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We have found that dietary provitamin A  -carotene increased soleus muscle
mass with hypertrophy by activating the retinoic acid receptor (RAR) y in mice. In myotube cells,
ATRA increased transglutaminase 2 (TG2) expression in an RARy -dependent manner and TG2 was secreted

into extracellular space. The expression of TG2 was also increased in an RARy -dependent manner in
the soleus muscle of B -carotene-fed mice. Extracellular TG2 activated mTOR signaling pathway
through GPR56, promoted protein synthesis, and induced hypertrophy of myotubes. TG2 mutant lacking
TG activity exerted the same effects as wild-type TG2. Intraperitoneally administration of TG2
increased soleus muscle mass in mice. These results indicated that TG2 expression was upregulated
through ATRA-mediated RARy and that extracellular TG2 induced myotube hypertrophy by activating
mTOR signaling-mediated protein synthesis through GPR56, independent of transglutaminase activity.
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B TEBR & L COMBELAMIBECIEE 2 AT 2 rE 24 & 51T myokine & FEE
NWDH N ERWT %, Myokine DHIZITEHE B HIZ/EH L THIERZFHIHT 2 H DX,
HTREPRE kA, 72 & O Ol (IT/EH L THIFRIFE 2 T2 b0 d 5, EE3NISE L TF
¥ B FEA S5 myokine D—-DIZ irisin 23 D, BHEA B A7 irisin [ XA AR
LIy R T4 VIIHERT 2720 TR BBHBHICA— N7 T4 VIS HIERT 2, ~
U A HRM AR C2C12 MilaZ irisin TR D & Ao LIc L EZRRTFTH D
myogenin OIREBLNEENN L, FHZEMEIN T TH D myostatin L2 X F o 7 s 7V —LREN LT
B R BRIIT T H X% F U J—E (atrogin-1 & MuRF1) OFBLPME N5, Irisin
(R DHEE C2C12 MRz VT X = R 7RIS -T2 mitochondrial transcription
factor A (Tfam). NF-E2-related factor 1 (Nrf1) 35X N Uep3 DB AEMIEDH Z L )26, irisin 23
T hary U TOEGROEEIZTHST 5 L bHRIS LTS, EENSE L TERBH D
FEAE X35 interleukin-6 (IL-6) % myokine D—-2>Td 0 | ULHET D AHERKED D i S, EEh L
BFHELINIZI T CRRIREICE L, FHEEDEZ VST WL DAY U REEET TR, TV
=7 EOFIGEER T H o mMEE S LD, 1L-6 1TAENI 272 & NN IR L 2 (e e 3 5
T EMEE S AL, BRI T2 TR BRWREARIC BIER T S w2 X B & L TEESMIT B i
TWb, —FH T, BFEIUC L > TLZE T % myokine T % myonectin (LA RAE-CHFHENE T D
JERAERER 0 IAAL A ARE L, AR K 0 Mg L~LsgmL , #& T T+ 5,

BREFE AL AL ARRMED DRERL ST D, AR ME D MARIR & BRI O RIIZIX, BEZ O Y7
T A BRI D BRI MEET D, YT T A MRS IREE IS H 2 03 G A
5% Z L CHIPE S 4L myoD, myogenin 72 £ myogenic regulatory factors (MRFs) D#E81% {4 -
T & 72 %, H9HE U7 Ml ftspk & > /327 B Tdb % myosin heavy chain (MyHC)
X2 tropomyosin DFEHZ > Tl - BETHZ L2k, ZEERHEMRE 2D, S OITHE
HIRAASRR - IERT 25 Z & T A TERLT 5. R OB RIEHEIC T 2 % R0 ]
DEE FIRDNT o RN K> TRIENTE Y . Z T EOEMD oA EBlD 2 & TE
NIRRT %, BRI D B2 X7 E AR & L T mechanistic target of rapamycin
(mTOR) > 7 F)Vind %, mTOR complex 1 (mTORC1) M3EME(L S5 & 70-kDaribosomal protein
S6 kinase (p70S6K) @ L 5 Z2FHERICEID 2 % /37 B % U UFfb L, F7- eukaryotic initiation
factor 4E (eIF4E)-binding protein 1 (4E-BP1) & U Vb3 5 Z & TH U XV H Az + 5, i#E
2 Lo TR EEINT S insulin-like growth factor-1 (IGF-1) % mTOR & & iEMEA L4 5 2
EMNHIBN TS, mTOR ¥ 7Lk EIICfLiE 9 % phosphoinositide 3-kinase (PI3K). protein
kinase B (Akt) 72 ElZ X > THIEHEIL I b,
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15,15 -oxygenase-1 (BCO1) 2L > T 2 43 1@ all-trans retinal [ZZE# I 415, All-trans retinal |3 S
B2 all-trans retinol ~ & ZEHL S 41, NFHEIZ I\ THPE O retinyl ester ~ &G &5, SEH O
retinyl ester [T (I UC all-trans retinoic acid (ATRA) ([ZA#A S5, ATRA ITHREN 7-Th
% retinoic acid receptor (RAR; 3 DD T A V7 4 —2I a, B, y WIF(E) [ZFEET D, RAR [ retinoid
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DEWE R IIAATEENEH S . RN LW KEE A XV 7 OEFREERICER L,
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RO FIXIEEME T, BEIXE &V 28T 57500 T2 MERSCHEIRFE O & 5 72
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K OFAEH T2 Z LIEEMEICRL T, TEEE T XAEEL A LR EEEZBL 5720
DOXFFE 2D, HiEHITE X I A FIBKMAD B-h T o 2B L=~ 7 A Tld. RARy OiEM:
B0 U CTERAIER (FESHEM L, HAOL8NT 22 L2 /AH L, — 5 TEBMHITE
BB L OEFEIUIE U, B &R X OMMoOMERORE 28817 58 % 72 myokine % FEA
95728, myokine D[FEEITHHEH D72 O TR OEELZ RS L TEETH D, AFETIEE
Z 32 A BIBMED B-h o T B BT D 2 & THNIERT 50 Tt IC B 1) 285 K] F RARy
DEE 2 AT %72, 512 myokine (275 H LT RARy DOl T2 H 2 AL KZFEEK T % [ E
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A 7 (light 8:00-20:00, dark 20:00-8:00) DZEMFTHEE L, HARZ L7 HRASHCROR) L0 g
A LT AEHEE R (CE-2) ZfE& L CHIEBRSE, KEKEZBHREKIE, £2ToEYE
BRid. AL RFENKIRIFST RO B FEBRIAE 2 #85F L CFhE L7,

(2) HEEEMAE : ~ v AAH ALK C2C12 AL, European Collection of Authenticated Cell Cultures
(ECACC) (Salisbury, England) L VA L7z, C2CI2 % . 37°C. 5% CO02/95% air, 100%3E
DEAF T T 10% IV MiE 4 51 DMEM  (H§5fE ) Chi#E L7-, A 3Fie 2 5 iiaic sr1e
S LR, 90% = 7 b MTE TR EEMIIE & HE AR i CHR R U721, 2% g % & e
DMEM (rfbiiih) T U7z, /bEsiT 1 B R &I AcHA L=, — 5. ATRA OZhREFE
g BHHE, TF A b T a— b Ui R COER L 7= 5 i % & e DMEM (DC-/3{bE5ih) <
W Lz,

B) B-ruT b v RE2OOITN—TIZT U F MZEIV YT, 14 B, 1 2O 7 N—
T BMELIZB- e T (05mg, 1 H1E) 2, 9207 NV—ZB- AT a5 FE
RN ERORE L,

(4) invivo TOSIRNAIZKD /v 7 X Ty B-huT B 5BALA B I control siRNA (siControl)
& RARy siRNA (5iRARy) (37 7 a7 —F U 2L TEREN~Y T RAIZEE T A EAE T
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BE L, TG2 7' —# —fHkOMTIZiL, v~V A TG2 7rE—4 —fHkx Gl L AR —F—
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K GST-TG2-C277S %= FRBLIH7-, W HF OB Z ¥ o /37 & % glutathione Sepharose A5 TH L
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(9) FLAG % @& L7-8F4ER TG2 (FLAG-TG2) & & 8% TG2 (FLAG-TG2-C277S) % 3H4 25~
TAI REMHFMIIZ N T VA7 27 va v L, b CHEa Uie, iiEMlaz N7 RV a7
AT RCHEEL, 0.1% Triton X-100 THifl SH7=, HLI A4V EHH MyHC) Uik E 73t
FLAG iR & S, Ak Rk & BOS S8 7, i OW A XX, 8 O s B2 %
E LT,

(10) E=EMY 7L A L5 PCR (q-PCR): RNA Z it L, RGN HE L7z, 15 5472 cDNA
%Zffi> T g-PCRIZLY mRNA LUl & ER LT,

(11) vx=AF 7oy MEN BB EE C2C12 MM L., #7327 E% SDS-PAGE
THHER., —RPUR L SORSH, S DI ZRPUAR & SOn S W7, AP & RS, 0% X
JAPEM & LAS4000 A A — v 7V AT A TRHRH LT,
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(1 pg/mL) F7E FCH#E L7z, MlaZi L, Bl puromycin JLikzfE~7c v =2 % 7wy MC
X0 fEMT L7z,
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Kitv2 Z{# ] L C A8 DNA (2% 7=, CLC Genomic Workbench (Ver.9.52) R L T, <«
v B T OBRHRIY | T — X RN AT o 72, ATRA IREMES VX (ER2 > 2)
% a— RJ HERGPEY) &8I 5 72 D12 Magic-BLAST 7' 12 7' F M ZHES W2kt — 7 v &
T—H2 Y NESGHTT 5 MagicSuite 2 L7z, ATRA IGEM WS X7 Eh a— KT 55
GREM & TS % 72910 MetazSecKB 7~ L v P_— 2B IAZ R 7 BT B 15 A TS
L7,

(14) AT . — B E D OHT (ANOVA) 13 Dunnett D EZ R TE £ 7213 Tukey DHEZIRTE &
BHLT, 32O NV—T% i L= ERICHKT DT X2 LE Lz, 2207 L—
THIOAEZEL Student D ¢t REEZFEH Lz, 7 — X1 FHfE £ SD & LTHER L, p<0.05 #H
BETbhbo AL,
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LT ATRA & B-Z BT Ol 5 RAR #EIEM A et L2, RAR R T v H I=A N THD
AGN193109 /%, RAR DEREIEMALE L, ATRA & B-H 17 2 K D RAR & 5T Strab O
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