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Dysregulated insulin receptor signaling (insulin resistance) may be involved in dementia
and neurodegenerative disease (e.g. Alzheimer’s disease), thus insulin receptor signaling
being the major molecular targets of neuroprotective drugs. In the present study, we have
demonstrated that the insulin receptor signaling was up- and down-modulated by several
therapeutic drugs and bioactive agents (e.g. nicotine, crucmin, docosahexaenoic acid,
immunosuppressants and alchol) via multiple intracellular mechanisms.

AT R AERR
(AL 1)
LA IEEE N
2009 4 1, 600, 000 480, 000 2, 080, 000
2010 4R 1, 000, 000 300, 000 1, 300, 000
2011 4RHE 900, 000 270, 000 1, 170, 000
R
R
o 3, 500, 000 1, 050, 000 4, 550, 000

WFFEo B - a6 Bk

FHIE D3R « AE - AR« (FRERALSE - phREREE )

F—U— N MRAERISE, A AV VZERS 7T 0 TR G RRAE, MREIRGE,
e R



1. WFFERA4A H W) D 5

ik« MEERIZEBNT, A A UK
TFVD MR, MRIEE O R, ik
B OTERL - MEFF - E1E, o - FEARLE
ZEdEd 25 Z & (JPharmacol Exp Ther. 299.
401-407. 2001; Science 300. 502-503. 2003;
Neuron 42:877-879. 2004), A > AV UZH
KEZDTFRMD Y 7 FNARES T DI B &
OMSRED A, FR, REMEER (T
UNA 7R E) OFREICEEG LTS Z
EMNA S M E 72 o T & 72 (Trend Pharmacol
Sci. 23:288-293. 2002; J Pharmacol Sci
99:128-143. 2005), & HIT, HERIFEFIC
BWTT YA~ —JF{OFRIENA B
T2 &) KRS (Neurology 53. 1937
-1942. 1999, Lancet Neurology 5. 64-74.
2006) NEoNT &R0 | FERFELT LY N
A =TT IVERE OKIZIBNT, A~
2 PR EZ > TWD 2 E B
1272 5 T % 7= (Neuroscience 90. 737-745.
1999; Neurosci Biobehav Rev. 25. 311-323.
2001), TNEEMTDL LT, A RD
ZREEE (HENISESHZBITT5) T5
L. FEBREM ORI LT EERART LY
A —IREEIZB T, iiE - FENK
FBINDZENHALNE o7 (Lancet
Neurol. 3:169-178. 2004; Proc Natl Acad
Sei US A. 101. 3100-3105. 2004; J. Neurol.
Sci. 245. 21-33. 2006),

TIHOEIE, FBEECHR AR B D
TRIRWEE S LT, MRRRDA VA UK
K T FNVEREERIET D EOFEIEE
IRIB LTV 5,

2. Wrgeo B 1Y

AL TIE, MRERICBITDHA A
BhitEodEE B L T, RO A A
U U RIRY T v R S 53 - B
BEMEMEIC DWW, TEE R O 72 %
Mra1io,

AWIEDORRIL, MHRERDA R 52
AR 7T Ny O Bl E S 2 g8l 5
D &S T e BRI T < RAE
AR MR B DOFIE H FRIRIZH <, D
Wi, ZOHITEELED K5 iz 7e 7

itk « TRHEICRE 9 5 BB 2R SR 2 4
kL 2 %,

3. TR J5 1k

R DA A VIR TSV % R
S5 AREME R b OIEY) - ABTEEDE - &
IS E ENDESICHONT, U T %
??50

WRBEANEET DA AV UZRIK 7
V3T DIRIE & HIRE PN O i

e S DN C T ST PRy LT FER IR
PC12 Mifa, ¥R, 277U THik) %
AT, ARV U2R/IE, BEO, 20T
WD 7 F NG FEEORBDOEE) & Z D
Fa B 2 SRR RT3 5

Q) BMWESRET VT v MBI 20 R
ARV VIR OWEN YIS DO
WZOWTIX, BERET LT v N (T
NA=—FETINT v b TR BBERSEE T
NT v N, BEOEET v MogEL, 4
VAV UZFIRY T NARES T RO M
BT D RAE, REOELIZ W TN
%, blT, FE - FE - ITEOZE Iz ON
THT ATV, A R v T IV RES
DI O E OFBEEZBET 5,

MDA LAY BT 7TV
TR AR RE OHERE - 1E15. 8 - i
BICHEE 2 ZE 2RI, TAYANA
~ 7 & OMIRAEMER BRI W TINICE
54 A ARFIENREZ o TWH T L
DH BN » CT&E T2, ABFZETIE, K
THWHILTW DBk & 70 30 A BEMEY)
B, BEFICEENTWDES R ED,
BRDA LAY VS RAKRS T T RIFT
HEIZOWT, M 21T LR
(1)-(6) DRI E Gz, £z, A1 AV
VR T AT S Mg RE O A B O
—2 & LT EBAKANENa F v RV ORERE,
AR R B B O R By A fEAT L. IRAERDIC
(6) = (8) DWFFEA R A 1537,



() MRREER A STV 5 304
HIEMWE (=aFr, =AM TIF—L,
IV Iy RahadPho o LAY
T hr—n 22E) I AR UEREERD
TWD Y 7 FN53F T Dinsulin receptor
substrate (IRS)-1 /IRS-2DFEIHENNZ I L
TA VAN UZRIRS 7TV 2R S,

(2)Heat shock protein 90 (Hsp90) ® 3 ¥
AR, A R UK, G-I
&, IRS-1/IRS-2MDFEEE DI K& < B
B 1L TW5, Hsp90dD i ¥~ o 1M 2
THE AR UZEE, IGF-1Z D
AT R H O2 &R PHE S 4L, HERRRRE B
BT D, [FIRFIC, IRS-1HE HIEA 3
% (EREOME & BRSO TTEDTZ0) —
7. IRS-2E HIFHIINT 2 (EOTLED 7=
»)

B)A AT U F T AIZED, Glycogen
synthase kinase-3 8 (GSK-3 B) 23 &4
Dl A RN R, TCF-TRZAE,
IRS-1/IRS-2., AktlX. negative— feedback
BEREIC X0 KR 2 72l N 2 I L TR B
VAR T AN

@) 7ha—nig A AR DA LAY
ZREA~OREGERET DA LITLD ., A
AN T T F VR SE T,

5) BHIBEHFEMIIIRITAA A VOE
HAMLE X, PISK~mTORZ AT L CTaufk A&k
NS E, MRREELEOMEZRET 5,

(6) U F v aE, GSK-3 B IFKIFHIICNaY]. 7
BN T v L & 4HIT 5 —H T,
GSK-3 B AR AFHNZ BEALIKAFMENa T v kL D
FEBLA BN S

(7) Navl. 7 BALHAFEME Na F v R L OIEMAL
X, GSK-3 B8 DiEMHAME L, # DV R
(DS

(8) Insulin-like growth factor-1i%. GSK-3
B O & U CEALKAEMENaT v LD
HEAEINIE 5,

5. E7pdEFiam L
(WFFEIRFAE . WFIE A e NI TEH 12
ES )

(et ) (G 12 1)

1. Yanagita T, Maruta T, Nemoto T, Uezono
Y, Matsuo K, Satoh S, Yoshikawa N, Kanai
T, Kobayashi H, Wada A.

Chronic lithium treatment up-regulates
cell surface Nayl.7 sodium channels via
inhibition of glycogen synthase
kinase—3 in adrenal chromaffin cells:
enhancement of Na' influx, Ca® influx
and catecholamine secretion after
lithium withdrawal.
Neuropharmacology 2009; 57: 311-321.
HHAY

2. Kanai T, Nemoto T, Yanagita T, Maruta

T, Satoh S, Yoshikawa N, Wada A.
Nayl.7 sodium channel-induced Ca*
influx decreases tau phosphorylation
via glycogen synthase kinase-3 3 in
adrenal chromaffin cells.

Neurochemistry International 2009; 54:
497-505. & FEA Y

3. Nemoto T, Yanagita T, Kanai T, Wada A.
Drug development targeting the glycogen
synthase kinase-3 3 (GSK-38)-
mediated signal transduction pathway:
the role of GSK-3 8 in the maintenance of
steady—state levels of insulin receptor

signaling molecules and Navl.7 sodium
channel in adrenal chromaffin cells.
Journal of Pharmacological Sciences
2009; 109: 157-161. &FHA Y

4. Wada A.

Lithium and neuropsychiatric
therapeutics: neuroplasticity via
glycogen synthase kinase-3f3, -
catenin, and neurotrophin cascades.
Jounal of Pharmacological Science 2009;
110:14-28. #HiA Y

5. Yoshikawa N, Nemoto T, Satoh S, Maruta
T, Yanagita T, Chosa E, Wada A.
Distinct regulation of insulin receptor



10.

substrate—1 and —2 by 90-kDa heat—shock
protein in adrenal chromaffin cells.
Neurochemistry International 2010; 54:
497-505. & HA Y

Nemoto T, Satoh S, Maruta T,
Yoshikawa N, Miyazaki S,
Wada A.

Homologous posttranscriptional

Kanai T,

Yanagita T,

regulation of insulin—-like growth
factor—1 receptor level via glycogen
synthase kinase-3 3 and mammalian
target of rapamycin in adrenal
chromaffin cells: effect on tau
phosphorylation.
Neuropharmacology 2010; 58: 1097-1108.

HHAY

Nemoto T, Miyazaki S, Kanai T, Maruta
T, Satoh S, Yoshikawa N, Yanagita T,
Wada A.

Nayl. 7-Ca*" influx—induced increased
phosphorylations of extracellular
signal-regulated kinase (ERK) and p38
attenuate tau phosphorylation via
glycogen synthase kinase-3 3 : priming
of Nayl.7 gating by ERK and p38
European Journal of Pharmacology
20105 640: 20-28. & A Y

AT, MIEEZ, fHZ.

7V a—r U ERx T —E 38
AAFEFAZ Mg 20105 1350 171-172. 4%
G,

Maruta T, Nemoto T, Satoh S, Kanai T,
Yanagita T, Wada A, Tsuneyoshi I.

Dexmedetomidine and clonidine inhibit
the function of Nayl.7 independent of
a ,—adrenoceptor in adrenal chromaffin

cells.

Journal of Anesthesia 2011; 25: 549-557.

HHA Y

Yokoyama T, Minami K, Sudo Y, Horishita
T, Ogata J,
Effects of sevoflurane on voltage—gated

Yanagita T, Uezono Y.

sodium channel Nayl.8, Nayl.7, and

Nayl.4 expressed in Xenopus oocytes

11.

Journal of Anesthesia 2011; 25: 609-613.
EHAY

Yanagita T, Satoh S, Uezono Y, Matsuo
K, Nemoto T, Maruta T, Yoshikawa N,
Iwakiri T, Minami K, Murakami M.
Transcriptional up-regulation of cell
surface Nayl.7 sodium channels by
insulin-like growth factor—1 via
inhibition of glycogen synthase
kinase—3 8 in adrenal chromaffin cells:
enhancement of *Na® influx, *°Ca®" influx
and catecholamine secretion.
Neuropharmacology 2011; 61: 1265-1274.
HHA Y

12. Nemoto T, Yanagita T, Satoh S, Maruta

(FRIEH)

Wada A.
Insulin—induced neurite—like process

T, Kanai T, Murakami M,

outgrowth: Acceleration of tau protein
synthesis via a phosphoinositide
3-kinase ~ mammalian target of
rapamycin pathway.

Neurochemistry International 2011; 59:
880-888. A FifT ¥

(B} 27 1)

U RTY T A (FBf#E)

1.

2

3

P ERE, BRAEAT, HiRE ., EAZ

HREBDA VA VIR T VAR
DIEHE - FE BT HHERE

b Z A RP=Z =R F 3 [ELINEER

SN DA [ NT ARG K
HED DGR~ 20094 11 A4 21 H
Yanagita T, Nemoto T, Wada A.

Function and cell surface expression of
insulin receptor and IGF-I receptor in
neuronal cells.

BIT Life Sciences 3rd Annual Protein and
Peptide Conference, 20104E 3 A 22 H

UHIES . HARBELT, PelEiZ, &)1
Bl LW, B

WIRRDA LAY AR TGF-1 2R
T IOy T REDOFERE - FEBLREI S

A2 oA 2011412 A 17 A



4. Yanagita T, Satoh S, Nemoto T, Yoshikawa
N, Murakami M.
Regulation of cell surface expression of
insulin receptor and IGF-1 receptor by
heat shock protein 90.
BIT Life Sciences 5" Annual Protein and
Peptide Conference, 201243 H 24 H

<RI D
5. MiHEE, FEE, R,
AEIENE, &F)IB0E, BAMET, FHiZ
PUBEIR Y 57 22 X B BALKLFNE Na'F v
KV OBERE - FEELRE © GSK-3 B IHKAAMED
BEREHNH] & GSK-3 B K AFME D Ml Il 3¢ Bl b
n
HA D FAEYFE 59 EIEF
7 A20094 5 H 11 H

6. AT, HIHEZ, RS, ol Z
Insulin-like growth factor—I &I
TR A O fiEAT

HAA D FAEY TS 39 AIFRF R
420094 5 H 11 H

7. EWE. BAET. S, HEEEZ,
OB Z
FRK, p38 MAPK {Z X % Na,1.7 Na'F ¥ /L
D HIE
AR FAEYFE 9 EIHFRF A
o A20094 5 H 11 A

8. IRAMEAT. MiHEE. HiRE., fMEHZ
Insulin/insulin-like growth factor-I
(IGF-1) MR 7 F VS5 1 BER BLFA
¥ P D AT
13 [B] ElE Neuroscience #FFEE
2009 4F 9 H 12 H

9. MIHEZ., AT, =, FuHZ
TH )= X BA A IR T
LD
FE62/A] H AR FEPE 2 P 2
20094  11H21H

10. AR, IHEEZ. SRS, fHEHEZ
Glycogen synthase kinase-3BI1Z X%

insulin/insulin-like growth factor-I
SRR 7 F VG RO R B
FH62/a] H K FEPEZ LS

20094 11H21H

11, ERE, BARET, EEZ, FHEAZ
EBAAKFM Na, 1. 7 Na'F v R WIZ L D tau
U b oo il i
FE62/A] H AR FEFEZ2 P H4
20094F 11H21H

12. BIEEZ., BARET, =S, fHEZ
TIa— I A A UERRIRY 7T L
Z il %
5 83 o] H KR FRAER
20124 3 H 16 H

13. IRAREAT, BIHEZ., =R, fHEbZ
A AV 1L PISK/mTOR #4 Z /1 L C tau
BEHEZHNEES
83 [o] H KR F DS
20104 3 7 16 H

14. EIGE, BARET, &Hm. UIHEE.
HEZ
ERK & p38 12k 5 tau U 8k, Na,1.7 F
¥ RO Hl4E
83/ H KFEPEF2AFE R
2010 4F 3 H 16 H

15. tRAFEAT, WIHEZ, TnHAE
A RV AT K DR ERZE LR PI3K/
mTOR #EE A L7= tau &AL
FH63a] H AR FEPE L2 5
20104F 11H27H

16. Nemoto T, Yanagita T, Wada A.
Posttranscriptional regulation of
IGF-1 receptor via GSK-3 3 and mTOR in
adrenal chromaffin cells.

20th Japan—Korea Joint Seminar on
Pharmacology 20104-11H27H

17. HIHEEE, BAKT, fHEHZ, & L%
A A RN OHspI0 & =2y
= Al X

8[| H AFEPEF 272 20114 3H 24 H

18. ARAFEAT, MIHEBEZ, FIHHE, & L%
A VAN UZRIRS T FICEITHIE L
A DR BT AE
8[| H AFEPEF 2 F 2 20114 3H 24 H




07 ¢ VUHIAIZ T B R EE ML
19. WHEBE., BAMEIT. Veilfhr. Ao g A 2011412 A 17 |
SUHER, HINEE, AL

Transcriptional up-regulation of cell

26. IRARFELT. MIHEZ, fHEHZ, LY
A AN AT K DR ERZEE R © PI3K~
mTORFR K % /1 L 7= tau’s 14 AR

8o/ H AFEPEF RS 20124 3 14H

surface NaVl.7 sodium channels by
insulin-like growth factor-1 via
inhibition of glycogen synthase
kinase—3 3 in adrenal chromaffin cells
o] b T 2 RN = — I FEL NN
20114 9H17H

27. MHEE. BAMELT. #f EF
Insulin-like growth factor—1 &3 H
D Hsp90 & =3~ 2 K A il i)
F8o[E] H AFEPEF2F 2 20124 3H 15H

20. RAMEST, MIREZ. HEE

Insulin—induced neurite—like process

outgrowth: acceleration of tau protein (XE) GEto #)
synthesis via a PI3K—~mTOR pathway
B[] B T R A — S — I IER TN R

20114F 9H17H

(PE &R PEAE]
ORI (Gt o )

(Z DAt
R— b=
insulin receptor signaling in adrenal http://miyamedyakuri. web. fc2. com/index.
chromaffin cells. html
Neuroscience 2011 20114E11 H 14 H

21. Nemoto T, Yanagita T, Murakami M.

Positive and negative regulation of

6. MFIERRE

(D) AFgefREH

MIH  f#7%  (YANAGITA TOSHIHIKO)
BT « R - R
W85 60295227

22. MIHEE, BAMELT. FEREHR,
ENABCE UHE] a2 BRI
kB2
Insulin-like growth factor-1i%Glycogen
synthase kinase 3 BPHEZ /L CTNavl.7
DIBIRTHRE 72 © ONT MRS B & 4 B0
SH5
F64[a] H AR FEPEF R R 2
20114F 11H20H

(2) #FgEor
A F&4T (NEMOTO TAKAYUKI)
BRI - RS - B
g %5 : 90506833
(2009-2011 4F)
23. IBARREAT. UIHEE, TEBZ, & L%

BRI 7 v~ 7 ¢ AR OMRREE L
A AN AT LD tau BEA R
F64/a] H ARFEPEZL PR

20114F 11H20H

24. HHEE, BARELT, Fikhx,
FNFE, SLHER, R

U F 7 AT K5 Nayl. INa™F ¥ 1L DRERE -
FEELFHEIF - GSK-3 B IR O HEAE I H
& GSK=3 B & A7 oD Al i S5 B8 N
Hoto oA 2011 412 A 17 H

25. WRARKEIT. IAEE. H. L%
A AN Tk D tausE AA R « BIR

fam  BAZ (WADA AKIHIKO)
B R - R - R
WHeE &5 - 30131949
(20092010 4F : Bk D 7= )

A % (MURAKAMI MANABU)
BT - R - BdF
F5eE %5 80302090
(2011 4)

(3) HEEMF IR
L



