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i IL-6—Fh 2 AT T, B3I IL-6 L ZA T B0, &
WFR AR SR FR A C2C1 2/ BB R LS LA M 4 i Ay, Mgk #ZF (Glucose
deprivation, GD) X JLIFIEIL-65E (R h FIE FCERIRZM, R IR ZRRET
B FNLIRMEIL-63 R 15 5 VRIS ML,

Fitk: (1) Bzcci124ule, ﬁ%ﬂtmwmmr%mﬁa ( ) A&
#HE4.5g/L (XMIGCH) A SH&HE (PERZFGDAL) K A AL H 4020,
6. 12, 18, 24/, 43 %5 HReal-Time PCRFIM 3. OHELISA J5 i M5E 40
IL-6mRNAFIEE R P IL-6 [k F. (3) GDIRET, 4 BIAMAROSIHEERH

(NAC) . p38MAPK#i#| (SB203580) FIINF-x BHifl#] (NF-kB Activation
Inhibitor) PR SIL-626iAH KMIE T, ELISAMI24/NH JEIL-62 47K F-

g . (1) GDYFTA I RIL-6mRNAZK K& TGCHL, HprE18

24/t 2 5 B A B EM (p<0.05) . (2) GCRGDHIL-6% [k F# H
0~24/NIHB Wi FH s A 6/ R GDAL T A bl [A] s IL-6 28 [ K 3 FGCA
(p<0.05) . (3) GCHNACHKGCH, GD+NACH #GDHIL-6 {7k F
BEREML (3p<0.01) ; PEHLFENACZAFEREIEM (p<0.01) , NAC
(ROSTERHK) AT4IGCHIGDIR A FIL-67%55, (4) GC+SB2035804H4:GC
41, GD+SB20358041#5GDIL-6%K [ 7k F W EFEAK (p<0.01) , BEFZLE
SB2035802 A fE7EA HAEM (p<0.01) , SB203580 (p38MAPKHMEIFHI) w41
HIGCHIGDR A FIL-6%&ik, (5) NF- x BIilFIxHIL-6 28 (4 7k *F-JC . 35 M )
(p>0.05)

g (1) HIpREFEC2CT 2/ #& WL AR UL 40 M 15 5 40 TR AR B 1 3
o7, AT TR ZE A IL-6 B R R AEILEIFR . (2) ERREFHFDN
C2C 1241 A7 FETL-64 R FRh A2 (A BN 52, % 31| 25 W 34 SR IL-6 5 (R % 3B AN
EARR. (3) HHEESFHONIRMEIL-6RE 2 % &5 50K I F S
#, ROSHIp38MAPKAE 5l i 7E % #2515 F IR PR IL-6 R A W5 5 IAIE L 2




B EREM, (4) NF-x B S@ BR W12 15 S LR MEIL-6 235 1015
SiAEd R A REEER,
Xefgkin. C2C1240M; BEFIZE, WLUPEIL-6, p38MAPK,; ROS; NF-k B

B BBBM-HF SIS IR i A SEMTET-N

COEE



ABSTRACT

Objective: IL-6 is a pleiotropic cytokine secreted by many different cell types and
skeletal muscles , which is an important source of IL-6 during exercises. The purpose
of present research was to explore the effect of glucose deprivation on skeletal muscle-
derived IL-6 expression and its signaling regulation in C2C12 cell model in vitro.

Methods: (1) C2C12 mouse myoblast was differentiated into matured myotube.
(2) C2C12 myotubes were cultured in DMEM medium containing 4.5 g/L glucose
(glucose control, GC) or DMEM medium containing no glucose (glucose deprivation,
GD) for 0, 6, 12, 18 and 24 hours. IL-6mRNA level of C2C12 was IEgasured by Real-
Time PCR and IL-6 protein level in medium was measured by ELISA. (3) C2C12
myotubes were incubated with 10mM NAC (a ROS scavenger) , 10uM SB203580
(a p38MAPK inhibitor) or 10uM NF-kB Activation Inhibitor under either GC or GD
conditidns to 24 hours later. IL-6 protein levels in the medium were measured using
ELISA.

Results: (1) Compared with GC, IL-6mRNA expression was increased by GD
at 18h and 24h (p<0.05) . (2) Both GC and GD IL-6 protein level was increased
gradually from Oh to 24h. As compared to GC, IL-6 protein level in medium was
increased in GD at all time (p<0.05) . (3) IL-6 protein level in GC+NAC decreased
compared with GC (p<0.01) . Also, its level in GD+NAC decreased compared with
GD significantly (p<0.01) . Thus, NAC (ROS scavenger) could inhibit IL-6 protein
level at the condition of GC and GD. (4) IL-6 protein level in GC+SB203580
decreased compared with GC significantly (p<0.01) and its level in GD+ SB203580
decreased compared with GD (p<0.01) . Thus, SB203580 (p38MAPK inhibitor)
could inhibit IL-6 protein level at the condition of GC and GD (p<0.01) . (5) NF-xB
Activation Inhibitor had no significantly effect on IL-6 protein level (p>0.05) .

Conclusions: (1) C2C12 cell model in vitro can be used to study glucose
deprivation on skeletal muscle-derived IL-6 expression and its signaling regulation.

(2) As compared to control, Glucose deprivation was able to enhance skeletal muscle-




derived IL-6 expression and release. (3) Skeletal muscle-derived IL-6 expression was
mainly induced by both ROS and p38MAPK pathways. (4) NF-kB pathway wasn’t

primary cause in the regulation of skeletal muscle-derived IL-6 expression.

Key Words: C2C12, glucose deprivation, skeletal muscle-derived IL-6,
p38MAPK, ROS, NF-kB
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F 4/ %6 (Interleukin—6, 1L-6) &— M8 MUwMH EF. 1L-11.
ﬁ%@ﬁ%ﬁ%\ﬁﬁi%%mﬁ%%%ﬁmﬁz—,z&%ﬁ%mM%WE
B HER R R AL A9 AR T A ( BSROMEZE 11130, gpl30) Y. LRy
eF=AEIL-6, IL-6H9Z MM AR 2, WA HAEMIEET . B,
IL-6BABT ZHAEY#IkE.

19914ENorthof 45 APBF5T & 3L, 1287 LAS EFEER M IL-67K F-FH55. B
JEREEA TR R, AR PIL-6/KFZiaah R . 58 B MiFLLm (e S5 2 Fh A
EWRWEY, BAM FiEahitIL-60RFAGFAEE —EMNFW, BRI
FHiNK, BHIL-6H KRR I EERIE TEsh B —E Ml X— &3
MR T AT EHmILAEG AR, Bl BSUIAE— N RaZsiRE, &
()it i ELA A S W DT B o 2 Bl B L™ A Y L -6 7T AR A — PR,
TBOA L 55 Bt ML 38 178 238 26 ) 4% ¥ B T R A AR 02300 20044F, FHEE R ARG
BRI ST O Pedersen#AZ4R XY, W IL-6F1HAth— 26 i B R L= 4= F0
B, FXT R R ULAS B R LA A 2H 2R3 B 7 AR AN AR R T SRR R LA
F” (myokines).

B, ATESE A K38 3 LR IL-6 i3 hn 5 58 i b X R %Y, 1L-6
A A i $R L 1rafIL- 1089 /K R BN S PR E RO AOYE R . Bl S OB S
K, NMIRHIL-65PLARERMRBhA EHBVNER . DREIL-6/EH T
A, ATLAGESE AT AR AT RE S s VEF TR, Hsmisme; fERTE#IL,
SN E B LG MBS RO BEBCS AU A, SRR SR OB AR . Bk, ALY
IL-67R AT REfE AU R RS TGS S S 5RRERRBHE R,

A2, P B 1 Rl BOIR AR 75t AT A B B2 1] 4 S i 5 LU I -6 64
FRREVE? W ARRERCHI R E YR, WUBEIE ., PR LA R i v i)
WERE s PRAEREENEM. AUFREN, B UK &K
&Y () FBASHURMEIL-6REXRE,




ST B MO -1 S DB i~ A SE TR T A

R A, E3hEr, WRIEES L TR, S8 WIL-68]8
T, RZ, BAKAY (FF) A BRSNS 12 B I 3K FH 1L -6 1 fn®
O, ASIGF ERTABE " B B T UGS R . B SeR S Sh AR B £ A
GEA T VR UK BURIIUBE RS I0AR Y | 6 s IEnti AT & RIARTI A2 3h2/
o 55 5 RIE SRR AURE R A T AR i M 3K sP IL-62 [ K- S B 3L
HFIL-6mRNARIERIE . FF BAERMEAURE RS N2 shiE S URMEIL-65K T fE S
p38MAPK & NF—- k BE(F 5@ A B YN LR

MUAE DT TR AT SE R LA Y, WILUR R I -6 R ek A 3 (BRI S AR
ZRIFFEE BTN KR, HUEMBIRSNER (invivo) B9, 25T
B JRIBR , 4 TG B U s E SR A QI8 S 5 1 LR PR L —6 3 PR 23k R 1 B 1)
MR K AR S LS

HAT, HAMESE (in vitro) FIC2C12/0N BUE-B WILSUULAE A 28 912 1 3
ABREHIA AR, S RIS SYLH A BT " ¥, cac12
NREBUSNIARRERRAGEAE S, BASEEFE. wTistER, fikly—
MR BT RS . HESMIIEE L SRS HILA 42 H
A, BAERE R B ARAMERL, S E IR ERAE T — R AFH
HREAE-

AW 5T R RSP E SR C2C 12/ BB BR LA LA M o WP ASE Y, L 1
ZF (glucose deprivation, JCHEREFRIRZS MR A& N AL E- B LR FCRSL ) Xf
B IR AR ULIRPE IL -6 R A R R /K P i) S KRR, R R R
TEFHUREIL-6RENF SRR . BN FACF AR MELL-67" 4
FRERC LR | LR TEIL-6 S HLIARE R AR 0 56 2 AT REAO S B R HLH],
At — RIS B B B AR IR I SR AL SC IO
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2.1 -G

2.1.1 IL-6 B9 FHHIE

IL-6R— N & A MFEWEE T, [L-11, FEFHLSAET . FRESa0
B FIFRIER DI Z —, 3 FEREAE LA 45 4 S S8 etk 2 3 o A F 32 (A 0 2 7
( PSR 130, gpl30) ",

AWIL-6ZEAN FHETS YAk |, £K5kb, SHINTAET RSN
BF", 19864F ARIIL-6cDNATTRE RINZ 5 , /MUK B 25 1L—~6.5 [ o f 4k
R, EMMAEMNAE T, STMNE T, 783 M5 dIEEIRX F5
VAR & F 550 8 F 1 B 50 #R SR HH RS TE

[L-63E S 3 FIX & A VEETEM, AR R FNF- « B, R 55
FNF-IL6. e HFAP-1, BER MK . WMES. KRR ERITA T
JAEFIXiEME, (B RS E MM EANEEESIL-6 HELE, MREdE
R 2 h—— TR E A Y S8 % FNF-IL6 . %% % H FNF- x BE4&JR,
MHHL-6FE G sh F RGN, BRTHEAHE, KM eIL-1, TNF-od
IR B FNF- x BB FIL-63EHMFRA .  ZIEEA 35 RGN A (ATG)
FI3TATA FEFFITATA &), ATGLWF300bpZAEA KIS SndEgmiX A& T4k
HArIL-6 FEEFEEMRIEFY], WINF-x B, NF-IL6 45401 5%, XEfibs
MR B FE5 AT, ATE R ",

MAT 4 bk L[ fIL—6 cDNAZY1000~1100bp, & —FFHLBIiEHESE, M
EIRFEBATGRI A L HETAG, AN =BABE T, WHEEEyIL-6%
Ho

IL-62 MR b A, AR IEARR, I B3R B
AR, IS FRAE2L ~ 30kDZ [E A", FENLA A R —Fh 8212
BEROEIAEA, WA28ME S FIIFI184 R B,

sanax (©)
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212 IL-6 RHRRGKESESHS

E 4N 634K (Interleukin—6 receptor, IL-6R) R4 R—WEHHER,
H4FR0.8 x 10°MIL-645 A& A (IL-6R, gp80) 4T 1.3 x 10°MIfF 54
| A—E5 B A 130gp (gpl30) FIRBAMH A

IL-6REYEEH E ML F AL SR EEFF2S Ytk . AIL-6RH 4681 & 3
FRAL A, VIBRNUG19 AR RIS 0B T A 4491 EHm, MARIMX
R X RO 3R X 43 514339, 28FN82 & HEMR, 4rF & N80KD, 61NAEHEAL
(. MBEAMR H—IghEX (C2, A100EER ) . 2N BFELEEEA
it (£ EF1008ER) XM HREFZEMREXFAR, F&ES4R
FHICysfl—NWSXWSEEH . [L-63Z AR FEmAKEFZEEEKR, &
FHEREABEES ., IL-6REFMEENR, BEAZEMATHEEZE
( Solublelnterleukin—6 Receptor, sIL-6R ) . gp80[m &+ B % misIL-6R,
XFIL-6REGAEWFR RN T . P IEFIER MK HIL-6FTEH (half-life ) KIfE
N

gp1302 5IL-6F IR H A 4 B8 732 (A SL FH I B0 . gp130RREE#E 5116
g4, EAMEENT, IL-65IL-6321k%5 & 5 HFIL-6RAHR & 42 I
5¥i 1 gp1305r T454, WRBEMAMEAPILR, FHilidepl 30T A fE (5
5o epl307EAIMI R AR ARTE, B IIL-6R2—FiEMIL-6/5 5 & TR BRH A &
(25]

HETMBT SR, [L-6MN{E S R EBAMEMR: Ras/MAPKEE
FiJak/STATIRAE™, AWABFFRY , TEANN PR RIS 1L F1MAE ( Adenosine
Monophosphate —Activated Protein, AMPK ) % TiFZ4Wkn, IL-68FSH
Al A i AMPKAE 518 B R SE AR I N . LT EFEIL-6F R F &5 AMPK
BRIk, HEA Tl AR BN ZBECoARILAS . BT RN, fEIL-63EP i
BRE/NE, ZBECoAMRLER/K - FAMPKIG M AT 41K . A ERFGTES R
IL-67] LA i 15 AL AMPKGE B AR BL A 4 AR FE 0, B BRI, 1L-689(5
5 E 40 L Pt T AT Bl B Tk VL3 K i (phosphatidylinositol 3—kinase, PI3K)i&
7,

213 IL-6EEBLEMFINEE

SIS RE S EIL-6, FEAE AN, PAAYIM ., AL i
WECHIM . MALAIN ., S B4, TN, BAIME., ORI, MEIRLLAN
RERAME PR LANNE . A UL B i s A 5



IL-6H) Z A Hdik Rz, HBA M S 4R 7. 15 LBk E 4
Mg, LT EAIN, ERORAIM . AU BRI AL . R
R R A R M A M L A TL-6R.

Bk, IL-6BA T IZHEYENRE. EIEBM 4L R e Al o il S
FREAMLHERE T SAEESETH L ANMAIEEE . SHEFIBOE s FERLIARR) Sy n
& GRS A RN P R BB ANES S5 S M 1Y B
Forfes Powse. PE; T RERBIEL A BIhRE.

22 iEiSHLEML-6

221 EEIHHUAIL-6KTEIEN

19914ENorthoff% A58 &3, & 3T LAB AR FR I o IL—-67K - 7+ ,
W Bl e DR L B ™ B L IL-6/K P2 2R E R KM, iz
Zhipsiet e, ZEhREMES F % (£2.2-1. F2.2-1%) , WFE2.2-1 KK
2.2-1HRIATRT LAF H, 12 shRrgint (B 25 [ IL-6F R i EE R A, Rl i [a] )
MK, [L-6/KFBEFE . HIL-65%FT 3 5hi8 5 i 5OV b e s i, Bt
K GE SR IL-6 R AR /N, T BB 15 S A AT A S R IL-67K - A R B
LRSS X wl R SR SR AR SRV SR X, REYAEIRE
B, B P PLEMEIL-6/3E i S5 LA MG A X, (BRI RBFREE, 2ok
iz sh S ORARE SIEEE, IL-6K A BET &, WE2.2-1, LA
PG FBUL-6 4 H B, 2 HIMAERE /T, 1 H Eb O e 4 B s | 2 19 1L-6
TR B MR L,

®2.2-1 RHHEEITA MR IL-67K F AR N0

Knee—extensor Bicycling - Running
Duration IL-6 , IL-6 Duration IL-6

" (h) (fold change) o Duation (i) (fold change) 1 (h) (fold change)
7 30 3 9 04 1 12 0.2 1
7 0.8 3 9 03 1 19 6.0 4
7 3.0 6 16 0.7 1 7 1.0 4
6 3.0 11 7 1.0 2 8 15 4
7 30 12 17 1.0 2 9.1 6




2B B0 5 S N SHEY i~ SASE I TR 20N
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6 3.0 15

6 50 19
7 50 36
s

O 00 00 N1 N © 0w o

2.0
0.5
1.0
1.5
0.3
0.3
0.4
15
2.0
1.5
0.8
2.0
1.0
1.0
1.0
15
2.0
3.0
1.0
2.0
3.0
2.5
2.0
2.5
3.0
2.0

LW DD DN DN = =
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30

12
10
16
10
10
13

50
18

10
16
10
18
10
16
60
10

1.5
2.5
1.0
0.9
1.6
3.0
1.5
2.5
9.8
9.9
2.5
2.5
4.5
3.7
3.0
2.5
3.3

, 2.6

3.5
3.5
2.5
26.3
3.5

109
126

128

(4 B Christian, 2006)



Plasma IL-6 (fold change from rest)

Plasma IL-6 (fold increase from rest)
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Knee-extensor  Bicycling Running Eccentric
LINEAR REGRESSION
Plasma IL-6 (fold change) = antilog,,[1.030 * log,,[duration (h)] + 0.695]

1000 n = 74 exercise trials (~800 subjects)
‘ R:=0.51

P<107

100

10

© Knee-exlensor
1 o Bicycling
@ Running
® Eccentnc
—— Regression
0,1 T T ¢ T rrrrrr T T T TrTrrT T T TrrTTT
0.1 1 10 100

Exercise duration (h)

B22-1 323 R fo it [ 332 3 5 f R IL-67K T 19 # v
(4 ¥ Christian, 2006)



