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Discovery and physiological analysis of the novel myokine secreted by the muscle
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Recent research suggests that myokines, secreted proteins derived from

skeletal muscle, play an important role in mediating the exercise benefit. The goal of this study is
to discover novel myokines whose secretion is regulated by muscle contraction. The quantitative
proteome analysis identified 14 proteins. OF those, secretion of 12 proteins was up-regulated and 2
proteins were down-regulated by muscle contraction. Ten proteins for which commercially available
antibodies can be used were selected and investigated the expression in the skeletal muscle cells
and secretion from the skeletal muscle cells. All of the 10 proteins were expressed in the skeletal
muscle cells, while 8 of 10 proteins were secreted to the cultured medium. Contrary to the proteome
result, secretion of any proteins was not regulated by muscle contraction in the western blotting or

ELISA. In conclusion, eight novel myokines which are constitutively secreted from skeletal muscle
were found in this study.



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. WSO 5
INETHEEADZDORE L LA
IREZNTWe o To BN D, kRkx 7o B8
EMEHEGRIR LT T~ d A1) EFRER
DIRZWEND EORENSIND LI
STET, A DA DA WITEEINC LD
W2 Ea3NnNTEY, ~A 304 LB
fhlflggs Daa=r—v 3 %H5
Z Lz E o T, EENC X D HEFRE OB R D

—igEHoOTWNWHEEZ BN TS, L,

HESNTWD~A T HA L DIFE AL,
FHULAKE 2N e Dt U T — & 72 2 D EFE)
IRREAR STV, o, FNHIEEAY
BRI S 72 DD, F O JEI IR ke
TR DO FMEZRFEIN 22N F F L THHIHE I
KXO~ATHA DB WMEIND T & DR
EHIHE ST D) EOIRGRATITL TV D,
HEEEIT. S ETIT, BRI L
e, BEXAME 5252 LT, i
FPAESE D Z LB L, Z Ol
HaET Lz O, IHE S S -l o Bk
EEBEORWY gy M TR T A — A
ETTHT L, BRGNLEBDO~A T hA v
DaWENDZ EaEFA L,

2. WHEOHEM

AW ClE, ERRORZIGAL, &0
b D70 T A — AMEHTIC L0 fHIUHEIC & -

THWNTHE I NDFR~A A 55

RIAZEHENELE, 2k, FHEE
2~ A F I A 2 DHIHEIC Z 0 s %0,
B DHWIE, AIUHEIZBEfR e < WS LDk
BHIEIZ T AZ EMTE 5,

3. WO ik

(1) SRR X » TR SN s~ A
FHA v DIEE

B2 E RS A (C2C12 HRMA) A R L 7=/
B bETmbsdz, b5 HAEIZ, IX
Ma & 5 2910 1 REHE S 7 i o B: &
3E. BRI L0 I S oMl o AR
EEEZENENRE L, =R L, i
SOV T VIE, BET 0T A — MR
ZoL L (ATRAQYE) . mRE D 7 — U =25
TR Mt Orbitrap & &V f#NT L 7=,
(2) "AFA v TH~T 47 ADFEEH
W~ A A DEE

7a T A — AENTIC XV I T W T
fanstfrsnz=orea 4447
FT 47 ALK DEEATIC L, v
b XTF REA L, BEEEER (BKaEk
Ja~Y v AREE) N1 HFTLLTC. B -
R R RUT - INEEASO RTER S & Rz
RN A RE L, RIS L0 0 s il S
nNH~AF AL L,

(3) MlEZ HW - REOMR

TaT A= LRSI ENAL A T T
S$ T AEWTIC K > CTHRIRES N2 H B
23, ERERITIUHERIBLC K - TEA& M 5
SWENDNEHONCT D012, k&

7z C2C12 Al id % B AN IHE S # 7= Mifa _E
B BT, lysate Z[EIX LT, 5585 sl
HOODRAREIZ L DK 7 5128 L7, Lysate
VB D4, 13, 000 xg Tu Lo B L.
iR TV E L, BB CTORE, +
T3 EER A~ QWL v AZ T a
v MEETIT, ELISAEIC X W HEE LT,

4. WRIEEE

(1) EETuTt—riEzfnl-~A4h
A > DEE

EET e T A — AR OSSR 1173 570
B BEEPICRE SN, 209 BIUEIC X
O AbAs 1.2 fELL BN U 7 &7 v X7 B
124 45+, 0.6 fELLTFICHA Lz b ik, 24
DFThHolz, TNHERELIZX N IED
HnG, BRI ShaEEEzF LTS
LOERET DO, XA AA T H~T 4
7 AN X DM E AT (Signal P, TMHMM,
Target P) ik L7-, FOFEHE. 1.2 ZL E
WINL7= 4 R 7 81E 14 45+, 0.6 f5LL I
B LZboi 2017+ Thotz (K1),

iTRAQ S hi=#: 11739 F

U {

S>12 LR i <0.6ET
1245 F 2445F

U J

Signal P: 53 iR s SO BEHITE Signal P: 53 AR 1 SO B HITE
175F 25F

ml (ml
R OEEIEETHIENPESIGESF
REHHEHESNZLOFERS

U U
RIS )
145F 25 F

X1 fEETRIR DS FEIRD TN

(2) C2C12 i Z VNI HL & 43 b DTt RR
BIRENT2~A A A RO T S, H
IRPUARN AT TE D b O & AHFFE O T 5t
Sl Uiz, fEMTEIT 1L 2 (0L BN L= %
DT 10431, 0. 6 fFLATICHA L7e b Tl
1ot lieolz (1), RSN TITZ
NETICEMHTRELTVWD Z LORE
X220, ZNH DX T NEBIE T
I CRELL TWD NI DWW T, C2C12 #
fud lysate ZHAWVWTHGEE LT, € DOFEE.
wEE Lz 10 i3 TR E
LTWAIZLENRHLMNI -T2 (FR1, X 2),
13O0 TE, V= AX U TayT v
TIWIZEY, MHTAZENTE ol 7
FERMOST LT/ I WD (5-6K)
BRIKBDOZ L OR b LIRS R
NENTLEo=DEEZ BN, Z D%
F1E, KD ELISA &% v bR TE S Z &
26 ELISAMEIC XV HIE LIz & 2 A, BIE,
TR OB CIEH D L DD, ISR
Shi- (X2B),



ST N N I
I A AMER T

>1.2up  ID# FE@EM SlEloits ratio Eq?gg’ﬂ iﬂiﬁg w
P57759 O O 2.198 O O
P09335 O O 1.684 O O
P47877 O O 1.538 O O
E9Q4l4 O O 1.446 O O
Q62009 O O 1.416 9] O
QIQZJ6 X ® 1.370 - -
Q8CG19 O @] 1.365 O O
QUETS0 O @ 1.311 O X
POOTS5 X x 1.286 - -
QICQes O (@) 1.269 @] X
Q6PESS O (@) 1.258 O O
Q6PIST  — X 1.244 - -
P47880 O O 1.243 O O
QIQUJT — X 1.230 - -

< 0.6down
PO1325 O O 0.583 O ?
QIDEXE X X 0.511

BRI CRENDHR SN0+ N EERIC
DUWEILD D, F T WNIAEIZ X - TR
ENDLDOKEEEIT - T2, TS 10 55
DB 8 IR EEPICHRIN S, ik
INTWDZ RN (K 3), Fi=,
lysate O 7 /L CELISAEEIZ L 0 BER T
XTI P01325 |55 LIS C O IEIED e
BTE (K 2B), MBE LG TDIH 2
SFICBE L CiE, B BEH TN TE
ot 2491 &b lysate TIXERID N
FRABH I TWD, LEn-oT, Thbix
TSIV WETREME, B AWK, BIEHITy
WS ND B GWEN D7 (F738tE o )
HNEN) 72, Yz AZ Ty NTOR
HREE L o7 E X BLb,

ARl AT O 2 11%, iTRAQ IETIEE
F& AR A D ULAE 2 X 0 3wy EFH- 255 1,
HOHWVIEKTT oL L THREEINTE
7o L2L, WTFROHFITBNTH,
AH T a ey METITIHNEIZ X 50w
i snien oz, BT 0T 4 — L
WCTEMEOLNLTHIMOFEEZHAHWTER
THE, ENELNRND LITHEBICBIRS
NTWnWs, ZOEBRELT, Yz AX T
VT 4 V7 OBRHRETIX, g Ehiz~A
FTHA L DOLT N EOEE R /pTHI L
DCTE 7o T=mlgEME, AW, S
TV D D FHIHE I & 2 RSO 3 W CTik 7
WRIREMEN B 2 b b, HBREOREMIX, 2
NETOSAFTHALDOHENDL S FEL
TR, A THFFE TIEIUHE STV RV VE RS
A DB BN D ZBEO X XN
SWENDHZ LN ay M UERZHAWE
T T A — LT, bR 2 AZ T m
T 4 U TETHLNI > TWS, ZiLh

Doy 1%, s S THOWMOFHE BRI S
NTELHT, BEICTINDE~A AT A
VTHDEINTWND, RIFEDRERLEAD
BHE, A FTHA NTERTHEN 2 &b
RERMEIZ I SN DFEE D S DN < G
MWD HDITVRVONG Litian,
EENC X VY e EAMERFL TR L
RERRAME~ A F A DAY W DRI
OO e b, THRHEME] TRTH TR
THDHIENTA AT HA L E L TEELRE
WEALTWAHAREMENRSH S, IUHEIC X 4y
WSO T 25 H OB L TiX, 2 OGEIEY
TIHESRWA, EENC L Y BREEZ D &
A5 L TCHEMEFTOEEZFH L TV D
ZEbEZOND, WHECTHWPMETT 5D
DL LUTIHAIN PO1325 L TIX, &
%, BIOWEE ZHFET HZ L ThlEhix~
ATHA L DOMREHED D TETH D,

( A) Lysate Lysate
P57759 | w1 Q8CG19
POSS3S |k i | QOETSO| o S
P47877 | » » Q9CQ45 -
E9Q414 | Q6PES5
062009 [ e | Pa7880 [ - |
(B)
0.25 4
0.20
£
L
2 015 -
a
o
3
T 010 |
2
0.05
oo |11
Lysate1 Lysate2 ~ Medium1
2 () C2C12 #fmo lysate Z W= v

T AR Ta T 4T, WEBERD 10 4y
FAZDOWTHRAE L, B IIZ B L T
5T xR Sz, (B) ELISA Bk - T
P01325 45+ DR BIIHER ST,

B3 K BIEICRT 2 0 OREE

Basal Contraction Basal Contraction
P57759 ! a Q62009
P09535 Q8CG19 | &
P47877 Q6PES5 |
E9Q414 P47880 |




5. ERRERLE
(RFFEAREEE . WFSE 03 M OV HERFZE 12
)

CdERERmSC) (20 1)
MTamura K, Furuichi Y, ManabeY, Fujii
NL : Role of satellite cells in skeletal
muscle plasticity, beyond muscle
regeneration. JPhys Fitness Sports Med.
6, 89-93, 2017, doi: 10.7600/jpfsm. 6.89
(@Manabe Y, Fujii NL : Experimental models
research on skeletal muscle contraction,
J Phys Fit Sport Med, 5, 373-377, 2016, doi:
10. 7600/ jpfsm. 5. 373
®Inagaki A, Maruo K, Furuichi Y,
Miyatake S, Tamura K, Fujii NL, Manabe
Y: An improved glucose transport assay
gystem for isolated mouse skeletal muscle
tissues, Biosci Biotechnol Biochem, 80,
2224-2230, 2016, doi:
10. 1080/09168451. 2016. 1210503
@Goto—Inoue N, Tamura K, Motai F, Ito
M, Miyata K, Manabe Y, Fujii NL: A
fragmented form of annexin Al is secreted
from C2C12 myotubes by electric
pulse—induced contraction, Mol Cell
Biochem, 411, 173-180, 2016, doi:
10. 1007/s11010-015-2579-8.
(BManabe Y, 0OginoS, ItoM, Furuichi,
Takagi M, Yamada M, Goto—Inoue N, Ono
Y, Fujii NL: Evaluation of an in vitro
muscle contraction model in mouse primary
cultured myotubes. Anal Biochem, 497,
36-38, 2016,
doi: 10.1016/j.ab. 2015. 10. 010.
®Furuichi Y, Goto—Inoue N, Manabe Y,
Setou M, Masuda K, Fujii NL: Imaging mass
spectrometry reveals fiber—specific
distribution of acetylcarnitine and
contraction—induced carnitine dynamics in
rat skeletal muscles. Biochim Biophys Acta
1837, 1699-1706, 2014,
doi:10.1016/j. bbabio. 2014. 05. 356
(MManabe Y, Takagi M, Nakamura-Yamada M,
Goto—Inoue N, Taoka M, Isobe T, Fujii NL:
Redox proteins are constitutively
secreted by skeletal muscle. J Physiol Sci
64: 401-409, 2014,
doi:10.1007/s12576-014-0334~7

PR (Gt 2414)
OEMEET: ~A A DA ITEB K &
2502 AR 137 %, 2017 43
H27 8, e
@E#ME T, RESOE, LEE—8, A8
s, HARKAL, RS, SObERE,
HEK: vavyauRzizlniz~a4
A DEFHIEREA 7 )V —=27, %5 A]
BRMHAEYMFEMES, 201743 A3 0, H
Py
OEMET, REBESCE, LEE—3, &

B, HEAKR, HHRE, SOFEE,
R ENE: i~ A
Peroxiredoxin6 My & EFERD
FRAE. 85 71 B H AR DEFSZKES, 2016
9 A 25 H, K.

(®Manabe Y, Inagaki A, Maruo K, Tamura K,
Furuichi Y, Fujii N: Development of a new
in vitro skeletal muscle contraction
system. 12th Asian Congress of Nutrition,
201545 H 15 H, k.

OEME, FKEEL, SAREZE, I
b (k) RBEF,  ILHEEM, B,
TIZRER,  BRHEN: BRI EMa &
C2C12 Ak O MR E DRRRE. 55 67 [A] 0 A
IR A2, 201546 A 30 H, B

(ME] GF3fh)

OEMEET, SR 7F-1 HRERIC
PE S ARHEBETE L & X 2. D00 . — B
T VRS HIRIEB OR T (FERIK =,
MRl  FEHER W), AARERL,
163-170, 2016.

@Manabe Y: Mechanism of skeletal muscle
contraction: Intracellular signaling in
skeletal muscle contraction. In
Musculoskeletal Disease Associated With
Diabetes Mellitus, Springer, 139-153,
2016.

DOI: 10.1007/978-4-431-55720-3_10
Q@EMH 1, FEJFENR: EBC XL 2 kR
TOAT =KL, In FERFIERD =2 —
THEA L F LR, B v —F AL,
186-190, 2014

(Z D)

Mgk D Bk 2

OEME, BIFER: 255250
P, Tarzan, 32 (21) :47-49, 2016.).

QEME T, BIFER : B azEl
HIEF) L. TR - AT L, 11T
14-17, 2015. B NARAT 47, B,
Q@EMEH T, MIFENR: BiED “925” Ak
Ly F. B~V A, 100 51, 2015. HiF&BP
f, HR.

==
http://www. comp. tmu. ac. jp/muscle/Kenkyu
ugaiyou. html

6. WFIERE

(1) WFoefdss

E# FEF  (MANABE, Yasuko)

HERR S HA - AR BRI ITR - e
%

Wr7ed 25 : 60467412

(2) HEHEMFITE

JE 3EFE (INOUE, Naoko)
HAKRE: - LW E IR 5 - BT8E
WFgeE &5 1 005609515



