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J < VIEGRIRIN B Y Anosmin-1 (X Netrin-1 & ABE/ER L
CO1 AR O B % RIS B

OFH T3 1, HEARESE 2, el |, AR, KERE !, ZAREK
LOTERMS A, NERRBES , A bGHET Y, ERRIE 5, WA

VHEEK - b BT AT A, PRVEER - S IRRAET, O RUERFALE - AR
A, CNERERE - fAY, SHKE - NE

(B8] D~ U fEBEREEKS)IE, KT R b e o MRS RE R . T « ke, —
KM ORMZ/ES BERERETH D V, FHEEML T KALL 22— F3h b
Anosmin-1(Anos1)i&57 - & 100kDa O3k 2 L X7 E Th 5, % ORSRETE IS BLARIX,
IEH7RMREROBAZFETET KS NSRBI END EEZLN TS, BAEBEIZED
T, WA SR ERZ s DR U CIRER~, WRER DSR2 P~ C&E &, 1
BRAIL AR /VE o PE ARG 23 E 40 & Ol ER A BB LTI B DR T~ & 57
%o £, Netrin-INTNDIX / v 7 70 b~ U ZADFHNOMREK=a—a 2T 501
ThdERESNTVD, BHFZEERITE VT Anosl & NIN1 BNEFEFKEETHZ &2 LW
L7o, AWFETIE. KALl 2687 5=U MU RZH, FHREMHREZR TOD Anosl & NTN1 4
VRO REOF A RGE LT, F72. Anosl & NTINI 23&E6 L, fHHEERT L Z &
THRARRE OFESMERIC ED X 5 7o 8% R T 0 & MRGE L7z,

[7{£] B4~E12 =7 [~ U JR%& N, HARAER TO Anosl & NTNL & /327 E O Ryt
Ze SRR AR G BRI KD BRGEE LT, MR OFE S MER OMGEIX SR R 2 Wiz, =T b
VRN LER L7-R EZ (E3~E4) OUrf#IZ Anosl F 7213 NTN1 ¥ > /87 & & sl 58 8
X7~ HEK293T fifiadf (= > + = —/1: HEK, Anosl: Anos1-HEK NTN1: NTN1-HEK)
2%~ RU L 60%=2 T — R TTHEEER L, ik~ — D —Th D Tuj-1 ik A
W S GBI L0 AR OFE S IE R 2 FRAiE L7z,

[#E5HR] =U FUMEA A= Anosl & NTN1 # o 37 B O ik g B8\ C., E8~
E12 OEKT Anosl BEL N NTN1 # U X7 ERLFEL TWDE I ERRO LT, HHE
R & WA OFET FEERICIB VT, Anosl-HEK F721% NTN1-HEK Hjh oo g2
RFESIEAIL HEK &l L CE2 o 72, £72. Anosl/NTN1-HEK DR 51EM
I% Anos1-HEK # 721% NTN1-HEK Hijft & bz L T < | Anosl 3 XUV NTN1 OFHAAEH
28D AR ARIEERS D IMER RO b7,

[EZ22] LLEXY ., BEAEMOMIZE VT Anosl BEL O NTN1 OS5 FEIFHEAEHRIZ LY .
R T A B A ZHIE LTV D A[REMED RIB S N2, £72. B EROF R/ 5. Anosl
& NTNI id, MR ERZ D HRER~ OB O E Z e - FH5l LT\ D 2 ERRB I,

[ k]
1. Sato N,et al. (2004) J Clin Endocrinol Metab. 89, 1079-1088
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Anosmin-1 O Ifl & PN 2 MR IZ X9 5 A BIEE DO KREE &
C02 FEDY T FNGERKE DR
O*’A%E% TEKIE 5, é%%%mﬂz, UTEESEE ! WEEN
VREEK - BE - AR, PEER - A En‘\/XTA
CWEEKR - SRR L

[BHY] 2o KM% B Kallmann JEERE iﬂj%fj?ﬁ/ﬁkfé@r 7&1¥57$’C3@5 MRLEK DK
ARANE, MR B ORI~ ORI SR RS B ICFE SN WZ SICERT 5 L& 2
EZFL’CU‘ 5, ZHETIZ Kallmannf@ﬁi@ﬁilhfﬁ?%ﬁiﬁmméﬂ’(k‘@\ N6 DOEIS
%Fﬁ?%ii%@ifiﬁﬁk L CHRREN SRR E £ I3 R T A X o A28 &R 29, £72hn
5D BDOEL Oh ik, MENEMIIZK L THABEEZAELTWD Z ENRWE SN
TW5, :ﬂ&iffﬂaﬁ%\éiﬁ ZRWT, BRI A X A5 DR iﬂﬁl”’xljﬂﬁ’f‘lﬂﬂfj (3%
BLL, MR E RO 7T V&% Tﬁﬁofiﬁﬂbfﬁﬂﬁfé LIWCEKT D, £ 2 TR
HiX. Kallmann JEMEREOBRERE AR E2OIHRREL. BN IEFIZEK I NN &ENFRKT
SlEEZSNHDT iﬁbﬁk%?ﬂinﬁ%i“( WEINTWDLRKNER TR 2—RFT5
5//\7g@quml”iljﬂﬁ’ﬂﬂﬂﬁ WK A BRI REE, EdHRE STV W&
B LT, TOMRE, %24 L=t KALl & EY Anosmin-1 Td®H>7-, Anosmin-1
n‘kﬂui‘o /Zéh“( M| Bz s AR 2 35 5| LIRER 2 T Ak S B 3B IRl sR 77 1 &
DT THDHZ EDHEINTWD, LML, A4 F Tl NI A BEE I HmE S
ZFLTUVLOEU\ 2T BIIARIISEIZ BV T, Anosmin-1 23NLE N RIIR I %t L CAFNE
PEZ2H L TWDNE I aEE L., IWERNBGHIAIC T 22 BFIKRE &£ Dy 7T ViRiE
TR DT 217 > 72,

[5i£] FEBRICIZ HUVEC (b MFEEIRNEGHIAL) 36 X OVbEnd3 flif (= & A5
WNEZARRE) & o7z 2 T O M8 N M 2 - o, 8 NI 351 5 Anosmin-1 12
X % HFHAE % proliferation assay, #AEHE% Transwell migration assay. & PEfZELHE 2 2D tube
formation assay Z FV T, M NEZHIGEIE 7 VEGF-A OJEME & ek U7z, MR
TEER Y 7T VREREE Th 5 Ras-ERK1/2 #£1%, PI3K-Akt #2#%, mcwcﬁ%ﬁ
Anosmin-1 |2 X > THEMAL Z 4L 50>, F£72 VEGF-A OIENEAMIIIZI T D FE e 5K
T& 5 VEGFR2 NV gk &5 H>% Western Blotting 112 & - CTHENT L 72, Anosmin-1 |Z
LDEWEEA PLCy 1 D/ v 7 X A2 K> Tz 5105 H % 2D tube formation assay %

FAWTHRGE LTz, AR O 12350 T Anosmin-1 D IMLE K ZEET 500 %, B4 12
HE (E12) ®=9 kYU KRO KBRS 2 AV CHGE L 72,

[#5 -] Anosmin-1 /& HUVEC 23\ CIlEdE, HE, I L OEEENK &2 L, bEnd3
MfIZ B W CIRlEE, Bk 2 et L=, 7. Anosmin-1 Jil#|Z & - T HUVEC, bEnd3
M &6 5 OMIICIBNTHERARY 28— Cy1 (PLCy 1) KOZED FRICALET 2
a7 A ¥ —E¥ CHEE (PKC substrate) OV LA & EZ Sz, MENEMRO
PLCy1 % siRNA T/ v 7 X795 & Anosmin-1 |2 X - THE I 5 FWER AT IH] S
AU77. Anosmin-1 [FHII 4 Smin (23T, VEGFR2 @V V{5 & # Z L 72, Anosmin-1
IZX > THI&# Z 415 VEGFR2 D U U IR{kiX VEGF-A I TRl S Z & d b D &
TH90 > 72, Anosmin-1 (Z=1 kU & E12 O KBRS O M &R 228 LTz,

[%%2] ASK Anosmin-1 DNIRERINDIME TR ZFHE L TV D23, ZHRIZEL Y Anosmin-1 73
MEFRRZFECTE R D2 LI L VR AR Z 5] & 2 ¢ etk R_me Sz,

[£ik] 1. Licht T, Eavri R, Goshen I, Shlomai Y, Mizrahi A, Keshet E. (2010) Development.
137,261-71
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Hippo ¥ 7 VR ER KT B 1T 5 MASKI B X O MASK2 D HRE f# T
C03 Ok, MOk, 758K, SR
_LﬂnﬁEjY é E@

[ B89 ]Hippo v 7 MBERIKIE Y 2 ¥ a U R BIFUIE £ T2 2 CTRTE S 1.,
AHEFE T AN b — 3 2 AT 2 2 7 F RERIK T D, F 72, Hippo #RI I Llsias 1
A RZHRE L. ZORBOBEL, DAOEKICHLEG T2 EnHLNIZSNTND
2 L2 E TIT, Yeast two hybrid(Y2H)E % VT, Hippo RO H 5+ CTh % LATS2
CHEFERT //\75525:% 7 J—=2271. MASK2(ANKRD17) % [A€ L 7=, 2013 4
IZ. MASK2 & /37 1 7 ¢ 5D MASKI(ANKHDI1)7Y, Hippo %Zzﬁ%@ﬂ?ﬁcdﬁ%ﬂ“éﬁﬁit
BRFD YAP EAHAEAEH L, ZOMREAHRT 2 2 & 03HlE S zns, o7 1R DFE
HNIARHTH 5, £ Z TABFETIE Hippo fRIKICI 1T D MASK # > 737 @1&&% EfEtT 2 B
fJ & L. Hippo #&H D HIZIK D LATS2 <° YAP, TEAD & OB#E 2 Mgt L7,

[ )77 JHEK293T #llfi 2 F V7= — i@ e R BRI B W T IR 247V L MASK2 & LATS2
O EANERIZSOWTHER LT, F£7-. MASK B R DORELIN YAP OREHER DIRE
BLUOMIaIEIEIC 5 2 DB A2 D2 OICMASK Z X &% ) w7 X7 L7-HEK293T
ARz W TY 7 v & A4 A PCR ﬁi@ffﬂﬂ@iﬁéﬁlﬁnﬁ%%ﬁoﬁo Nz T LATS2 OFEHIK
THDH YAP ~D G- & LTYAP ® VU UIE{BIZ MASK & U NV EHINEEA DN E Dk —
WEPEFRBLRIC I W TR 2 F W THENT L7z, #2112 YAP-TEAD OAH A ER ICE R
H L<IXVGLL4 72 E DR 1% L CRIBEIZBE 595 02 & 5 )220 T HEK293T e &
P2 e ih b 2 O TRt L7z,

[#55:] HEK293T #ifi 2 F v 7= et 88 ik e Tk MASK2 & LATS2 ODAREAER NS b
2o £72. VT /L% A L PCR %72 YAP DFERE( R T DR G- ~D 2T MASK2 % / v
JETTHTETHRENNEISND Z ENBO LN, £7o, MASK2 D/ v 7 X7 0Z
K0 MR I S 4v72, L2 L., MASK # /X7 BEIZ L5 YAP @V gkl _ob\ﬂ;’r
EBERNBITICEELE I N TWD BV 12700 Uikt TFav ol UICZIZED 5
N2> 7z, YAP-TEAD OFHEAER~DOEEIZOW UL EEMERI2AERN 2 BTV
A

[E%2] LATS2 & MASK2 OFAEAEMIZ L Y MASK % > 7%7 @ Hippo #&H&~D 5 M3
BXiz, TNETOREEL LT, MASK2 / v 7 X0 2 X - T YAP DERERL S
DHERE. iiffnﬁ%l [ & v, AMOEEEE & IH Sz, LAy L LATS2 OEMIN+TH 5 YAP DY
MALITER O B2 o727z, MASK % 37 EH13 U U E LA T Hippo #2#&IZRE5- L T
WD ATREMEN R STz, 4. MASK ¥ v /37 B2 X % YAP-TEAD O EAEH ~D 5%
IZOWVWTHRF L TWS LERNDHD EBE XD,
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HRAKEEEREABRECREBEFTHD
C O 4 Glypican-6 ® hedgehog ¥ 7 F VAR BT 5 il EHE#E 0 AT
(OTomomi Izumikawa, Mariana Capurro, Wen Shi, and Jorge Filmus
Biological Sciences, Sunnybrook Research Institute, and Department of Medical
Biophysics, University of Toronto

[ BEMY] Glypican(GPC)iL, 7V av VT 3 A7 7 FVNA ) b—IVT 2 —%4 L THl
FEICHE S L CWA R AR T a4 27 ) h o, fMilREm bicZ ) a3 ) 70 7 o8
THDH~NT URBRHES)EZ RESE 5 2 LT, Mlas s L, H 5 WITHaE 1o
FEEAEH 2§l 3 e 2 H o, b b TIL 6 MIEOGPCOMFE L, HSEHA /T L C, JERER
F% Kl f-C & Hhedgehog(Hh), Wnt<°BMP EHHE/EI L., 216D v 7 IVREZGIET 5
ZEPHBEMNTEINTWD, I, F ARSI E R BUE O RIKEE T £ LT, GPC6
MNRIES Y, 612, GPC6IE. ~ W A DB blE OB REE g T < 3B+ 5 =
ERHEENEY, L, GPCENRED X HITBEDERICEE L TWE L, RHTH-
7eo 2T, FIEBMIESEICE T, GPC6/ v 7 T 7 MNKO)~ 7 A ZAERK, fRbT L 7= /5 R,
GPCOKO~ 7 Aixt b & [RERICEIEREENA DI, HAERBSELE o7, £, 21
FCHDOEMIZEZE/Z2HhNTH HThhDOKO~ 7 A & GPCOKO~ 7 ADFRIBIUNFHLL L Tz
Z b, GPC6ZHWY 7T IRIZEZFIE L T\ 5 & TR L., £ Ol o g 2 i 2
776

[ J71:] GPC6 @ Hh o 7' /U miEiEM L. NIH3T3 MilIC R 5. A Gl e mEkc2H4 2%
VIR—Z—T7F A L GPC6 #E AL, Shh Iz, Glill X AEEEEE LY 7 =T —
BIEME TR L=, FTEIFEE Tk, 2 E T GPC 128\ T, Hh ¥ 7 L2
B 57-0121%. Hh OZFAK Patched (Ptc) & DOfEE I LN Hh v 7 /AR EEIZ BV THZAE
DEN e Rt UMEE~D RERMNEATH D Z L2 Lz Y, £ 2T, pull-down iE%
VT, GPC6 & Ptc DFRHAERMRNT 2372, S B2, GPC6 D —KIEE~DFIEIZ DUV
THA~Tz,

[#55] vy 7 =T —BiEMRIE O . GPC6 IXFHEMK AT Hh 3 7 F /L DiEM: A {2
L7, 512, pull-down EZHWMATIZE V. GPC6 1X Ptc EFEAT 25 Z EBH L
Elpol=, Fi7-. HS $H% KIE S H7-AGPC6 Tlix. Hh ¥ 7 /UiEMHIXE#E S T, Pte &
DFEE LR Lo T2, —IRIEEBIZEIT D GPC6 DJFFEZ TG R, ZhvE cowss
EIXER Y GPC6 1T —RIETBICRIE Lo Tz, 2T, —RIkE~DR/E/RITIZ, Y
v R TH5 Shh MBS L TFA L, Shh ZIRIN%IZ GPC6 DM T D JRfE % i~/
FER. GPC6 13— RMEE~ & RTENZL LT, LU, HS $8% K48 S ¥ 7-AGPC6 TiE, Shh
EWRMLTH —KEE~OBENIBIE I N -T2, S HIT, GPC6 DIFE FIZHB W T,
Shh Z ¥4, Hh REEOFHI 2 5 2 DO EK Pte & smoothened (Smo)D—KikE TP
RENEALT D Z ENHLMNE o7,

[Z22] LEORER LD, GPC6ITHh LFEA L, —RIEE~EBENTHZ &L TRRAKTH
% Ptc & Smo D JFEE AL & Hh BREOHE ZH-TnbH EEZBND, S HIZ, Ptie &
DFEEB LB~ L BENCIE, HS HAEEEREZH - TWD Z EAVRIR I LT,
GPC6 %, o> GPC L1572 5T Hh O VT IUmiELZHIET 5 2 & T, ‘BOERKIC
EEARMEERZT S Z LAVRIEB I T,

[cik] 1. Campos-Xavier, A. B., et al. (2009) Am. J. Hum. Genet., 84, 760-770
2. Li,E etal. (2011)J. Cell Biol., 192, 691-704



C05 FHESE2 =y b “VE =LY UER” DREL
A ImrT7 4 —~DEE
O&IHE /AIET |, MFLE T 2 BaTE 3 AFhek !,

[y 0 2548 4, Fn e 2 SRR S, A s !
PRRE R « BRI« 4 F-I/AR N, 2 RIREE-& -« AU,
SRR G IEE Y - B, TS o — L - SRS A

[Em] A e Uhy D6) &, HEBEKSDT I =000 F 7 A5OSR T,
UJ7v REDFEEIZIE 0o~ > ) —Z (0-Man) B OPESUEM DML EETH 5, 0-Man BIFEHHOR
WL, Fm—Z Xyl) 77 v B (Glchd) 2675 E— MEENRH D | BHHEOD
UB Y RREGEALE LTHBEL TW D, F7o, OMan BUFESHO R IT, YA a7 U v
BEE (DG BEE) MM EINMHY A ba 7 0 —0OREIZZRD Z ENMmbnTVnD, L
ML, AR MaZ Y B OFEEESE DORRSC. D6 B FIERINE s 1 fukutin, fukutin-related
protein (FKRP), isoprenoid synthase domain containing (ISPD)7¢ & OREREIZARHTZ -
Too ABFFETIL, DG FEIEDOFRIEHR T OB L IGRIE~DOIEMR 2 2 L2 I, P&
ke 7Y F MRS & DG B E O JR KB R THERE DRI 21T - 7=,

[FiE] A a7 U OFFEMETA -SRI ORR S 25T L, Xyl/GleA U B
— MONVEBRAICIEM SN R ERL U7, 2 O 2 IR SR OBESRE S 2 E BT
E5NMR IETHENT L, Boni-tEdEa b &2, ISPD, 727 F . FKRP ORRE A Mgt L 7=,

[#EHR] VA RSB D Xy1/GlcA V B — M ONAEBANIT(EAR S 7= F0HL 2 (KO /ERLZ X
UHTHRII L. 0-Man BUEG O HIZ Y B h— L U VRIS i~ 7= & L5 A% R
L7z VE M= U UERIZFT U h—L2DRET L a— L) VR T, N7 T ) 7o T
DIEEPFER SN TNDE OO, HHETHEH2 =y FE LTHIEL TV Z Lidmbh
TV, A7 7 U7 TIECP-YU B R — &R GARIC LT, U e b= U AR
FAAEND, DG BEREDJRKREIL T & L GEFERE S 47z ISPD 13327 7 U 7 D CDP-Y
v h— L EkEEE C P EE R L TR Y, EEIZY E =5 gL CTP 705 CDP-VU &
A EART AIEEE B> T, F72, 72 F L FRRP I CDP-U B b— L & it G
BRIZL T, U E b=V UBE% DG BEBICIRICH A AT Y B h— L U VIRIRBER CTH D 2
L LWL ST, I, ISPD, 72 F 2 FKRP OARIC X % D6 BETEBEDET L
ML LT, 7 MRIEE CABIE T 2 KB S TR A BT L, ) e =) Uy
T LDRARNIREFRE Th 5 = L &% ki, BN Z 17, ISPD KK EE
TN COP-Y & h— A A5 & RIS STz, 202 2 1E D6 R
(k9% CDP-U & b — Al FEFRIEOF A RIZ LT D

[BL] A#fFzEicE ., Ve b= U VERMAEOMEH ==y F & LTH#IELTWDH 2
EMBHLMNCRY, ZOEERBEENHY A a7 4 —DFRICRD Z ENHE BT
ST, D6 BEFEDFIEA = XA LNRIAE N2 & T, A%, 1RIEE L LTo CDP-V £ R
— )LVDOBIFICHIEN D LIS D,

[3Cik] Kanagawa et al. Cell Rep. 2016, 14, 2209-2223.
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C06 FGF21 I/ iR i fa D R BV Z (R ET 5
O UER ", MEARY, FBE1T2, /ESEE!
PRRSEOR « BK - iAE, 2 TR - BREE - MIC

[EHAY]  Fibroblast growth factor (FGF)IX, #fk~% ZaMifmisxt U, HEAEMESC o EEEE R %
K NEH T SR metEaE > 7 VIR Th D, T D5 B FGF21 1E, EICHFIE DN
S ENDEIERE RGN TH D Z A< HLMc s TE MY, —FTHhaix
FGF21 O[FEESAI LV . FGF21 TR N T— kG E Ch O MR b RBLT 5 2 &
EHELTWDHI0, T E TICRIERICEBIT % FGF21 OEREICET 551 RITE S TW
2o T, TR TIE, MIRICET D Fef2l OREREIZHEB L. FrlC., HEEGZEICER
WTHLL Y 2258 2 o3 T MR O M RN BB AR 1238 1T D FGF21 OREREfRNT 21T > 7.

[J7:]  ARWFZETIL. Fgf2l I X DRIl « lEWER 2 REd 2720, A% 1
s & 4 BE OB AR (WT)~ 7 A & Fef2l B 1 KE(EKO)~ 7 A7) 5 K fRHila s L OV
AlaZBREL L, SR T Mok~ — 0 —hiikzE iz taokic, 7a—%A4 R A b
U —IZ X DM B - b 21T o 7=, F 72, Fef21 (2 X 2 M i o sk ie ~ D B E A
ERET 70, BAE 1S B U A0 OB MRS E R R ER & E% SHli~ T A5
ORISR ER 21T - 1=,

[#FR] w2, B ICI T D Fgf2l <° Fgf S BIRDO I BN D[R E 21T - 72, Fgf21
X EpCAM 5t CD45 [2MED iR B MI(TECIZ TRV BL N B L, DO HTHRRC
UEA1 + MHC IT G E DB RAEEE TEC (28 & 90 < FBLR A b ivTe, — 5 T Fef RS04
SRR TEH 5 B Klotho 1% TEC (290 < FEBLHERD S 4v, RAM PO —EIZ S | 595 < FEL
MR BT,

WIZ, BRI k35 Fgf21 OABIHIMSRE Z T3 272D, WT v AL KO~ 7 AD
R & B> © 2 5 T A 2 £ B L | B3 THEFE(TCR B hi/CD69-)D 3 fi & Heis L= & 2 A,
KO~ 7 A TIXWT ¥ 7 AT~ iR & g2 361 F 2 B T Al 0 7347 25 LTy,
Fgf21 23 iRAmIa O sl BVEEE 2§ D ATRetEDS R S 7= 2 &0 6 . 2 O ATHEME & MRGE
T 57280, IEERIEMRC FGF21 #Z v R EEZRIM LI & 2 A, XU /R ERIEET
(X, FEIRINEE & i LT, B T MO A SN L CTnie, S 612, MR ges &
RITBWT FGF21 Z X7 2T 5 &, KA OTEH b~ — 7 —TdH 5 CD69
BES PRI RE D 43 AR DB N AN e S 7z,

[B22] LDIEORRMNS, MRICEIT 2 T MEORBIEFEIZIBV T, Fef2l [3AREE
TEC XV /3 S, RAMBRHIIZIER L, B T ffa~D 53 b - siuEfe 2 g3 2 2
EINTRIB ST,

[scik] 1. Ttoh, N., Nakayama, Y., Konishi, M. (2016) Front. Cell Dev. Biol. 4:30.
2. Hotta, Y., Nakamura, H., Konishi, M., Murata, Y., Takagi, H., Matsumura, S., Inoue,
K., Fushiki, T., Itoh, N. (2009) Endocrinology Oct;150(10):4625-33.
3. Nishimura, T., Nakatake, Y., Konishi, M., Itoh, N. (2000) Biochim. Biophys. Acta.
21;1492(1):203-6.
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R OB IZ B 40 5 RhoA DREREMRIT LM E/EA 5 FDOER
CO7 O R, EmE=", MR, HAH&E ", mEE !,
EEE— 2, NS, iz bR, AR
PIE R - B - BETR, PRRE K - A AT T, SHER - BRE,
ECIEE N

[BE] K5 FEGEHE TH D RhoA IXFHEMHORIEICARAIRTHD Z ENRMESINT
W5, Flo. BROEZHEIETARFE LTA A Y VEERERTERZET Hh., SeiTisE
12 &> T C2C12 WiflakkiZ IGF-1 Z /LB 2 & i OAERK & RhoA OFETL R, TEME(L
IMEHE SN D Z E DAL MNTR 5> TWAD,IGF-1 1T X B IR RAKIZ 1T 5 RhoA Dk
T2 S ey, & 2 TAAFZETIL, IGF-1 12 L % RhoA O3Bl E & IGMEFRH
BRI DWW TR L7z, FIZ, BRAIEKRIZEIT 5 RhoA DORERE % fifH -5 7= % RhoA fH
HAERASFDOWRREIT o 1=,

[J71E] ~ v 2AFRZEfarkk T 5 C2C12 #li %2 2%HS/DMEM B C/3fbafiE & H, PI3K
F 7213 mTOR [LEH| THIALERH ., IGF-1 (100 ng/ml) Z 55HICERIN L 24 B2 % ., il
ZEN L7z, RhoA ORBEITIVZRAZ T avT 4 72K - CTHIE, &ML RhoA 1%
GST Ft& mDia-RBD Z W=7V &7 7 v A2 X > THIZE L7=, RhoA OFHAEANEM 4y
F DYEFRI BirA B mE 2 V72 D, KIGHE B kD © 4 F > U 77— Th % BirA % RhoA
(WT) & L < IXHRHEMETRZBILTH D RhoA (G14V) ICREE L. 2D % 293T MRl & (s
TEA L, 24 BRI MRS AT D L L i TF &2 50uM 2D KoL
24 FEfEER LT, il A t— PO EFTF L ALZ I EIX, B TF - AR LT RTE
VA ZMA L, Tamavidin 2-REV B — X212 6 BFEiEEfM S S5 2 & TR L 72,
KR U722 v X IV BT (LC-ESIMSMS) b L IZv 2 & T m v ¢ o 7T E L,
RhoA L HHEAERT %507 & kT Lz,

[#&5£] IGF-1 i L % PI3K, mTOR OiEME(b% . U kiR ax AW T L, &I
RhoA DI HIENN & IEMAL 2 MR L 7=, Z @ RhoA DOIEMALIX PI3K FHER| CTHIH| S 72 h»o
7273, RhoA OFHLHENNIL PI3K & mTOR FLEANC X » Tl S iz, F7=. fERL=
BirA-RhoA % FHV T RhoA FHAAFM 3 A2 ERRE L7z & Z A, BirA-RhoA (WT) . BirA-RhoA
HIRHEPERZE BAK (G14V) Z il IS S W72 /ia C. 22 33 A, 22 O 1 DI
TEITEE ) U7z, 812 RhoA BHE A 43 1~ D emPAIfE Z Lbig L7= & Z A, Ste20-like protein kinase
(SLKICBWTEHEREN RS, HEDITIZ X > TSLK O B4 F Az il LT,

[E22] LI LEo#EE- S, PI3K & mTOR 75 IGF-1 (2 & %5 RhoA OFRHEMINCHEE L TE
D . PI3K I% RhoA DIFHEALICE G LT\ Z AR ST, £7-. BirA BB iEikik%
FIV 72 RhoA FAAEH 2y 1 DHRFRIZHV T, RhoA EAHANER L, % OREIZ B % 54y
& LTSLK Z[AE L7z, SLK 1 MAPK ZHiliHl4 2 U VbR CTHY /) v 7 Z 0§
% &R OMEICBRESE U2 2 L ERHE SN TO 2582 (B HICI T 5 RhoA
R IGF-1 & OEERIEII AR SN L W20 BUEBRR AL RICI T % SLK OFERE Z fiEs L
TWb,

[ k] 1. Kyle J. Roux et al. (2012) The Journal of Cell Biology, Vol. 196 No.6 801-810
2. Khalid N. Al-Zahrani et al. (2013) Cell Adhesion & Migration, 7:1, 1-10
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DIRBRN I AV VBE T —F (eMLCK) RIiE#| D Bl %
Cc08 OF T |, GAR !, WH 2 EEm
URBRASE - A RRETIZER 2 ST - PRI

[B]

ATEEEIR O BN DIERAT Y, Fe23 EH IR EE OAREE DRI L,
DHEREIN T2 L D ADL O LWER FIXEZMMBEO A2 6 THRMEE 7> T b, L
L. fEROFRLIITAEMT %2 BT D720, Z O IEROIE O FHE AU S 0 7 1R
BHUEEE O R ERFICR SN TWD, BIELREEEOLEEZUE L. ADL B OVE
MPHOUTELZLT-OTH LWE A TOMLIERERIT D Z Lid, EFHOHRR LTS
AN B REERIEN, Fex O T — 7132007 A CMEdRF R < A3 B8 FF— 8 (cMLCK)
EWMFUCHERF Cru—=27 L7, BIE, cMLCK (2K D 24T VO ) Vi &
DDA E A IR D Z & AR Lz, BUWEH O 72 Wi IO BAFE 12 W 1 T, ¢MLCK
IEVERIERI DA 7 ) —= 2 F L ER% AT > T 5,

(7]

Sf21 #ifa A VT cMLCK, EYEfFF A I A V¥ —F (smMLCK), 8L OE#
TS S A L IRGEF — (SKMLCK) DO KRR 2175 72, £72, KIE 2 TN Tb
EFHFERA I A VR (MLC2v)E L O Calmodulin OFEHL 17> 72, RaPID system % f
WTC, KL 72 cMLCK % bait & L C cMLCK (ZHFRAICHES T 2 FEBRER IR~ T F KD [F]
E AR EIToT2, & 51T eMLCK {EMHEMIE L, Phos-tag PAGE & ADP-Glo Kinase Assay @
2 O HIETIHME L, [AE S NIRRT F KD cMLCK &2 5 2 5 Zh e 2 5Fl L 7=,

(75 ]

FE8L L 72 BB & f# - 7= cMLCK #& ML E Tl Phos-tag PAGE % iV % Z & C ¢cMLCK 2
KA Y Vb S v7 MLC2y 3 H &7z, —J7. ADP-Glo Kinase Assay Tld ¢cMLCK @
EEEERLT D2 ENAHEE 72> 72, RaPID system T, ¢cMLCK FFEAICHEET 5 8
FESE DORFRBRIR AR T F RORIEICHKII Lz, Z 0 8 DT F KD cMLCK {EMEIZ %4
LR ETRIZE Z A L FEEORTF R cMLCK OfEME 2 LE Z & 3o 72, BRGE
WZ BT, ZORTF Rk eMLCK @ isoform T % smMLCK & skMLCK (2 (3% 4B %)
RERS otz

[Z%2]
cMLCK BB AICIEME L E T AR TF FE2B L LR TE 2, ZDOXFF K& cMLCK
DOHFEELZ1T 9 T & T cMLCK OIEMEFAFTI OB OfEINCEEN 2 " REMENRE 2 BT,

[ k] 1. Seiji T. et al. (2007) J Clin Invest. Oct;117(10):2812-24
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FHRFPEREEEXTSF R, ~4 b7 )V T2 A4 K20
C09 Y TEMEAE B O MR 2
OFFWALK, AATZ, B, IRE, A El, fHA

RN A T RFPRFPE A FH A = ZWER XTF RRESEE

[BEm] &, Fxid, Bl ERIEHAL T T R, ~A N2 VT H A REMERT X0
OIS HEE - FELEZYY, 2hodob, A b7 VT Z A F2 MCT2)EI b= R
U7 DNA 22— RSz ¥ /37 & cytochrome b D N Kl KRNV I NV_TF R TH D,
F7o, MCT2 (3 HERIZEBLL TWD G ¥ U X7 BRI IR TH %5 formyl-peptide
receptor-like 1(FPRL1)D A IZHFFEAIZHE S LIEMALT 5 2 & T, iFHEROEEB L UOAEE L
BT DHZERENTNS ), Ll MCT20M£§%% ECMRE & DRSO 0 IZITRTER
72282, TS E LT 5720121, MCT-2 (2% 2 fhiBHE 3 A3 F 72 fg T
VD EIFEE NG, & 2 CARNFA Ti MCT-2 (2%} 9 2 5P ESK O AR 4 H 1Y
& L. MCT-2 ORE&ETEMEMAEBI 21TV, MCT-2 @i@ﬁi‘(&)é FPRL1 VU 5 RaRikisss
DFRMT 24T > 72,

1 Cytochrome b 879
 —— |
Mitocryptide-2: Formyl-Met-Thr-Pro-Met-Arg-Lys-Ile-Asn-Pro-Leu-Met-Lys-Leu-Ile _Asn (15 53%E)
[TFEEIABIE T2 MCT-2 38 XU OFFEMRIL, Fmoc [EFREZ AWV TEF AR LT,
B L7 MCT-2 38 K OV OFFEROIEMEIT, A HERERIZ 431k L 72 HL-60 Mf2IZ 351 2 AR’
EEDIIETCHL~F Y I=F—EBHWELERET 52 & Tl L7,

[FE 5] Fox 139 TITHATHFFEIC L W . MCT-2 @ N-formyl 535 K DIEMACIC KA TH
é:k\it%®mmﬂ%%aﬂluﬁ%4ﬂ@ﬁﬂﬁ§@¢@ﬁim VS UN
THHZEEHLMNIZLTWVD Z ZCARMIZE TR, BR/NEMERALTH D 1AL 4 i
7i/%%%®%%ﬁ%ﬁﬁﬁ%@ﬁﬁkﬁ%@_k@¢&®ﬁﬁf 25 2 5RO
THEt L7z, ZOREE, 117 Met ORISR Z BEROIEMH LI L OEFEICHE S LTWnWD 2
& E 72 4N Met ORI Z BIEDOTEMALICITREEZ 5.2 700 b OO SRR L OBFME
IZHET 52 LR ENT,

[B22] JEATHIZER L OVARIFSEIC L VW . MCT-2 @ N-formyl &, 72 & N 1 A7 Met DOIEE A
SRBOIEMLIZTHE L TWD Z LR ETz, 5k, Oy 2 EfMT 5 Z & T, MCT-2
(XT3 HHEPIHEEZRE - AL TS TFETH D,

[>Cik] 1. Mukai, H., Hokari, Y., Seki, T., Takao, T., Kubota, M., Matsuo, Y., Tsukagoshi, H
Kato, M., Kimura, H., Shimonishi, Y., Kiso, Y., Nishi, Y., Wakamatsu, K., and
Munekata, E. (2008) J. Biol. Chem. 283, 30596-30605

2. Mukai, H., Seki, T., Nakano, H., Hokari, Y., Takao, T., Kawanami, M., Tsukagoshi,
H., Kimura, H., Kiso, Y., Shimonishi, Y., Nishi, Y., and Munekata, E. (2009) J.
Immunol. 182, 5072-5080

3. Seki, T., Fukamizu, A., Kiso, Y., and Mukai, H. (2011) Biochem. Biophys. Res.
Commun. 404, 482-487

4. Marutani, T., Hattori, T., Koike, Y., Harada, A., Kiso, Y., and Mukai, H. (2015) In
Peptides 2014, Proceeding of the 33rd European Peptide Symposium; Naydenova, E.,
Pajpanova, T., and Danalev, D. (Eds.) European Peptide Society, Sofia, 2015, 6-8
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KES T AT B R KA DR A 7 = X AR

Cil10 R OVE T AR B B R gE

O ety 12 A i— 3, pip = gl E L T %
A e 2, 1% !

SRR A, DAL - BRI - AL, O BIEK - B MRS - 4 ARl

(B8] THUR L Bk, TRER LV, MBS v o 0 ) e 8, xR0 A AEAER 9
% ARG %kbfﬁf%M6 INBDIX, FREDS T EFFRMIC, fEE, REET 2
Z L CHREARET D, M EERE S T LV TN 5 2 &I, i%ﬁm@w
B LLHT B0 —D>DFEk & 72 5. Biacore 1%, i 7 7 A L 1B (Surface Plasmon
Resonance, SPR) ZHIEHFI L L THY, ARy FRIOHMAEERZE#ZR/ LTI T AXA

AIE=H—FTDHIENTEDLEETHD. BENMLEY T RET T4 NBFEET D
v —F T EOEENER L, Z<bT O EEA LA ORET O ENTES.

F 21X SPR ZHWT, A =X LMHO B L LT, HIEKELFZER L.
D-Ala-D-Ala X° D-Ala-D-Lac 73 & Z &0 lipid Il KO~ 7F N & QBTG R D, £7-,
BT NVARENRIE (77 L5EE, 77 NEVEE K O ILENM AN & o BUFPEREAN % & 4%
B2 &6, BMEEHMEAIZEO B E LT, AN LA RREARLE Y (T4) OV A
0% UfEAH# > 737  (transthyretin (TTR) / thyroxine binding globulin (TBG)) & OfE&

(X DA MLERE 2 R D MR AR Lz Y.

[5iE] 7 > = JHEERIE 5% DMSO K U 0.05% Surfactant P20 % & A72 PBS (FiE 3K &
lipid 11 K35 X7 F K & OBIFERHM) |, 5% DMSO % & A 72 2xPBS (FTHE3E & €7 VIRE
fEE & DBIFIMEREM) , 50 mg/L CaCl, &7 /uf_ 0.5xPBS (daptomycin & €7 /VARERE & O BIFN
PEEEAR) K TN 100 mM NaCl 28 A72 10 mM UV ERFEENR (T4 BiABLETHE) 2 -,
JiEs 30 uL/min € 100 FPFE] (50 uL) VEA L7e. AR, 7 0 = 7 #E iR % 30 uL/min T 700
@W%ﬁbt TRTORE, HERE 25°CTHEE L. v —F v 7K o ik

ZERAE LT 74 a3 ~THY BR< 72912%i@ 30 uL/min ¢ 50 mM NaOH & % U
ci 10 mM HCl Z7EA L7-.

[FER] DA D =X LfRIHO—B E LT, FLELAH D Lipid IT K =7 F R

(D-Ala-D-Ala, D-Ala-D-Lac) KO8, JREME (HIL@ipiifalE, 7 2 LAGHEEE, 77 A
Ptk BT 7 V) (kT A BAPEN R X 7=, ¥ 72, Daptomycin OEEHIT %3 5 FrL
PR OGERRPEDN AT T HHETEEARE L. S5, HMEIHMmIED —8 L LT, A
LD T4V A R Y "7 (TTR: 7 v h, TBG: b k) & OfEABHLEMR
DT T2,

[B£2] PLEEICH T D lipid 1T KX F R &R, FREFRICRT 2 80 & SEEE MO
FERN ALY OREGRINMEEZ IS 5 2 &0, HEILAEYMNAET DDA =X LI
EOEHMMEEZRLTWD Z LR TET-. if_, T4 & TTR & 5L TBG IZ%3 5 3K
MOBEEBLERRE 1Cso HHUWNEICs & LTHEH L, EMOBEHEFEROMI N THITE,
BESR OGRS b8 N Y O R EERMHEM R EIZIERIETHL Z Exbro7-. K SPR
FEAM R XM D FEA DS AR FME « B, Hh A I = X ALHEME TR D 2 572 &1

HIEASIGHTE A Z NSNS,
[ =ziEk) 1. Kinouchi H, Arimoto H, Nishiguchi K, Oka M, Maki H, Kitagawa H, Kamimori H. (2014)
Anal. Biochem. 452, 67-75
2. Kinouchi H, Arimoto H, Nishiguchi K, Oka M, Maki H, Kitagawa H, Kamimori H. (2014)
Biol. Pharm. Bull. 37, 1383—1389
3. Kinouchi H, Onishi M, Kamimori H. (2013) Anal. Sci. 29, 297-301
4. Kinouchi H, Matsuyama K, Kitagawa H, kamimori H. (2016) Anal. Biochem. 492, 43-48



BEARKREERMEEE
H.ER B (Pedioccus acidilactici RO37) 13 BZ B ARSI 2558 L
C'l -l B IREE (L & 3 5
O 0=, MRz, WA EH, fEx REN, [LARHR, RN,
ARG, HHESE, FHE—
P R B - BR e N 7250 17

(Hm}7mn4j74ﬁxiﬂﬁﬁTﬁ%%ﬁﬁ%aﬁ%ﬁ%@%%% U TR
BITARERERNEHE L, TOMRRA R CERBEZSESE S %ﬂrﬂém
Twéo%@*ﬁffmﬂ4ﬁ?4ﬁXﬁ@%%E%%T%6@%@M%ﬁf@%
E%mﬂbt&wﬁﬁ%ﬁ:miﬁmﬁwo%:Tﬁmﬂ4ﬁ%4&xmiéﬁE@%ﬁ
BREE(LIC 5 2 5854 RO37T B LT R YU RE A E &5 KIE~ 7 A(4poE”” mice) & F
THFEL 7=,
[ 51:] 63D ApoE”™ mice (= Pediococcus acidilactici (R037)% 3 R & 5 NE 12 8 0
BRI & G- 21T/ o 72, 9 WERIZ T RO37 5 L D082 kA, 18 BERIZIs T KE)
ARFEEIZ I 1T D EARAEALIEFE 72 &S N i o L AT o — )L LUV 23l L 7=,
[FER] ML AT a— v Loy s 52 5 2 L 7e <, RO37 BeH-BE CRENRIEH
%Hé%%@k%ﬁﬁﬁ%ﬁ%ﬁéﬁt(:/km~wﬁ3yﬂmemvmmﬂ&5ﬁ
2.3£0.15x10°um’ ; P=0.005 ; n=15-17) , RO37 $#&5-1C & 5 g 2fyZ8{k & L Cld, RO37 &5
BEIZ B W T IFN-yEEAEMEA~ L R —T #iE (Thl #iE) OFE 72 3 X OB CD3 Hriffiligiz
DU U RERDD D IFNy72 EORIEVEY A NI A O3 WMOF B BB ST, S
HIZ ex-vivo D FEERIZIUVNT, RO37 & 5-HED Mg & [EIU L 72 bR L = > b — L
(2T CD4" T A B ORIENVEY A B A v DOFEAS CD4™ T AR O BE5H & A 7= 20|
L. RO37 & EGHEOBIKMIIIERAMEOIEM 2 AT 5 2 LRSSz, RO37 &EGHED
~ 7 A TR E IZ co-inhibitory molecule & L TH15 45 Programmed cell death
ligand-1 (PD-L1) ORBNHFEICTLE L TRV | ZTADERRMIRIC L2 0B EEDOA =X
RS- LCWA Z EAVURIBE &7z, £72 RO37 &G HEOHBRHIIN TIX IFN-pDOFE BN L 5-
LTHY . in-vitro DFERIZIWT IFN-BIIHLIRMILOD PD-L1 ORBLZ A EIC LH S W7,
Z OFER X RO3T IFMHRHINIEIC K D IFN-BOR B &2 Hli% 92 Z & CHRMRHIIZR 1 PD-L1
ZEFEBL S D ATREEDN B 2 b T,
[BL2] IFNy72 EORIEMED A b1 A ATENREEALIEER @< Z LT L <A TEY
V. Thl HIREOREDE LY 8BRS X B RIEVET A b B A > DORD A RO37 %512 L 28
AREEALINHI DA I =X LT D EFZ X BT, £72PD-LIIZEDOZFETH S T Ml Lo
Programmed cell death-1 (PD-1) & OFHAEHIZE D ED Y BRSO ORIEMEY A ST A
/@Fihi@ﬂﬂﬁ%%ﬁwéﬁé ENTTICHE SN TEY P, RO37 HLICL-T
R B AL E 2R EIE PDL-1 Z &8 B L 72 Ia 23 B 5 L TV 2 FTREME S /R S 7z,
uL@io RO37 #5512 L 0 S i O BhRAI 2 A U CEYIREE (LA Rl 23 #iil S 41 5
AIREMES R ST, T NRNA AT 4 7 ADE G, R OEMIC LV BEERERIEROR
JEICIN AT 5 Z & CEIRAEIL 2 9032 &0 5 Friz 2 BiREE L T REE L 720 5 5 L Ebh
Do

[ik] 1. Gupta S, Pablo AM, Jiang XC, Wang N, Tall AR, Schindler C. J. Clin. Invest.
1997;99:2752-2761.
2. Latchman YE, Liang SC, Wu Y, Chernova T, Sobel RA, Klemm M, Kuchroo VK,
Freeman GJ, Sharpe AH. Proc Natl Acad Sci U S A. 2004;101:10691-10696.
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C12 EEERITMENEMAED Axin-1 8.2 FFE L. Wnt/f-catenin > 7 F /L
%

wHT o2 L TRMILEOEFLZHEIED

Owl Hir, il Z =, JUK 8, LK E
PSR - BEdE - BRACHEE

[E/] i f i BRI E S E T B L, RSB THOA2Z A0 L THRICE HIE
HIZTRARRIEBHETH D, (KR FE BRI ITER 2 22 RIRNC X 2 s fLEE DR RE 2 (&4 L |
k& B L S5, — 5, Wnat/B-catenin > 7 /I E N IO 7 AR b — 2 &2 L,
a2 B L AGENGMRBUNLE 2 RET D LB BN, EDY T TV DORE B
Jiti s MLESE DFRSE « ERICED D Z LR EN TV D, AWFFED B HI3 E fLEE O 3
JE « ERIZI T D Wnat/B-catenin & 7 F L OFREIZH LN ETHZ ETHD,

[ 5] RLEE BB ERFICI ViGN EETST v~y 22 EHR L, il 5
Wnt > 7 FIVEHEBR - OREA LR Lz, £/, w7 A (Cl66) BLOE b E R
i (HUVEC) Zift=/3L b T L CIREE KRB 2 B 8L L. Wnt/B-catenin 37
FVESHE R - OB AR Lz,

U S MEMEROIRER R 2T X A Ml LU ESE € 7 /L~ ¥ A OJfi Tl Wnt7b, Frizzled, LRP-5/6
B L OB-catenin FELN A EIZIK T L TE Y, Wnt/B-catenin > 7 T /L DORAXHI 72K T S RIE
SNte, WIZMERNEZMIEDO Cl66 ¥ L X HUVEC % ik = /3L b TULEE L T
Hypoxia-inducible factor (HIF)-1 Z{EM{k L. Wnt/B-catenin ¥ 7 F /L EEE(R T DT 4 f
StL7=& 2 A, HIF-1 IEMARIC XLV Axin-1 ORBENFEIC EF 52 L8 bho7-, Axin
I% GSK3B & il L CTB-catenin D3 i #5845 031 CTh 5, b= /30 TR L 721 E
PN EZHERE Tl FEER I B-catenin D 3RS TLE L TH Y . B-catenin DEHFBHNK T 5
ZERbhoTz, T, MAENEZMIEIC Axin-1 ZIBEIFEITL S 5 & B-catenin 3D L, £
OFER, MENET R b=V ANTTlE L, BWEEENMETT 52 ER3bhoTz,

[EZ22] U EOREE»DIEEFRAIT Axin-1l OB 238 L C i E N o
Wht/B-catenin > 7 F /L Z 445 Z L Wb o 7z, IKEEFEIC KX D Wat/B-catenin 3 7T /LD
WES I AU NS NI D A b L A EE DR SE . 2085 i i IE 2 R X
25 AREMEDVRIE ST,
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Dipeptidyl peptidase IIL (2 X 5 7 > V4T > ¥ v U ED L ERFRHT &
C13 BfLE < & 2 7131 5 B OB E
OiE/KIEE !, Xiaoling Pang', ZEHIZ=— ', MANEN ", GHEEA 2, BHAF!

EIER (LS TR ST, B B MR AR (o

[BEA] 180 & il R T _RE R O—2>Th D, 74711 (Anglh)
I3 AT, R Z I U CRB IS EIR 2 0 S 5 L i, BIFRERLVE DT )V RA
T 0 W TS U COKERIN e LT, mEE ERSE 5, @ Ang 1T 1312
PEEIMEREZ S| & 2 L, DIESCERICEENEC D, 4H, Ang I 24 —47 v hE LT
BEIENHE R SIVER SN TS DD, ZHSBFEOREEREL AV T BEEL SR
DG SN RV EE N L HATIET D, Dipeptidyl peptidase III (DPP II) 1%, 70 7&K
80kDa DHFHKAFMET I /) "TF X —E T, 7 IV EEE 3~10 DR Y ~TF RO N K
SRz L, 2 7 X IR A %, DPPII OFEE D —>L LTE LT Ang I 284S
SNTWVWSH25, DPP I & Ang I OFFMZRAENTIZ e STV, ABFZEIR In vitro (2350
T DPP I 28 Ang 11 Z K5 ET DEEO AL FROREZ T L, S HICEME~ Y AT
vz T Invivo IZBWTEDOREMEM 2T 5 2 L2 HRu L Lic, @M E i EEICE
K32 Ol & BB Lok D AREN R bt L 72,

[J71£] DPP I Z Al ez 7 /X7 & LU CRIGE 2 -V TREARER L 72, DPPIII @ Ang 11
Oy FRIENE DAL RO REE A . WFE HPLC/MS % W CHRHT L=, #7478 DPP I OF#FETENE
FEMTICINZ T, #x 0B SO N RKEZILCRRBERAKDPP I 2 FR L, BEREKORE
FIEMEZRIE LTz, Invivo FEERTlX, Angll (400 ng/min/kg) F72ix/ V7 FLF-U v (4
ug/min/kg) % ER TR T HRBLER S T~ AFEHLZ TICHOIAAL, St~ AE
TIVEERL LTz, ZOIRET, ~ U ADREFIRD O BAR F 721348 5K DPP 1T (200 ug/
L) HDHWNFI Tz B0 ugfilk) 25 Uiz, mH o Ang I JREE I ELISA T
HIE Uz, DERITOSEFREIEIC LY . DFRHEILIE Masson’s Yo taih: T L7z, JRYP T
VT 0% CBB iEIc L v Ak LEE L LT,

[ 5 13540 HPLC/MS % R\ = figdric L 0 BB DPP I OFERTEME L K, 3.7 x 10° M,
Viax 33 x 10° M - s TH o 72, KIZ, DPP Il OFf % 72 N R E 7215 C RRIBE BAKDOFERTE
PERIELZEZ A, C KA 12 FIEKHE S H 72 DPPIIT (DPPIIIACL) %, BpAER & [FEIER
DOFEFRIEVEZAERE L7223, 2L b C Rliag R S22 BRC, N Kl %2 K& S w7
BHRRIL, BERIEMEEZ A LR -7, In vivo IZBWT, Ang I it AR o 7 DI HIAIAT X
O AL 13248 11126 mmHg 2> 5 - 152419 mmHg ~& EF-L7=, ZOFEME~ 7 A
(ZEF AT DPP I Z§ET 5 & 1 RFER (CUGHE I R 1302 ) 97+10 mmHg, 3 #1123
¥)109+15 mmHg £ CHEIZIR T L, —J7. LEOZEIT R >7-, IH O Ang 1R
F£1% DPP I O % 5-8i 136.8 pg/ml 7> 5 £ 5-4% 15 pg/ml ~ & 8> L7z, DPPIIACI #5123
WCHRERIC, Ml E~Y AOMEEEKTFEE, E2AT, /AT FLFU Uik
Ll E~ 7 2Tk, DPPIIC X HBENRIZA SN o7, Ang I AR > 7 OB
AALE Y 1 BBEICHARDPP I £/213 0 T AX R RERE DEELIZE Z A,
DR L, DIERB L ORF 77 I BRI GBI _TEIEICHED LT,

[%%2] DPPIII 7° Ang Il % 70 fR3 DR FARFIEZ B 5S35 & RIS, Ang 11 &I & 1
£~ 7 AT, DPPII NEEEEAB X OLESCE RO ED R EETHZ L 2R LT,
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Angiogenic Adipokine Neuregulin-4 Ameliorates Adipocyte Dysfunction
C ] 4 by Regulating Adipose Tissue Angiogenesis
O Masahiro Tsuji', Dhite Bayu Nugroho'?, Koji Ikeda', Ken-Ichi Hirata®,

Noriaki Emoto'
'Kobe Pharmaceutical University * Clinical Pharmacy, “Kobe University Graduate School of
Medicine * CV medicine

[Objective] Adipose tissue angiogenesis is an important factor in the maintenance of adipocyte
homeostasis, impairment of which causes systemic metabolic disorders. Although adipocytes
produce various angiogenic factors, little is known about the interactive communications between
endothelial cells (EC) and mature adipocytes in the regulation of adipose tissue homeostasis. The
objective of this study is to elucidate a potential cross-talk between EC and mature adipocytes, and
to reveal a novel mechanism regulating adipose tissue angiogenesis and homeostasis.

[Method] We searched for genes that is highly expressed in adipose tissue, and the expression of
which is regulated by EC using microarray analysis.

[Results] We identified one interesting gene which encodes neuregulin-4 (Nrg4), a latest member
of neuregulin family that are part of the EGF family proteins. Nrg4 is highly and preferentially
expressed in mature adipocytes, while its receptor is expressed in EC but not in adipocyte. Nrg4
enhanced endothelial angiogenic functions and angiogenesis but its expression in adipocytes was
negatively regulated by EC and/or blood vessels, constituting a negative-feedback loop for adipose
Nrg4. Genetic loss of Nrg4 caused overweight and impaired metabolic homeostasis even while
consuming normal chow, whereas targeted activation of Nrg4 (aP2-Nrg4-Tg) in adipocytes
enhanced insulin sensitivity and protected mice from obesity-related metabolic disorders.
Mechanistically, Nrg4 modulated energy expenditure, adipose tissue inflammation and adipokine
expression by regulating adipose tissue angiogenesis.

[Conclusions] Here, we show that Nrg4 is a paracrine-acting adipokine that regulates adipose
tissue angiogenesis through a signaling crosstalk between EC and mature adipocytes. These data
provided new insight in the interactive communication between EC and mature adipocytes in the
regulation of adipose tissue angiogenesis, and shed light on Nrg4 as a therapeutic target for the
treatment of metabolic disorders associated with obesity.
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Vascular senescence-messaging secretome disrupts metabolic function of
C ] 5 adipocytes; A novel mechanism in metabolic disorders associated with aging
(O Agian Jeffilano Barinda L2 Koji Ikeda', Ken-Ichi Hirata?, Noriaki Emoto’

'Kobe Pharmaceutical University * Clinical Pharmacy,
*Kobe University Graduate School of Medicine * CV medicine

[Objective] Aging often causes dysfunction of organs including adipose tissue and blood vessels,
which is strongly associated with age-related diseases such as diabetes and cardiovascular disease.
Senescent cells secrete several cytokines and inflammatory factors, which can impair functions of
surrounding healthy cells, concurrently termed as senescence associated secretory phenotype
(SASP). Adipose tissue contains very well developed vascular networks; however potential role of
vascular aging on age-related adipose tissue dysfunction remains unexplored. The objective of this
study is to reveal an effect of vascular cells-mediated SASP on adipose tissue functions and
homeostasis.

[Method] We introduced conditioned medium (CM) derived from replicative-senescent human
umbilical vein endothelial cell (HUVEC) or human coronary artery smooth muscle cell (HCASMC)
into 3T3-L1 mature adipocytes.

[Results] Introduction of CM from both senescent HUVEC and HCASMC induced premature
senescence of adipocytes represented by SA-f Gal activity and increased expression of
senescence-associated genes such as pl6, pl19, and p21 potentially through excessive oxidative
stress. Furthermore, vascular cells-mediated SASP dramatically reduced the expression of insulin
receptor substrate-1 (IRS-1), and thus blunted insulin signaling in adipocytes. Moreover, vascular
cells-mediated SASP substantially reduced adiponectin production in adipocytes. Treatment with
B-NMN, an intermediate in the biosynthesis of NAD that activates SIRT1, largely abolished the
effects of SASP on metabolic functions of adipocytes, resulting in the preserved insulin signaling.
In contrast, CM from aged vascular cells showed minimal effects on the expression of metabolic
genes in myotubes, suggesting the higher susceptibility of adipocytes to vascular cells-mediated
SASP. We then generated mice in which vascular cells are specifically senescent using a dominant
negative form of telomeric repeat-binding facor-2 under a control of Tie-promoter
(Tie2-TRF2-DN-Tg). These mice are viable and fertile, and their metabolic phenotypes are now
under investigation.

[Conclusions] Together, we revealed that senescent vascular cells impair metabolic functions of
adipocytes through SASP for the first time. This novel mechanism provides valuable information
for the treatment of age-related metabolic disorders that is a major risk factor for cardiovascular
diseases in elderly population.
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TA aPpRFZ B (EPA) B

Cl16 3 AR 2 ST &SRB 5T A 0 =X KO -

Carbohydrate response element-binding protein (ChREBP) 43 fi# A D i B

ORI 2, W IR 2 AT %, BRIREL T, SaARI—RE %, e ey 12
YRR - BEEE - SRpEhRESE, PR ORI - 3K, REK - A1k

(B8] M AREFEEE T D oA P = B (EPA) 1%, IiEHHEREIK T1E
MAEARLTEY, EFEMLELUTER, s Tuwatic, fSEfAes (bR &
LTCHEE OBEMBIRITESNTEY, BHICATFLERT S ZENTES, LLaen
5. EPA DGR 2K T S B D587 50 1 A 1 = X AIEHA NS > Ty,
Carbohydrate response element-binding protein (ChREBP) I DA LA H 9 55K+ C
&%, ChREBP # K{/[HE L= L7 F U R~ T R 2B W TE RS T2 2 &
DS SN TND Z Ean, Fixld ChREBP IEMO R E D EPA (2 & 5 i IR T 1E
DA =ALD 1 DThHDHEEXT-, +IZ TR TIZ, EPA IZ X 2 Mg HEIENIET
YEFR D4+ A B = X L& fFIA 5728, EPA 7% ChREBP OIEMEICB LIETHEL DA D
= AL OWTHRFT ZIT o 72,

[71:] v FIBIEBSHIKE (HEK293A) |2 FLAG Z 7 %I/ L7~ ChAREBP # U 7R 7 = 7 + =
ARIC LD —@BMEICRBLE S, SRR 2 BEEE P ICiRIN L7z, ChREBP OiEMiL, /v
V72T —ET v IENBEKEEE (FAS) B0 e —# —{EMEE2ET
5 LIk ViTo7-, ChREBP OfiaN % o /37 81X, 51 FLAG HifkZ W=7 = A% v
Try MEIZEIVHE L, 7v77 Y —AHEAE LTMG-132 (10 uM), U YV VY —24
RELER L LT mnFkr (50pM) SHET =T L Q0mM), A— 7 7 V—k
R L LTLART hr—/L (50 uM) % iz,

[#5 5] & FEAENGE2)Y ChREBP OIEMEIC B 2 2 EIC W Tt L7 fs 5. — i gafnfs
il CToh DA LA VRS fRFIENEE CH D Y 7 — LR, EPA 7% ChREBP DiEME % Ji
DEBFEDZENHALNE STz, Flz. KRG ChREBP OfildN Z > /"7 &I H- %
HEIZOWTHFET LTS R, AL A VU / —/LERIX ChREBP OFIAN & > /X7 &iIZ
T EAEHEL L2 72> =025 LT, EPA 1% ChREBP Ol % o 37 A/ &4
52 LG NE 2D ChREBP D43 fif % JUitE L T2 AIREME DNV /RIB X 4172, RIZ ChREBP
DI EEREZ B DT 5700, AFEHEALBEIZ LW ChREBP OMfaN & > /37 DI
bzt Lic, ZOf5E, MG-132 LR CiX ChREBP OFHflaN % > /37 BICEB A b
IR T=DIZH LT, 7 aafx R8T ' =T LML ClE ChHREBP O % o 737
BRI T 52 LS Nt T2 LART ha— LLERZ W ChREBP DA
WH X7 BT 322 ENIABLMNE 72572, & 512 EPA EMULER C R 5 7= /inm #
VXY B EEBIREEOWR Y, 7 aa X B RFRCOUEET S Z EIC LD ERT DT LN
Hinklpolz,

[Z22] ARG HEK293A HfEICF5V T ChREBP O FE kgL, =%
Fore T T AR TIERL, A= 77— U YV —LRETHDLZ LTS5
MWelpol-, Fim, AL A VEERLU J —/VEEH ChREBP OBITEZMETHZ LICLY
ChREBP DiEMEZ 4042 D2k LT Y, EPA % ChREBP O/ RZEHET S Z LIC L 0 ig
PEZHI L CTWNA Z DRI T,

[ k] 1. Nakagawa T., Ge Q., Powlosky R., Wynn R. M., Veech R. L., Uyeda K. (2013) J. Biol.
Chem. 288, 28358-28367.
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Fam13a regulates lipolysis by modulating ATGL expression
C ] 7 in mature adipocytes to preserve metabolic homeostasis
ODonytra Arby Wardhana ', Koji Ikeda', Ken-Ichi Hirata>, Noriaki Emoto'
'Kobe Pharmaceutical University * Clinical Pharmacy,
*Kobe University Graduate School of Medicine *+ CV medicine

[Objective] Adipocytes play a critical role in the nutritional adaptation by storing excess energies
as triacylglycerol and releasing them by breaking down lipids into glycerol and fatty acids.
Dysregulated lipolysis is strongly associated with obesity-related metabolic disorders, but its
underlying molecular mechanisms remain to be explored. The objective of this study is to reveal a
novel mechanism regulating adipose tissue functions including lipolysis.

[Method] We searched for genes that is highly expressed in adipose tissue, and the expression of
which is differentially regulated during obesity.

[Results] We found that family with sequence similarity 13, member A (Fam13a), a well preserved
gene among species with unknown function, is highly expressed in mature adipocytes, and its
expression was substantially reduced during obesity. Targeted deletion of Fam13a did not affect the
adiposity in mice fed a high fat-diet (HFD). Nevertheless, Fam13a-/- mice fed a HFD showed
enhanced adipose tissue inflammation, exacerbated insulin resistance and impaired glucose
tolerance comparing to those in HFD-fed WT mice. We identified that loss of Faml3a led to
enhanced lipolysis by activating the ATGL expression in WAT, accompanied by increased serum
nonesterified fatty acids. In contrast, targeted activation of Faml3a in adipocyte showed better
insulin sensitivity even in mice consuming normal chow, which is associated with reduction in
lipolysis due to decrease of ATGL in WAT.

[Conclusions] Here we report a novel factor regulates lipolysis and thus preserves metabolic
homeostasis. These results revealed a crucial role of Fam13a in the regulation of lipolysis during
obesity, and establish Faml3a as a novel pharmacotherapeutic target to treat obesity-related
metabolic disorders.
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A Drosophila model for screening anti-obesity agents
C 'l 8 OTran Thanh Men', Masamitsu Yamaguchiz, and Kaeko Kamei'
"Dept. Biomol. Eng., *Dept. Applied Biol., Kyoto Inst. Technol.

[Purpose] Although triacylglycerol is essential for normal physiology, its excessive accumulation
causes obesity in adipose tissue and is associated with organ dysfunction in non-adipose tissue (/).
The brummer (bmm) gene in Drosophila melanogaster is known to be homologous with human
adipocyte triglyceride lipase, which is related to the regulation of lipid storage (2). Here, we focused
on the Drosophila model to develop therapeutics for preventing obesity.

[Methods] Transgenic flies was established by introducing a fusion gene of hmm promoter and
Green Fluorescent Protein (GFP) gene. Then, this Drosophila model was used for checking the
effects of chemical compounds and vegetable powders on bmm promoter activity.

[Results] The third instar larvae of Drosophila showed the GFP signal in all tissues observed and
specifically in the salivary gland nucleus. To confirm the relationship between bmm expression and
obesity, the effect of oral administration of glucose diets on bmm promoter activity was analyzed.
The Drosophila flies administered with high-glucose diets showed higher lipid contents, indicating
the obesity phenotype. This model showed the good opposite correlation between obesity and the
intensity of GFP signal in salivary gland nucleus. The results showed HDAC inhibitors might be
remarkable candidates for further obesity-therapy studies.

[Discussion] In the past few years, GFP has been broadly used as a marker in fat storage studies in

C. elegans. For instance, GFP was used as an indicator for RNAi screening to identify
uncharacterized fat storage regulatory genes in C. elegans (3). In the present study, the transgenic
Drosophila fly carrying the fused genes of the hmm promoter and GFP showed fluorescence in all
examined tissues, including salivary gland nuclei.
The transgenic bmm-expressing Drosophila model established in this study has many advantages.
First, the easy detection of the GFP signal due to the large size of the salivary gland nucleus enables
the efficient screening for anti-obesity candidate drugs. Second, fixing and staining of salivary
gland tissue are not needed. Third, the GFP intensity in the salivary gland nucleus can be quantified
easily by the MetaMorph software.

[Conclusion] These results demonstrated that the transgenic Drosophila model established in this
study is useful for screening anti-obesity agents.

[References]

(1) Hotamisligil, G.S. (2006). Nature. 444, 860-867

2) Gronke, S., Mildner, A., Fellert, S., Tennagels, N., Petry, S., Muller, G., Jackle, H., and Kuhnlein,
R.P. (2005). Cell metabolism. 1, 323-330

3) Liu, Z., Li, X., Ge, Q., Ding, M., and Huang, X. (2014). Journal of genetics and genomics = Yi
chuan xue bao. 41, 305-313
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BERHMIETVMINGICB TS LV, 7us Ay PREOES
C19 OREF, =HEE—1S, B 01, 755
[FISHERS: « B - AE6IE « v AT HEMPLE

[EM]EL 7 a7 4 PSeP), BIRREN I 221 FBHOT I /B EMEINL L &
AT A (Sec, VATA LORENBE LV NIEES DT I VB ESSIREAL, JVF
FF VT F VA —EBERORBR LR E R CIE M| L U BHATE MR E 2R EE S AT
HHRTETHD. SeP X EICHFIE CREAE S FIC W S v b, felr, Fex ORI D,
2 AUBEIRIFEREICHIT oA AV U UWEE & IMAEH O SeP ¥ E OMIZADFBINGED B
7o, EHIT, HEIRIFEZ S U 7= IR D SeP %~ v A B e H 3k MIN6 fiIR I dshind % &,
FAECA A Y U WEEIR TAFE SIS Z E N SN M 5, BMB2015 (2 T3
). — . B RBMNT D, MING fliu2s SeP 2B L TWAH Z ENmB I, =2
TAMFZE T, MING HIIEZIZ 35 1T D SeP FEBLO B FRIZ DWW TH BT D72 DI LU T OfEtT
21T o7,

[H5iE] &% o7 OB IL Western Blot 5% V7=, mRNA OFEELAEZHNT 21X Real
Time PCR #£% V7=, MIN6 fIEOAETFROMEIZIL WST-8 assay B L Ok U /8 7 /L—
Yett % U T2, siRNA JEIZ LD SeP mRNA FEBLZ K T W72 MIN6 #ifu 2 {ERL L 7-. MIN6
HIRATEEL « DWd DA AU, GPxl BE O Sepl5 DX 37 BB &M L7-. GPxl
I%, SeP MHDOE LU HHRIC L W AAKREND B LV UEF X N ETH Y iiRILIER %
HI 5. Sepls 1, /MatkicBWTH "7 EO T JICHET 5.

[#5 5 IMING HIJAIZ SePSiRNA & h T o A7 =7 452 & T, HEIZ SeP mRNA OFEHL
D3N 72 (K 1 A). SeP B AKX T S 7= MINGHIIEI TIX, £ > AU VOFRBEIMET L7z,
F 72 Sepl5 M ONGPx1 DX 7 BB A L, 518, BAME TBEL O RN "7
Jb— % AW T2 AR O FH D &, MING AL O (TR T 23/RIE X 7= D T, WST-8 assay 1T
STz, T ORGSR, SeP siRNA ALERIT X 0 A EIZAEMIE DK T 232 b7z (X 1 B).

B *

A * %
a5 120
ray =
R s
4 9359 - 5
o
£5 37 =g so
P e
g §2.5 E ; 60
vg 27 3 6
2 s S
Sq” k3
g2 1] ] 20
£ 0.5 9
0 T T " 0
. : ) Non Negative SeP siRNA
Non Transfection Negative Control SeP siRNA SeaieRieR  coareal
mean % S.D. n=3, **, P<0.01, Tukey-kramer, ANOVA mean = S.D. n=6, **, P<0.01, Tukey-kramer, ANOVA

1 A : siRNA T X % MING #ifiiN SeP mRNA FHL D28 {k (real time PCR 1£)
B : siRNA (T £ % MING #lifi D E#Ia D 22 {b(WST-8 1)

[B22] UL EOFERI S, MING Ml SeP FELEZ (K T SR, 1AV 2, GPxl &
W Sepl5 OFBNME T L, EoMifafEENG &8 Z Sid &2 67, Sepls iF/MaRIc
FELT A —NT 4TI GT LR IETHDLZ LD, A AV UHRZ Ry
NIEFIZIVEENT, £ AU UBRNIEFICAER I N> R REMERE 2 5115 . GPxl
IIHRRILER 2/ 9% DT, GPxl OWAIZ L DA L AICX - T, MlafEENF| &
& BEbns. U EX Y, MING HIFEIZ 3T SeP LN ML L OWEREHERF IC
BETHDHIENREBINT.
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B4 IV EIC KD BERFEERIESGERE QRN

CcC20 O FRKME ', JURERT- 2, LREET Y, Uz BRe | TIAREM %, A,
EPi8F I

VRER - B - BEIR, T RREEER - BRERIEE R - A A L

[ BA9] BERRIGEBHE DN IHE RIS S OHEO O E S TH Y | M m s va—a Ly
PEASNTZY T V7 U B — W (DGIC L D PKC OIEMETTENFIE - #EDO — [N TH D =
ERImBND, DG ¥ —E(DGK)IZ DG %V VL L7 + A7 7 F T U ER(PA)I w@ﬁé
R CThHDHZ D, DGK X PKC OIEMEAL &2 I 2 Z &R TE 5, EFE, &

4 X v B(VIE)DEFEN B 5-7% DGK O MAL %I L7= PKC OIEMEIHNC L V. DN ik
+T5Z k#ﬁiémt”*m%xfﬁbi\mmwaﬁﬁﬁéD®<—%@@ﬁf%D@@
EEEIER LSS Z AW OLMIC LY, L, 2T invitro DEBRTH 727~
B, DGKo? in vivo (28T H DN EIZEH 5T 5 DG % DGKaXRE~ 7 A % AW T
FRFE L7z, DWW T, VIE O A 51255 DN O E R ICHOWT b EE L 72,

[ 571 eV 6 @il oo B AERI(WT) & O DGKa % KB (KO) 7= C57TBL/6 ~ 7 AIZA L
Y R (STZ)% 50 mg/kg C 5 HIMEFe G L, PER{ZRIEI 7, STZH&5% LD
~ AR WE%MmMgf@EW&ﬁ FOVRAEGTH LD L, WKOHZZRRH &S
THHDITHT T2, STZH 5% 1HENNS 6 M E £ THBERE « B1LA21TV . DN O
T%éﬁ%\ﬁ7w7iyi\7V7?:V7U73V2@m%MﬁLto6ﬁﬁb%%
TIFFEBRIZHW s A EEARE L, BEEZ2HE L. fﬁ%@’“%ﬁ%ﬁ%
BEAEHNTHEIEZE L]z, DWW, VIE DR OB G2 X 5 DN SGENR ZRGET 72912, STZ
%5Ki@%ﬁﬁ%%ﬁé@tWTvﬁxm\@ﬁ@ﬂ%éwﬁ&%kﬁéiiﬁv&%
BBt 52, RELXWRT V7 I8, BEEZHIE L, 2B, ML LTER
FISTZ % 5 LT\t o a Huviz,

[#5F] STZ &5 LIz~ U AZEB W TERGZMFEED LR N i/ STZ 05
FOMERNERIELT-Z L 2R LT, DNOERIERE LT, RET AT I 08D
. Cer OE®E), BEHEOMMMPM LI TWNDEN, WT <7 R| %wfvm%@HW%ﬁb
TFRETIEZEN L DOSENR LILZ, — . DGKoKO ~ 7 A Tid VIE DIEFEN# 512

DN SGEZN R NEES & D WITHEK LT, S 612, VIE O DEEUT iéDN&%@%%&&
LictZA, VEORAOKEEIZL>TH DN OIEIRTHIRT VT IV ED FH., BEE
O LA PFEEICIH S,

[B£2] DL EORER)S . DGKaRFEERIZ in vivo IZIB W T H VIE IZ L5 DN SEIZE S L

TWLZERHLNE o, SHIT, HERF~ T AIZEIT 5 VIE OfFO#HE DN 2k
EHBTHZEDRW LN E oo, BREKIRIZEHE W T DGKoL A ERGHAEIZ B L T\ d Z
EDD ., VB IXECRERIR M ERGMIICIER L DN B H ST 5 2 LBz b, BUfE
ZOFHAMRA T = A LD TR ZIT> TV D,

[ik] 1. Koya D etal. (1996) J. Am. Soc. Nephrol. 8,426-435
2. R. Fukunaga-Takenaka, Y. Shirai, K. Yagi et al. Genes to Cell (2005) 10, 311-319
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4y WAHE R F neudesin D B FXRIEB~ 7 X Tl
C21 (4 I8 15 O 18 AL 38 TTAE L 77
O KIS 12, FEIERE A | Ll | B AT | AR, GHE(E 1T
NG R

PIEEROR - AL, PR - BRIEME, P BT TR - B - IS A,
YRR E e AT A INA )R g H—

[EM] ARG OHEMT SRR ERARMEE 72> T D, ITFE, B EIRHER(WAT) S
kDL TF U BEHIC, %< OHGWER T 3L — R OFHE 2 I L TR OFIE I
B % Z & DS BT 72 o 72, neudesin 13 FEFRE S AFEE LI ER+TH Y V. neudesin
R KRB FKO)~ 7 AT R LF— 148 OTUHEISEL N 9~ D PR O R B 2R L2,
EBICZ DT FIX —HE OTEITIT AR R OEMALSE DS Z L LB ST L2,
— i Bl TR AR DTEMALIZ L » T, =R AF—{HE DR Z b 12 b T e afEiko
AHAE DS WAT (2 H BT 2 BLGY(WAT Ot )N EE Z8ED TW5, % Z T neudesin KO ~ 7
A D WAT 1Bt bz oW THEFT L 7=,

[51E] O: AR RIE M DZAL D neudesin ZEBUZ G- 2 5 B iat LT, @RI REARIC
LV ST~ R BHEBEHDLWVET N U UZRIKT 2= F(CL316,243: CL)
PG LT~ v AONERRRIZ 31T D neudesin F8¥ % 7E & PCR 1L THMNT L 7=, ©: 12 W #nEF
AR X O neudesin KO ~ 7 2D WAT O LI OWTHRET LT, ~~ x> Uy - o
VUG XD WAT OMREFIE L L OV eyl & E & PCRIEIC L 2 BGEA - i5RG
R b B R 1 DR B & fbT L 7=,

[R5 5] O: IEREREIZ X WAT C neudesin Z8HL0 EH- UT=— 5T, EHIRFESS CL &5 %175
723561 WAT T neudesin BELPME T L1z, — 5 THENENI(BAT) TD neudesin BELIZEE
BT B2 o T2, @: neudesin KO ~ 7 A D WAT TlI—5 O MM A k18 g1
AR R 2R R O 2afb 2 2 LTz, £728t b~ —F — 0 UCP1 BELNBHEIZ EAH-T
52 EHHB Lz, & BBV LB K 1 D BL & #Fl A L5 U7z, 7€ > T neudesin KO
~ U AD WAT TIEHA B 2RBEREO b d Z LI LT,

[Z£2] BN WAT T neudesin FEELN EH+ 25— 5T, BHBEZESLCLEFLE L \Wo7z
AR JARRTE M 2 15 60 A RITLIZ XV WAT T neudesin FEEME T35 Z & 23HBH L 7=, IBTH
BED WAT (281 B ZEMRIEMEIZIE T LTV A EEbILTn5b Z £ b WAT D neudesin
FEBUI A BAPRIE MR AR 9~ 2 AT REME N B 5, BRI Z LI, TETO & Z A WAT
PIA DR T I B IENE D AT EE 5 neudesin FEILDOEAVITBIER S TWVVRWD T,
AEREAPRRIE M & neudesin DEAfRIL WAT 5B TH D Z LN R EN S,

A AR X WAT Ok 28425 Z E N B TW5D, EEE neudesin KO ~ 7 A
D WAT TIXFAE 2B AL Bz, & BIC TR 2B ST OfE 5Th 5728, T 4 I neudesin
ML S S VT RS AE R 3 5 ATREME S @y 2 & <2, neudesin 23 [ELEEAR Al AE 12 1
A U TR RAE A~ D2 AR R D A J7 2 il 3~ D "lgetE A2 L LT\ b, BLEX D |
neudesin |Z & 2 AZEARIEVERIGE A 7 = X L D—> & LT, NEN#LE CFEA S 7~ neudesin
PNE BRI A AR U CAQ AR RN > AN T % P9~ 2 AIREMEN B 2 B D,

[SCHR] 1. Kimura, I. et al. J. Neurosci. Res. 79, 287-294 (2005)
2. Ohta, H. et al. Sci. Rep. 5, 10049 (2015)
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AEAFIE B AT K V B8 S5 Fgf2l O 58 13 0 S i AE o A2 4T
C22 OBERIEK Y, WA, FREEIT?, ISR, NESEE !
DRSO - 3K - R, PEUK - BREE - MIC

[B1]

Fibroblast growth factor 21 (Fgf21) 1305 - AR E A OFMEIZ B 2 WK+ T, IS |
NG, BENENEOMB DEA IS, £70, Fef2l IZIEHAIERHC I T 88 - IRER
AR A UGE T S ER 2 FF o7 RIEROEMA 7 & LT SN Tng ' Tk
DOFZEETIE, 6 AL EOEIEVHRIEE £ AARHIZ MY Fg2l IRENPE LS LR T2 L%
CNETIZHLNZLTWD 2, Fef2l ORRM 2 EAF B EICTFET 5 2 &N
RENDZ &b BEHIMLORENIEE O BB 512 X 2D Fgf21 0 AT SR O 217 -
o S5, BHAMEEMRE TS Z LT Fgf21 pEA LB - TR & OBEMEIZ O
THET L7z,

[ 5ik]

@ 3 Wefilife & U7z 8 i CSTBL/6 [EME~ 7 A izxt LM, SRR AR OES Lz,
e 5% 4 BEE CIL P Faf21 JR & S AEHRRIC I 1T 5 Fgf2l mRNA B4 1IE L7=,

@ 4 BEpkEEE AR <~ 2 (WT) & Fegf2l /v 277 vk (KO) ~7AIZx L, 7—F&
AEAEERE (77— NED S HR(CmE A IR (MR (250, 20 EliE T
(R, MPHE, BAERZHE L, 20 HENCE L%, S MEES 26 AR &2 0E
L. ifH Fgf21 JREE 2 JE U7z, FFlE, f5 5 HIRNERT (eWAT) 13 =AY RT-PCR (2 X V) Fgf21
DORBEEZHRH LT, E AT AERRY) A 2 Bk LBIZR 21T - 7=,

[#ER]

A FHIh o BRI 1 % 526k CIR R Al -CHlUR B G-/ T, — 5 CHRIIEE# 5-328 Tl
al J VUMBEGIHCBWTHAICES Lz, ZTNBIEERGICEVFE SN D Fg2l O
ABIRSEE Z T 2700, ZNENHE I E 7 — RE2 LR ERO R 52175
7e& A, WT Tix7— REEE el U CHUBRM JEE CIRE IS R oz, & 2 CKFhk
HEANELZEZA, WTHM A TIXeWAT EENEAD L TWE=b o0, FEEE
DRESHIML T2, — 5 TKO TIE I B EREE(LON R « eWAT EEDOZLITA S
Mg inotz, FFIEI T O Yt CIXRR IS MR ImAE T8 < OB A Bl ST,

[B%]

ABFZEZ L0 . TEHER D H CTHREIZ w -3 REIFIARIIERIZ X - THIE2 & Faf21 OFEAE MR <
FHEINDZ ENRBEEINT, S OICHR S AEEOESER G OREN L, RS
ORI 7T 5 Fef21 1%, NIBIEM O 2 {RET 20D, EFRIELZFZET DY
AT &/ L TWDAREMEN TR STz, Fio, AFEORERIT. RAFfEI6EE o1 55
2 X DR ERRIEDF 12720 RO — IR 2 5 L TRY ., bR ZIEIC, #
T2 IR R IR PRIE ORI BN D Z E I &S b,

[ k] 1. Ttoh, N., Nakayama, Y., Konishi, M. (2016) Front.Cell Dev.Biol.4:30
2. Murata, Y., Nishio, K., Mochiyama, T., Konishi, M., Shimada, M., Ohta, H., Itoh, N.
(2013) PLoS ONE 8(7): €69330.



