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ABSTRACT

Skeletal muscle has the ability to regenerate fully
functional myofibers by the proliferation and differentiation
of myogenic precursor cells that are located in the
sarcolemma and basal layers. Muscle injury triggers a series
of immune responses. Neutrophils, monocytes and
macrophages migrate to the injury site and release
proinflammatory factors that promote acute inflammation and
attract myegenic precursors migrate to the injury site and
repair injured myofibers.

Studies indicate that high concentrations of TNF-a and
IL-6 lead to a significant loss of skeletal muscle protein and
muscular dystrophy. Therefore, the aim of this study was to
investigate the effects of TNF-a and IL-6 secreted by
activated macrophages on the migration of C,C;,-derived
myogenic cells. Results show that TNF-o and IL-6 secreted by
activated macrophages suppressed the myoblasts and
myotubes migration. Therefore, we regard that TNF-a and
IL-6 may be related to the migration speed of myogenic cells.

Besides, muscle tissue is frequently exposed to hypoxia
during exercise. Therefore, we also observed the effects of
activated macrophage conditioned medium to the migration of
myogenic cells under hypoxia. Results show that the
myoblasts and myotubes migration was inhibited by hypoxia.

In addition, activated macrophage conditioned medium further



suppressed the myoblasts and myotubes migration. On the
other hand, experimental results reveal that myotubes migrate
slower than myobalsts under normoxia and hypoxia. This may
be due to the fact that myofibers regeneration depends on
myoblasts proliferation and differentiation in normal

physiological processes.

Key words: cytokine, myogenic cell, hypoxia
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e im %¢ (macrophages)

Edime v 5 3 fAp Ry L 52AEFREBELAR
B B OLE w2 - 5 PR wm % A ch R OB T R
33 0 R ¥ R B L B A F 4o F B F -y(Interferon-gamm IFN-v)
frdm B = » 40 *5 5 PE (lipopolysaccharide LPS)& ] g & it
B R G ke d M B w0 B A G dw % & B 4o 0 TNF-o
IL-1~ IL-6 3l 4= - i 8 % %X & J& (Brunelli & Rovere-Querini,
2008) -

s % p& (lipopolysaccharide LPS)

m Fenim e BB A 5PN LR G RL D LPS g i
Br o g @ ¥ 5 hm % & 40 0 TNF-o~ IFN-y2 - § 1t §
(nitric oxide; NO)% » # ¥ & - # & i* 4 % % 3L (complement
system) ~ 8 & HfrL FAAL e E 5 F 42 DL EF Ko
Yo Bt kB 4 $ eh i £ (Cohen, 2002) -

+ 3 % -y (Interferon-gamm IFN-v)

IFN-y R & v @ E ¥ M %2 % i* %] & (macrophage-
activating factor) » £ = % ¥ W K F > ¥ & 3 L HF L D H
o F o ABEE g e xF oA 4 (Muhl &
Pfeilschifter, 2003) » & % &2 i B 4L £ F B *°® > IFN-y &
d B ARK L Mm% 2 T W g 4 (Schroder, Hertzog, Ravasi

& Hume, 2004) -



o % J % (cytokine)

e g o i A B L B L &2 5 B & p
ok F e s+ & 9 F (Cannon & St Pierre, 1998) - &

SR FRT S me E oA g 5l Az S s KRR EE
P o vk s H Pk s FEEame v ML me 2R A e

'z (fibroblast)® & 5 & = ~ & & W% % a + o

H % ¥, 7 %]+ -o (Tumour necrosis factor-alpha; TNF-a)
A& d HEPk s Eswme it £E G FRRE D

o

\\Xr
1%
P

4
)

£ o m *¢ % % (Tracey & Cerami, 1993) - TNF-a =~
g L F s s Tl me & OB IF R v W AR AP F

s

VR al B R I

fid % -6 (Interleukins-6; IL-6)
IL-6 /% »t & % X M % j % (pro-inflammatory
cytokines)r % # W g f A 2 B d T w ~ E v e 2 P

oo sy B0 IL-64 & d v o wmore A e oo IL-65H B F

B e hop o~ MR B L E ¢ o gt th s TL-6 4 g R
Fd F g & @ p % 4 (Haddad, Zaldivar, Cooper &
Adams, 2005) -
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FoAL v A, X v R A mr ir b w4 Rk (A 4 2
B A D-FE R FREAFDLR AL R E T AR
Yo ehve | g w2 (Di Carlo et al., 2004) - &% & | K 8 p F =
2Rt e g K o v B Y v R R moe § i 7R g F
qr,ﬂjq\lam,y%‘_fﬁmﬁé,ﬂﬁuam,J.%’f_gm@éﬁqéi{@g,;@;gm}}—?

A i oAp 3 % E A

|

wre W £ L % @ 2 (Konigsberg,
2001; Mintz & Baker, 1967) - % "~ R # 'wm % & |} W % 5124 K
I o Sl A A L SIS
A (#Fu F g a= 4 £ 73 (fibroblast growth factors) ) » v
Ro* Gm e g g B e s T o 2 KB AR v R A

fm g fj*u € % b A A > ® moe b JLF (extracellular matria) g 4

—

B dE k9 (fibronectin)g & W % W F h 30 F < 4 (a5p1
integrin)i & » & & E_f A it X L v p w2 (Menko &
Boettiger, 1987; Boettiger et al., 1995) -

MyoD (Myogenic Differentiation 1) ~ myogenin~ Myf-5
(Myogenic factor 5)4v MRF4 (Muscle Regulatoey Factor 4) #_
L B fm f A5 X SU R fm % i 4T ¢ AT AL enat 4 A & R S
(myogenic regulatory factors; MRFs) » © i ﬂ};lz",, - B X B
% % : bHLH (basic helix-loop-helix)» bHLH & - &K & d & &
HFaRAEE LN FLPEEETFRE L R
T A AR e B A TG F HEP Myf-5 % MyoD v

I E_R O % M %2 (mesenchymal stem cell) ~» it = L v R 2w



e & R F > RS IR A e R4 R G AT R
# miE 2, a MRF4 2 myogenin & %k #* ' % & b & 5 #v]
Bodw e 2 A v M oY A IR & ¥ 3 (Megeney &

Rudnicki, 1995; Rawls et al., 1995; Kassar-Duchossoy et al.,

2004; Rudnicki & Jaenisch, 1995) -



o8 ep Btz z g4

EFE SR EREoE LY o RO LS B EE R
rig o+ g T 3 M (Garrett, 1996; Croisier et al., 2002) » *
BRI ERGVE 2GT R EEFEREKBLEDEZ FE D RS
FoooxXrEg

o B 4 ¥ b 'k (Verrall et al., 2001; Orchard &
Best, 2002) » & & s F G LB B /R L BEA L
#h g T oo 4o A G (lacerations) ~ & § (contusions) %
# & (strains) (Hughes et al., 1995; Kasemkijwattana et al.,
1998; Kasemkijwattana et al., 2000; Fukushima et al.,
2001) > @ B & R F1¥ & 2 5 /3 B > 40 kb %4 & (ischemia)
& A g # i @ (neurologic dysfunction) (Day et al., 2002;
Paoni et al., 2002) -

VUR R g A - @ P o F A g A2 F LF K
B EFvvg a2 g 4 2 %k kv & & (Bischoff & Heintz, 1994) -
e g4 2 B A3 = B (1)% @ -% X (degeneration-
inflammation) ; (2)# # (regeneration) ; (3)% s it (fibrosis)
(Tidball, 1995; Huard, Li & Fu, 2002; Jarvinen, Jarvinen,
Kaariainen, Kalimo & Jarvinen, 2005 ) -

- WK E e G s - X DR R R
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1 4% # (mechanical)* & & ¥ ¢ & = F B K > 6 e ax

%

g ood vy £ L w £ gk A g e (string-like
cells)» Fl gt s @ B » W =7 & 2 * > & 3§ T fr g B
I oo, o W3 OF iEve i & (Jarvinen, Jarvinen, Kaariainen,

Kalimo & Jarvinen, 2005) - # %~ % 7 3 - B #£ K o5 i



5 fc % ¥ (contraction band) » » #& f ¥ “p X ™7 (fire
doors) - v i B 4% (condensation)iw % ¥ % (Hurme, Kalimo,
Lehto & Jarvinen, 1991) wm % ¥ % H_ E f wm % ¢ 9 Fv B 4
FREBHE LR AN LR PR e p PP R
KCIRERANE NP S S - SR 20 P SRt SAE St 7B ) < - A L
vt g o o %o A Tl 3 e s 6 3 4 (seals off) ik I b i
e WA S AR A S mre 0L ¢ 4B 4R (Hurme et al.,
1991) - o R oenregom o v s Y g F o - o
Ao\l E P s E S EREwme 2 T e &5 d jn
D i~ % § % (Tidball, 1995; Toumi & Best, 2003;
Huard et al., 2002) > * b » g & 4 F L D © w2 € &~ 3
w2 g F (b 40 @ IL-8~ IL-6~1L-1)~ % F A~ F (0] 4

P-selectin ~ L-selectin~ E-selectin) ~ TNF-a > 8 2 & 3% a4

T\4

& g few g oh il B (permeability)® 3l g # X & & (Honda,
Kimura & Rostami, 1990; Aronson et al., 1998; Tidball, 1995;
Cannon & St Pierre, 1998; Altstaedt, Kirchner & Rink,1996) -
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e R R Gm e E L s B 2~ A o Bl @ L A A § P
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gk ‘Y ek wmie s (2)k p H woavg Y 2 kg e

()L v @ Hmw PN v 7 i g E IR N e

i¥ ¥ (Ground, White, Rosenthal & Bogoyevitch, 2002) - #

oo o ey B e o4 w4 B g FE e g W
=

e R e A X RV B A R K A gk @ oo



(Grounds & Yablonka-Reuveni, 1993) » »~p & & < i {5 > 6
Ewme g L2 r i o> 3 ML FE e g X L R A v
G aa B pl &g p A A7 (self-renew) > 3) = AT ch fiF & ‘w7
(Anderson, 1998) « & gt F LB 3 3F 5 4 £ FlF Bk @
¥ A A~ a2 4 £ % 3 (basic fibroblast growth factors;
bFGF) ~ % § % 4 £ %] 3 (insulin-like growth factor-1;
IGF-1) ~ "+ w * 4 £ %] + (hepatocyte growth factor; HGF -
% £ 42 & %] 3+ (epidermal growth factor; EGF ~ # i+ 4 £ %] 3
- B (transforming growth factors-g; TGF-f %2 # &5 4 £ 7] &
(nerve growth factor; NGF) » iz & 2 £ F] 3+ ¢ B e h 2 lw
% 2 G h dwm¥ hi 4 & & v (Sheehan & Allen, 1999; Deasy,
Qu-Peterson, Greenberger & Huard, 2002; Huard et al.,
2002) - Menetrey et al. (2000)s# 3 45 &1 > 3% § % 2 & F] 5

AhBaA 2 EFF AN G2 E TR HRF P 2
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;o s o Xk pF W pE % (lysosomal enzymes) ~ & (Best &

~

Hunter, 2000; Hurme et al., 1991; Tidball, 1995) - # % 4
PUR B8 12 > Ergwmie .4 & g X w2 (Orimo,
Hiyamuta, Arahata & Sugita, 1991) - Round, Jones &
Cambridge (1987)% s g < & & (& » % L wmi ¢ % & I n ¢

% K ~ v~ & (perimysial)z s p 3
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R
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3
g
T
oy
=
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g
T
oy
-

#cem 42~100% > b T P B2 R BB X w e o= A 2 - o
T r 3 % 30%h T wme g AR FE Y 0 2k A MR I
oo T a3 LF RBEMAY & 2 B FFILEdEF o

AR A R RT B R E 0 B R R

T dF Lwme g A2 F LFE R FFRELE e D

RE i st P Fg & 0 PH AP (Schroder,

Hertzog, Ravasi & Hume, 2004) - & 5 # § 45 & E *& M % f 7
F ey ok F v g 4 2 R EREY T UG
e R e A4 k2 s A F 3 R A v AR e R 2

ERE R o B A B AR A AR N !
(Smith, Kurger, Smith, Myburgh, 2008; Merly et al., 1999) -
BV i Ad A R E S m e It A (7 EDLYT S
ED2% ) tsvp F G B € § - HEF & FBEITr hE
%2 (ED17) (Honda, Kimura & Rostami, 1990) » ED1"F % ! %
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¢ 5 % w8 2 jef  F (particulate material) ( Frisén,
Risling & Fried, 1993; Honda, Kimura & Rostami, 1990) - %
% & B v % (5 EDL'E s 'w % chdic & ¢ & (St Pierre &
Tidball, 1994) - % & s ¥ % % = % sv g B 40 F 4 F > ¥ - ¥
7R GF AT HE % § R A G %= (ED2Y)
(McLennan, 1993) » St Pierre & Tidball (1994)s# 7 # %
ED2E v 'm % & % & & » & 5 & 3 7 v gk @ o Cantini et al.

(1994):% B % *F B £ O N B FE e B FE g me £ kB

A
ik

SF R F e BB S 0 T F e v

e R R (5L M R A e P oo i N F E R

Hoovp iR R A 2 T 0 TR A F 5 % b L A
kRS n

2 me g R o R F e w4 2 o0 0o
vl

TR *

\-‘-N

Bt B RO R B w2
& i

Proo IR E e g R FE T XA LR B2
E X P fpwme gt wme R AAAEF B RFEGOEFDOF L
2 L@ it * (Frost, Nystrom & Lang, 2002) - w % j % 4
TR A ETFT S N R ERAA R E AL BB F
F AR A& E A G IL-1-1L-6- TNF-a § # 2 2 F &

# i % % (Hopkins, 2003) » TNF-a i & & /5 d & ¢ B o

w9t 2 4 (Jaattela, 1991; Vassalli, 1992) » gt ¢ » £33 &
&

22 g L wmed o A2 TNF-a 640 @ & 2 B B 4 T 4e Bk 5
B AR g v g & F A B TNF-a- &3 5 AR
P bl At R~ Pk g ) TNF-adt 2 3 £ @ & e X & o
&k %] 2. - (Espat, Copeland & Moldawer, 1994) - » Li & Reid

(2001)‘_’;”/{ﬂ ;Z » #ﬁ 2 TNEF- Otg v 3F e g iR ;I;j— SRT =V T
Bodo s it a2 o ovp 2 &> 2 TNF-a% IL-67 i 3 i#
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B¢ = e G € & 3p k2 - (Steinacker, Lormes,
Reissnecker & Liu, 2004; Warren et al., 2002) - IL-6 &_ m *#
Bent 380 3 > Z R it o s AR F B hF g d
IL-6 ch 3 40 42 32 52 L. & 93 % 4 ¥ (Haddad, Zaldivar,
Cooper & Adams, 2005) » & 4= : IL-6 & %3  #& & @ & % £ %

Beoveon (PR R 5 3 A v 38 F g A f2 (Goodman, 1994) o
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A F P E FORRYGE 21% A M P 2B F F g
BB F RS B B F g h 12% ¥ F 7R
9 5 3% (Lietal., 2007) - Li® m™ 1 "% M35 kAR € { £i7 4
Bk ESHEPNF RE TRF AL EPF R 2 R AL

¥ ¥ " (normoxic) i f& 4 12 K F

e o R E e RS > F ORI F A 2032 70 mmHg (¥
2.5~9% % § ) pF hE Y @ DS LD D h N
P F(™E AR )F R L 1I0mmHg(™ #* 3 1% % ) (Lewis,
Lee, Underwood, Harris & Lewis, 1999) » @ & 4 I B s E I
F v e EHHE - F L £ (inflammatory lesions) » & &%
o0~ § v 8 2 & % A g5 (obstructive pulmonary
diseases) s * & 7 (Vaupel & Hockel, 2003; Le, Denko &
Giaccia, 2004; Harris, 2002; Bjornheden, Levin, Evaldsson &
Wiklund, 1999; Distler et al., 2004) -

R w3 R O EFN R R L4 £
A4 o mEwmE L aE L ¥R N R o8 F e £
PB4 & BBF & we k- (Di Carloetal.,
2004) ) 3 ~ 2 R BB o R A w2 fo s 00 ik F
# kR i ko Cseteetal. (2001)#% 4 & % 7§ & & (20-40%)
WA LR C R A e B £ ) A vl F e e o @ g i A §
(6%) ¢ 3 * w2 h ¥ 4 2 3 F - Chakravarthy, Spangenburg &
Booth (2001)7 3 # & % * E ik wme B 4 2§ kA A 9

21% 2% 3%k B ¢ £ F 31 B P o T OB R e o F it 0F H

ETIS

2B 4 AR X A v b 3% F 3R § ML me B 4 2 KO o
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Bt 0§ 4 ¢ R B A A R T A RS RS

—

% = o Scannell et al. (1993)4p 1 E v w %2 & 4 3

*
=2

3l 42 TNF-a%2 # ¥ 3 4 % # 5 4 3 > Albinaet al. (1995)
N i F € EE e s it ¥ % TNF-a% IL-6° ¥

Yunetal. (1997)n = 3 % M § F s % & % - =X

#
=y
&
o

Z B g3 2 %3 25%gm e 2 s BN R R D
Evim® € B 42 2 @ R % 2 % TNF-a> & & #F 3
B w4k F oehiE BT O o E i ki e
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IL-6, Cat: 88-7064-88)z k B » F % # k4o T 1 M Capture
antibody = 1 & coating buffer (Purified anti-mouse, TNF-a;
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Biotin-conjugate anti-mouse, IL-6) 100 pl % £ # ¥ 1 | p &

7 Washing buffer i# % = % > £ 4 » 100 pl 2 Conjugate

20



Enzyme (Avidin-HRP)# % # % 30 4~ 4 ¢ ™ Washing buffer
# # = = » 4 » Substrate Solution (Tetramethylbenzidine,
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P OE % f K A e R A e ch i 4 2 4 it (Cantini &
Carraro, 1995; Cantini et al., 2002; Lescaudron et al., 1999;
Robertson et al., 1993) > i ¥ &t 4. F ¥ wm %2 » X ch 4 £ ¥ 3
T F (b de TGF-B~bFGF)- 82 22 » 3 # F 4 41 % TNF-a
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Mo X D4 o TNF-a02 IL-6 .- B % # i chlw % %2 > A
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4o D TNF-o~ 1L-6)7F »c oh & &2 9w @ 5 5 03 5 8 4 (Stegall &
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1995)c @ TNF-qit & v p A R IE* he i 4] L e p 4F 4
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