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I R 6 0 2 W 3 2 AN D R JER B & TR B NS D T L s R BIR (A, > 0 it S MR 03 SR AE L C
WD, i R AIIE N R Ay hEA, BETE, b OEERE R T, BRI ARAE LA S T 2L E A
I DB RRHIIINL I THD (6, 14). AT TIE, v BORHRC I TR 2 M o SR RE A B
LB mA R IcSb LI A, ERITEESEDDZDIEREIS D TSN ENHESILT
W5 (9). ZOZENBL R RE SIS I3 BTl Mo E N EEREEEZHoTWDEIE
W5, UL, WAMICSHIIVE# 5 CIEME L U7 i 2 AR B) 234 CTor (b UBEAE MR & Rl &
FTHOMEINEED, FIEKFFIZ IS DA 2 MBI A L T D50 A F BRI BIL T,
RIEIZA 5372 BRI TR,

T RGHIER 11 MyoD, Myf5, myogenin, MFR4 235 5%%. MyoD (%, IA S V8 8H, T4 FHEH, b
aAR= | 7R SO R BAE S IR 5 F DR RER B R T D (8, 22, 23). EHIT proliferating

il

cell nuclear antigen (PCNA)? down-regulator T#% cyclin-dependent kinase inhibitor p21 (p21) 7=
MyoD DFERIA T Td% (4, 21).

— BRI O L 72 FE R HIAE T MyoD (ZFEHL LAV . UL, M SEMle Cofiil 2 MyoD
ERBSET 56, HFEMIEA~EBATT 5. ZOZEE, MyoD ARG 2 U E T2 FCRed THE
IR BNZTE L TODIEZRIET 5 (20).

PCNA (ZA# RS I OHIEE 1D 1 > THY, FHZ S HNZBWTELIEELT 5 (2) . AR oo HE 5
IFFIZ 38UV T MyoD 13 PCNA XD JEICHHLT 5720, 2 M Ofiinz 5| 23720 OF R 1 Th
HEZZ DTS (19) . WML OHIFHIZ, p21 OFBUZL > THIHISiLS. p21 1X PCNA OiF %
D2 B I TR A 12458 (R S (21), MyoD 13 p21 Z BB S 52 LI K05 M O B g
5 1k M OV b OFF BB 5372 (5) . MyoD—/— i R M e 1 3% 3 el S = P USSR A B4R 9273, 77
1.0 B C i A MR B AE SO S8 /i i JE) 45 L e & AN 7 L O R A & e sh
TU% (15, 24) £7- in vitro (23T myogenin (350 EAH ML THRBLT L2 EMHMESN TN (7, 19).
15T, MyoD X myogenin K> PCNA < p21 23V #8512 31T 2 fig B M fE B A& I ER<BI 5L T o &
EZHNDIBAMIZ IR KEE O RSB b0E AE ORI L T3 +o7e
HAEHI TR,

EOITITAE, FHfT MO self-renewal 237 H LT\, HFEIE IE L= i 2 MR 2Tk 3%
DI TR, RO FEFHIRIBIZRY, - OMAERE &R L 7o E R IRAFESN D MR A FFTE
T2 (3). ZOffE =AML self-renewal DFIFHIFEREIZBAL TIT AR S0, Pax 7 EMETILD R
FEBECBI B L TNDEBZ X BTN (3, 18). LnL, AT L2 i MBI IR HE il L 7= 7 7 2
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2BV TH self-renewal 235 | ZEZEITNDONEINZEAL TUIHHNZESNTES T, Pax 7T DFEBLER
UL THO AR EETHS.

AWFFETIE, WA ICSHINTE R B O Hf £ MIIZ317 % MyoD, myogenin, PCNA. p21 ZLT
Pax 7 DI BURAALRFILTZ.
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SEEREN)IZIE 8 MR Fischer344 {7~ Mn = 3/group)Z AV o, FEBRIZ VBB A 132 IE A
(plantaris muscle, EDL)& U7z, SEERENMI B HRLT- 12 RERE O BIRF A7 /L O E /NRIZ TR, flok
A HERORE FCHE L. BIEROKITIZOHI> T, [EREMY O K ORE I N
S ORI BE 92 KavE | (CERR 18 4EBREEE 45155 88 1) BL UV H A #IC I £ b~ [ E5rE)
W) O3 E72 R\ T T AR T AL | 5 LT,

PLA X 2B ARIE, WhEIR ChHOMEIER K OeT A Z IR 222k > CHEBLLZ. +4r720k
(Pentobarbital sodium;60 mg/kg body weight) 2T, EERIHIOTS i % /50 28 3572 fFY)
FRZAT o7, BRARITET A Z T D72 2 RO CRERICUIBR U2, BEEAR X, ERARIT T
A, RRIEHIZTERIZEIBRUTZ. OIS e UL Tl 2 HhE L, sham control &L7z. %%, 1, 3, 5, 7
H BRI P TRl , SRR Lz, i S L0 ISR IR = RIS TREEHEL,
SIHTICE 95 % T80 °C CTIRE L.

ki it e S o)

AWFFETE LT — R PURIILL F D@V Tdh 5. rabbit polyclonal anti-laminin (a marker molecule for
the basement membrane; 1:3000; Sigma, St Louis, MO), goat polyclonal anti-M—-cadherin (a marker
molecule for SCs (1:200; Santa Cruz Biotech., Santa Cruz, CA), mouse monoclonal anti-MyoD (1:100;
DAKO, Carpinteria, CA), mouse monoclonal anti-Dystrophin (a marker molecule of the plasma membrane)
(1:100; Sigma), mouse monoclonal anti-myogenin (1:100; BD PharMingen, San Diego, CA), rabbit
polyclonal anti-Dystrophin (1:100; Lab Vision UK, Ltd.), mouse monoclonal anti-Pax7 (1:100; R&D
systems, Inc. MN), mouse monoclonal anti—cyclin—dependent kinase inhibitor p21 (1:100; BD
PharMingen).

T RHRRAL F YD T2, FHELVIES 10 um OB O R &2 7V A 22y MTIOER LT, 81
% 4% paraformaldehyde/ 0.1 M phosphate—buffer ( pH 7.4)C 15 4> [E €L 71, phosphate—buffer saline
(PBS, pH 7.4)CHeyf L7, FEFF RIS ZEBASToDIZ, 7 ayF 7R (10% normal serum, 1% triton
X=100/ 0.1 M PBS) {Z 1 K§fH], A FaX—hL7c. —RFUAIL, 5% normal serum & 0.3 % triton X-100 %
& T 0.1 M PBS TG BEICAIRL 7. “IRPLIRIL, 5% normal serum & 0.1% triton X-100 2% Te 0.1 M
PBS “Cili )7 ISR L.

SHHEDEREAOTD, 4 °C T 16~48 ki, Y1 & IRHURICA L FaX—hSEI21%, 16~24 I
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f, “IRPUATALFa_X— ST, KPR THZ R BUAKIE, fluorescein-labeled horse anti-mouse
[gG (1:300; Vector Labs), rhodamine-labeled goat anti-rabbit [gG (1:300; Chemicon, Temecala, CA) or the
Alexa Fluor 568-labeled donkey anti—goat IgG (1:300; Molecular Probes, Eugene, OR) Cdh 5. Ul 4% 0.1
M PBS THei#%, B4 Al d 5728 Vectashield mounting medium with DAPI (Vector Labs)IZ CEF A
L7e. BRI T4 Tl R BEMEE (Bx51, Olympus Co., Tokyo, Japan) K& (% RS image (Roper Scientific

Inc., Chiba, Japan)zF\W\T{7-o7~.

Wt
ETCOEENE, EEHERERZZ CTRU. A BEZDOMRENX, unpaired t test 21772, 2TD
FREIZ BV TR EKHENT 5%(p<0.05)& L7z,



I - 5 3R

BE R UIFRIC I DB AR ICSOSIIE R B O i B8l E, EFEBRIWIM T sham-operated control
ICHARFLWNINA R LT, itk 1, 3, 5, 7 H HOMAEREIL, 4241 49.7, 45.7, 43.3, 41.0%THY,
BERMERERUE (Fig.1) . ZIWHOHE RiZ, AT RIC L MWE L —BL T2 (12, 16). fE-TC, 2
NHDORERIT, AWFETIT o7 AL E D B AR LD MUEMEFHIE R 25 ZEZ 4 LTy Th-o 7o
LAY

Expression of MyoD and myogenin in satellite cell nuclei

Sham-operated control 5 CiX, MyoD & OF myogenin O PE IS o7=. it 1 B HD
&R T MyoD (Fig. 2A) % U* myogenin (Fig. 3A)DEGMESUS MRS HIZIZ0, AMFFETIL, 2l
faEZIZB T MyoD KON myogenin MIEEL TWBNEINDRETZIT 7. MyoD & ' myogenin,
M-cadherin HL{K, DAPI & H\ o B YL 41210, M—cadherin BPERIEE MyoD (Fig. 2B-E) % Uf myogenin
(Fig. SB-E)SMERUSHIAFT DI LD RENT. ZNHORERIT, AR HIADO BN S M-cadherin [
MR fiT BRI OEZ T MyoD M O myogenin 2358 ELL CTWNAZEZRT .

Entry into and withdrawal from the cell cycle in satellite cells during functional overload

fir#z 3 H H O@BAFHIZIBT PCNA OEMERISZ#RHH LI (Fig. 4A). &5 PCNA, M-cadherin
MO8 DAPL X DB YA 2AT 72/ R, PCNA Bt Uiy M—cadherin BE i 7 2 M lkz TRtz
(Fig. 4B-E). —J7, sham—operated control °fi#% 1 X TN 7 H H OF#A5 CTlx PCNA ORGSO 1345 H
SNigiolo. ZHORERIE, B 23175 PCNA OFBLE, MyoD BELLVEN THIEEIS
NLZ Lz RT.

S Ao S oD B e JE B ALK, R O S b D Te DI EETHD 6. AL TITAIALE o
1#1ICBI 5% p21 OFRBUERELMRFI L. ZORER, itk 5 H B CRAMICSLENIE#H T p2l
DRSS 7z (Fig. 5A). LasL, ZOFEHT, sham—operated control R4 1, 3, 7 H H O
KA I S 4L h o7z, p21, laminin, DAPHZ RS B YL 12 Ko THBRAEZ B P Te laminin B L
IEDONRIOEE T p21 OFFPEIS A SN T= (Fig. 5B-E) . &51 p21 Btk D&% 1L, M-cadherin E3EAFL
Tz (Fig. 5F-1). #iE5C, ZNHDOFERIE, p21 MW ART 5 H H O 2HIIROZ TRBELL CWAIE%E
R

Expression of Pax 7 in satellite cell nuclei



ABFFE CITB AR ARIZI1T D Pax 7T OFBURAARFIL7Z. 1512 1 B B OBARAHIZHBNT Pax 7,
laminin, DAPI {Z&2 B Y12 Lo THIRREE B BHTe laminin PR IE KO NI ORE T Pax 7 OIGPER
ISR ST (Fig. 6A-D) . E5IT Pax 7 BEPEDOIE, M-cadherin L3171 Tz (Fig. TA-D) . 1€ 7C,
ZNBDORERIE, Pax 7 3 A O B £ MILO TRIL TWHIEa7RT.
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SEATHFE CIE, BAS B OB RICIE, Fif 2R OTE AL, HhE, 50 & 5 & CBEA7 Al #i e & O Fl
BN THLEMESN TN (6, 14) . ARFFFROFTRIL, ARSI 5 O fi 2
175 MyoD 85X, PCNA OFBLEVEIZAELLZ AR T . TROORERIT, AT Cotl—
L7=(7, 19) . SOITAMFZETIE, M S MIRIZRWT p21 134744 5 B B THID THRIL, it 7 A RIS
TR T HZ AL L. ZNHO8E R, Schiaffino et al. (17) D& E—E L7z, - T, AWFZEIC
LM ATT I ZSOE AV HIHI OE ¥ 5 O i fif 2 AL TR LTS MyoD 1%, ZOBOHFEA 5| E 3720
DT =D 1D THDHNSLIVRNEND) AIREMED RIS T,

—77, ARBFFETIE, BRI myogenin OFEFRITEIL T, BRI RGO, K%
BRIZFU T, myogenin [ S MIAD LD BFETHIO THRET D, 2, MyoD OREILIVEHENT
myogenin NSRBI DI EAEMRT S (10, 19). LovL, ARBFZETIL, #itk 1 B B MyoD [RIERIZ 2
Rl 331) % myogenin DI BLEMHHL CTA. 154 1 H B i, ffii2MARIZE51725 PCNA & OV p21 D%
BUE, B Cuniaunze, i 2 e 1 B B OBRRE CHEIEN LU ITLIZLITE 2
2V BT, ARIFFERERIT, RIEFHZBARICESLT 12 FEHE# I myogenin mRMA 238 —ZfHA 7R L
P22 EWAEL CODIATIITEE — 805 (D). 165 C, M EMARCEITS MyoD & Of myogenin MDFEH
i, MR ORI | TR IS TS, AT 2RO FEFEATIZHE B 5 MyoD & OF myogenin D& HIZ
BAL CIIRIZICARHBR CH LD, ANVESAIZIX 2 FEO S e o i BB FIET 22N HES
WD, 1 DU, MR UIZENEIZ M b T 2247 THY, Ho— 7 TR I3 244~
TdH5(13). - T, ABFIETHIR 1 H BIC myogenin Z 3 L7 fhfi 2, H5H72 BIEIZ 3 k4
LA T ORI Tho7ob L. Fiff 2 Az 3s1F% MyoD [FIERIZ myogenin D7EGH 2%
B, +oRiERE S SR ECEEAEK THLOB LR,

% 1 B 225 7 H HETORTOFEBRBIFIZIBWCTHRS I O F# 2 MBI T Pax 7 OFEED
ST, i MR OB G A {5 LS5 p21 OFBLOMITH 5 A BICHERSNI=ZE0D, Iit% 5 H A
PAREIZ R S 417 Pax 713, H95lA A5 1L L7 f s E MR self-renewal IZBI5-L TV DHDEE 2 HID.
— 77, RN b AT E T 2K+ ThD myogenin DFEBLERIF TV 2. Olguin & Olwin (11) 13, ¥4
B AR IR U7 i AR IZ B8\ C, myogenin 2R B 7 AT E D, b T DHDITHL, Pax 7
BT i B MR LD T EF OF L RABIZRY self-renewal SLHEHEL TV, T, K
WFFEIT I Th i IE K IRF o i i £ ARS8V CTHEGE T 1%, myogenin A FBLL7-fifis 2 AHEARIZ 0 EL,
ZDOBIBEAF ML BLA LT WTREMER B 2 DD, — 5, p2l ICKDHIFHIE 114, Pax 7 2 RBIL 7=
EHIIIIAR DO EFEF ILIRFEIZHED self-renewal ZAL7- ATREMED /RIBZ LS.
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SHITARFE T, MIBAREEOFHECME IZRI 5975 PCNA R0 p21 REBLT LRI THLHE 1 A H
(I TS EMIIZI1T 5 Pax 7 OIRBLSTRD BV, BFEIE 1% O fi 2 IR0 0t & OA Sy
EDOWTEIZ Pax T 3B H L TODEB Z LI TWD 3, ARBFFEDZ LD HT ALY AR I LD AR
(ZHEHLLT Pax 7 2NEMEAL B fi AR 2 B S B D 2 LK FOF ILIRIEICR L TOD ATREMEAVRIBS R
7=, AWFZEICID, AT EDFHIERRF O R MAAD self-renewal ( Pax 7 25B5-L TV A REMEA
HHBINEZ2 T2y, T ORIEBEREORFEIHIZIE, SORDUFENLETHD.
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Fig 1 The percent changes of relative plantaris muscle weight during functional overload relative to each
contralateral sham—operated muscle. Values indicate the means + S.D. * Significantly different compared

with contralateral sham—operated muscles (p<0.05).
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Fig 2 Photomicrographs showing localization of MyoD on day 1 after overload. Single immunohistochemical
staining (A) was performed to detect MyoD in overloaded plantaris muscle. Arrows in (A) indicate
MyoD—-positive immunoreactivities. Triple immunostaining to view localization of MyoD (B), m—cadherin (C)
and nuclei (D) was performed and the three images were merged (E). Arrows in (B)—(E) indicate a

MyoD-positive nucleus expressed in an M—cadherin—positive satellite cell. Bar =50pum (A), 30um (B-E).
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Fig 3 Photomicrographs showing localization of myogenin on day 1 after overload. Single
immunohistochemical staining (A) was performed to detect myogenin in overloaded plantaris muscle.
Arrows in (A) indicate myogenin—positive immunoreactivities. Triple immunostaining to view localization of
myogenin (B), M—cadherin (C) and nuclei (D) was performed and the three images were merged (E). Arrows
in (B)-(E) indicate a myogenin—positive nucleus expressed in an M-cadherin—positive satellite cell. Bar

=50um (A), 30pm (B-E).
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Fig 4 Photomicrographs showing localization of PCNA at day 3 after overload. Single immunohistochemical
staining (A) was performed to detect PCNA in overloaded plantaris muscle. Arrows in (A) indicate
PCNA-positive immunoreactivities. Triple immunostaining to view localization of PCNA (B), m—cadherin
(C) and nuclei (D) was performed and the three images were merged (E). Arrows in (B), (D) and (E) indicate

a PCNA-positive nucleus expressed in an m—cadherin—positive satellite cell. Bar =50pm (A), 30um (B-E).

-15-



Fig 5 Photomicrographs showing localization of p21 on day 5 after overload. Single immunohistochemical
staining (A) was performed to detect p2l in overloaded plantaris muscle. Arrows in (A) indicate
P21-positive immunoreactivities. Triple immunostaining to view localization of p21 (B), laminin (C) and
nuclei (D) was performed and the three images were merged (E). Arrows in (B), (D) and (E) indicate a
p21l-positive nucleus located inside of the laminin—positive basement membrane of myofibers. Triple
immunostaining to view localization of p21 (F), m—cadherin (G) and nuclei (H) was performed and the three
images were merged (). Arrows in (F)-(I) indicate a p2l-positive nucleus expressed in an

M-cadherin—positive satellite cell. Bar =50pum (A), 30um (B-I).
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Fig 6 Photomicrographs showing localization of Pax 7 at day 1 after overload. Triple immunostaining to view
localization of Pax 7 (A), laminin (B) and nuclei (C) was performed and the three images were merged (D).
Arrows in (A), (B) and (C) indicate Pax 7—positive nuclei located inside of the laminin—positive basement

membrane of myofibers. Bar =30pum.
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Fig 7 Photomicrographs showing localization of Pax 7 at day 1 after overload. Triple immunostaining to view

~

localization of Pax 7 (A), M—cadherin (B) and nuclei (C) was performed and the three images were merged
(D). Arrows indicate a Pax 7-positive nucleus expressed in an M-cadherin—positive satellite cell. Bar

=30um.
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