#&=X C-19
HEMREMHBIEHRRRBREE

P2 2457 2 1 HBUE

WMEEE  ERHE (A)

HFZEHART - 2007 ~2009

FHEEBS 192090835

MEEERL (F1X) EBRMFIHRILECNes fat in—10ZERKFHLEEORERLE
PR A

MERESL (EX) Identification of a receptor for an anorexigenic molecule,
Nesfatin-1,and its signal transduction systems

MERRE
F* EAF (MORI MASATOMO)
BEXY - KEREZRMER - &g
MEELZS: 80174382

W R OBEE (Fns0) : BARER TR THIL S B X OWEIRIZ /E LT, PG T Rk
HCHBEIHIPEIZ/ER T2 Nesfatin-1 OZFKE L THRIK T EFEE ERBE EZKICHEET D
GPCRn ZF& I, L7, GPCRn / » 77 7 & h~ 7 Z DR T Tl Nesfatin-1 ORFBRAYFE G A3HE L T
VW, Loy L. GPCRn fE 7 HIZS BLAIAL T3k Nesfatin-1 OFEA DD BN & XV . GPCRn |3/t
DZRIR L heterodimer ZTEAL L TUND ATREMEDS BN T & DSR2 S 472, Nesfatin-1 Fli 1% @ Signal
transduction D —EIX=EEAZ D Oxytocin = 2— 1 > Z I LT, 72 RKWHD S D Nesfatin-1 1% EATHEARS
AR %1% 2 X FE BN IR AL 2 I L. 2 DEBRALO POMC 33 K OY CART %4> L CRAMHI/E
HAZHEET D ENHIA L,

TR OB EE (3530) :  We identified a novel receptor, G-protein coupled receptor-nesfatin
(GPCRn), specific to Nesfatin-1, which is an anorexigenic molecule expressed in both the
hypothalamus and peripheral tissues, including gastric and duodenal mucosa and pancreas.
As expected, the hypothalamic extracts from mice deficient in the GPCRn showed a loss of
specific binding of Nesfatin-1, but this specific binding was not observed in the Hella cells
expressing the GPCRn. These results suggest that GPCRn may form a heterodimer with
another receptors or receptor-like partners. Nesfartin-1-induced signal transduction
included the pathway of Oxytocin neurons in the paraventricular nucleus and the
activation of POMC and CART expression in the nucleus tract solitarius. Theses findings
indicate that Nesfatin-1 is considerably involved in the regulation of obese development at
the central and peripheral levels.
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RTHRLESTH D,

FLEITRE. PPAR vy EHEAEANIIC L 0
mRNA FEH 3T $ 5 iE1s 1 % Subtraction
cloning assay (Zd& Y 596 7 7 — > pick-up
L. TR THE & ARG MAE O itk 835
WA ILTE L THD Nesfatin'l 27 n—=
V7L, FAUTEEICEV B 2 R TR
OB EE, TR B, FUR T4
MEFICEBE L TEY, FICEEED
Nesfatin-1 {EPEITAER TRV L, gk O
AT ER L, £72 Nesfatin-1 27 v M
3 MENIZEET 5 & A EIRFEMEICIR ) 72 /i
EIHIER %27~ L, NIRPE Nesfatin-1 % 0
T 591 Nesfatin-1 Hilk IgG O&GI1IR& %
ELIWCMELZ, TNOHDODHEEIY,
Nesfatin-1 (ZHK FEIC/EH L CTig 78
BIHEERZR3Z VB L7 (Oh-ISet
la: Nature 443: 709-712, 2006), Nesfatin-1
%82 T VML AR SAL. T v MINAREE
WHICFET 2 0WEBTH Y, E/VREL
TlE Leptin & XX FEREOEEIHNEN %
7~ L., Nesfatin-1 DHEN~DEMERHE 512
LD EBEMG & EKERDDPEREIICED S
Ao, R IBNGTE T 2 < NIgHE I o R ERE
MEENEHICHD T2 L 2RO, &6
(2. Leptin f&Hi1 D€ 7 /L84 T & % Leptin
TRINEREZHT D Zucker(fafa)7 v BT
% Nesfatin-1 12 X A2 BRI R EFBDO -,
b MERE IS Leptin BENEHWIZH
Rbod . BREITEDET. 4k
Leptin ##&5- L CH % DAy 72 BB MEIE
HZFBD72\ Leptin HEBIHENTFEET D, FA
FED I R, L7= Nesfatin-1 1Z Leptin HEHTH2R
HTHLIEND Y | Leptin & ITIXFEIFLE DR
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(1) Nesfatin-1 ZFEDOI/In—=7
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< OFREIK DR 1X G-protein coupled
receptor (GPCR)family (ZFTE 5 & DA%
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GPCR Th % Z & ESN D, GPCR 1T
OABRD X —47y M0 G5, £72V
T2 RISHEE STV 7w orphan GPCR i1
#1160 » 5, £, Nesfatin-1 OB A
& LTZ? orphan GPCR % H.0MIEERE LTz,
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W@ Signal transduction 3{EMHAL 45 & |
V77 NG O—E R £ 12 52 24 08 il o
MEPNIZ internalization %3 Z L. 2K OH
JAREIZB T 2B &I T 5, ZOFE
X V| Nesfatin-1(1.25 nmol/g K H) &~ 7 A
JERERICE G L, 20 1 FEEZRICHER TH
mRNA %z 77—/ L, EREGHOEIK T
mRNA (2 L ¢, mRNA ZEH &N
% orphan GPCRi&{x 1% ¢cDNA microarray
OV THEIFERICIRR LTz, Z20H% Db D
GPCR # 7 m—=17 L. expression vector
Z G5t Hella AIRLIC R BL S H 72 7%,
Nesfatin-1 RN OTEMAL 2 Cat++ii AHIE
% (FLIPER %M %) & medium #' cAMP
BERNESR RIAEIZED) Z2HAWNTHRTFL
72, ##f L7z GPCR IZ. GPCR22, GPCR25,
GPCR26, GPCR39, GPCR41, GPCR45,
GPCR56, GPCR64-1, GPCR64-2,
GPCR64-3, GPCR64-4, GPCR68, GPCR83,
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(GPCRn) & 14 L7z, HI% Nesfatin-1 f75
M= BRI L7,
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Proc Natl Acad Sci USA 94: 10862, 1997)
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Nesfatin-1 |[Zf5A& LAWTTTH B, £ 2T,
GPCRn wild-type (WT) < ™7 2 721~ LIZKO
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SR E o B O A A2 GFPPLA 2 H
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JER L C VU A Roaffinity 2 ¥ 720 LI
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heterodimer # #£ ik L T\ % @ TGPCRn
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50
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Nesfatin-1 (IR P ICRE L.,
Nesfatin-l @ 28% 7% Oxytocin & .
Oxytocin ®#) 40%7¥ Nesfatin-1 & #1775
ZENRZLLOWETRINTNWD, £/2, T
. Oxytocin 1IUEK DO 1B IHEVE A <CHLit 5
WA AE AN 2 CERMmEER %24
THZENERENTWD, LML s,
INETDE Z A Nesfatin-1 & Oxytocin &
OHALERIZOWTIFAHTH -7, £ T,
FTHRRTHEHEEOAT L 2 EHNT
Nesfatin-1 #sh#12 Oxytocin 2y WA AT X
NAHZEEMR LI, £70, EHE LD B
AR A HEE L. 428 Oxytocin == —1H
VThHDHI L EMEGREAIZE ERE.
Nesfatin-1 # 5% @ Cat++ENHIEEIT- 7=
& Z A, Nesfatin-1 B (K{FMEIC Car+TENL
ERBZBDO LN, BHEKDH L LIT,
Nesfatin-1 &5 EEEM AL IC Nesfatin-1
EERELTCHLEMEADPE DL LY,
Nesfatin-l = == — 7 » ¥ autonomic
activation fEHIZH 32 Z LB 6072
77 EEARREAIINEZ 50 mM &iEE KC1 i
BT D EMBIERAIZ L W Oxytocin 2347
WENDIN., H O L DI Nesfatin-1 HiiE
(anti-Nesf-1 [gQ) &5 L Tk< &, 2D
Oxytocin 73 WA SIS 1Pl & vtz, E£72.
Nesfatin-1 & X 2 &AIAHIEHIT Oxytocin
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B &Ml Ene (K2), 512, Oxytocin
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Nesfatin-1 |X B R, + —FEERMEE L O
BB RIET D Z ENHEINTWVD,
2T ICR v ZX®EEEWNIZ mouse
Nesfatin-1 Z$¢ 5 L TG 3% OEi & &
FRE LTz, ~ 7 A TlEH%E L7 Nesfatin-1
DORERFHEICEEZMEIT2 2 L XARD
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BT BRRESIN T8 RETHDT, b
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Nesfatin-1 O R EE%., R TOEEM
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R LN, BRETOZNL DOBE R
L Ledro Tz, S BIZ, vagal afferent
nodosa ganglia K ¥ HLEf L 7= #0 £%HH fa 12
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Nesfatin-l @ K i & & % @ Signal
transduction | EfTHER AR = 2 — 1 v
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EHEEROMEORRIMGIER N 2SN b Z
M LT, 72, 82M 7T X Vb b
Nesfatin-1 % o >— b & H.ODITEEIZ 3E
LI 531F C & OFEAL DS AN E R o Hols
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f#82>5 72 5 Nesfatin-1 @ mid-portion 73 8 %
ThoHrZEPNHBHLE, 20
mid-portion (¥ Leptin ZFEKICERDOH D
db/db ¥~ 7 A~DEETH, £7- 45%E N5

B 4B 5% D Leptin #PIMEIRETSH .
FOREENEE I L0 AR R A
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1612, Nesfatin-1 ® mid-portion 23F %N T
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(6) I Nesfatin-1 O HIER DBEIFE

Nesfatin-1 @ N &3 Z OV C dmfliz st
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EEE O ELISA 2445 L, 0.024 ng/well £
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BWZ ERFREINDOT, SlkE <Icm
HTDMERHD, 4 F C TD Nesfatin-1
Sy HRITERD 72 7o 72 ELISA CHIE L7 AL
1 Nesfatin-l ¥  high-performance
gel-filtration chromatography 2 X ¥ & %
Nesfatin-1 {Z—% L 7= single peak %38,
EFEREFIZB T 5 OREIX 1.0 ng/ml T
Holz, —F BMI22 LA FDFE T, BMI22
Pl Eo#IzlE: LTt Nesfatin-1 BT
BETHY, 72 BMI25 UL EOEE TD
M Nesfatin-1 [ZIMETH > 72, T4 H DL
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Nesfatin O AEIIHIRLIZ KIFE T FHEIZHOWT
IIARTZH S22 - TRV, # Z T, whole
Nesfatin 75 processing SALTHET 5 AJhE
PED & 5 Nesfatin-1, Nesfatin-2/3 (2L 5
3T3-L1 faliAila b oIz x4 2 B %
BEr L7z, T8 E Nesfatin-2/3 & 5128



TITNENG IR D AL BRI B A RIFE S 72
o 7=78, Nesfatin-1 O 5 13F OEEKFE
RN (e Rz 111 I O N g W e 9 =40 1 [N
aP2 <° PPAR y 7 ¥ 0@ s R EMHIER %2
o Tz, LU, JERMIIZIZIE whole
Nesfatin |37F4E T 5 23, Nesfatin-1 H &332
DN oTm, TRHEDOKEL Y.
Nesfatin @ JIg JIfi #f i 43 b £ 5 #00 1) 7E 1%
Nesfatin-2/3 #§ A7 IZ &4 282 T 72 < .
Nesfatin-1 B3 ZETH D T & D3HIBH L
77

5. E7pdEIim L
(WFFeFA . WFFE5 4R e ONEHENT 248 1
ER 7Y

GEEams) 17 &TaA
1. Horiguchi K, Yamada M, Satoh T,
Hashimoto K, Hirato J, Tosaka M, Yamada
S and Mori M. Transcriptional
activation of the MLL-p27kipl pathway by
a somatostatin analogue.
Clinical Cancer Res 15: 2620-29, 2009.
2. Hisanaga E, Nagasawa M, Ueki K,
Kulkarni RN, Mori M and Kojima 1.
Regulation of calcium — permeable TRPV2
channel by insulin in pancreatic B-cells.
Diabetes 58 : 174-184, 2009
3. Matsumoto S, Hashimoto K, Yamamda
M, Satoh T, Hirato J and Mori M. Liver
X receptor-alpha positively regulates
proopiomelanocortin (POMC) gene
expression at the transcriptional level in
the pituitary.
Mol Endocrinol 23: 47-60, 2009.
4. Hashimoto K, Ishida E, Matsumoto S,
Okada S, Yamada M, Satohj T, Monden T
and Mori M. Carbohydrate response
element binding protein gene expression is
positively regulated by thyroid hormone.
Endocrinology 150: 3417-3424, 2009.
5. Satoh T, Ishizuka T, Tomaru T, Yoshino S,
Nakajima Y, Hashimoto K, Shibusawa N,
Monden T, Yamada M and Mori M.
Tat-bidning protein-1 (TBP-1), an ATPase
of 19s regulatory particles of the 26s
proteasome, enhances androgen receptor
function n cooperation with
TBP-1-interacting protein/Hop2.
Endocrinology 150: 3283-3290, 2009.
6. Satoh T, Ishizuka T, Yoshino S, Tomaru T,
Nakajima Y, Shibusawa N, Hasimoto K,
Yamada M and Mori M. Roles of
proteasomal 19s regulatory particles in
promoter loading of thyroid hormone
receptor.
Biochem Biophy Res
697-702, 2009.
7. Iwasaki Y, Nakabayashi H, Kakei M,
Shimizu H, Mori M and Yada T
Nesfatin-1 signaling in

Commun 386:

evokes Ca2+
isolated vagal afferent neurons via Ca2+
influx through N-type channels.

Biochem Biophy Res Commun 390:
958-962, 2009

8. Shimizu H, Oh-I S, Hashimoto K,
Nakata M, Yamamoto S, Yoshida N,
Eguchi H, Kato I, Inoue K, Satoh T, Okada
S, Yamada M, Yada T and Mori M.
Peripheral administration of nesfatin-1
reduces food intake in mice : The
leptin-independent mechanism.
Endocrinology 150 : 662- 671, 2009

9. Maejima Y, Sedbazar U, Suyama S,
Kohno D, Onaka T, Takano E, Yoshida N,
Koike M, Uchiyama Y, Fujiwara K,
Yashiro T, Horvath TL, Dietrich MO,
Tanaka S, Dezaki K, Oh-I S, Hashimoto K,
Shimizu H, Nakata M, Mori M and Yada T.
Nesfatin-1-regulated paraventricular
oxytocinergic signaling causes anorexia
through a leptin-independent melanocortin
pathway.

Cell Metabolism 10: 355-65, 2009

10. Okada S, Yamada E, Saito T, Ohshima
K, Hashimoto K, Yamada M, Uehara Y,
Tsuchiya T, Shimizu H, Tatei K, Isumi Y,
Yamauchi K, Hisanaga SI, Pessin JE and
Mori M. CDK5-dependent
phosphorylation of the Rho family GTPase
TC10 alpha regulates insulin-stimulated
GLUT4 translocation.

J Biol Chem , 283:35455-63, 2008.

11. Umahara M, Okada S, Yamada E, Saito
T, Ohshima K, Hashimoto K, Yamada M,
Shimizu H, Pessin JF and Mori M.
Tyrosine phosphorylation of munc 18c
regulates platelet-derived growth
factor-stimulated glucose transporter 4
translocation in 3T3L-1 adipocytes.
Endocrinology 149:40-44, 2008.

12. Kohno D, Nakata M, Maejima Y,
Shimizu H, Sedbazar U, Yoshida N, Dezaki
K, Onaka T, Mori M and Yada T
Nesfatin-1 neurons in paraventricular and
supraoptic nuclei of the rat hypothalamus
coexpress oxytocin and vasopressin and are
activated by feeding.

Endocrinology 149: 1295-1301, 2008.

13. Fort P, Salvert D, Hanriot L, Jego S,
Shimizu H, Hashimoto K, Mori M and
Luppi PH. The satiety molecule
nesfatin-1 is co-expressed with melanin
concentrating  hormone in  tuberal
hypothalamic neurons of the rat.
Neuroscience 155: 174-181, 2008.

14. Okada S, Ohsima K, Uehara Y,
Shimizu H, Hashimoto K, Yamada M and
Mori M. Synip phosphorylation is
reguired for insulin-stimulated glut 4
translocation.

Biochem Biophy Res Commun 356:102-106,
2007

15. Shimizu H, Tsuchiya T, Oh-I S, Ohtani
K, Okada S and Mori M. Incidence of
B3-adrenergic receptor polymorphism and




prediction of successful weight reduction
with magindol therapy in sererely obese
Japanese subjects.

Obest Res C lin Practice 1:119-123, 2007.
16. Ariyama Y, Shimizu H, Satoh T,
Tsuchiya T, Okada S, Oyadomari S, and
Mori M. Chop-deficient mice showed
increased adiposity but not glucose
intolerance.

Obesity 15:1647-1656, 2007.

17. Hashimoto K, Mathsmoto S, Yamada M,
Satoh T and Mori M. Liver X
receptor-agene expression 1is positively
regulated by thyroid hormone.
Endocrinology 148:4667-4675, 2007.

(Fa¥E] GHofh)

6. WFITHLRR
W7 EE
# B (MORI MASATOMO)
BERE K - RFPEE LR TR, « #dz
W& %5 - 80174382

7Sy
iEAK 5L4T (SHIMIZU HIROYUKI)
BEB KT « KEPLE A TER - FEAT
Wrge 5 1 2025100

IHHE  E{E§ (YAMADA MASANOBU)
FE RS - KREFEBEESSRIEZERL - G
WrgeE 5 + 90261833

A 35— (OKADA SHUICHI)
BERS RS « REEBEEE SR UPZERL - SR
WFgeE 5« 20261833

BA "+ (HASHIMOTO KOHSHI)
RERS R « REFPBEEESFRMFERE - SRl
WIEE = 30396642

# I 475 (INOUE KINJI)
By E R - BLERES - B
&5 50091863




