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BLT0o- BENODREZMXICEEHDHEEDIT FLERERLTRISE O ME

HEDBEEANZ X LDBRAZSIEHEHA TS,

BEDOMBELUNTIL, RO REFERE - KEZEOHMRIBEICMZ ., LinEEZRATAES
FT—% EEFEND 1 AELT. | EREIFAE-1BEL -, FAZ SO HEM - BIEAFIL I
T.HRAEZXKIBICEELT. 1 EO£AEOLAKXDE (LiIHEFZHEMAHEIF—). F 3
BEDFLHIZL D58 (Research Colloquium of FAMS —&NDE&—) ZEIELT=, FAlX.
NEDEIFLUFILEYBEREFT VO TCRBEINE2=EEZTEY.. F-EOLOHKEEET S
FIMIENF-DITEELGRERTHo-.

1 FZ2RYBDHE.FTEFSOMRETIE., HOBEDORREFON-LDD, RERZRD
FRAFREEROBMICFELULICEBANNOTLES =, BIE T HLWLIEITHRET S
ULRIENMNB D TIRLTRYMBO LML BRETE, £EEEAREFE>TLLHLU L ER
AREE DK EL DK KBRIREBTCIEE AL E BE A oT=, RSN TIE,
TS —DRBELEBOEE (CHEON-RREISERDUEICLEEEEZ TS, LI2(FS,
BEDOHRE > ARFHOE > HEOHDREWSIBEIREIRALGALH LHREIZH
CENBELZEBRBELI, FEAE, FATBRED/N—AX1—DBREBLHITHOIA. TH
FYRAERFEIS—. SHIZENKYIEEDNCEHEDHARZEDH TIKIENEETHS (B
BABBELRETI A,

REEIF. BEEOHARDRREFTLOTHXEH T & REREDHAREFTLHHE
[CHET HZE. BEMNRAELEERRTESICAIGERZMEL UK EZR LMD B
EL. XS —FOWMRFH T, EEICIEOLLCTHIIESHESERICE - HERITIREBH
[ZEDHY. BEDEFZLIT. thEDOHELORREFHICLIZLY,
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fm BB AR AT 2 BB P
Bi% B &= (Seung-Sik Rho)

EMEMROREEICE TS Rapl ESDFE G2 /\VEDOKEIDAEZR

Hematopoietic stem cells (HSCs) emerge from hemogenic endothelium (HE) within the
ventral part of dorsal aorta during vertebrate development. In zebrafish, Notch signaling induces
HE specification from posterior lateral plate mesoderm (PLPM) as they migrate over the ventral
surface of the somite. During migration, PLPM cells make close contact with Notch

ligand-expressing somitic cells, thereby acquiring the HE identity.

Rapl is a small GTPase
i o that belongs to the Ras
BLEM Somite "P’b';:;‘::“’“‘ subfamily and is known to
. SN . ¢ Y
BT T, i T Y \I O promote cell-extracellular
th..;gh_,t 'ﬂgéﬁéﬁ}é}(};{"'ﬁ Nomhlw% matrix adhesions by
S controlling the expression
{ g g p

Rap1b level and activity of integrin
;/ ® \ d ECM T . > proteins. In endothelial cells
] 2“5 }: j J ?E' j / \ L] :! J L} _!_ - ’ . ’
= @»  Somitccel @m @ Rapl potentiates  vascular
' - - - endothelial-cadherin-mediate

4 b S : ' .
Active ligb1 Inactive Itgh1 Integrin adhesion Notch Dic/Did d Cell adheSIOHS by

complex

dynamically reorganizing the
actin cytoskeleton and induces integrin activation to regulate cell adhesion, thereby enhancing
endothelial barrier function. Therefore, we generated zebrafish raplb mutants to clarify the in
vivo role of Rap1 in the formation and maintenance of blood vessels.

In this year, H29, we found that rapl/bh mutant exhibited normal vascular structures as
observed in wild type fish, indicating that Raplb is dispensable for vascular development in
zebrafish. However, we unexpectedly found that Raplb regulates HSC development by
potentiating Notch signal-mediated HE specification in zebrafish. The zebrafish raplb mutant
exhibited defective HE specification and decreased formation of HSCs, indicating a crucial role
of Raplb in HSC development. By investigating the underlying mechanism, we showed that
Rap1b stimulates integrin f1-mediated spreading and migration of PLPM cells, which facilitates
their adhesion to the Notch ligand-expressing somitic cells, thereby promoting Notch
signal-mediated HE specification. Thus, we have revealed an unexpected role of Rapl-induced

integrin-mediated cell adhesion in HSC development.



Future plan
I would like to investigate that Rapl regulates HSC development in mammals and that

Rap1b regulate vascular integrity cooperatively with other Rapl isforms, Raplaa and Raplab.
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[FRABIE]

PD-1PfEZIZ LD ETERIET = v 7 KA ¥ MHEKIOBELGIZ LD, BSAGERED/INT 54 L2 7 s
RZNDODOH L, KIFEETIE, 7V =K (PD-19uk, =RV~ 7) ORFICED S 7R E . 25A
WEIRBE T dH 2 KFORFBE ED LT, DSARIEREOH L Wi B X NGHEEO R % HEEICHTZE
WE A IT> T\ 5,

-y

. BIEF YIRS NEER PD-1 HADRHR

S ASRIESRFE O RE ST L 1891 412 William Coley 1= AMEHBF NI M 2 {1513 2 16HE 1T > 72D H°
ZLEDEFEbNTVE, DB, A4 M A U RTF FEE, L) oo SBkik, BIRR
Wl SFEFRWEREDBS L720, TOMEIZOVTEREOHEMHAINTE L, 2hET
RIERED SR LY LT O N h o 2 ERO—2I2, IERTIIHT 2 “EF = v 7RV N OfFEL
FOEBEEPHON T Lozl ENDHITHN L, RED AT A, 7271 GEEGT) L 7L —F
(G 7) PHEEL. BiEI2IE CD28 X ICOS 7 &, & IZIE CTLA-4 R PD-1 2 & E TN 5,
BERIET v 7B 2 & LTHEL. HOANDOAEY) 7 50 02 <0 18 5 72 25 SUS % JI] L T
Mk E, SR FAEELREEZH- TV 5,

PD- 1 #8513 1992 4F (S R R A EAL 755 — R (KM E) I2BWw /7 u—=r 7 ahiz,
PD-1 3iE AL THIMIC S L, EB 2 ) % > K (PD-L1 B X O°PD-L2) #5445 & T Mo
JHRP T 7 = 7 & —FERE A I L CRIEER 2 FHET 5. FMIEZEICBWTEA S EIFAR T AL A&
Y HffaAPD-1 ¥ 7TV FH L THEEORIEEMRL LN XA =X L% L, PD-1 ¥ 7L
FHED DS ARIEGIEDERICHEN TH AL Z L AFWET IV TRL, SHICe MOBRIEHEZ HIEL T
i N PD-1E/ 70— FUPE2ER L2, 20k, B4k Mibte + PD-1#Hifk (=R~ 7,
Pt 7T —R) DS S, 2014 IS FUIJEER ) TR CEMERAIE OB & L CORB S,
BIES S REHEOPANEEILRL2OH 5,

2. BRIEFTvIRAL NEHBEICE I P ABEORIR

PD-1 iR BEAHMEAT R IA AT A B E DR 20% THEFENEZ RO, MW 283 s L TifFanT
WA, TR DK 80% DFEHI TIERNEN A S\, PD-1PUEOI/EHBETRIZ. L w7 27 ¥ —
THIFEZEATLOTIE R BFEOZ 7 27 % — T HIFERRLE T Mz o3 2 & CRIBIDE & HiR
LTy, BESAHGO “REN" 2 "RELE IKEL T2, o TOARRERMN THlEASZ b
ZHME L 2 WEMRIZ PD-1 PR 2 #55 L T O IRBAI R IEAET & v,

RBINEIITEEEDSD ) . BEENERSCEEERNDPEG 35, B3 A Y7V o L)V R
RPANK L TIRIZISDEDTRNA D WILUXFFNA D WD, T 7 F Y ORI E 7 2 50EFLRICE LT,
R ZE LT 2 A WiLE, RIERESTE R W ARTFR L 2V Ab Wb, PD-1 K~ Rk
X5 ZHBREVWEBR 28T, PD-1 RKIE~Y 7 AREEWNETRICL - T, SFSTLACHRIERRY
FRET Ho SHICH LHEMERTHo THOHURIBREZRIET 2V T ALREL EWY T APV 5,
RBEOBNE, IEISEOMEEESBIZWER X VR 2 EONWERIZ L 2 2 L 2RET 5, SHER
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ELTIRRER AR () R EPEZONLD, INHDOR ML AL ) MIBARHOZ LI HE LT
REH LML DI B Z LT TS %o

3. SHOBFELESE

ABZEETIE [ENEOMEAGE] (ZEH LT Ao T Mgtz ikng % a9 U155 B AL o
B & DAREREO#ELIED [REFNRE] BROX =X LOMHEZBEL LTwb,
INEDOMEEESEFNE AT v 7L LT DAMIA ML RIS X DHIIARHEOZIL E | 2) Ml
(2 & A RS O LHIE 12515 2 EARTELDN FFIZ2) 12Tk L < hro Tk,

FA =7 R THIIEPURICHES ) LiEH bsh 7 27 % — THINE LT 55, ZOKRERG X
HMSEICE YD . —HoMEs A 25> CRLfE Tlila~& 53t %, =77 % — T Mg L5l T iz
T, ZAVF-RFOMCTIERFOBRIEZ 5 Tnb, =7 275 — T Mg TlItiEL BT 5
72O EHAEWAMEAE L, BB T AV F — 2 FREH TG 2 720 ITERDTTHET 5, — 77, iLiE
THIFLIZE -2 REPUFEOFTRENZ 22 T 8l e =7 2 7 % —fLERIEL, TR VF—{HEET B S
A CEMNAERT 5,

INE TOWE THH S IS bioinformatics #FMHAL T, =7 =27 % — THlfg L illE T Mg THBED
£ 5 BATF L WHEBRT-%Z Wi L. BATF %8 Sirtuin O#EHE= LT, 7u~xF ) EFT) v 7L
FFIC ATP A ZHIET L2 Tz 7279 — THlROGL 2 EET 5 2 & 2502 L7, BATF
KIB~ 7 RIS B SIEE R B A FIET A% ERIC X 2 KBS RS R RIE I E D ZDTR E v
DT, AHYA P L AITRT 5 [ IZINE OEERE] OHTIZE L 72BN Z2EWET IV EEZ bd,

—J7. IHMIE A R OREFZEZ) TIEI ba vy FY THIEOER‘RDIH 5, ST ETHAMLA
RIS & o CTHRIEHLHMNE % & & KM A S IHHERR B EE S NS HERRRITBRICEESND &
EAbd H I RRAVE, MERIE. BIIRAEAL 72 E OB ORK & 72 5 25, AR 2 G4 Clkig g
EIZBWTEHELR Y VT IMEEWEE LT Z b >TETWS, KE#EEDO S E1EH SN/
roGFP transgenic mice {ZFERLRICIKEEIZIDE L CHIEHEAL T Afxadty v X0 Ex %8BT 5, 2D
AR HGIZERNA A=y THEAICE ) . S E THEES 5 72 in vivo 12 BT A ERILETTIREED
HEDREE 22 ) . WO N 2y — Ve 155,

FFEZETIEI ba >y B 7HgE L SREFI R OmAE I L D . MRAREHIC & 2 s Lo
AL AR & GBI EDREEDSEETND A7 Z XL ZRI LT, BPAREREOZ R EBITRE O
DU 72\ve BARIIZIZRD & 9 I LA TV B,

MET—~7:
(1) THBRIEISENA F~— 5 —DEER
BB IIBUAHIET =y 7R U N HERORR TR T OBR
- I BT B FEAESOS TR T OFRR

(2) UEMEERSE 1 X 2 ey dH L 251 b oo ) S AT
- HARGRIE B X OS5I O RS
- SESARIRCIETE L D A 1 = X 4

(3) 18V SIE DFFREMRAT
C RIEVE R BIIED 2 /1 = X L
- BER / AE AR N T 2 ABRED A F = K 4
<) ODIFIBRED X /1 = A L
AR D A S = X
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[FFR% 29 & DiEENIRR)
SR 29 4E 3 HICTRE SN KHEIR OB E LTy 29 4 10 HIZEIH2S5EE L. Hirikisl 2 502
Bz, REEOFHRFABELEDZ T ATV SEFEOIEHEENIUTOEBY TH b,
<KHBE=E 7Ty =7 b >
(1) BALA PV AE=Y =<7 A% V7GR & SE SSIERRE O RN (1 A))
p25—26 R
(2) Oxidative stress in skeletal muscle exercise and injury (Wolf)
p27 — 28 R
(3) WREZ Y HIVHEBEIENDKFES T ORG (FhE)

FREMAILOBD 7 ) — 7 T A VEBEKISICBIT 2 KEGTTOMELTTARD 720, ERFEIZELE
FNAL AR —FED) YIRE (PAPC:1-7%V3 M V-2-77F F/ 4 )Vv-sn-71 k0
“3-KRATFFINAY V) 7)) =TT AIVEEKIETHRILT 5 & KFESTALET TiEBt
PR AR AIH S, Ca ¥ 7 F Vil S i/ze DLEOREREN» S KFES I L D PEIER I Ca
T F VRS BAREMEDRIZ S Tz,

(4) KFEGFOIBIMFEREEZO PRUCERR & ERER OB (BH)

LV IEBRAE R T B ME— DR & L IR LD S 5 05, € ORFIL T4 Tld e Pkl
NETHDH, —H., EWREREZLZR S X LA N L AP I CERZE % K13 L2 hydroxyl
radical X Peroxynitrite (TN BN E P SN T W5, KEFTIZEEHEEREE BT 5 ME0
TR VS IEBRAE P2 DO B RE - OHERERIE ISR R 2 AT 52 L6, Ty MUIHEIEET VIZB W T
KEGTHEEGT HERNRBEBEZFRET L2720, NI VA2 )T =4, TUTFF—L%ED
IR 21T > T\ 5,

<gHME=Esuy oy b >
(5) PD-1#ERERIBIE L L2WVAT PD-L1 JIEEORS (EEERIKRE: L 0 ILFZE)

AWFZE T I HFFES A R PD-L1 (soluble PD-L1: sPD-L1) I2#% H L T, PD-1 % 1KI(2
Y A AEAREE b o 72 %M PD-L1 (PD-1 binding sPD-L1: bsPD-L1) ##Hi¥ % #i#H ELISA
VAT AERSE L. HEREIO ELISA ¥ A7 ATl “BUR -HUASUS" 4L C. EMIL S 7zdl
PPk BUPD-L1PufR) (2L 0 s PD-L1 2489 225, #B ELISA ¥ A7 A TlE, "V F—
SEREBIE" 12X 1) bsPD-L1 #4fi#t 3 % 72912, EAH{LIT PD-L1 $ifk % E4H{L PD-1-1g @A 2
FIEICER L 720 SO A ELISA % HvC. FE/MR e B % 75 Mfki2>v T bsPD-L1 % ifll5E
L72& 2 A, #HA ELISA 1393k A] ELISA ICHNTHRBBEB LY 7 VEREDE L B L.
/IR A 29 Mtk (38.6%) T bsPD-L1 A% S a7z, & HICHEEMKZ L7 3 2 )V (LLE
T2 ELTFIVEBRENRIST A 2 &5, sPD-L1 OS5I A PD-1 ~O#E A I EE 2 & E 2§72
LTW5h 2 EAVRIEE NIz, bsPD-L1 LAl P12, S0IET = v 7 KA ¥ MHERIEME & OBE I
DWW THHEfT 2 D TV 5,
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HEs 85 24 IR H AR ¥ A 7 LR Ealrit e, 2017 48 11 A, B
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SRS ¢ R 2017-172593
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[RZE4ET]

e e
HEHER BN HE

BMIELARLAEZR—T U RAEAWEMERR & KEREH
DR

T, THETOMIEICBNT, T F= e B U T B L7 s © B R0 0 B3
FED A F) = X LOMREY], S BIZREBOUGE - THHIZEPR MR 21T T&7e, T har Ry
TiX, ETEERICE DMLY Rtz X D ATP PEAS° TCA B, B ig{b/e & D= %L
F—HOP LN REE ZH -S> TEY, SHIC, AT A ROARSMBN LY T LR
OFRE ., MRELT R b= 2AOFMEIC L RE Do TN D, I b2 FUTHIZIE
Far RU7DNADRDHY, EFIERIITENLF NI HEra— L TWb, T hav
R U7 DNA OERPERA 22 A TORATHRESATEY, T b= FU 7 DNA OO

[OriB variant] & W9 IO OZR BT AREIL AT T F UMMEICEHGT 5 Z & 2fE
L7z (X1) (SciRep.,2017),

100%

g
B

g
=

40%!

Relative change in (A = Agom)

20%

0%

cisplatin-resistant clones

M1. YRATISFUMMEHKROI hav R 7RRkEERFR

BRAERE(OWA) &S RS F UMMM ELBE LIEEC A, SRATTFUMMEMDI O R Y PRKRERE
HEAEM S, FITEEDENI0 Y/ 0—Y (FL—TkR) &BATEI FaV RYTZINARIIZRE L
Fro TRTOVO—VIZHBOLEREFERL., TOLEEOMNEIT >, (Sci Rep., 2017 & U E|F)

F/o. I by R TIIEMBEO FERFEAPIZ LR > TV D, R e iEHERR R EA,
EALH D WITHEIRIRCE IR L 22 E O AR B IR OFIN & LTERIZ L > IR ERWE
ThO RN LMIROSMEE CEER Y T T IVIREWE TH DL Z LR o Tnd, FLlz
HOWEETIE, LW E & L TKESFERE L, B VARG T 55K A
DWENRN DD &t Uiz, —DlE, ~ U A& BE MR E 7V & W28 T
M FREVRIRF I KRBT A W55 2 L1 L0 FRHRECRIAE DN S 4L, BRI THEEED
FETLHZ Ea2HE L7 (K2) (Plast Reconstr Surg.,2017), & 9 —2l, 7T/ YA~
—IHET N~ T AEHWIHIE T, KFEREZHAKE L CTRMB®ZR ST 5 Z & THRZENE
AL, RAEEEREEIE T 5 Z & 2 #HiE L7z (Curr Alzheimer Res., 2018),

_25_



(a) Ischemia  Reperfusion (b) I R

2n an | [2n | an [ 24n 1week |
= air 'dissection IR air
IRH H, IR-24H H, Fool print test
IR-Limb Cont.-Limb Sham IR IR- 24H
P
Sham [ ’
v
i
3 " ¢
IR g ] ©
V-
b { ] - g
0 E
IRH "
LI T ¢
&

M2. #EELEERICNT ZKEARROHE

(a) ROAD—HOBEE 2EBEM L, 4BEABERETS ETAEFLLE (IR-Linb), EBlEFHAE

Mot 5 —FOREEMBE Lz (Cont-Limb), EMEFHAM>7E (Sham), EmE (IR). 2%7k%

HREERE (RH) OREHACEERE TTCRBICTIMLIELC 5, KEHRARSHTEELAENH

Sz, (b) EMEER1BAMEBCSTTR MEFof, EMBETESTRENMET Lid BB &S

YA ENN, KRR SH TIEBELREIALHZ SN -OHTRENEE LI EARENT,
(Plast Reconstr Surg., 2017 & YhzZ LCEIA)

BT b OWFFEE Tl B LR ITIREBIZINE L CHO N B b T oot & 7 g
(roGFP) Z%HBlT 25 N T VAV 2= I/~ U R E/ERL | RN OTEM RS 2 1ET 54
AA A=V THEMOBS%21T> CT& 7z, roGFP =7 A2 ZMIERL TR, —>iFM
f o cRiEZ ET 5 R (CRO 7 Z), &9 i, roGFP (23 b= K
UTRIES 7 FNEMMLTEY I hay R 7o {bRTREZRIET 5% (MRO «
U A) ThbH, ZOMRO, CRO~ VA& 2HRERIFET L~ A (db/db) DAZELAZFTU,
roGFP Z BT DHERIFET N~ A2 ER UTe, PElg, TR, B, BiRombiEc
REIZOWTHT LI 2 A, R~ X Lk L db/db ~ 7 A TIEAFIEO I k= RV
T A NV ASNDRESZ N BEE IZHEM L TWD Z ENHL N E o7, (BUINEESS.
DrAEMY42 . EUROMIT2017 12 CTHR)

10 HICHEIEERNBEESN TSI, e R EISEOREICE TSI har R T
filE & > 7 F & UCOIEWRMBEOMITIZEF L, I hay RUThoRAT HiEMERE
FTL REIR R & O RG22 800 U 7 BRIC S i s b PEAE S 4v, AR DB EBERE D 72 9D 12 4%
BChD, I DICHREMIBOMEE~DIERER O 2R 28E b H 25 F Ol
B IR 83 %\, 2 2T, MRO, CRO ~ 7 2 % W THREMIEOFENTICE Y A
TWD, ZHETIE, 2O~ T X% AW TS WS Olfids COMHT 217 > TWizdy, 4
PERIBR DFFEATIIAT > T o Toled . IR MBI 31T D IS TERE R FEHT O T r 72
FERAEIT>7-, MRO, CRO v 7 A & &I, U >/ Ei, Mz is T RAF72 roGFP @
FEBL A R L. AR Aok > © HARE U 7 s iia C o bR T E R AR E LT, R
FELREIZ, 20 MRO, CRO v 7 A ZFIH LT, SEFPNGEERO A =X A, BIRG
I KL OVERSE OE WO Ao & o T g,
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#Em Wolf Alexander

Oxidative stress in skeletal muscle exercise and injury
BRI DEECIEEICHE T HERIERX L ADKRE

There is a long controversy Physical exercise

whether oxidative stress plays a l

significant role in skeletal muscle
during exercise. Physical exercise Transient increase of oxidative stress (ROS)
enhances  physical fitness and
overall health and wellness. Bouts Target gene induction (PGC1a/3, PPARy, SOD1/2, GPx1)
of aerobic and anaerobic exercise
induce an acute state o.f °X'dat'Ye Induction of insulin sensitivity & endogenous ROS defense
stress caused by an increase in (,Mitohormesis®)
reactive  oxygen species (ROS)
production as indicated by an
increased presence of oxidized
molecules in a variety of tissues

Recent research shows an essential role for exercise—induced ROS formation in
promoting insulin sensitivity in humans. This induction involves the ROS-dependent
transcriptional co-activators PGClo and PGG1B, and the transcription factor PPARy and
downstream targets. Changes in gene expression and increased insulin sensitivity
following physical exercise could be almost completely abrogated by ingestion of
antioxidant vitamins
Many attempts to directly measure oxidative stress during or after exercise were,
however, unsuccessful, or concluded that there is no oxidative stress induced by
exercise. Other investigators report oxidative stress after exercise, including
glutathione redox state changes in skeletal muscle

Generating transgenic mice expressing redox-sensitive green fluorescent protein
(roGFP) under control of the actin promoter resulted in strong expressing of roGFP in
skeletal muscle. However, activation of skeletal muscle is always accompanied by
changes in muscle blood flow, which is low at rest and can increase up to 80-fold
during activation. Confocal recording of roGFP fluorescence from the outer surface of
skeletal muscle permits the recording of roGFP redox state without interference from
changes in blood flow (which prevent unambiguous epifluorescence ratio recording). Leg
muscle redox state is recorded in |ive mice under gas anesthesia and skeletal muscle

Reduced disease risk

stimulated electrically

Above example of cytosolic redox state recording in leg muscle during electrical
stimulation (0.8mA, 0.5ms, 20 Hz for 10s every 2.5 minutes, total duration of 50 min)
shows no redox change
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This example shows gradual oxidation around a previously oxidized muscle fiber. This
single oxidized muscle fiber seemed to be injured by what resembled a puncture (shown
below) :

<{Redox state prior to electric stimulation> <After electric muscle stimulation (1h

later) >

This points towards the possibility that damaged muscle fibers release a signaling
molecule that is necessary to induce oxidative stress in adjacent muscle fibers.
Candidates for such molecules have been called DAMPs (Damage associated molecular
patterns), and include ATP released from damaged cells

The combination of muscle activation and DAMP release might be necessary for oxidative
stress induction, as might be the case during strenuous exercise. Previous reports
indicate that muscle injury can boost the effects of training. Our research might
explain why damaging exercise (such as eccentric muscle contraction) is so effective
in building muscle mass and strength, i.e. because some muscle fiber injury is necessary
for induction of skeletal muscle redox signaling

Major recent publications:

1. Wolf AM, Nishimaki K, Kamimura N, Ohta S. (2014) Real-Time Monitoring of Oxidative Stress in Live Mouse
Skin. J Invest Dermatol. 134(6):1701-9.

2. Nakashima Y, Ohta S, Wolf AM. (2017) Blue |ight-induced oxidative stress in live skin. Free Radic Biol
Med 2017 July; 108:300-310

_28_



I. EiGT =5



EInFHliEl 5B

(R&ebE B fn- i B )

[z =]
1. BIEOW 5L SN E COMEOME

1-1. p53 WFZEIZ DT

oz, DA F pb3 DN % HD 5 2 & T DAL R OB AN O 5 FHEMEEZHHT L2 L %

HAIZWIZE 2 Htl) TV 5,53 134 < Db M AMIE THEIZFERS RO o T B RN 72 23 A HPH]
HBIZFTH Y. pS3 BInF R~ 7 AR T WEHE TG AT 5 2 &6, 50 %A A HH
WREA B L TV A EDPERMICHIH SN TV L, T2, HEMEICE IR IS A Z FAET 5 Li-Fraumeni
FEMERE CHEIZM 7 p53 DEFR DO o> T b, pb3 ¥ » 737 1L DNA OEH R4 2 A ML A 2N
ELTHEMLL, BNTHA 28T ORB 2 FET 2B HEH LR T & L TEEL TS, 20
P53 AYEE T B AR T DN 5 | pb3 IEMI I D=1k, 7R b — 2 ADFFE, DNA BEORESE %
fToTWHEEZEZLNTWS, 2O EN5, pb3 ik DNA 5% <1 72 g Cie M b S v, M E
WA EIE L CDNABEART LI, BELENZWHEE 7R = AL o THBRT 45 2 L T,
BIZFOLEERPER/R L WX 1@<, T bbb s 4055 #M (guardian of the genome) & L C1{H)
WTW5 EEZEZ LNTWz, ZOH, pb3 IR AYA BT A3 MEAL U -l B g g i 12 52 %
L7 ZHERT 5 2 8 TOAALZEIHI L TWE &) S EDPHFEINLEEIZR o TE/ZIEHED
MRAESE M (X, DNA 525 2 % & pb3 KA IS B 235 1R 3 2 25, cmyc SO WA BIET %
TR S E72MI0E, ph3 I X o THRNIZT RN =V ADNFHEEINL, T2, PABRIET ras =58
SR, TABD EREES 5 &, pb3 RISl B LS Z - T, il EILT 2 2 LA
FEERI R S N7z ML, B4 2B TOZRFIZESONTE Y, MM OFEICE < FAlAE
ETANZERDP A CHABTIEDLLZ LRI DL, TO L) RERTAT LML, BSAMNIIC
TEEES 2 ) A7 DD TE\opb3 1d 2 D & ) Z B M0 L TRIIZT K b — A& L%
FELCHRT A 2 & THRAMNLEZIMZ TV AIZTIE RV, SV % & pb3 12 L B AL BRI
BAFET2OTE RPN LEEZOLNDIHIC R > TEZ, EBRICEZ L OPFATITBIZTOLRIZLY
p53 DIRFE (Fr B FHEEE) 2SR b N TB Y . T84 2 Z KT pb3 OREFEXHIH SN TWw b, Bz I,
FEAEDTESENANINNE T =< A NV ABEDFHIK & 7> TWDHDY, ph3 id/s¥a—~<w f IV A
E6 7 VN7 IZEoTHMENT WS, (EoT, 1ZEAEDRADIEET HERIZ b3 I L B AILD
RS IH S, 2O EIZL o THALD) A7 NEELEEZ LN,

1-2. 2 E ToOMfEDIN

FAE H ARER RS & 23 LB = NRHABE TR L T\ 724%, 1985 4R IR TR R A FR AR LA 3
(R IEE#R) CRERAL LT e PR Y — ABEFPIERICTOE— 5 — FOBRERGH2 S
WG % G 5 AR (BETIE TATAKERF TBP 2 &4 O X7 HEKTH L 2 L
MohtioTnd) &, RIRZEIZZ Y o Tin vitro TOIEMEZEERMGEME Z FEEICHR L T,
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KRFBAEFER KRR AL Lt v 4 — OB OHERBBEIR OWIREIIE o 72 BROH TR ClE, 1 &~
=70y BBEETOEEHERFOFEFTHLIRF1OZ7U0—= Y ZIZE L2E2 D THD .
IRF-1 # OISR 2 15 720 2 OWFIER #ED T < ) BIC, IRF-1 2SI 2 ¥fl 452 &, 7
RN =V A%FHET LT & &3 A L7 (Tanaka, Cell 1994; Tanaka Nature 1996), % Z T, IRF-1 %%
LRI R DR LG T 72 pb3 LA U & 9 Al AIHIKFTIE w2 b EZ T fERSN2ED 0
pS3 RIB~ 7 ADEMNT & D72, T OFEMNT T, pb3 KIB~ 7 AH L% L 72 G RAMESF M A3, 2%A
B Fras BT I VA7 4 =L LT = YT ARG ER2E N2 ERT A L xRV L,
IRF-1 DAt & &b Tl L 72 (Tanaka, Cell 1994) . 413, p53 DM IZ DT OREM 72 53 F1%
HEIZI S Tl o 72h%, pb3 DAY A OB, Al S DNA OZER %2 ' & 2 WIdFREMIE %
PEBRT % &) By - FERRM RS S N CTh 6 b 9 pb3 AERE L 70\ & R Y |2 JEE A
VEDREN 2R LR T 22 DO IEHHM R 0o 720

1-3.p53 12L& B 7R = 2D

ZOH. FHBIRPEHERKFEFLIREFHEIIBH L7201k, 1997 EI12Bh#dz & L TR
BE)L 720 IRF-1ICE L Tl pb3 & MRFICRIES /2~ 7 Al pb3 M /RIA~ T A IZHIEL TLD
JES AR5 WwZ &2 B L 724 (Nozawa, Genes Dev 1999), & D 2SA TOEMLTARIZITE
AERDUT SN h o720 22 TUHFED L% pb3 1I2F L T, pb3 DIER#E LT D [F%E % H e | pb3 12
X% 7 KM= ADFEFTF Noxa & [{% L7z (Oda, Science 2000), Noxa & DNA 851204 L C
P53 AE N FEBIASFHE L. p53 12 & - T Noxa HIZT D 7' 0 E— % — @ p53 ALY % /i L CTHEE
WEDFHE SNz, Noxa (37K =Y AHMIZEE L B2 77 3 —OHT, 7HRM=Y AZFHE
94 BH3 only R ICET 287255 F CTholzo BIZ, Noxa BT RIE~ 7 ZAZ/EH L, Noxa %
PSS KD T R b — Y ADFHEICHEHETH S 2 & &I 59212 L 72 (Shibue, Genes Dev 2003) . k4 D
Noxa D3RO %, Noxa & [6] U BH3 only [HF12J& 3 % pb3 #FE %K PUMA 3% 41, pb3 12 & %
TRV AOFEEEOBES NS L o7z —H T, RADBENEEDT, TRHEDOTH—
T AFBSF ORI~ T A&, pb3 iR O M i I K p2l K~ X & FEARIZ, pb3 KIE~
TAD &) RIS E RS OREERODL I L IE . fiEo T, 2O, S L pS3 I L A
Lo, SV Z 5 L pb3 DHEFERIEIC & 2 A LDREIIE. TS O & X5 DO 5
LTW2DTIERwrtEZ bz,

1—4. p53 12 & % T F )b F — R Ol & 7% A F0i

BAEOBIZEAT B L T 5, 5] &6t & pb3 DFEMT 2 HLIZBFSE % BilA L 7243, pb3 K IEMNE % fifttr
T 58T, pb3 KIA~ 7 AN VEHAE SN CI3ERE N T NF-«B @ DNA #§ 4 e & iz G s LREDS
EEMIEEIL L TWA 2 2 R L 72 HIZ, ZOMIETld NF-«B OIHIK T I«B %) » 1L L T
Iy IRARAE |28 C B FE TKK e KO8 B OIGHEAMEE I E W & 20 NF —«B OIEMHALIZ IKK a KV O
WEHEALIC L 2 2 L 252 L, pb3 DFEBENEC 72 5 & TKK — NF —«B #REANEHELT 5 £ E 2 6
N72o NF—«B OEE B 2 IEELIZ S OO B ATHE SN TE ) BANOED ) 23 ST
W7o Z kb, Bk p53 KARMIE DS AL T ras BTN I v 27 3 — A ¢ HHRIC NF-kB @
WAL ST 20T R B L2 22 CTpd3 1A TCNF—«B 2T 52722y b
—D O pb5 % [FKFIZ/RIE L 72 I8 BMAEE MBI S A B n T ras # I EE 728 2 A, pb3 AHERE L 72
WIZHEDLST N T VAT 4 =2 T5Z idhnolze —F. MBBHEAEICE L CTid pb3 KIEMIE &
D53/ NF—xBp65 T KA Tl I A SN2 0o 72,

Z 2 TR A IR RNT 2 SR A AR R, pb3 KABMIE CIZIEFMALI LR T/ o — AE R, A5 i
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RPITCHEL TV 5E I &, DM KL ps3/NF-«Bp65 Wi KR NF-«B p65 O 5B % #itll 5 2 L #z
ENBHZ e R L7ze PAMBOREAROZEIL, HICHERE EL2 T ANVF—JHE L TWnE I LT
T =V T T RR LI 1920 SRR T A D ST ST A MBI AAE Az v a— A 14T
POXERICE D EVE VRS 2070 ATP D EEE SN PR AT TIEI hay B 7 Clg
FEWHETHIFRIC L > TEVE VEEL2S 36 50 F O ATP A SN L. —FH Ty 2SAKIE TILAH
REOBANZ L ) ERERICL A2 T ANVT—EENTHL T, I bV FY 7 TOMNEIMELHZ SN
TWwh, COBKRIT, ZANVF—ELEDOHE D HIZIERNEN ¥ AT 5 Th B 05, ME D SN THEE D
JEDPEL %0728 TATOMBROHBEXTIMZ THAMBIE LTREL LD IEDTEL LWV F)
HELoTWnb, A, MEROTEICL L 7O N OEERE VY VIR HI/ES N D AR DR
B, PAMBELOBNERETOT Y F—Y A %5 &R, EHOMEATREDOIRIEIZE 5 &
5D EMBIED FHEEN DAY, DSAMBL, F512 p53 DOFEEEDSKIE L 7z g IS I 1o 7 - C
VWho fiEo T BAMBE B CIRIEF oM Miast~ M) v 2 APEEE T, ENIES T
JEB DR R B AMBOBEEPES b EEZ N TWD, TV T IV IE L pb3 1ZB L Tid,
P33 MY N 7 OMIZLE RS 7 0L c BALBEZRE AR OHIHIKN T TdHh 5 SCO2 (synthesis of
cytochrome ¢ oxidase 2) DFEIHIZEH > T b Z & pb3 KIBMINL Tl SCO2 DFEHAME T 5 412,
INIYFY T TOBRBHEEMRT 2 2 LG SN, Fr ORI T pb3 RIBHINE DR FTH
HEIZIEFHAIC TR LT 72h, pb3/NF —xBp65 Tt R IEM L C© O ER F 7 2 = 13 p53 K IEH
JBEIZEAEEDLLRPoTe TNHDOZ EEEZEDLYEDLE, pb3 KIEMNEAIN AEIET ras BT
NI U AT 3 =L T HBRIIENF-«BICX2HERDTEDNEELTH L EE LNz, TNTIL,
NF-«kB A ED & S HEHEETF 2 HEELL T/ VI — AR LR EETVLEDTHS D Ho pb3
RIBHIILTIZ 7NV 3 — 2O ) AR BEADBIL TV 5 &) B2 ST Z#ED T, ZVva—A b
7 v AKR—4 — GLUIT3 mRNA OFILAH, ps3 KBMIILT LA L TE Y. pb3/NF —«Bp65 i K48
FECIREFMRBOLNVETETLTWAZ L AW L, 7V a— ZAOMIEH~OED AL,
MRBRIC BT A7 NV A=A TV AR=%— (GLUT) 77 3 ) =G FIlC Lo TIrbhTBY ., i
GLUTI & GLUT3 IZEERMNICIELS EH L, 7V a— Ak 28RBS, 73— AEEo L%
fHoTwb, X CGLUIT3 BIZTF % L7z 2 A, GLUT3 #IET1E NF —«B 12 X » CEH5H
FHEINLIEERM L7, B2, GLUT3 OFH L HH$T 2 &, pb3 RIEMRETO 7V a—AHEE=D
BMRIEIHWZOSNL EHIZ, PABME T ras ICLABMEREHCO a0 = — S IH Sz, iz,
D53 RABMIAEL C NF —«B p65 DB 235 & ras IC X ABEREHTOIT = —DIEESIZ 5
NDH, ZOMIIZ GLUT3 % ifil5H 3 % &, a0 = —FEEEA MR L 72, #E > T, GLUT3 OFFEH
p53 DIEBEA VML TO 7V T — ARBOW R LIFLOR I ) LT SIS LT EEZ bl
(Kawauchi, Nat Cell Biol 2008) .

PLEO#EREA S, p531E NF- k B Otk z HIRT 22T, Zva—2R#2H#LTH Y. pb3
DIEFEN b S & IKK- NF- k B REBEOEFN 2 GEELIZ L > TV a— A R#OTTEI R 5 &
EZ bbb, HHWZ L 12, pb3 KABMIIE T IKK Ot ix, NF- « B O 6§54 & &
SN b b, FHEROHERZ A5 & IKK OGS S s 2 &, BlH, pb3 ORERe) M
WIKEETIZ IKK-NF —«B- 7V a—ARHORY 74 77 4 — FNv 712X % 70 a— 2O TTHED
FREoTWBEIEERWE L, ZoOELZM-> T, 27AMETIZECEIERNIC 7V a— 2 # o H
KPR ZANVF—Z BRIV BT EESB N TWAE I EDREZ LN CORYF 4T T 4 —
KNy 7 O E LT IR A X IKKS D 733 F H D+ » 5 O-GleNAc (O-linked-N-acetylglucosamine)
Bhi% 525 2 & % B2 L7z (Kawauchi, PNAS 2009). & OBHilzix) Y BiLE %1352 LT
IKKB OFEEDHIH SN A TH Y . OGIeNAc BHixZJ 52 LTI D) VLA HES L THE
W REEILE KT OTIE W EEZ 5N b, O-GleNAc 56 BRI ADTLET 2 L RT 5
bOTHY . pb3 VHERERIBL T/ NI — ARBATLHET 2 EEEL 72T OTIE RV LEZ LN D,
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BZOLZOL) RN L CUEMRIEZAVF—ZED L T 5D TE W EE R b,

2. p53 1T & % HIEDHUNERBE OHIE & A3 AW

AR PP OB OEE % FF O ABMBEI AL T b, ZOABHMBIEZNE
FOWIEILEV D, BOEEL 220 —E5MR SN TB). ZofMiEs2s L ) #EEo R vis AM
FADMELN D EEZHN TS, PATMILIIHIEINE N Z &R Z I T4 12 & > Tt
BAFNAIEZ R L. Z OMIBEAbEE Ik L CIRBIME 2 R L CRAF T 4 720120 DSADTHSRT
BEEZLNT WD, IEHOFMAL L FEIZ, 2SABRMILIIMNREN O E O niche & IFIEI 5 58
BICHFELTWA EEZONT WD, T2, BHENLERELPDVAZFRET S L IZFERNIC D KR
ML LELHMOENTBY . FIEOBMNRELDVBADOIRE, T b AHRMBORIICEECTH S
ZEETAICEZ SRS, EEL 1986 412 Harold F. Dvorak 7% New Engl. J. Med. ®#36 “Tumors:
Wounds that do not heal” T/RL7z&H 12, DAFAIBGICHTAEMSE LR L L9 RBEBEICHFEL
T2, B OISE OB TIXRERMBOERRE, MZERA Mo —<fliz (MSCs) OEH - 1
Gl - b S HIZE AU TR O BIE & FFEEEDT DN D . APAME T S RN, JE5 Y &
MSCs. »SABIEMAMEIEME (CAFs) % EAPAMBIIZBELTBY ., Iho OMEH» 5 I3Hc 2K
FEVE A N A ¥ MBEIE N T EDEE I N TW A, TS DML E DLW D A DB
AR L TBY . DSAERMIBLO niche & 72> Twa L HIGEEINTWD, [, BIEDVDA ZFHTH
THIENLEZ T INOOB/NEESPABMBE FBESEDL L)IZEHN VWL I LG END,
AR O 55E T D L) BRPARE P ALZEDOV L OPDET NI T ATRENT
WDHH BABRIET OBEARLPAMGBETFOBIELMAEDE S Z & THAL L 72 IEE M2 & JE5
PEVERE % 1S L 2 AR ED C E DS RE R 2 &5 b L 72MiE 22 & iPSHIO X ) I E Y =
ATAYIB)TAT I IV TIZE o THABMBIER I NS Z Ve b L BEINL, TNTIE
YD XD BEENHATVEDTHS ) Ho

BRI AR Tl IEH O LR OB DS RIEET A4 b7 A >~ RHMEIER T 7 &2 & - C R H%E
fizfft (Epithelial-mesenchymal transition; EMT) %#2 2 L. #lgMME % 572 2 W ZERMI 22 L L.
C oM BB A L CAGMB O BRI Z 5, EMT 205 AL OEAIZE TV 0
TlE Wb w9 I LA Robert A. Weinberg 5D 7 IV — T H LR ENTHB Y, RIEDM/NEREE TRE
HEINEREWTA M4 2R T 7 ESP A OEAIZHFS L Tnwb 2 EiE 7%
ZHNDo TNHOEBERPHMILAN DD A BT R AMEEEFOLERIZL 5 7T Vo R
WhEebGbEoTIEY 2T A v R) TUurI IV 7ERI LTHABRMBAHESL DO TIER
W HgI N5,

CORBEENICBIT S pb3 DIEE X EZ Th b, KIEFTEHEDETIVROBHN N H. %L DH A
N A 2RI RE R F O ARG I EE 2 G H K NF —«B 2 2 O LR A0S A O 5
HEIWCEETH S I LA Michel Karin D7)V — T2 L o TRENT WA, —J7, pb3 & NF—«B 13#H
HIHT 22N MEINTBY ., Fr b pb3 BN TEREEED H 5 NF-xB-IKK EHEMAEKD
I BEDIKK B L i &b o T NF-«B OREEEZHIH§ 2 2 & 2 L TH 1) (Kawauchi, BBRC
2008). _FEEo p53 RIBAMMNL T NF —«B 2MEFEIIEEL L TWAES & &b T, M TIE p5s3
ENF-kBABHEVOMEZHIRL TNT Y AE2MoT0DHEEZLNLNL, fEo T, FIEDHN
IREECIL pb3 A NF —«B OiEHE A HIR T 5 Z & THOAALIZH L THHIIZENTW LD Tid 2wk
EZZoND, EBE pA3 KV ARREZRI LR T VI L, HEREEBRET VEMAEDE S
EXVHEEREREZRT I EPIESINT WS, S 512, FIEMEK TIEFK A 298 L7z NF —«B(EED) %
RER 12 & % HIF-1 OIS £ 5 T4 )V F — G O ZALD 0 A DFEL R 78 Al O AR 2 v T
WHZELEROLNS,

WIS AT D34 BARIZxT 3 5 pb3 D% E % % 2 Th b iPSHiEIE 4 DDEE T (c-Myc,
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Klf4, Sox2, Oct3/4) DFHIZEHIC L 2) 7O 75 I v Ik o THEAENS, EIELH 5 2 L 12 2009
4F @ Nature |2 I HIRE L O E & 5 HOMEIRIC K > T pb3 OATEMEALAT iPS ML #E A % e
TLIEDPRENTe TORBD LRI DLOPIZOVTIEF RIS 2 TIE RV, c-Myce 28
P53 DIEMEALEZ AL CT R =Y RAEZFET LI LIZALHMONTBY., $72F 4 1E c-Myc Do
{OND) Ty T Iy TR ps3 DIEWALZ AL TT7 R M= ARMBEEFEST L L2 ]
HLTBY., ph3 25 707 I I v FRTFOEHAL L 7-Mla 2 HE 3 2 2 L 3E 2o b, £/, HAx %
WAL OMERIC 7V 3 — AR OTCEDPVE R I LATREINTEB)  FHADFERL L2 pd3 7 )V a— A
R#Z2IHTL2HEADLETEZ L L, pb3 12 L 2 RBOHBEARMIL~D ) 7075 3 712 H
BB T WL E QG EINL, LELDBAHRIOTZA Y —LF2 L —%—& L TDpb3 DxE %
EZDHEPEIDERIII. HDHWVIT T OY T ORFEDFHAMICHE S 72 pb3 ARWATHIZ 7 B~ F
ETA T 7 AT —IHEH LT, BABMIE~NOY 7075 I 2 72T D8R L 2> T B REMED
HHDTIE VR EEZ TV,

. HEORMNERTO
SAEORNRIE T OIEEHR HAMREE U A R ES AR
SIEFBRIED A LA HEIERFMED A L2

AR (D-7)LZ. EE)
{2 <L X (ROS,NO etc.)
B b1 e
SENAA ®

f\/ ® FRREESHET T & CA;L [\j SRR
\

| SRR

T @A U IR
BiEONIRS
HRERDEIE _ SERERUE | TR b —=OEIR / EMT
: DNA repair
; —= I AT l
RE( ERLT g 5E 7| wmmososs=s
FRE—S2DRE LMD |
SIS B AR

3. BAEDOWFE DB

2L [pE3 DHEFE L e\ & DAL KL DD ] ZWHLPICTH 720 EE#EDO TS, &
SIZLERROMEOTN 2L, HAEKAINEH L TWD Z &id, AR W IZEE L THER S 1L
T2, TIPS AL R REET 2 HE 2B T2 L1h b,

COBENS . REFEIZFEKOMENERE L O TETRBNAT S HRITKEDARLHA A DM
KRIZE TN L BB OMB R LS DA NI A v - rBHA V%@ L. BinEkEER T &
L CTHIS A IL-8 (CXCLS: C-X-C motif chemokine ligand 8) 252 115 DA A A A & BB A 12 EAE
SNTWEZEZRM L7z, 22 THAMBICHT 5 IL8 DIEHZ #7225, IL8 45 GLUT3 @
BHPAFETLIL TNV I AN AAEHEMEEr L2 /A Lz, —HT, IL8IZL DY
WY UEERILBEDOFELEDOHEIIZR SN T, ATP ORIZO LI dolze ZTTRY AT NIV
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T— AL T VB DRI L7 E. 7V a— AR E2AF VT I VAESHRBNEHD S
GFAT (glucosamine fructose-6-phosphate aminotransferase) M3 % & L € O- GlcNAc 156 % JT
WL xR L. Z?IL-8-GLUT3/GFAT-0-GlcNAc b 2s) 7u 75 3 v 7l
THh5bSox2 DHEBEAFET L L, ZORKOVTILZIHIT 2 & BABIEAHAT S 2 &
FOX =R A TOEBEBEREIMET 2200, ZORBPIVABRMIBOMRICEZ THLZ L E
L L 720 BEIZ O-GleNAc 1581 o HH] THENL 2 B3 2 L ARG L, X— F¥ 7 A TO
TEMEGREDS R ONGBL B EE R L. SO EDS, CORKBEERE TSI L THADIRE,
BICHEEONILICENTIE WL WD) 2 e S h7,

FIERIEAE R BRSO L O CTHEEWICE L L T\ % Hedgehog ¥ 7 V25, #=5.[KF GLI1 %
LT ph3 D2 AT 2 Z & THMLOFFRIZE < 2 & 2 Bl L Twizhs, 2@ GLIL Ol ik =
fENTS 2\ T, GLL 237 ¥ 7% — 45T MEPS0 2 /- L CT7 VF = v 7 V¥ = v A F I VEEBER
PRMTS5 & &A% ED . GLIL 2" HH D A F 0 fbx i L CiFMfbs s 2 e 2 Al L7z Z ok
Hedgehog ¥ 75 Wi X % GLI1 OEMEALICEZETH A%, Bk 5 Z L 12 MEPS0 & PRMTS O #1d
G RT STAT3 12 & » THaE#E X, EGF X HGF £ O MK 1% IL-6 LD RKIEMET A M h A >~
I X > Td GLIL 251 s 2 2 &2 AL CTwab, HIZEGFRICERD D % I/ A A O
B 2N & fRAT L 7oA S, ATA ML AS MEPS0, PRMTS, Glil DfFHEIC & - THEFF SR TWwa 2 &,
FIEME A M h A > HIFEHEEN T, SIERIE 2 212 X o T 2 ORI B2 S AR £ Asi 4
52 LERFERLTWS, BADBUNESRE TCRAABMIEAMESENICRET 2~ 707 7 — VEORIE
SRR R0 8 A BV MESE IR 25 BE 2R § 2 SRAEVEY A b A VMBI T 12 & » THEFF S LT
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= Taguchi Y, Toyoshima Y, Tokita R, Kato H, Takahashi S, Minami S. Triglyceride synthesis in hepatocytes
isolated from rats fed a low-protein diet is enhanced independently of upregulation of insulin signaling.
Biochem Biophys Res Commun. 2017. 490 (3) : 800-805.

= Horiuchi M, Takeda T, Takanashi H, Ozaki-Masuzawa Y, Taguchi Y, Toyoshima Y, Otani L, Kato H, Sone-
Yonezawa M, Hakuno F, Takahashi S, Takenaka A. Branched-chain amino acid supplementation restores reduced
insulinotropic activity of a low-protein diet through the vagus nerve in rats. Mutrition & Metabolism.
2017. 14: 59

= Toyoshima Y, Tokita R, Taguchi Y, Akiyama—-Akanishi N, Takenaka A, Kato H, Chida K, Hakuno F, Minami
S, Takahashi S. Tissue-specific effects of protein malnutrition on insulin signaling pathway and lipid
accumulation in growing rats. Fndocr J. 2014. 61(5): 499-512.
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evidence for two parallel processing pathways. Behav Neurosci 2017. 131(4) :337-347.

2. KatoY, GokanH, Oh-Nishi A, Suhara T, Watanabe S, and Minamimoto T. Vocalizations associated with anxiety
and fear in the common marmoset (Ca//ithrix jacchus). Behav Brain Res 2014. 275: 43-52.
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1.  Sakai M, Tujimura—Hayakawa T, Yagi T, Yano H, Mitsushima M, Unoki—Kubota H, Kaburagi Y, Inoue H,
Kido Y, Kasuga M, Matsumoto M. The GCN5-CITED2-PKA signalling module controls hepatic glucose
metabolism through a cAMP-induced substrate switch. Nat Commun. 2016. 7: 13147.
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