E_\.j—o U\T@lﬁﬁfil)\ 2)\ 3) St a)\ b)\
o) T B, BRON— FaE—IZAIKE WV, BEXIZTY VT E Fios 45 v IR FU TR,

REVIELSHNENTH S Z EIZEET S, HRICHRB T3 a7 7 M0k, 7F A7 74 VFE7213MS
T—F7 74 VT (BFE - Bl a2z Hvs), CDFA A2 Il L72db 035, M- B X UEEIZ, EPSER
F72IEJPEGIERICIE M L7zb o (FHY 7 M E2WELT %) 5\ IidAdobe Acrobat TIER L7=PDF7 7 4/ VB LU
VY7 ML 0ZERT 5, MRENOHRIZARF RV —A 7= VT B I —HBOYEIFEOAM
£ %, MEROWAIMIET) > 877 FL72b OOWIMNIR T, . AKFE 1 RX—T1EH1,6007ICHHY T 5, DK
XXEEZELT, 2R0RLZHHNTLI L, Bl (3 E¥a—%7740V) (dE-mail ISR LTENTEIENT
&b, A= T 7ANMIIDOWTIE, HEFS 2 VIEHERBETHISTE R WA, FHCHIEZROLT L
Wb

1. BWHE (B%) B EXFDIEICNE AL )T 5, KAXLDOEZIILE00F7UN (54 PVERZERL).
2. B —D0OTF—=IlOWT, HMMNAENCHEOE, Bl 2% OGRS ERIE, M. Sl s =
L a—, fI3C,

1) AXOES K, BLEDTHY E25) Tex— (9,6007) BEZEALT D,

2) MY 40FUNE L. WEZWEICELZLDOT, Ao, SEOEKEZF X ) TRT 5,

3) EHBIUOF—TU—-F EHBLOF—T—F GEUANOEE) 20343, ERITHATE (400572DA).
BIXOZFDIIR (200 words LLA) &35,

4) Wi AP ORGEE R XL AARFEICT Bo ML, WGEOTT 72D O, ) 23T WA IIKGET X
Vo AHEIO NBILEGE, B 5 FTERT S
BMAEE © TN ZNOHEMSTOHGERIZE ) o B OY4, BETHBRETA YY) v 7R THRIE NS

REDLOIZOVTIE, FERICTHEDITF L% ELTXT %,

Mg  RIHEEITIC 7V 7 — 2 OBICHEINCHE - 72352 e AT 50 WHER 5 HAGEZ ANb,
Xk [ThHab] MLd s,

By - WA B 7 s e B e Ly AL EIB AR 2 Hv 5,

5) BIH - B3 SUHSCIEGRSCRICTH LSR5 2201 TR T 5, AP TIEEYTAMEIC [ ]
THio TFRT B, 1 2OFMHHEOMLZTIHT 286120% [1,5,7] 7213 [2-6] O X)) Iitik§ %,
BELEVIMNTIHATIAULOBEAORIZ, ThUTZ "5 Z2HOTEMET 5, KRB X Masl
ML7ZMEE Ly SRR T oMY &35, REEHL. BEITREIRY 2 MSIMZT, RKOho%4 T



o N o O

BSAEIIC [] THioTERT %,

1. Sun J and Tower J. FLP recombinase-mediated induction of Cu/Zn-superoxide dismutase
transgene expression can extend the life span of adult Drosophila melanogaster flies. Mol
Cell Biol 19:216-228, 1999.

2. Roth GS, Ingram DK and Cutler RG. Primate models for dietary restriction research.
In:Biological Effects of Dietary Restriction, edited by Fishbein L. Berlin: Wiley, 1991, p. 193-

204.
3. AR TR - RIE AR, HAREE ¢ MEROIEICEE ) 7o x 748, EEEILITTE 24:72-76,
2000.

6) M, & BE:ZOEFIHRTEZL2LDIIMD (FHEZDODDZIFNT V). XEASTIHT 2561, 5l
HaEWEET 5 L3, FIHOFF AL ELRGEE L, FHEOTLTHNZM->TEL e Fifoar—
FEREICRIET 22 L), AEFZIETL—A 7 — V35l

7) K. BEIZIE S A PV EBPICEMNT B

MY 27 X REOFEEED D B9 R O RIET-> 72 HEOMZEDOR e ESIERIY LAY 4N (1,600 -
6,4007") s ZOMIIRFICHET 2, AL, HRIIAETH 5,

CFRAE IMEY  EANSA AR Z ORI EEH. K 3131,6007 N, ¥ ETHAEL TW A 7213k

WA L QW /eifgess, AR L 72 5e R o W o # /it 3o

. EFE RIS N EBEOR A 1,6005 LN,
. BEEE EXERIY EAvh2E (3,2009) B,
. Al

FRR D% B L O Z OO WEbEiE, Fal%ill. (e-mail O E L)
MEZHAZAER A% (kazshige@tmig.or.jp)
F o0, fiERS 2w ) (miura@tmig.or.jp)



B 7 =04 RIC&KPcalsyntenin-3DEE & #HEZ M4

== D = 23OOSR 1-7

HEDMENA RVRICKDEBEDIBEET 7=V DA MU AEH

FBEF[F LN TR ooeeseeernrommenerroneesiesssttsostummenersssssesssssssstttssonnnenessssssossssstestttmmmassooessrsssssssssaes 9-15

EMEEROEIRMEE — TRIVF—(RETTEDERREFICH T 2B HERDEMTTE —

e, N (3OO ROROR 17-25

IHZLENMI D HNER (C1FE S DNAX F UL DZEE)

RED fBE-veovereererresessesesses oot ettt ettt 07.37
FREE

The 21° International Conference of the Korean Society for Gerontology:
Intervention of Aging and Age-related DiseasesICEIILT

FULLL  TEEED-w+ v vvvveeeerrrerneeessnnnneeesattteee s ettt e s ettt e e s sttt e e et e s et e s e e e st e et 39
FRWS

MR H DEDEFF

p T I TE-ra L 41
BEES

EEHARBEC U IO F VICEINE(ED ? =H O FEEeeeeeeeee - 43-45
B

BRZ(tF=Y—+15— £915

CONTENTS

<REVIEW>
Possible role of calsyntenin-3 accumulation in layer-specific vulnerability of
cortical neurons in Alzheimer’s disease.

YOkO UChIda ...................................................................................................... '|_7
<REVIEW>
Aging acceleration under psychosocial stress and anti-stress effect of theanine
Keiko Unno ...................................................................................................... 9_] 5
<REVIEW>

Increasing a generation of reactive oxygen in brain tissue at resting period after
the enhanced energy metabolism -Physiological functions of reactive oxygen-

TOPU SaSaK e ereererorereoereeeetmeetmiiiiiiiiitiiiiiiiiiiiiiitiiiiittiatititittatttettattisaciesns 17-25
<REVIEW>
Changes in DNA methylation upon mammalian aging
Nobuyoshi ShlmOda ....................................................................................... 27_37

K S PIVRUTPODEFILE
HLUVLHBI17R—Y (5 =383






FEREXALIIZE  35(4);1 - 17,2011

L7 I A FIZX %calsyntenin-30 38 & fiie2 1

T

H IR R e A e > & —WFZE AT - BALHIE T — &

CE )
P
=21

TIVINA T —IHOJFRWEIEBT I 1A F (AB) oligomerTHh V). ZORMPIFHEIXSY F T R
PR ETH L Z EPMEREINDDOH L, Ll ABIZK A Y F 7 AR ED 5 THIEIZOW
Tid. AL EDZ V. B2 Bid. AB oligomerll X 4 B{E T HBFE & MREWICHMEL, v+ 7
A & H D # s Tcalsyntenin-3% [[] %€ L 72, Calsyntenin-3iZ 7 VY N A ¥ —J{ T =2 —1
VICEELTHMTHI DD, ABEMREEZE OO 2 EEL S TO—DLEZTWE, K
FiTlE. calsyntenin-3® ¥ F 7 ARRBER END I GAZDOW T, FA72H OWFZEZE OISR T %o

F—D—R 7V NnAf <%, B7I04 F, Calsyntenin-3. 7 -secretase

IFU®IC

TNINA = —hiE, EERAHOATTEEOBHEE T,
KRB R B T A8 N BE e R A 2 TS BB L
Za—urFRET S, BABEIE. BT IS F (AB)
MHoa—a HNIEE LD OTH Y. kML
. FELTY YBILE AV EENDLKD
PHF(paired helical filament)¥= 2 — 1 ¥ NIZERE L
72bDTHLH, 2 LT SHOHABBOBIZED S, )
WCEANBESHBL, ZhpbRWERZ/T, kR
MEZALL WAL O L E S R SN S X 512 % L HEM S
NCT&7z, Lad, BAKEOLRVWEADKIZLZHD
BANBERHH L TW5EZ &R, RABBEDILT & 2 ABE
FBEZLTLOMBE LW 25, ABD LA AN B
TNINA X —IROIERE & G| &5 29 & v ) B 5E
2T STz,

TV I INA IR D 7 I EF R DM An T IS RSEE
DOONDEEET VINAT—FHBHY., TNFETIIS
F 41 o J5 A & fz F-(amyloid precursor protein, APP;
presenilin-1, PS1; presenilin-2, PS2)%%[f] & & 4172,
APPIZABD HIBRIRE 1 TH V. PS1°PS21TAB% 1iij Bl
K50 B3 EE% (9 -secretase) ORRAEHTH 5,
ZLT ENOORERERIL, WTINLABL-4204
B I EARE S B 2 E b o 2[1]. E 512, APPR
PSLCERZROETNVEY (77 R) MMEREIH, &
FAPP~ 7 A DRNICABHE (CEABE) 25 CT& 5 2 LR[2-
5], ZEPS1DEAIZ L - THINCABKSSHIT 5 2 &
DHED O HN7206,70 52, ED X ) RIEF THED
BN Z2HRONDLIICHD . KD XD RIETHHE
BEND ZEbh o8l (K1), © WiEMEDAR

ARG 1 T173-0015  HUGIX M 35-2
Phone: 03-3964-3241 ex 3050

Fax: 03-3579-4776

e-mail: 57uchida@tmig.or.jp

E1. ADY¥YREFILh S#EAIEN D ADREDERZEL
(SCHk8 & 1 %)

oligomer (7 I 0 A FETIEZW) »HENTs—> @
SFTAOEDWY L. Z ORI T T 25— B ABD®
HESSH (7304 FEOIMB) &) IITHE» S
bo ZLT. TIINA T —IRBHNMICHAB oligomer
PHET S E5hbh ), BAEEOKTIZ, EABD
B TIE % <. AB oligomeri & B3 5 2 & A5 5 20
&7 57209,10lc 2% . AB oligomeriZ £ 5 ¥ F 7 A
FREEIKT 25, AR TH B Z EARIE I NS ICE -
72o FNTIH, WABHRED L) B TYF T AD
EREOSEITON?  (2) ABIZKBEE KI5 i
FT201Z5 L. e, FEREDHEO = 2 —1 V2T HE
T 20H?

COMWIZEZ D720, Fh7z B, WEEDAB oligo-
mer?s, DX ) LBIATORBAEZENZIELD0 %
HEIMFTE L7 T OREHE, AB oligomerlZ £ - THH
FEINDZBIETFTLE LT, TN, =R THaES %
—a—u YIS GAT S YT T AEADBET
calsyntenin-3% [f] %€ L 72,



1. AB oligomerIC &k dcalsyntenin-3D:ERIFEIRFE
BEAR= 1 —0OY DRSS
(1) Calsyntenin-3iZAB oligomer|Z & - TEIRAIZFEH
FEIND

Calsyntenin familyld. cadherin superfamily!ZJ&3
Ltype IHBEAEN T, WMo > F 7 APBEAETET S [11].
Calsyntenin family: L T 3 f 3 (calsyntenin-1,
calsyntenin-2, calsyntenin-3) 2%[FEZE XN TH Y [12]
W OC- K12 HWDDS motif 2 f74E L. kinesin-
1 light chainlZ#EA T 5 EEZ LN TWA[13] (X2A),

2.

il # Dcalsynteninf A5 Z N EN LD X 9 Lg%
HoTWB DN, Ao Ty, Calsyntenin-112
B L CTix. kinesin-1% 4~ L 72 5/ il o iy 3% o B2,
cargo-docking protein& L Cfj< Z &[13,14] (XI2B).
¥ 72, # I Tldcalsyntenin-1®ortholog T & % CASY-1
AEEE - RRRICERE AR E R LT DI L bho
T\ %[15,16], Calsyntenin-2, & calsynteni-3(Z D \»
THOLNE L5 TWEDIE, 7 3/ ERELH & A s
fir. Z2LC WNIZBIT 2 RIEDOATH 5[12,17]0
ZZ T, FA7zbid. AB oligomer!iZ & o THIHFL X

(A) Calsyntenin family®fDF4&&E KBS (kinesin light chain 1 binding segment) (CHk12, 13X Y &%)
(B) Calsyntenin-1®Mcargo-docking protein& UTDEEIDERE (k13 14 & ) %)

N5?DIL. calsyntenin-3721F DA FhkdH, T
Dcalsyntenin B FEHFE I N TV EDO0 %, AL L
TR = 2 —a v EADY 7 A E T (APP670/671
WCEBRD A - 72APP% FiDTg~ 7 A, Tg2576)D KKk
BT R 7o & O K By in ovitro, in vivodt 12,
calsyntenin-3 mRNA®D 5B D A HABIC & » THE X
nNTwbZedrbhro g (M), & 512,
calsyntenin-3D 7B % FHE T 5 DIE, AB oligomerZz D
AL fibrilZe D & BRI = 2 — 1 ¥ & w7z
& 2 A, AB fibrild D HAB oligomeril & o T
calsyntenin-3(3FHFE I N L Z LA h» 72[18],

(2) KN Cid, calsyntenin-3134 2/3 @ L 45 @D
Za—u Y PAHMZAR BEE P OZWIGRIZS 54T %
[18]

Calsyntenin family®iN546iE, TN EhO&HEIC
I 0EL L, Pl KINEE TlE. calsyntenin-1iZ &
D=2 -1 IiZHIFIEFH—IZ0MT 505 L.
calsyntenin-2i%. 5 5. 6 EO =2 —1 2% <,
calsyntenin-3i134 2 /3@ LS5O 2 —1a L IZ%
ATz enshTcwaizl, 2hTid, ADY
7 AETIVCTH HTg2576 TlE, L DERS Tealsyntenin-
3DHML T2 D2 ?

Fh7z B icalsyntenin-3D C- Kl DX 7 F NIt
T 5HEREZ/EH L. immunoflourescence® 17 - 720 &

RO AT < 7 2 CTld, calsyntenin-313 KM% 2 —
3LES =2 -0 VICHREOHIEHS RO LENLD
12X L. E#iTg2576 77 ATl 452 -3, 5l@=a2—

K3. ABIC&KBcalsyntenin-3D:ERHFEE
(A) AB oligomeriZMMIZ X 2 ¥ EKM =2 —a > TO
calsyntenin family mRNAsDZEH AL
(B) 24 # A4 ®AD~ 7 A % 7 )V T Dcalsyntenin family
mRNAsOFEBIZAL CCRR18 & b &%)
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o v PAHZ, AB BEJEPHOZPEZR
WZHHWEERO b (H4),
AB BEJE P o Z 12k T o
calsyntenin-3D ¥t /N 5 — 1%, 1)
VALY T DEOES Y — v LR R
D, LA AB BEERMMIICHN
% U ¥ MRALAPP (T668)D ¥ ff /3
y—rEHPL TV

AB B JE OBH o 2 Mg ke (2
calsyntenin-3725L&E 3 5 Z & 1&, B
FRTOEPHE (calsyntenin-37D
FBAFLET 5D, AB fibril Tl
7% < AB oligomerTHh b Z k) & F
BETAEHIICHZS, L2L. AB
oligomeriZAB Bf (core) JH P 12 K
HICHEETAZ EDbhoTWwbT

D19, AB BFEPICZE 2 MIZ L E5. Calsyntenin-3DBRIFIRIFIEEA M -1 —OVEIRIFICT S

Twb=a2—1 rIZ, AB oligomer
#calsyntenin-3 % i53E S &, 25N

(A) f#H L7 2 #iddcalsyntenin-3 constructs
(B) Myc-tagfilin L 7zcalsyntenin-3 & flag-tagfd il L 7zcalsyntenin-3¢ 55 28 Kfij = 2 —
O v TO5I % Western blotting THfi 2o

CERBEELEEZTHLFIEII v, (C) Calsyntenin-3# AL X 2 K= 2 — 0 Vg0 2 b, BERM=2—1
V|Zcalsyntenin-3# T & A L. M{FREIC L DHIIEE 2 FEL 72, Mo
L LT, Bk - Wi b L 7zmyc-tag® & Oflag-taghith = 2 — 2 > 0% ¥

(3) Calsyntenin-3® 4 o & Bl 13 55 2720
TR = 2 — 1 > 25523 5 (18]

ZMN Tl AB oligomerlZ X % calsyntenin-30 8 56
Bk, K2 —a 20k ) 2B i2d72250
7 ?  Calsyntenin-37% 7V Y N4 < —iHTEL LR
FTVZa—aYIZELFETHT L, AB FERPROZ
P 2252 (Zcalsyntenin- 303 EFH L TV b 2 & 5,

®4. Calsyntenin-3DFE (AEB)
(ALC) 21 » HAoWARI<» Z KK TIE. calsyntenin-3
R EE2/3B L EElED = a—a U IC L LTHAIT b
(BXD) 21 » H4®DADY 7 ZEF VAR TIZ, calsyntenin-
SIXE2/3@EESED =2 — T Y ANDORTEICH 2. ABREEJE PH
DOEZERICERE L TWwb, C&DIE. Hoechst3334212 X %
3 S

calsyntenin-3D#MF FEHIL, =2 — 0 OEEEMEE HD
HIENHGEEIND, 22T FAZ2BiE, mye F20E
flag-tag% 1} 72 calsyntenin-3 constructs# {E# L.

B = 2 — 0 AEAL, 20k, 5ih S ol
BREICL - T MfEEFE Sz, MEORELS L
T\ Myc- F 7zldflag-taghfiviic=a—n o9 b, 1%
A HE - B AL L oM R & B &2 e oA R

calsyntenin-3% MEIFEH L 72 = 2 — 1 »1E, MiEFRZIC
L HAMMEIEITH L, HEITHE I BN LR o7

(145)

TN NA T =TI ABBEIE KM B ik 12k 4
THLDICHL, —a—aroEMiE, 52 3BEES
JEg (SRR TS, ShUd, =a—urilEo
TABIIH T 2 B2 ® ), RINE-ESE2 "3k
SO = 2 —1 Y IFABEZVED V2D TR R v
EHEHIE NS, LT, ZORZMEOEWIIEZ, —2—1
YNOBIETRBLOBE N X o THE SN WHEMED D
%, Calsyntenin-3i%. fi®calsyntenin& 15720, K
BB T2/ 3MEES D= 2 —a 2% 5
T5Z LMD, calsyntenin-3% L EWHT H =2 —1 v
BT NINAT—J{TEELR T b EEZATL B,
L <id v, FERBIZ, ¥538 = 2 — 10 ¥ TDcalsyntenin-3
OB\FFEBIT = 2 —a rOfEggtEEinE £, 72, AD
XU RAETIVTIE, ABHEHO = 2 — 10 > 0212
calsyntenin-323&fE L TW T, BB EZ KL TV 5
i, COWHOEMNTFELRSoTVWELEER D

2. Calsyntenin-3DR & Z DINHEYDIER
Calsyntenin-3i3fli®calsyntenin & [A k2. APP&

L7 2BRoEAR# 2252 LHBHEN TS
(6A) [17], T 7&bH. a-secretasell L > T, 9.
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Mifast ¥ 2 4~ (N- Ko fll) sCst-
3L REEES % & T N- A
k CTFRIZa RS, £ 512, CTF
% y -secretasell & - T, p3XT7F
F &M K 2 4 VICDIZ RS
%o sCst-3&p3X7F Nidhlust
(i) (2 sh, CTRE
ICDIZMIEMNICHR 5. TN T, AB
BEJE P o 21T AE L7
calsyntenin-31%, ER&HH R D),
e b, RHEYWCTFRICD 2 D
2 ? 8512, calsyntenin-3D 1L H

Wb EREA LRI, TOBME @ calsyntenin-30ABHEE 7 DR BEYDER/ER

BlickoT, Kz —orolEgs  (A)
BN EE 2075 ? (B)

(1) AD< ™ ZEF)IVIZB1T 5 Calsyntenin-3D A [20]

A7zbid, £, ¥ 7 AR TDealsyntenin-3f#H %
C- KumPtfh % Hvr7-Western blottinglZ & - TH~<7z,
i A b E e D LR U ACBTBET Id, 4 K
calsyntenin-3® (2 M ZELIE R VO IZH L. CTFR I
ARV IEA LTz, ICDICHIYS§ 2 A 1213y~
FiZiBo o irorze £ LT, E#Tg2576% Lk
Ry A TOCTFEZ K L& 2 A, Tg25767 7
ATIECTFRAAFICHML TWBE 2 Db o 7,
4= calsyntenin-3# (3 Tg2576 & A & OB T 7
o7z,

WIZ. calsyntenin-3DON- KuAlgst B X £ > % 725k
T HPMERE AT L. EiTg2576% Bl AR < 2|2
%} L. immunoflourescence® 17 - 72 Z DPLRIE. C-
Ko PR E 382 ), AR E X UTg2576~ 7
ADKWEER 2/ 3MEHESHD= 2 —10 Y 2 Yed D
B3, Tg2576~ 7 AR &N 25 ABKEE PH 0 2 22k % e
DRI EDDbhro T,

DL B ol Rid, E #Tg25760 K Tk, &Rk 0
calsyntenin-323# I L TW A DTl <, #HEY
CTFAS, 72, ABBEEPHOZEM SR TERH L TWwb I &
R L7z,

(2) Calsyntenin-3® a - fCHEYW. CTFOERIL. K
Za—u Y OEsEEEMEINE 525 CTFD y - e
WE R = 2 — 0 > DGy & B S & 74 v [20]
EihTe2576 D K. HF I ABKEE PH D ZE M 222 12 CTF
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Possible role of calsyntenin-3 accumulation in layer-specific vulnerability of
cortical neurons in Alzheimer’s disease.

Yoko Uchida

Molecular Neurobiology, Research Team for Functional Biogerontology,
Tokyo Metropolitan Institute of Gerontology

Abstract

B-amyloid (AB) may play an important role in the pathogenesis of Alzheimer's disease. However, a causal
relationship between AB oligomers and layer-specific neurodegeneration has not been clarified. Here we re-
view possible role of calsyntenin-3 in layer-specific vulnerability of cortical neurons in Alzheimer’s disease.
Calsyntenin-3 was cloned as a homolog of calsyntenin-1, which is type 1 transmembrane protein of cadherin
superfamily and is found in the synaptic membrane in the adult brain. Little was known about the func-
tion and the regulation of calsyntenin-3, except its distribution in brain: calsyntenin-3 is distributed in
large neurons in layers 2-3 and 5 of the cerebral cortex. Recently, we found that calsyntenin-3 is selec-
tively up-regulated in cultured neurons treated with AB oligomers and in Tg2576 mice. Calsyntenin-3 im-
munoreactivity is accumulated in dystrophic neurites surrounding AB-plaques in Tg2576 mice.
Overexpression of calsyntenin-3 in cultured cortical neurons increases in vulnerability of neurons.
Calsyntenin-3 undergoes two-step proteolytic processing like amyloid precursor protein: The primary cleav-
age with a -secretase generates a N-terminal ectodomain and a C-terminal fragment. The C-terminal frag-
ment is subsequently cleaved into p3 peptide and an intracellular domain by 7y -secretase. We found that
the C-terminal fragment increased in Tg2576 mouse brain, especially in dystrophic neurites surrounding Al
plaques. Transfection experiments with calsyntenin-3 fragments revealed that the overexpression of the C-
terminal fragment but not of the intracellular domain in cortical neurons resulted in the acceleration of neu-
ronal death. The addition of p3 peptide to the culture medium did not accelerate neuronal death. Moreo-
ver, purified N-terminal ectodomain attenuated death of cortical neurons overexpressing the full length or C-
terminal fragment of calsyntenin-3. These findings suggest that accumulation of neurotoxic C-terminal frag-
ment in neurites surrounding AB plaques may lead to synaptic dysfunction. Proteolytic processing of

calsyntenin-3 by a- and p -secretase may attenuate neuronal dysfunction by AB.

Keywords: calsyntenin-3, B-amyloid, gene expression, neurotoxicity






HLBEEALh7E

35(4);9 - 15,2011

Sﬁl:l

]
RO A PV R 2BILDREE T T =V DHLA L AEH

LT T
KR

Z4

ZL DADBHEEF BTSSP DA FLARELETWS, A ML 2ADOAMPBEMRH L &
DHOREBZFIERITEE LI, B2 RESELEEZOLNTVWS, AIfZETIE~Y AT
MEOHMA MLV ADPEMEINS L) REBRREMER L. BIEANOEELRE Lz, €OHE.
EMCh- DAL A FLAZAMINT Y ATIEHEGEMH L. SOICANERBLO
FHRET 2 EOWMOEIMEET HZ L2 HO I L7,

720 APV AWK DHEBRADOEELZNTHIENTELHA ML AEHWE E LT, 4
HICEINLT T OaMEZBE Lz, ZORKE, 772y 2BIL TV Y ATIE, A
FLADEM ENTWAETHEMEMIIHIS NG & & HI12, o fbrsfil sz, h
LOFERP S, FHALHMWA ML ZOEFERIZL D ZAMEE S, 77 = VHEIUIA ML AIZX

% EALDARAE Z TS 2R 2 Z E WL L ko7,

F—7 — R [ Psychosocial stress, aging, longevity, brain dysfunction, theanine

1. IFUBIC

BARIEA P L AREES DN, £ L DAMMTSHD A
PLAZRZ TS, HERA ML RAFLETH Y LK
CHWHIRED726TLEEZLNTVED, A VAR
FIzbhizh g S h4a. 19 2] REGEE, O
BORBEL MR R SR A PR AR T &R Tk
ZZHNTWwB[16l FRHBOA ML AT VYN
4 < —IHOBHENERN T TH L EIWEINTWDS
[7le L7225 TA ML RIZE o THET 2 EEELZIH
HLNFEET S L L OEIHOTE - HRITD
BMALEERPL DL EEZOND,

RS [XAMLA] LKL M4 RER OB T, B
R KIEIZ BT 5K ANBIRISER § 2 44008 A
FLAREERAMLVALEZONSL, TNFEFTEHLD
KRB % F\ V72 2 b L RS X B R OB EIHET &
NTVBH, A ML AAMERE LTI CHVSRTWY
5. BA Y 3 v 7R, mlmblkik e & oW
A G2 HETH B8] 2N oD FEILMHETH

EIPELNR TN EREIZE), LHLERTY S,

Lol SRICEEMZ 5N A b L AD BRI
MEIZmA Shza & HENEED b 2O TIiE%
WS A B L ABREMMIZ 72 ) Al S G L
T, HHELTHAONLA ML RAIBELH LD, R d
HEARDISE S L L BRIV E Z 5N b, £ 2 THEE)

JAEE T T 422-8526
TEL: 054-264-5731
FAX: 054-264-5909

E-mail: unno@u-shizuoka-ken.ac.jp

Tk e T B X 4 H 52- 1

MWZBNTH, B P TOR ML RRBITEW S OHTY
AN VAR END &) REBRFGEEZHTEL. T0%
B CHDLEDNDH L EEZ, ERHVLNTE
HECYUBREMATFEBREER L, ~7 A& VT
B & MR RE~N OB & M L7z
LzarTcrT=y (K1) &, RECEINET I/
BOFCTRNICKDL VT I VETH L. MEDEHR
PREWIE, BICZOT T = VICHRT b REOHHE,
pEHL, RN 22 L2 X ) 2O EEIIIEB D 5 A5
FERIR DR HHTI2131.6-3.4%. FLZE12130.5-4.1% & F 1
Twa s Tnalol, 77237 Vs 3 Vg
FEKTHY ., A7 oA & B 2 A1
Aol B3 2 pRaErE R (11161 MfmEWE~D

O @)
H NH,

Theanine
(y-glutamylethylamide)

Glutamic acid

1. TPZUBKUIIY I VEOEE

_9_



W17, 18], AW A b L A OB (197 Ea5
NETICHEIN TV S, S0, 77 = % ENREIR
L72BDOPA b L AR RO WTHRES L 720

2. BN FU RADERGE

FEEREIYIAE R DI A b L AR BT S HEO—D
ELTECHULBNRTWEDIE, FAHYDOF TN &
BAEMM LGS & v HETH 5[20-24], ik
H(XTA, Ty bRE) OF—=VI Or—I9r5
BAZEZ AT EE D, ZO%E, BAZ LD
LM LW EZ ZI) 5720, HAOHA ML RZTT
Bl BENOBEHEHA ML ADEMTE 2V, T2
TF=UREbLEVHIPRYA ML ABRAFEIZITND
HZ LIl b,
FITINSERYHE LI ke EZE L7z[25]
QLD 2%, AF v L ZABOAY YR T2 212X
Yotzr—JIC 1 RSO ANHMEAFE 21T 2 & T, <
2N F TN Bk R L SR, 0 ARZEAL T
2IEOMMFAELZIT) (M2) xTRAIHVWERALL
AETH, TNOEITRAF2IMEBFEZETHDH 5. 1

WO WEALZZERIZ2IEDOMTIREVWD=F £ 2R L,

BRI L, —FFAMFTICTD 2025, & EOITEIAE
BEINLZEND, 2IEDOMICIZES DR LT
Wb, LRLZFOH2IEDTT AT ELL(MEEE D
CLIERCERICAEL, REORP R ELROONE
Vo

T AENF TN FRRICE O XMT AR T A0
VITFNVDO—DIE, MFERFATHE LT, BELR
F AT BE WA T 5(26] F72. BV LE L
F—=YVTEE L7 AMBICRIEEAEHEL 2N
EDS, T ARE CLHENROMBTH L0 E) 2, v
I LEFEHBLTEBY., ZOHEHRIEO—D2DRD =F A
TH 5270 AW Y BZ 223 EE O HETIE, H

i3 GE= ] HEFAET HIYR
f‘f“
B \\
1A~ 'Lﬁgﬁﬁ
HNEFAE
lzﬁﬁ~
EhalE |

H2. WMHEEE
2D~ A%, YA A7z — T 1 Pe$ D Hplfi
BEATV, FUNY Bl L3872, 2ok AWKz
BT i E 247 - 720 xR E LT, BEfAE 608/ —2)
D7 A7z,

MEABTOFMETFTTIA R LD =F A OFEHIIIALT
WnZEnb, MUr—IpHE LTREL TSI L
5, WMLWHEBIZIIES 2 V—NTIE gL T
Wb,

CCTHINT HERRTIE. ITHRTHALZYY R
=17 AM. A0 E AN — Y CHARRE 217 -
7ot 2 Ao s ) A x 4h L TR E % Blis
L. HF~ORBL L0553 T 5T, F 72k
HESE 2 WE 3 2613 9 Hilmll % % £ T il F % dkf
L7zo WHBEE LTIZ, 17— Y6 ILTOMEERO~
7 A% iz,

3. FinDZE1k
FEERIIZEILRAEE TV < 7 Z(SAMP10) % JH 72,
IO~ AFAEH45 - H TIEFISRPYNET 525
ZOBEABEAS RN BN, SE AR AN O~
7 ZNHARR RN E V) R EIRT . bivbh O
Wik CTHIT LY A, #EEIT OSAMP10~ 7 A D4
N 17.6 + 1.2 TH o720 —F. MAE FiZ
H ol T ATIIRABRTE VRYI 2SR TT 537 AN
Ron, FHAEFENMIZ13.6 + 1.5HMTH > 7. (1M
3a)e SNOHEMIE L~y 2 MBI A LN E
M otze AT O~ Y A TIERHFAT O~ 7 22~
4 r ARFEGPEL oTHBY. A ML ABAMIZ L D AAF
WIRI A3/ SN2 &l b,
WICHTEGTOLLET T, =7 ADHKTIZFT =~
%20 pg/mlDREICHER L HHERS ¢/ 7720
DEHEZ5-6 mgkg TH - 720 77 = ¥ BEUEE L KB
BREClE, KRB XL OREISEVIZFRD SNk o 72,
Lo LMHEET TICH 22D 00b5T, 77 = #EI
FECI P AR 2179 + 1T4HMICIEELTED .,
T OY A LAZIZE UM E 2 -7 (R3b)o
HEABHO~ Y AR T 7 =V 2 ERE 25513
16.9 £ 1L4HETH D KBIPHEE E D & 2\ WP ESF
B THho72 ([M3c)e SOIENLTT = DI
i, shifidc X v & U aEammE 23 5
LTw250THY) ., #HOMEEOLEMLT TidZhll
LTORGIEENEEZ DT HDOTIE LW LAVREN
720

4. A MU ZAETEIC K DEIBOIBKEXMOERE

AT T T, 7 ARERICA ML 22K LT
WeDESLIM? A FLUAPAMEINE, b bbb
OB IE L THSWRB LR EA LA ML
ZENBZ Y ERIEA LA LTWE EE 2
LNTWD, WGWRTIE, BURTHOEEEL SR
R BIOR OV VR VE V(CRED DS S e, kv
T EARHTRE D & R R ZURIOR V€~ (ACTH)AS, %
LCHEIB GRS 7V aa)F a4 PP Sh
B BUR T — T ik — 5B HPA) B O B RE O IH ML AT B
ZHIEDPMENT VD, F 7z HEHRGR TR T
— B - BIEE R A LCL BB ST F L
FVUPFWEND, DX ) ICRIFIZEZ O R WE



100

80
- BEH
8 o 17.6+ 1.2 Bt
3
Z
E a0 ST
2 13.6 + 1.5 A"

20

0

0 5 10 15 20 25 30

Longevity (month)

3. MEEF T TOY D ADER

Survival (%)

Survival (%)

(b)

100 r
I SEAE &
80 F7 =B
17.9 + 1.4 A#H*
60
XEEAE
40 13.6 + 1.5 A
20
0
0 5 10 15 20 25 30
Longevity (month)
(c)
100
80
60 =
HEAE
_§¥ﬁﬂ"|§ & 17.6 + 1.2 A
40 TT7=ER
16.9+ 1.4 A#s
20
0 . - © '
0 5 10 15 20 25 30

Longevity (month)

M EFEREDS L OHHAGTRO< Y 2120w T, Bz L2, () simfdFEeE (O) oPaaFin 136 = 15 Him) &
HEHERE (O) O P HHE (176 = 1.2 Hil) ICHNARICEY o720 (b) WHEEFEFTTT 7= (20 pg/ml) 2L T
Weww 2 () OFIAEFAE (179 + 14 JH#E) & KZERL TOaIll~ARICR ko7 (o) HEAFTTT 7=
YEERLTWY Y 2 (@) OV3AFHE (169 = 14 Him) &, KZHENL T2 L Eb b ah o7z (n=12, *p<0.05)

PR AMLAREHRETHY), AL ADIRED—D L
L CEIFTOMASY @ L TR LN,

WG 21T o 72< 7 22OV T, 9 Aol 5HTHI
T E R A R L AR, diAE R I sE o~
7 ZNZHREIEORERIIAEICHIML WA (K4
a)o MIEFABTZHBLT2L 7 » AR L7ZHETYH,
A ML AICIRET AHPATMOSE AL L TW 5 2 &R
XNz,

EZAT, WNEFHETO 2D ZDMTIIELD
RIS LT 72s, B < 7 AD T ERN D~
ZNZIEREEEA DT IR E WEHAIDH 572 b OO
BOETHLTNTHY., BUBIUOHMELLDT T A
ORIED . BABTHO~ Y ZHABHZF WAL Tni,
SO ENL, BHEOENID - THHEHT F Tl 2
PED~ 7 ZIHFIFHED A L ARERISBBETW5
ZEDIRENT, —H TT =V EBRLTWZY T R
TIEREFAFTEAET TS, BEFORKIBIEIN2h o
72 (K4a)

REEIZH W 72SAMP1ODH; A FFdr D4 2N 2
RV KIS ZE T 5 L W S E R L, B0~y
A DRI R~ 7 A TR i 2570 i
55912 %5(28 32]. WMHAERED~ T ZADOKIMOWE

S

(a) BIW o ) K
15 E
[n,0 B Theanine [In0 Bl Theanine
* 038

e
&

Cerebral weight (g)
2
I3

Adrenal gland (mg)

©

032

0 030 —+

BT SEEE Hiflyg EHAHE
4. WHEEBICKDEIBES XUKBENDHE
AT B X OHAESRETT. 7= (closed column)
»HAHWIEK (open column) ZHERL TWizvw 20, REIE
(a) B L KN (b) OgmH %I H ORI Tl L 72 (n=19-
32, *p<0.05) o

F 2 P U72RER,  BEATT IR 2 T~ RS ORI O 25
MEAEL TWEZ EARwEZshiz (M4b). —H. 7
7= 2L T o Sl E A T T Ko
FEMIMAE L T o 7o,



5. A NV ZAETIC KD RkREE TO{E

(1) 8%k
HMEFABOFRGETTHE LYY XIZOVWT, AT vy
T AN — Ll & 72 2B R A AT o 72 O
AxWRIZAN, L) ORBENOAOZHITA L, =
A R L LD ERCEEICBEIT 5, R
WA 72REICRICHETWERZ T L. BEICAS LB
Yav NG AoNLILEEEIEL, KRN OLPE
W7 AR L LRROEREEZCYRTE, FHvw TR
TRTCICEH LBEEICASTHRICHEL LIH10R 5
B IS B EFEBEISMET L. MR LIRS
A>TLECHEIZL» PR ELIENTET, Y
WCET LR L Do SAMPLODHA KK ZEHi
PRV EEE EERE D KT L. 5 O BEFH Cld11 A #LL
Bl 22 5 E B EICFEEPMET T 5280

8 A DM pi T B #E L BT O~ Y A D4EY
RE% LR L 720558, ShfifiE o~ v 2 TS oy
WCHET LB RS D, FHEMIT LTSI &N
RwZashi (K5a), MEAEHEO~ Y 2 Tid, 8HED
AT PHELRFERORTRBIR I o2
EXS, WHAEICE ) FEREROKTAMEES L Z L
BHRWZENT, —F, 77 = ¥ 2L T 75 fi
BHO< Y ZATRNEREOE T IZi0 S o 72,

(2) MOmALS;E D EHR;

K EOBELZHET L L0 0., R#foBfETS
K OIGTEEEHAEROS) % A L. PUERLEE R A3 b o MLk
WAL N LS E Y BUEE RIS 2 AT H
%[29], SAMP10TIZilH D~ ™7 A LARE M2 & K
WTHEAE SN BROSHL W L[30]. 7% 5 IZHUR LA
FOHDTNVEF I RV F VS —BOEMEDE#G~
AT T LTS Z EEICL Y ([31], thoRfo~
AN HADNADALGHEIEH L LT\

WHHFAERED~ 7 Z122OWT 9 H bR ST L,
K2 EIDNAD ML D R % 720 BRALEE o
~ — %1 — & L T8-oxodeoxyguanosine® L X)L % LI L
ToAEH, KMHEFFR I CARoMATRO~ Y A1
WAREEICBILGEN G T > TwAH I ERRWES N
(H5b)e LAL., 77 =VEIUCL ) HEHEFTH
LG EOERMTIARICHHI SN Cniz, 77 =712
EENZIEBERH IR MW s, 7T
MPIC B 2ROSEE THE DN T ZARFFITH L H
BMIER L, B UEEOBERE D25 L Twd ok
ZZbNb,

EZATEHESIZIN T TITHROIBLIEH 2 7R3k
KA T F D, ODNARILE E O ER B X ONixbkng
BTFE2HHIT A2 E2HLMILTER[28, 32, 22
TRENTF IV ThH, MEFERHO~ Y 21253
LYERZMGET Lize LA LIRERDIORIE A 7 F V121
FTT=vD LS %, HEHITERIZBT S MEEHEE T
T AIHIRIRIERO SN oz —H, HEABTTO<
% ZUTHF LD SN S 7 5 ~ O AR T 0iHIR)
WEREOERIE, T72VIEBoon ol 2

DI Eph, TTEVIERES TR Y L3RR DR
2 LT A L AR O AN OBRILE & O#H
MEMHL T2 DLEZ BN,

200 (a) #ERE (b) DNA B L
[In0 Bl Theanine ° [ IH,0 Il Theanine
1000
04
= 800
E ::g 03
E o
& 2
% 600 §
s g 0
'E 400 ®
0.1
200
0
¥eE HEAE HEE DESEE

5. MEASICKDBNDIZE

AT B L OHMELENT T, 77 =" (closed column)
5K (open column) ZFEILL TWw/zw ™y 2220,
e (a) Z8HMORE T, KN EDNADOELEE (b) %9
AW Tl L7z (n=6-12, *p<0.05),

(3) 9 ORATH)

BNCh72 A M LAORARIE, [H2] OBEREL S
EEZLNTWD, 77 =VHEIUIE ) MHFAFEHO<
7 ANZDWT, ) OMATEI DAL T % 2 Bl5E L7z, il
KikB L ORBERBFICLD, foTEHrR{E>TL
FHOMMZMET L EICED [H2) OIREZIHEN L
72o ZORER WINOWEHFENT BT D I HHE
DIIABVWT, KEERL Tz AT 7 =
VEBIRL WYY AT, #oTHMrR{koTL
IHMMAER L TWAZERS, FT7T = OERIZ
[9OBATE] 23HILTwa I EaRnwzEsn (K
6)o

(4) AMVALWANZ VY 3 2 BAGH

TT =K E UTEIE N 5/ME A S IS 7,
—FRIEWIMLIE BRI PT DOL - ¥ 2 7 A %A L CTRINICHLD 3A
FN5([83, 34l WMNICHWAFh7-7T7 =37 N%
IV MNT VAR —ITHINHER L. Millasto 7o s

(b) BafKk
(a) EBE 250

00 .
—_ - 200 ‘
i 600 = :>- I
% -g 150
2 £
£ o E
- o
o
g .g 100
L] g3
® ]
g 200 g “

0 0

water theanine water theanine

E6. MEMATICKD D DEITIANDRE
MEFEE RN T T 77 =" (closed column) & %\ itk
(open column) ZEBILL TW/2< 7 ZI2DOWT ) DHATE %
IR (a) MHIAKEK (b) 2L D IAHORE ST T L 72 (n=5-
6, *p<0.05),



3V OMFRHIBNNOBGA A % (59
o FIVEFIVBIINII VST
VF I F— BT X o TR S G S
NTWABI ENnL, 7T=VIE7Vy
IVEROBHEEIIHI L TW B Z e
Abhb(17, 35l vy I YRIEE
LR REEMREME TH Y . HR
THOREERICH DTNV Y I VBEZR
fRx - L CHPARI Z FHEi LT\ 5b 2
Eb86l. T = VIERHNICBIT S
FVE I VB ERSITAZEICX
). HPABWOEHHEAL S X OEIE oK
EUHILCWEZEEZONS (K
7)o

6. F&H

Bl bb 2 ML ZAOAMIE, O
GORFICHEIMEHTLEEZON
TWwWhb, AR TIE. b Mok AR

HPA & f

X EEH

|

SLasoBoke 1

|

BRETE <

T&EK corticosterone

BIBAEX

IZEDAELZHALBWA ML AICE E7. WEEBICKDHPARBODEE(L S BIEOIEA

L TeBE KHTE S X ) P CREPERZ W E D 7V 7 3 Y IBOKIAT E V. BUE T
WEBRLNEAPVAINEE YT T m ks (HPA) HASEILE LA ORKE b7 LTV L B N, 7
AR T BEBRZML L 720 208 2o gy n s 3 v BORM A I LT, FIERAZIHLCTWs 2 L 2RSS,

DI A%, Y WE AN r—2

WTLIETOfE L7, A0 HaBnw s E =
fTolzo HAEFIZL D~y 223 F 78 il U
LA, A==Vl Ik A M ER (Ro=F
AEOER) ITX D FUN) B S ET D RS
BRENTuEDDEEZLbNE, 2O L) BT
DEMTTHE SN Y A TR SEROAM. KERK
VEZRD BN o 7205 A DL ARERIED—2T
HHEERD D SN2 LS, FENITT T AT A

FLAZEL TV Z LEAURE N,

HHFE T O~ 7 A TIElEOEE O~ 7 AN
AR L TB Y. FMoZE,. ko
KT, K E TOBILEEOEREEI RO 5, #1b
MRE SN TSI LS Nl —T, W
BEUETIZBWTY, 77ovEEbkEfioks: LTHE
WL TWwew Ty ATIE, BLOREZESBDOLNL
Molze TOZENL, TT=VIEA ML AZHEANT S
ZLICLD, BILoREZHIHIL Tnd 2 LAVRIE S
2o TTZVRMRAIZBUIE 7 VY I VBREENLT
ERZBIZLTWA I LNEZONLD, GHBTT =V
OIERBEEIC OV CTIIE R DML ETH D, T2
{LOBRHR O ) o—>2 & LT, HELWA LA
12 & 2 BIREIZOWTORE SN L7z, 5. A
FLALBILE OFELHBRZEICHL NI L ESE
ZTW5,

5| F3ZHR

1. Thayer JF, Yamamoto SS, Brosschot JF, The
relationship of autonomic imbalance, heart
rate variability and cardiovascular disease
risk factors. Int J Cardiol 141: 122-131, 2010.

Bellinger DL, Lubahn C, Lorton D, Maternal
and early life stress effects on immune
function: relevance to immunotoxicology. J Im-
munotoxicol 5: 419-444, 2008.

Gareri P, De Fazio P, De Sarro G, Neurophar-
macology of depression in aging and age-re-
lated diseases. Ageing Res Rev 1: 113-134,
2002.

Pedersen WA, Wan R, Mattson MP, Impact of
aging on stress-responsive neuroendocrine sys-
tems. Mech Ageing Dev 122: 963-983, 2001.
McEwen BS, Magarinos AM, Stress effects on
morphology and function of the hippocampus.
Ann N Y Acad Sci 821: 271-284,1997.

Swaab DF, Bao AM, Lucassen PJ. The stress
system in the human brain in depression and
neurodegeneration. Ageing Res Rev 4:141-194,
2005.

Rothman SM, Mattson MP. Adverse stress, hip-
pocampal networks, and Alzheimer s disease.
Neuromolecular Med 12: 56-70, 2010.

Thiébot MH, Martin P, Puech A J, Animal be-
havioural studies in the evaluation of antide-
pressant drugs. Br J Psychiatry. Suppl 15: 44-
50, 1992.

Alcazar A, Ballesteros O, Jurado JM, Pablos
F, Martin MdJ, Vilches JL, Navalén A, Differen-
tiation of green, white, black, Oolong, and Pu-
erh teas according to their free amino acids
content. J Agric Food Chem 55: 5960-5965,



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2007.

Kakuda T, Nozawa A, Unno T, Okamura, N,
Okai O, Inhibiting effects of theanine on caf-
feine stimulation evaluated by EEG in the
rat. Biosci Biotechnol Biochem 64:287-293,
2000.

Nagasawa K, Aoki H, Yasuda E, Nagai K, Shi-
mohama S, Fujimoto S. Possible involvement
of group I mGluRs in neuroprotective effect of
theanine. Biochem Biophys Res Commun 320:
116-122, 2004.

Egashira K, Mishima K,
Kimura H, Iwasaki K, Fujiwara M. Neuropro-
effect of
(theanine) on cerebral infarction in mice. Neu-
rosci Lett 363: 58-61, 2004.

Egashira N, Hayakawa K, Osajima M,
Mishima K, Iwasaki K, Oishi R, Fujiwara M.

Involvement of GABAA receptors in the neuro-

N, Hayakawa

tective y -glutamylethylamide

protective effect of theanine on focal cerebral
ischemia in mice. J Pharmacol Sci 105: 211-
214, 2007.

Egashira N, Ishigami N, Pu F, Mishima K,
Iwasaki K, Orito K, Oishi R, Fujiwara M.
Theanine prevents memory impairment in-
duced by repeated cerebral ischemia in rats.
Phytother Res 22: 65-68, 2008.

Cho H-S, Kim S, Lee S-Y, Park JA, Kim S-J,
Chun HS. Protective effect of green tea compo-
nent, L-theanine on environmental toxins-in-
duced neuronal cell death. Neurotoxicology 29:
656-662, 2008.

Kim TI, Lee YK, Park SG, Choi IS, Ban JO,
Park HK, Nam S-Y, Yun YW, Han SB, Oh
KW, Hong, JT. L-Theanine, an amino acid in
green tea, attenuates f/-amyloid-induced cogni-
tive dysfunction and neurotoxicity: reduction
in oxidative damage and inactivation of
ERK/p38 kinase and NF- kB pathway. Free
Radic Biol Med 47:1601-1610, 2009.

Kakuda T, Hinoi E, Abe A, Nozawa A, Ogura
M, Yoneda

green tea, inhibits [H] glutamine transport in

Y. Theanine, an ingredient of
neurons and astroglia in rat brain. J Neurosci
Res 86:1846 -856, 2008.

Yamada T, Terashima T, Wada K, Ueda S, Ito
M, Okubo T, Juneja LR, Yokogoshi H. Theani-
ne, y -glutamylethylamide, increases neurotrans-
mission concentrations and neurotrophin
mRNA levels in the brain during lactation.
Life Sci 81: 1247-1255,2007.

Kimura K, Ozeki M, Juneja LR, Ohira H. L-

Theanine reduces psychological and physiologi-

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

cal stress responses. Biol Psychol 74: 39-45,
2007.

Walke FR, Masters LM, Dielenberg RA, Day
TA, Coping with defeat: acute glucocorticoid
and forebrain responses to social defeat vary
with defeat episode behavior. Neuroscience
162: 244-253, 2009.

Ebner K, Wotjak CT, Landgraf R, Engelmann
M, Neuroendocrine and behavioral response to
social confrontation: residents versus intrud-
ers, active versus passive coping styles. Horm.
Behav 47: 14-21, 2005.

Bartolomucci A, Pederzani T, Sacerdote P, Pan-
erai AE, Parmigiani S, Palanza P, Behavioral
and physiological characterization of male
mice under chronic psychosocial stress. Psy-
choneuroendocrinology 29: 899-910, 2004.
Stefanski, V., Social stress in loser rats: oppo-
site immunological effects in submissive and
subdominant males. Physiol Behav 63: 605-
613, 1998.

Teskey GC, Kavaliers M, Aggression, defeat
and opioid activation in mice: influences of so-
cial factors, size and territory. Behav Brain
Res 23: 77-84, 1987.

Unno K, Fujitani K, Takamori N, Takabay-
ashi F, Maeda K, Miyazaki H, Tanida N,
Iguchi K, Shimoi K, Hoshino M, Theanine in-
take improves the shortened lifespan, cogni-

tive dysfunction and behavioural depression

that are induced by chronic psychosocial
stress in mice. Free Radic Res 45! 966-974,
2011.

Nakamura K, Kikusui T, Takeuchi Y, Mori Y,
The critical role of familiar urine odor in di-
minishing territorial aggression toward a cas-
trated intruder in mice. Physiol Behav 90: 512-
517, 2007.

Nakamura K, Kikusui T, Takeuchi Y, Mori Y,
Influences of pre- and postnatal early life envi-
ronments on the inhibitory properties of famil-
iar urine odors in male mouse aggression.
Chem Senses 33: 541-551, 2008.

Unno K, Takabayashi F, Kishido T, Oku N.
Suppressive effect of green tea catechins on
morphologic and functional regression of the
brain in aged mice with accelerated senes-
cence (SAMP10). Exp Gerontol 39:1027-1034,
2004.

Taylor DL, Edwards AD, Mehmet H. Oxida-
tive metabolism, apoptosis and perinatal brain
injury. Brain Pathol 9: 93 -117, 1999.

Sasaki T, Unno K, Tahara S, Shimada A,



Chiba Y, Hoshino M, Kaneko T. Age-related in- Terashima T, Effect of theanine, r-glutamy-

crease of superoxide generation in the brains lethylamide, on brain monoamines and stri-
of mammals and birds. Aging Cell 7: 459-469, atal dopamine release 1in conscious rats.
2008. Neurochem Res 23: 667-673, 1998.

31. Kishido T, Unno K, Yoshida H, Choba D, Fu- 34. Terashima T, Takido J, Yokogoshi H, Time-de-
kutomi R, Asahina S, Iguchi K, Oku N, Hosh- pendent changes of amino acids in the serum,
ino M. Decline in glutathione peroxidase liver, brain and urine of rats administrated
activity is a reason for brain senescence: con- with theanine. Biosci Biotechnol Biochem 63:
sumption of green tea catechin prevents the 615-618, 1999.
decline in its activity and protein oxidative 35. Kakuda T, Neuroprotective effects of theanine
damage in ageing mouse brain. Biogerontology and its preventive effects on cognitive dysfunc-
8: 423-430, 2007. tion. Pharmacol Res 64, 162-168, 2011.

32. Unno K, Takabayashi F, Yoshida H, Choba D, 36. Evanson NK, Van Hooren DC, Herman JP,
Fukutomi R, Kikunaga N, Kishido T, Oku N, GluR5-mediated glutamate signaling regulates
Hoshino M. Daily consumption of green tea hypothalamo-pituitary-adrenocortical stress re-
catechin delays memory regression in aged sponses at the paraventricular nucleus and
mice. Biogerontology 8: 89-95, 2007. median eminence. Psychoneuroendocrinology

33. Yokogoshi H, Kobayashi M, Mochizuki M, 34, 1370-1379, 2009.

Aging Acceleration under Psychosocial Stress and Anti-stress Effect of
Theanine

Keiko Unno
School of Pharmaceutical Sciences, University of Shizuoka

To evaluate the psychosocial effect on lifespan and cognitive function, this study investigated the effect of
confrontational housing on mice because conflict among male mice is a psychosocial stress. In addition, we
investigated the anti-stress effect of theanine (y -glutamylethylamide), an amino acid in tea. Two male mice
were separately housed in the same cage with a partition for establishing the territorial imperative in each
mouse. Then, the partition was removed and mice were co-housed confrontationally (confrontational hous-
ing) using a model mouse of accelerated-senescence (SAMP10) that exhibited cerebral atrophy and cognitive
dysfunction with ageing. It was found that mice began to die earlier under confrontational housing than
group housed control mice. Additionally, it was found that cerebral atrophy and learning impairment were
higher in mice under the stressed condition of confrontational housing than age-matched mice under group
housing. Furthermore, the level of oxidative damage in cerebral DNA was higher in mice housed confronta-
tionally than group housed control mice. On the other hand, the consumption of purified theanine (20 u
g/ml, 5—6 mg/kg) suppressed the shortened lifespan, cerebral atrophy, learning impairment, and oxidative
damage in cerebral DNA. These results suggest that psychosocial stress accelerates age-related alterations
such as oxidative damage, lifespan and cognitive dysfunction. The intake of theanine might be a potential

candidate for suppression of disadvantage under psychosocial stress.
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Increasing a generation of reactive oxygen in brain tissue at resting period
after the enhanced energy metabolism

-Physiological functions of reactive oxygen-

Toru Sasaki
Research Team for Mechanism of Aging, Tokyo Metropolitan Institute of Gerontology

Abstract

Energy metabolic rate is known to correlate with the generation of reactive oxygen. To clarify the rela-
tionship between reactive oxygen generation and energy metabolic rate, we examined reactive oxygen-de-
pendent chemiluminescent signals in ex-vivo brain slices using a novel photonic imaging method "real-time
bioradiography". The results indicated that reactive oxygen generation is not correlated with metabolic rate,
and that is transiently enhanced after the cancelation of hypoxia, which is induced by enhanced metabolic
demand with high potassium treatment. The state of “hyper-reduction” under the hypoxia would be cause
of the enhanced reactive oxygen generation. Recent reports indicate that reactive oxygen and free radical
could be kinds of chemical messengers to play important roles in cell signaling, a process termed redox sig-
naling. Here we show the physiologically generated reactive oxygen in brain tissue, which increases follow-
ing the transient metabolic stimulation. We suggest that mechanism of aging and various diseases which
had been elucidated by “reactive oxygen toxicity theory’ has to reconstruct with “physiology of reactive
oxygen’ .

Keywords:reactive oxygen species, oxidative-reductive stress, energy metabolism, hypoxia, physiological func-

tion
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AFMLEZT, 1% PMEAFMALT B 2 L 2 HE L7,



b)-3 HELP %

Hpall tiny fragment Enrichment by Ligation-me-
diated PCR ®OWEFRT, MCAM &ML L. 2 F)Vk
EZRIRREEE <A 707 LA OMAEDETAFI
LDOZEE) L 22808 2 e 5 FETH Lo 7272 LIEREE
FIZidHpall (X F W LEZH) & Mspl (X5 )V1b3kE
Bzt) v b 53 CCGG 2fikd 74V Y
T —F b, 2HEOY ) LEZNENOHIREEET
HIE L. 200 bp ~ 2,000 bp DWiF % \NEE. ThLEh
#PCR TCy3. CyblikLoDo7 7Y a3 v 2fEK L.
WEICT LA IZH T 5. Thompson 53T v b D JFfiE
EIRMME T oI AE ) 2 F VL% tE HELP T
RDL1DIWIZHAT B AL FOT LA B [52].
T M LDTFT—=FRXR=ZAN5 in silico T4
OHpall 777X bEIBL, ENHOWHRIINA T
VFARXTHF) TR VAT FEgal 7 LA IR
L7z B & DN Cl. IFIE & IENG & 5% FEEE o HHk
TEARROEND Z &, 7272 LI E IR Tid x 7 11k
WCEBT AHEBIZEND L EARENTZ, ZOHEIE
Maegawa 232072~ 7 A0 3 H DI BT 5 Ik
7 A F VALZES) & KT 2 LBV, & 512,
Thompson 51 CpG 74 T ¥ FR 70 E— % — I
TAFIVILIZZEE) S 505, EDEIGHIENT L 724 s
Ve E ZATEMETHEEE L VIRV E W RRERTY S,
Z DT B ITMERAE X F VALZEALAS CpG T4 T > B,
HLIE CpG 7TATF Y Ky a7 TIHFATRI S EW)
MOFFFERE R E R L, TNODEVITER EDOWL D
MOE, Fok IS S RAHIREES S XY v 7k,
TLADY A TIZEBEED#E N, i EMROEN, &
EOBAEMLERICEID D0 3Nzord Lk w,
F 7 SIRBIE T TSR L. AFIVALET) L7z 347
DFBRNIZDNWT, WIBT % BIET OFEB % TR,
o &) LABILEZRLZDRRZEDI bOBLZF 14T
Ho7zs

o) NAFNVT A b —F Rk

BAEX T SR THETAF LRI T b T B35,
Z0% ATHIERE L TR L ) 2o EAF B
72w FEAFMLY DY U BT T UIVICERSE L1
V774 MEPHWONG, TONAHVT 74 bRIG
#%, STELERTHOGMOFELMAEDELI LT
HRL FHEIIS U7z X F VLT 2 #IRTE 5, 728 2
X7 ADRFTN % A F IVLIEHTIZIE. COBRA %
MSP . &5V FRIEA L2225 250D AR T »
s — = v R BWASEEIESNA AN —T
FCEWEREIEONE /S 0y — 4 v AER R
WEFHwONDL, —H, 7/ 2&hkedgic Lz xF
WALIRNTICIE, A F VLT O~ A 7 a7 L A 2SHw
LNTWb, DUFICBBIIFRICH W O NB 2 /8N T 5,

0)-1 FAVL I No—=r v ALDMAREDLYE

Eckhardt S35 f V7 7 4 MEEO TYtmiRL
OV OHFERIATCFE Ly MEGIC & 5 2 F v boZE b
OFEE AT [63]. HSIETFI3o0L M YmihE R
O, N5 % Ensemble D7 /57— 3 YIZHDE, D
LRLH6DODH T TY) — (5 -UTR. I—7 4 ¥ 7,
Iy A—=T4 VTR N, RIS6DODA T
T =D, ST T Ay ONL T 74 ML
L - 0CHs i e fimk 7 2 2tk PCR EW % &
Fh2,524 HMER L., Zho5DF5A VLI v —r Y A%
To7z0 TMUE PCR MW Z B Y — 7 =i,
CpG DY MY VOMETDOAFMLY PP rOE—2
EFEAFNMEY P v DE—2 OEEERETAIET
AFMEL RV ZFHIT 2 FiETH 5. Hio1E,
B DHIZDWTFII265% & 68i% D 7 Vv — 7 % Hilig
L7z LA 73 —HHNIIBW T ARL X F VL
DEERBD LD o120 ZOFRED B Eckhardt 51X, X
FIALDIHZEALIZ T 7 2O Tk Y BREMIZ, Fid
DHTIT) =W S WETAE LTSN, &
B \IEE B 3 o 7o X F VLBl EEE (B BRA % 20%
DAFIMEDFZEE LTW3) TIZA#E I S o aEMEs
HLIEERRBL, bR OWMAEEIREL
Beck Z#ICCo7ay s b (BF5 L fuogtfkd
TR ET5) FERM LA 2 XIS E-> Tw
LT HERDE [54]. MO DR 72 FEEICIE MY
HolzDNH Ltk v,

-2 ru—rI—4r R

BIEERXF VLB DOA S 77— F & ENTW5BFEET,
O TFETHOS NI REMHRT 272052 WITHT
MOFMHERE LT LIELIZHVWSR S, T34/ A4
BSNA YV T 7 A4 MLEEEE, MethPrimer 2 ED Y 7 b
TNAH V774 PCR HHOT7 943 —%#ER, &
DL ETITA4 =1L CpG BH % & F 2o VN 5 ES
LT, FUTL— bOXFIVALIREEDS BRI D) 25
AHWVEITT o WIZAFMALDOIRNT %2 L 72\
% PCR T#Efs, #Yh~Rry—12ru—=r7L,
B —r A LT CpG #DAF VAL, JEAF VAL
N5, Jiang SEMEICE 54 v 2 Vgt
DWWV ORRETEL 720, T v b ORI B 2 557
DEELWHETHH TN AFF —ER-ETORBEE L A
F b &7z [65]. B iF30m s u—r w2 Y —r v
AT HIETTNVaAFF—ERIEFOTTE—F — I
A WA Q4lER) 257 v (40K . FLTE
1t (808G DEDATF =Y DM TH A F LIS
LI ElERLI. ZFLTYTVF AL PCR T, 203
BB AFMBICRIEBI LT & & DI T LTwL &
EEBHLMNIT L7,



c)-3 MSP

Methylation-specific PCR ®W T, N 7 7 4
MBI O 7 202 L TPCR & 47V, BIE O A fiE A
L& =7y MEEBOXF ML RARD HETHLH, ZD
HETRETIA~—%HF T8, su—ry—r A
BEOWAE LM T, T4 <—HHACpG A% & &
T Do TTAX— DA AF VLSRN TWD
Wk, AFVEShTwhnwETcikEznehy =—
VBT ITAR—BHDPRLLDT, WDT74<—
Yy FEHBEL. AFMLERT T4 = L2 F AL
BIRT ITA 3 —TOWEDEAENILY ¥ —57 v 3R
DAF VDL NV ZWETS 5. Akintola & X EAL
Z v F O T N-cadherin 2"MEFLTWbZ &% R
ML, ZOEKE L TTUE—F —FHIBEDO X F VL%
Beolzo 2L T4 Hilhk 24 » HEGD T v + OEIKICE
17 %5 N-cadherin ® CpG 74 7 ¥ K< a7 % MSP
THRZEZ A, BILT Y P TR AF VIR E T
72 [66le TS IZHBRE N L2, pa ) —HIFRIC X
NEALT v b TH N-cadherin * FIWALDBiF 5 Z &
RL7z0 20 ) —HIBRAINENC & 2 X F VAL E) % #H]
THRRD D B D0 SHOMESWIFFE NS,

c)-4 COBRAi:

INAHFNT 74 MABORFHE T, #7202 F LR
PACHIREEE A TNV HALYVTHI DD b,
FORE. NAYINT 74 NMUEEO S 7 ZH L. Tl
X720 CpG Y4 b &P X 512 PCR %2, HivT
HIREEZZ TYIWd 5 & PCR EY O - FELIIT o He
POV TVHDRXAF LNV ENETE S, Th
% COBRA i (combined bisulfite restriction analy-
sis) &5,

EH13COBRAEICY 4 7 aF v FRIDE LK E) & I
DANT, CpG 745 Y FOHNTIEDHEH, ¥ Ak
EF- OGRS Z T EERTw v, 316 o
CpG BFND A F ML L RV % £ (SHEES . 75k
(17HEE) . Bt~ 2 (83ih) DKM TR L 72
[67]lc ZDFER, A F VLD IMEGZALIZIEM & %D O
JindsdZ k. AF MRS 7 7V~ O#fE T
FTTIHHE>TWT, THIV 25 ELOBETHZEL
EZFDOHLEETHH I L, REIRENT, BEOHRI
HIR O/NEF & OFER & —FH L TB Y. A F VA bLomiEZ
1L23A 7 L B BILORRTIE LW LEZRL TV 5,
— T RAF VLD MEE L & BHE IOV TITHEER
MERR SN G W E W) RSN/, FOHICD
WCHEHI, BB o 1o REE A B S L
TWwh,

-5 STy —r R

754 <= 5DNA OMERIGE S&5 & &\l
R AfoEEL (ANTP) 2 FEZMZ 5, LAALIZT

FHREAMINIMZ T &y T v 7 L — RIS
% [M72) o] WkEMZZLERZFT T4 ~—0k
FOBAE E 5, AP AT/ &ilZid¥a) v
B (PP 2L %, 20O 1) Y& LE5EIc &t
L. ThedHOKETRIET 22 LA TE S, Ih%
BB LATV, 7T 4 v —nBLDNAGK L LoDHilk
WA 2 o35 HEIA a0y —7r Y AETH B, N A
PN T 74 MUBBED T ) L HFRIz0 A FOULE
% PCR ¥EL. Z®OPCR WM EHE A 0y —4r ~
2T B E, A D CpG HALD A F VAL L oL %l
ETX Do HRONDHIBIEE W 30 bpk <l
VLT L ENDHEEARCREEE ) FFTEH % 755,
EEEE ANV =Ty PORTENLTVY S,

Issa HIEKBAH > 7203 Th <L BT ¥ T 4Eis
KIF R BZTF DA FMEBROEND hE {0y —7
Y APETMART: [68le Z DU, K > Tor— A [H
B BB Y ICBWT T O E— 7 — I A F L%
ZUHIEBMLENT VB WL DD EETF. piclass
glutathione S-transferase gene (GSTP1), ras asso-
ciation domain family protein 1, isoform A
(RASSF1A), TH. IEH 2 EZIRIC 3B W TR 7%
XFMLEZITHZE, HYTIEZFDAFIVALDICHE L
TwaZEx L7,

¢)-6 DNAF v 7k

ANIFHDLDE N7 DD AF VAL T v TH%
RRENTVE, TOF v WAL Tu—-T1k, 203
Kt 87 A EOFFED CpG ERZICHK S X 51Tk
FENTnwd, "M TV E¥=Ta R Ta—70
MRIGEAT) & BITREE LD 2 DX F VAL,
JEAFMBIZIE LT, BTNV L2HESR D AT h
By BHBVIEATF VAL, IEATFNVALITKHIR L7280 5 7
FTAZR—DPWMYAENDLITRLTHY, ZD¥ 7+
WEGAND ZETAFMEL XV EWET 5, Rak-
yan 532 DF v FEHWT, &+ DI % x5
DNA * FIVLDOIZEAL % WD T ) L BB CRENT L
7o [59]0 M 53 F 9 A & xF R 1227,578 i it @
CpGZE I~ 213 AT CIENIIPED B2 F v b, 147
Fr Tl F U bE Bl L. A F U bE/RT CpG &AL
B CpG 74T Y FIZERLTWSZ L, &5
5 CD4" T Mifle& CD14" HER% 45 L CRIARICHIE
LT &AM~ 7V ER U7 2 AFIR T A F VA Lh %
fEL T2 &0 5. IR & F IV ALZEAL AR i i BRI
B (FPRESEHISR) 1AL TWA T & RRE L, $7-00
T A F NMALOMETZEALE R L 725080 IR (IR
HHR) THLRBRICAFIEELL T3 2 L x DU,
AFIALDOMEGEAL DR 7 B RIER R T B L TS
D952 L%HML7, Hernandez Stk FDxicH
B MEISAE S X F LB L E W T v 7 TR L
27,578 I CpGOWN. BLZ4 %, 1,141 FHFTIZ A
FALE B % WD 72 [60]. 5B Z DX, &0 83,
932 HFH AT CpG 74 5 ¥ FWNICHFEAEL., ZDIFIT



100% A M & & BIZATFMED ERHEZRLIZE VS
& THhb, LT gene ontology N A 5. MEHIC &
A FMLEZIT % CpG DI < 121 DNA #6
WG HEHR T2 32— F 28 FAL oS
ZERWHBLMITL 72,

ARETIIMEG & X FULE RSB SN72nw B 0n
HRFREMA L. bEDETELRILL DTEE
RN LIz EDBERDNDH - 7205 FFEZXINEH L
FEERFFLL CALORRE LTHWICTENRZ > T
7oo TNUCHHEDL ST 1HIZ BN TIZTRT A F 1L
DOMHZALE M L TWB EWnH Z Eid, WILEm o
HRlZ & 2 A FALEB AL T, FRICESTHETE
L5ZLERLTVAS, ZLTCLREORRZE LD L,
LB 7 7 2B B A F VLD IEZEALIZ DWW T W
L ODPOIFHDFEN P LA 5 TL Bo —DHIZEALT
LA D% L ACpG TA T FyaTR CpG T4 5
YFHATREIAZE, ZRLEFNIMED Y a T7RT A
Y FIELNE D 2. SOICHERERRONS 2
& ToHIE. AFUED LA LR O OELH
RonhaZ e, ZoRIEAFIVLE BIZTORBICIZA
OB LIELIZRO NG Z &, BEIEATF M LDZE(L
R VRN E > TB Y. BILOFR TR EZ
ARBEV)TETHD, ZIhLEEIWFENNDLAL A —
DiE, e & B ISR E TR EE b o> T
FREFEI 72 A F WALZ A, D IER EDOLEN R ko
2T TN MIBNTHWRLRNI kL. LEWIZIZHM
e HHFED R AT XY VAR T S5 F TICEBTFTH
Ho7a7 74V EDHFDTHL E W) HDENREH 2
BH Mo DA A—VE Magalhdes AAEIET 5 [#1L
D3 (developmental theory of aging) | — J84:®
TU 7T MIFAERTIRICEEISKD ST, TV h
LEMDBBRTT7 2= F7 7 bLTWL, LA TH
HEDOANZALNRTTIZENELEE L ozl
WKETRY, ZhrsfbzslskI3— 49 61l
F727 49 7 A XDOZALOFETIN S MIFE B ST,
Somel Hixk MR VO CTHAEESMEEEILT 5
A vty Y x— RNAX miRNA #LT¥% ¥ /87 B
DV, TOEALHRIITY FA - WEER T T
FoTnizZ end [BIboFsAR ] 2 3FF L. #itx
BHEOERERZ LTS [62]

5. Z{b&DORRBEFRDEA

TR EE D X F VLD ZEE) & ZALO IRR % £ TV
BT 12 IR 7 A F VLD ZEB 8y —
ZMED L VIFRBESIELSNNE LV, T AR T v b
TAF IO EFIEA Y b > TELDT, ZTOE
b= —H—L LT, AFVLOET Y — » Zhndkd
B \WVITIRIE S8 5 BRRARS TILEW DA 7 ) —= v 7
HETFNVEWTITA A5 WITHIHBILER RT &
ENBE PRI AT, T LAORENPED L HIC
o TWAPIZ RO TETHEL I RETH 5%
R7ZHEN RV, ZNHOFERIETLIELIE  “acceler-

ated aging” &R INLD & LARBIIMEOMREADS
HEXTWBE% S, DNA X FUALDOZALHEHEL TV 5B
35 Th5,

—Jiv B MZBOWTHEIC L 5 A F VLES) L E{bD
KRR, BlEEa ORBOFIEICHE G352 LD
SNBH D EOBIEL TRT DI EHENE D
MPTHEZ 5 TR EVhe REPRERP»IEAPTHD 575
R TRINT B IC BV THIET A F VLR I
L CTHb, F/mETIEMIIBITS ) XY —LA#ET
DT TAE—F —FHBD X F VAR T IV INA < —J{D
= =B NRETEIIREND L [63]. BERRD
FHERK & LT AFWMEREHTTITEH ST 5,
—H TEF ) NERENROZEICFHT % & 2l
MO - BRI T > 7)) Y IR EENRD, 72k R
I o DNA 7 ERZER L iZloMiah ko =¥
) MIR—H—% WO EDPLE D, FDI2
DIZIZTFTSF ST e MIRICB T IR 72 A
FIALEB O EBAL & 25 L~V OAERL 72 BT R T
Hbo 4NV FHIEHE B TE2bTr 40
CpG ¥4 bZ&45 HHFUEICHWRL, L7 7LV A&
ZFD 99% ZRGRE LT LA & IR ZAMC 558 L
TWb, TOTLAIZIECpG 745 FEEH
CpG 74Ty FyaT7db—o2o0h 7T —& L THA
RENLHRE, AFIWLE L TE 2 HBIHE A
BoTwb, TOL) BEEHEATMET LA b
DMETZ & B X F VALE B FUIRAHNBAEE Z & I2FENIC
Ry TENDES S, FREBNICIEHRBROEE e
NTUEFXF 2230 —=3 7280, 1ZIZTRTD
CpG ¥4 MZOWTEXHDEHERXF VLD L NV 25K
WAL= =LV RESINEESLH, TLTEN
5OMEHRE D L12, FRMIZIE X F Vb INEZ L % 7R
3 CpG HMAICH L LA VF v T THIFEIh S <
A 787 LAMERIN, BEWRIHEL 72 2 F VL%
B (m-SNP) M ENE I H 2% kv, »
B\IEIEIS, BRI S 5 A FIOUE S L % P <
) AT 4 RTHR, Bodoz m-SNPAMHEZEILT
ELLEWS ZERbRrUE, £ L D IEIC X % 2
FIALZAL &L BALDORRBERABD SN DL L H IR 50
bLNBV, ZO7DDOERTHA V25T TITRES L
Tw5 [64l,

6. EbIESY/LTOVIUN

v MIBOZEY ) 20 77 LY A<y TEIERT
570 CEHBe XY ) A3y —3 T 4 (IHEC)
A% 2010 FEICHFR L. HAD 2011 FIC8m%x 2P LK
BENT, TTTOIYHF ) A1 DNA X FLALoAl,
) AEBICbl AN B, vy a—F g T
RNA f##T 72 & % & ¥ (http://ihec-epigenomes.org/)o
DS —D L Te o727 ) AO—REHI E R, T
77 PSR ORI, ETEBREE, RO,
ZLTEMSFILLI-oTENENREL L, 22 T5H
7~10 EEDORNA R EDH 1000 DTYEF ) L Z T
52 &% IHEC I FHEEICL TS, TOTYETX ) AT



T Y x s TIPS MR & OCEILA 6 DD T
Wy —2y bDAILEO—DE LGRIINTEY, BV
*. BALOMBANY 77 LV ALY T ) ARy THTE
LT ENHREESNS,

7. FEOH

LELY EIF72DNA 2 F VLD ET) & Z Lo B %
BRI, BT RTREBN LD D TH S, T
LML LFEMWYZ IHEC S ¥r /a7y e b
DERES =7y FO—2I 28 b2 W2 =01, Lo
FEDSHIRE R A W 2 722 Pk 5 X F ALE B % BIRELC
AL, WHEOREREFRE LTIV ORI %
LONLTHH I,

L4 AL L DNA AF VLD LS BT ¥V = &
T4 7 ADFENDBELICH G L TWwb & L6, BERER
WD X9 BDNA A FILE b 72 wAYTIEE ) &
DOWEV) BB MELZET A T4 7 ATHSB
L2y OBHiZEALE LD R KICEE D) O HHICE X
L7259 e LA LEMBIETLELTHEALR sir2 11k
AN VYOBRT ¥ FIVLEEZEZI—-FLTEBD, flucde
AN RN MBS & F Ay o B 2 FEEERC R L 72628
Hb 65,66l REETOBIE5 %AHEAEMEIC X
DEHEENEEZ 25T LV BBORKET [67], #
WOZEALIK D ZALIEDOHE L &, f&9 E2/RLTED,
ZOHWHIEEIC R B RE 205 BROSIr203 M &
DT BLNI R B Y 287 BOMREALD
WS [68], B A M MBMIANIER B LIRS 5T
REVEDSIN T X 72, DNA O X FALIBSE & & 2 b > 164
BHEIZKRGENE Db, F7- POMETE X F L
b3 5B 7 a~<F o i #H8 (bivalent do-
main) (ZHIET 5 EVIHIHE D H Y [59]. EALBIZEIC
BWTHH. DNAX F LB & & R b B 0T &
VBEDLETHEOLNLHLEWLL LI\,

FTTIEBRADOED L HIZLELDOWIFEITIEE K ODHAAN
WMEHEDVERL T2, 5B OMBE LB LR HA
DENTIEE DS Z DTSN T 5 2 & &2 fF L7,
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Changes in DNA methylation upon mammalian aging

Nobuyoshi Shimoda
Department of Regenerative Medicine
National Institute for Longevity Sciences
National Center for Geriatrics and Gerontology

There is a growing perception that epigenetic modification, such as DNA methylation and histone modifi-
cation, may play an important role for aging of the organism partly because epigenetic modification is sus-
ceptible to environmental changes and intrinsically destined to change for cellular differentiation, thus only
partially stable. But I believe the main reason is that epigenetic modification is thoroughly reset during
early development of mammals. Here I introduce studies describing age-related DNA methylation changes

in mammals with the methodologies used.

Keywords:DNA methylation, CpG island, CpG island shore
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