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Establishment of diagnostic method and pathophysiology for idiopathic normal
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To investigate the relationship between LRG expression in the brain and
memory impairment, we analyzed transgenic mice overexpressing LRG in the brain (Tg) focusing on
hippocampus.

Immunostaining and western blotting revealed age-related increase of LRG expression in hippocampal
neuron . Y-maze and Morris water maze test indicated spatial memory was retained in 24-week-old Tg,
while deteriorated in 48-week-old compared to age-matched controls. Field excitatory postsynaptic
potential declined in Tg compared to controls in 8, 24, and 48-week-old, obviously with age.
Paired-pulse ratio decreased with age in Tg, while increased in controls. As a result, long-term
potentiation was retained in 8 and 24-week-old Tg while diminished in 48-week-old comparing with
age-matched controls. Electron-microscopic observation revealed decrease of synaptic vesicles and
junctions in Tg. Hippocampal LRG overexpression contributes to synaptic dysfunction, which lead to
memory impairment with advance of age.
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1. WFERHAR LW DTS &
BEE AR SICREA L TV BTN EIZE W
TiX, mlnd O mEE, STEE, PERE
EEXAL, FHBHOELZEVOFKE LT
FERVEER EKEESEE (LT iNPH) (XEE e 0f
TERE L 725 . iINPH OZWHIT A KT A D
FHT72 LI X 0 E LHEBREZZRIS TR, —7F
THERHERRRBR 21T > THLR2Wr R 8B 7s—
FEOREFIHLTFEL, TS ORERIZ2HfEIC2
Wr 9~ % 72 OIS A A~ — T — DR
&, Bl FEORBREEN LRI TH
5. BBk 2 E Tl 72 B2k & B
HIIZ, INPH BE ORI 7 0 7 A4 — LT 21T
VY, EORIRTIZE LT 5E B
leucine-rich alpha-2 glycoprotein
(LRG1) #FE L7= (Li.X et al. Acta
Neurochir, 2006). & 5IZHLLRGI Hufk % 1E
#11 | Enzyme—Linked Immuno Sorbent Assay
(ELISA) {EIZ X 286#% ™ LRG1 & A OWEE
ZHWEST L7- (Nakajima et al. Acta Neurochir,
2011). F77ZLRG1 EBEIZE FBEIVDT v |,
< ATBWT, Mfine & ISP TTHIm L
TW5 Z & & L, LRG1 23 INikn B 2 1
ThHDA[gEM 27~ L7~ (Nakajima et al. Acta
Neurochir, 2012, Miyajima et al. PLOS one
2013).
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DZERBHE L B BEICB W TR S
CEROLNTRBY, X407 7arA
VELTHOER LA L, MfRISENIC
EHZTWHHEELHEIND., Sblg, Zv
NIBHR T T A7 LA (1. Kodadek,
Chemistry & Biology, 8, 105, 2001) %
W LRGL 2R BAICR# L TREET DU A
VRERIE L. SN TEAREOHRTY,
FRIZENEH 120 fi5, 10 50 BIFnMEZ FF>
presynaptic cytomatrix protein TH 5
piccolo (PCLO). cortactin (CTTN) 2% H
THE, PCLOEFMKERTS VTR T IT
AT —VIFETHEATHD Z LM
LIVD. TIT 4TS —=F TV AD
B TS S 5 LB A EE 72 B oD &\ Vi
EIRT, VT T RNED Ry X7 O%RT
ELT, MR EERBHET L L WD L
EZ BN TW5S., £72CTINIE, VU ki
X 0 RIRIZ I T DRk E MO AL, Mk
ZRR DRI E I D 7 7 F L Hil AR |
KPP HOoTNBI ENRMBNTNAS.
SEATHFSECIX, INERBENE ¥ o X7 B TH D
LRG1 Z NI S E/ N T AV =
=v7 (Tg) ~VAETAEZHANT, £#%S8
HRF O FEREFINCBIEZE LT, VAV KX
A4 7 WD)~ 2EF/)L (Contr.) & LRG-Tg
VTURERBLIZEZA, A% 8IE #OEE
RO, KETITAEENALNRPST
2N, MIEREIZSE 72V, LRG-Tg ~ 7 A CTHMITE
HEBICABIL/NE D572, LR6-Tg 7 A K
MM ITIZ LRG 2RI RBLL TWDH 2 & &
MR L7,

2. WHEOHBY

AHFZE 1 i i AR E R AR B9 % iNPH
TR 2T LR RE & iEI 3 5 7=, INPH @
BR & 722 Wk L ONRIRIEIC B 5 R AR T
FLE®TN~T AT REEHE LD
FUAL—a TN —FThHD.
Wik L LT, iNPH BE O BT L O
¥ v MBFEI AL, ERCEE D DBER =
BREL, SMRTONS A~—T— LI b5
EH (7IveA NB, FUVEH, LRGL 72 L),
F 72 microRNA ZIE L7z, BEKZ 217 5
HEYE LTE XTIV NNA ~—0F, /3—F
UV UBER B C, IRIETRICERT A 0F
ERBZRIETHZLETHY, F L LTI,
Bl v b OIRIFRM AN L > TELT D
BEWR BRI & SRR 4 % 2 & T, iNPH D5
EBMAICES5TDEEZ2DNLTHD. £1-
iNPH IZ[RAEZRBEIR S v v MR Z T AL T
bR B OF L SI2 X 0 IRETH IR
72 % DI 2 A C 95 Z &1k, ML
AR T ZNA L2 D EFERE L EE
EETHDH. 5T, Bl L7-@ b0 iNPH &
FOBER IS < FBLDFRD H 72 LRGL A3
ED LD REREREZ AT DO IR
BR7s 5 INPH IRREMERHICES D 5. T4 ITHAY
WZBWCIIABRRRERE DS ARBITo 5 LRGL 12
BLTC, WEIRESEL L BaFlEz %
1T olr NTF v AR 2= w7 < R % /B
L, LRCL AN TED L s eflhix 2L, ~v
A DFBAEREETICED L 9IS LTwn
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F BRI RREET D .
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— 5 HEEF21E, (OLRGL @RIFEH 5 o 2
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L= T A DA TEN L E 2 RIS (8 1,
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KRR B —|LCAC FrE—&F—L LRGL LD
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HT 5 GFP WIFAEL TWAT, BEENKT
L, LGRIIZFHL LARWT, GFP AL 7Y
— NIRRT A —HER LT RIZZ O
7B —k~ U ATINCEBFEAL,
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EVERLL7-. Z O~ A% hGFAP-Cre < 7 &
LARZELL, Z D~ A% GFAP promotor FIZ
LRGl Z@%B T B~ AR LT,

QLRG 1 BFRBE T AV 2= I TR
bR Rk > 2

AT DFER LV, 24 » A0 &~ 7 A
DGR A T A 2 2BV T S, LRGL 1IN &
EOICKMEZE, Wi, ZEEEE, IME Ot
HAE & /NI v 3 o = R O FIR L L2 AL

WCRIES DB MR STV, LRG1
Z PN B IR HL L 7= LRG-Tg ~ &7 A &
T 8 WL, 24 Wi, 48 WHE CIRAITEIRA
(Y 732K, £V AKEKE) #HW=ZEMS
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L, CAL $fE(AHIIAE T2 DA (FLE M
T A%y field excitatory
postsynaptic potential, fEPSP) % Ftéxk L T
172 o7, IEH 7o PR 2 e R A
FT 5 &, TOMRKKRTOYF T A55E
A3gRAb X4, fEPSP N8 X 7= dR e
DELND. AT EHHEE (long-term
potentiation, LTP) ¢ #rL, FH - LfEORR
(R E DA A T 7 AR ED L)
HZ2EEZHNTEY, LRC-Tg v 7 A B
WTHRETEICT, BRAEBEN e 21T
ot

4. WFIEALE

W& EAFZE T, probable iNPH & 21 L 7= 36
4 (B4t 23:13 4, W) 73.2+SD6.46) % %t
GUT L, BEE Y B TIEIENE S ¥ o MBRD
A%, RBERREDOUE MR LA THIL
IBNA S ~—T—%RAL LTz, BERY v
NERIT AL, BT O ABEH, p-tau,
L-PGDS, v A& T v CIREDHEMMARRD 5
7o MMSE #5002 X 0 7388 U 7= GRS RE T4 B
REE THARBRBED 2 BEFEICIX, iR p-tau
il , AB1-38 /AB1-42, b, AB1-42/p-tau i
MR FMAEAEEZRD, p-taufiOh v b4
7l 22.0 (pg/mL) T, S 77.8%, FpEE

71. 4%, AB1-38 /ABR1-42, thiZH v M A 7fl
3. 58 TR 77. 8%, FFELE 81%T, 7=
AB1-42/p—tau Hldh v b A 7l 14. 6 TRE
76%, HFFLE 72.7% T MMSE Otk EEEZ I L
7o. F7- iINPH OffHR > v » MEAKIL,
BIEAE Tdh - 7= L-PGDS, > A Z F > C D4k
BN TERY, IRiE#ER &0 D OBERE
RIS - T, AR PRSI R L 5
ZCWD AfREE N HEER S 7=,

b <
ptau AR I AR, A, | ptau
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F7, BEHEERINE ZFECHMEICTE DN E
BMad 5720, AWFE~—T—& L TNF
B OEAEOMRASTTF R, #ia 0
R G %S BLAHENCB 59 2%~ A 27 1 RNA
(miRNA) %1772 o7=. definit iNPH (n=21),
iNPHE/S—3F 0 EERE (PS) &0 (n=18),
iNPH+ 7 /LY nA ~—35 (AD) A DB (n=16)
OBEE %2, WEEMIC array Z AW T A7 Y —
=>7L, @Az EEZ HLD miRNA &
EEAR U A7 —BEEMNIL (Q-PCR) IZTER
L 7=. iNPH+PD BH:ERE BB A OFHER D2 iE 75
ELTUE, MIBG DS v F 777 4 £7213/
N, MRE—RI VN T UAR—H—
F (v bAFye) IZBWTHRD ALK
T %& #7451, AD A PFBi%, NINCDS/ADRDA (Z
X% AD ERRZWI R TEIC TRl LT,

G L FRFIE T, INPH CTREIRAY trans—
ferrin, sAPPa ®IX T, PDBIEZEMEESHFT
LRG OHEM, AD AT sAPPa @ L5, AB
1-42 DI, p-tau ® FH-Z77 L, miRNA fi#
Hr Tl miR-3675, miR-4274, miR-4310 733
B OERNCAH T >7-, ROC fENT 24T 5
& miR-4274 X PS &0F L T\ 5% iNPH % AUC =
0.913 & &V KUETHER] L7, miR-4274,
miR-4310 |X F/X I UZRIKY 7 VIc B
LTy /-.
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FEREFIE CUX, Eln R EE R BT LRG D ik
WRBNEET 5 Z L 2RI 5729,
LRG-T g~ 7 ADFEGEDIK T ZMFE L 7=.
LRG-Tg ¥ T ADIKA T A R X BN F 7
Z U EICTRESEE (LTP) ZMEEL7-.
WEES CA3 725 CAL IZBES9 5 Schaffer L
ZESARL L, CAL $EAHALE T2 DIRE
(fEPSP) Z 5k 75 &, HifkEMIZ & 5 FEPSP
1. Tg v U AR AT A AW TGN/ E
WMEMZ S o 7=, F 72 fiber volley DK E
S (FREVENL 2 S L, HY S = shsR o %%)
HIEMNTT B &, Tg~ T AWEEATA AT



fEPSP 28 X W /N EWVMEANEBO bz, iz
Paired-Pulse Ratio & Tg ¥ A{GE AT A
ATRKEL 2D, VT T AFHECKROEALI R
B INDRERDE LN,

LRG-Tg ¥ 7 AT paired pulse facilitation,
R (LTP) O v 7 AR ¥PEIZ 2T
AT L7= 555, 24 W) paired pulse
facilitation, LTP ZAEITIR T & 388, LTP
TERL D 7= O ORIFLERME S LA Uiz, §RE1THE)
FERIZB W T 24 Wl TIE v 7 AREDAR
ENEE, AEZEITEC o708, i
PEZ2 U 48 W i CrI RIS I L OVZE R FLIE
MEFEIND Z & 2R L. B
121X, LRG-Tg < 7 A C synaptophysin D
FISDA BRI T 208, EFHEKE T ICy
F T RN E T AEE T OB & R
L7=. LRG1 I synaptophysin &fia L+
ADERRD R L, FRBEREEEL T
WD AREMENHELR STz,
ARBFIERERITBUE, WA FREEICHEfEP CTh
5.
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