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ABSTRACT

We investigated the expression patterns of MyoD and myogenin in the myonuclei and satellite cells of a single myofiber
undergoing skeletal muscle hypertrophy. Adult female Fischer 344 rats were used in this study. To induce muscle
hypertrophy, the extensor digitorum longus (EDL) muscles underwent the ablation of the ipsilateral synergistic tibialis
anterior muscle. On 1, 3, 5 and 7 days post-surgery, the EDL muscles were removed. By immunohistochemical studies
of serial longitudinal sections, we examined the expression patterns of MyoD and myogenin in myonuclei and satellite
cell localized in a single myofiber undergoing skeletal muscle hypertrophy. The expression of MyoD and myogenin was
synchronized in adjacent myonuclei in a single myofiber of hypertrophying skeletal muscles throughout the
experimental period. It was observed that MyoD was expressed in the satellite cell nucleus without demonstrating
expression in adjacent satellite cell nuclei in a single myofiber of the hypertrophying skeletal muscles. It was observed
that the expression of myogenin was induced in adjacent two satellite cell nuclei. It was suggested that MyoD and
myogenin expressed in myonuclei and satellite cells may partly contribute to the modulation of myonuclear domain size
and the regulation of the fusion of satellite cells and existing myofibers during overload-induced skeletal muscle
hypertrophy.
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AERIZIBWTERIZTER L CO D HkE (iRl 1320t E2 56 L WA S Th D, Fi-

Z DFFHRHED IR & R ERRORI BRI RE L QD 2 & BIAABIVTN D . SR o5
L EFEIOTIALBINE T, AL D DRERRMHERRIC L D & ZANKEV. 2L, HARMIIHS
IR, BRI L IERZ 5 & 2910, Z OB, i3RI T 5 MyoD <° myogenin
EFRIBL, TEAEOBG ARG 2 L CEOBOEAEEIINCES 545 259, F74
RIZISIT D EFERCI, A I E ORI & TPEIRORICRHEL TS, b L—= 77 81T
K VEARAZS b SNEREHTIE,  TfEESMIROTEML - ¥ — TfEsMiaos k) — ki
ERROBEFARRE L Ot — THZOBN) &) —EOBRIC LY, EEEOABMEES AR
KOFEHLZ SHD & —NIE 2 DIVTN D, & BITHHEEMIE L MyoD <°>myogenin DFEHL ™ CIEMAL,
H9GH, b1k, BEFARREL BA L, ANt 5 2 & C, MERICEICEE LT 52 &R
s S TQND PO fEs T B FHRRENICR\ W R A EIINCB S5-T 20X &, ZOfiksk
OB 2 i 2AMaOB X I L AMEERPIERZ5 [ i 2§ ECEETHS. L1, b
TR BEFOMRHE L AT 5 LW O BIRICE LTI, REZICE B2~ I3RS Sh Tk
57, ZOHREEE R L THRECHLNI SN TORODDER TH 2.

A FRREPIZ JRATET 5 1 DORBMZIT &> THilfEl 24T HHEIE &% "myonuclear domain” & IF-
S ERNBETIC S b SRS, A X > THIEE Z SN AEAE RO Y, myonuclear
domain A AN—ERITET D &, RIS BEFARRME L S LIRS nsE2 >% . Zhic
L VIR &k 2 & T, myonuclear domain B Rlx— B2 TNS >, L L, myonuclear
domain A XOFPEEFEZBE U CIIRIZITAHR £ £ Th 5. MR 51T % myonuclear domain -1
ROFHE L araiia & REFARRE & OfE & ORMICIIFER IR RERICH 5 LB 2 6Nb T2, IR
KRIFFIZI31F % myonuclear domain Y1 AOFHERHEZ I S NS 5D Z &13, FFUEAINL & BEfEATHRE & Ot
BOHEEEEZ B OS5 L TEERZ L ThHhD.

AWFFEDO BN, WAL & 2 FRAEKIREO E AR O B— AR EN RS 2 ik M O il 2 ds )
% MyoD T myogenin %855 Y, myonuclear domain 1 AOFHEENSEAFRFT5 = & T, MEKEF
(23T 2 AT & BEAFAIRRHE & ORE OFIEREREA B DN T 27O DR 2155 Z L Th 5.

2. ik
2.1 SR
SR 1L 8 MR Fischer344 AT~ Mn = 3/group)z HV =, SEBRICHV - 987 I RIBEHR
(Extensor digitorum longus, EDL) & U7z, SEERENI IERGYHA L 7= 12 RO 27 LV OfaE N=IZ CER,
BRI H FRIEEOBREE T CfE LTz, BFEBRONE T2 T-> T, BRI O L OPRE I ONTE;
TR B9 B RHUE | (TR 18 FEEREEE 55 88 ) BLUBAFSHICL W £ Lo 1558,
MO RSB N T T2 A RTA ) Zddsf Lz,

EDL |ZX] 21 AmiE, 40724 Pentobarbital sodium ; 60 mg/kg body weight) N2 C, W8I Co il
B A BRA AL VSERITUBR T2 Z LIc k-~ THEI L. SOt Uil Ttz i L, sham
control & L7=. fiif%, 1, 3, 5, 7 H BT I TR L, #ERh2HH Lz, S S gidnm s
DANTHRIRZE SRS Tt L, /i3 2 £C-80°C THRE L7-.

2.2 SolERk LY
AMFFETHER L7=—REUAIFILL T i@ T 5. rabbit polyclonal anti-laminin (a marker molecule for the
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basement membrane; 1:3000; Sigma, St Louis, MO), goat polyclonal anti-M-cadherin (a marker molecule for SCs that
were determined by numerous previous studies (Comnelison & Wold 1997, Dedkov et al. 2003, Hawke & Garry 2001,
Irintchev et al. 1994, Ishido ef al. 2004b) (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.).

LR LA DT-OIZ, ARE L VIE X 10 um OEEEETEI N 227 VA2 % > MZE D Ek L7z, )
J1 % 4% paraformaldehyde/ 0.1 M phosphate-buffer ( pH 7.4)C 15 23 fH[EE L7-1%, phosphate-buffer saline (PBS,
pH 7.4) THah L7z, FERERAIBOSE I TedI, 7m % 2 7 ¥R (10% normal serum, 1% triton X-100/0.1 M
PBS) (21 Wf#], A Fa~~—h L7z —KPURNL, 5% normal serum & 0.3 % triton X-100 A %3¢ 0.1 M PBS
CIEEIZRREE AR LT, —RPUAIE, 5% normal serum & 0.1% triton X-100 A% 0.1 M PBS CliEtl7ali
FECAR UTz.

ZEHHOEGADTD, 4°C T T 16~48 I, Y1 2 —IRGURICA v Fa~— b SR, 16~24 I,
ZRBURTA % 2— b SR ABETHIV 2 ZRETUAN S, fluorescein-labeled horse anti-mouse IgG (1:300;
Vector Labs), thodamine-labeled goat anti-rabbit IgG (1:300; Chemicon, Temecala, CA) or the Alexa Fluor 568-labeled
donkey anti-goat IgG (1:300; Molecular Probes, Eugene, OR) C&%. YJ51% 0.1 M PBS THEFt:, & nlfibd
5 7-81Z Vectashield mounting medium with DAPI (Vector Labs)iZ CEFA L7z, WG OHTI X2 CHO LIRSS
(Bx51, Olympus Co., Tokyo, Japan) }2 T} RS image (Roper Scientific Inc., Chiba, Japan)Z FV Y CfTo>7-.

3. KER

W EZ OFMEEEIA 23 L, MyoD, dystrophin, DAPI |ZJ 5 =HEY A5 To7-fER, dystrophin 5
TEENEONRIORE, D% U k% T MyoD DIGHERIS RN S 47z, Fig. 12l BT 3 0 H oYL @G 4 7R
U7, BN ClE - DA OREE C MyoD 23R L QD Z E BB E feoT-. FifACEIT 5
MyoD 503, AR 1-7 B £ CORFERRIM A28 U Cagshe.

Fig. 2 1213, s 7 H H ORERAHIZKT L, myogenin, dystrophin, DAPIZ X 2 =BG T/ iR
R LTe. BNIT dystrophin BEMEFEEREO AN JRTES 2 4% C myogenin ORISR Sz, EHIC
MyoD [FlEk, myogenin DFEELH H—AHHHEN CBEE T 2EOEZE CHIEEZ SN TWDH Z L LM E
7pole. ZOMRZZIT D myogenin FEEU L, IR A8 U TBIE I .

MR OO B —FRHEPN SR E T~ D A EAIIRZ C 81T 5 MyoD OFEBIRE AWt LTz, AR Clafp
FUSIR O R B C 5 72l~—41—& L C Mcadherin %\ 7=, i&&fw 1 HH® EDL (2%} L,
MyoD, M-cadherin, DAPI|Z %% =8Bt 21T 7=fER% Fig. 3 1R L7=. M-cadherin FHAHRTEARIRORE
2B T MyoD DOBERIGM R &7z, LavL, MyoD &35 L QD AHEEAIEOE At O
AR JFEI SHER S Ve o T, i35 5 MyoD O%EE, 2585 28 U ChegR Sz,

FIERIRF O ETRAMIEZ 23T % myogenin DFEBFAA AR5 7281, myogenin, M-cadherin, DAPI
(2 & D =HY AT o T2 hER, M-cadherin PR EAMREOOEZ T myogenin DFEFHSIL MR S 4172, Fig,
4\ ZIEERT 7 B B EDL x5 DY taff R 27~ L7z, Myogenin Z385 L CU D e iR 2 3t
O M-cadherin FHEABEEAI IR S 7en o 7223, —20 M-cadherin _E(Z myogenin BN % 7k 4403
2 OFHET HBIG MRSV (Fig. 5). M EHIIEEZIZ351T % myogenin OB i EfRf 1-7 H H OS8R
R A8 U Ot S,

4. 2
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ABFECIIRTISEAFOUBRC LV EDL ZAMIZE & LISRER, 155 1 AEAD 7 A BICED £ T
(231 % MyoD J O myogenin DFEMRH SN Fig 1, 2). ZOREFRIE, BHEHL O 7 AFHUERIC
L0 IHERIC S D SN RE CHE SN TO LB —ET 2 b0 Thorz . 1T, RIBRS:
3, R T D EDL 1Tk L0700 A S LA ThoTe LB bz,

AFETIE, AR S B 3172 EDL OH—#EN CliE T 2835 Of1#%C MyoD KUY myogenin 73
BT HEFT R S Fig 1, 2). HIRMIHEC L > TE%e SN HBEH AT X RN CRpmY
ThY, FiEEINC L DFEOBIERADENIZ Lo Tieo T Z e G s Tns &Y. &5
(ZHE—RHEPNIZ 38T DD A AR G & il B & Tl > TN D 2 & bt
ENTEDY I, HMOA N LADHDY FFHEFHEHEN T O L > TR > T D RIEM VR ST
W5,

HETTLC & DA myonuclear domain A AOFEELM TioiLd Z A S Cng V190 2o
HGERERE 2B L CIIRIZICI N STV, ARSI b=y R 7EDEEE- LW 5 AlRetE
ARSI TS PP, EGHIEIN - Cd 5 MyoD X° myogenin 1%, ATV EHPC haR=17280
R R R I DR S T-ORR BRI Lot > Do LR =L F— (O TG TR BIG- L Q0 a. 1t
ST, AW TR S AV ABIEIRIREOD BN ClsE 3 2 8Ok CHsEL L TV % MyoD X° myogenin
7% myonuclear domain Y1 ZDFFEDHIFEWREE &N BEE- L TS aTREME VRS Uz

AT AR MyoD OFEEUZ L 0 FEEila~E AT L, HEEME OV Lt A O s miaE -t 5 o0
IBEERRE L AT 2 Y. AR S D SITBRER)C O AT T, /M EORITC MyoD % %88
FTHENESNTNDE . 6o T, AR TA LI K D ITH— e BICRHE L MyoD 28 L T
DRI S EEEIE~E I T L QD LD EE X LS.

AREDRIRA ST b U 7 AR RN b U, BEAFRRE L B 32 2 & OS5 Z &3, A
<HBTWG Y, ABFFETIE, B Bl myogenin 23851 L TS AN R (Fig. 4) &
HUNE 1 20 M-cadherin _FiZ myogenin 2581358473 2 DREL TV H8IG: (Fig. 5) 8 L7z, L)
L, 120 M-cadherin F/Z myogenin %59 5%75 3 DLA FJEHE L CW A BISIIHER CE Aoz, —fi
|2 myogenin | FAARTO/MEAEEAIEOE CHRET 5 2 L5 17, AHFFE TRt &7 myogenin % %85
LW DAY, sHEffEMlacd v, Zotk, B ME L < b LB LS.
S DI AT ESIIIE & BEFATRRHEOR A A HiliE L QU DI 2B U CIER7EITEI ST Zeun s, R
WFTEREFA T L 0 U IR RS DU T 2 OW3EE L7 IRRE CREEIRE L A L, AnooBgn
(ZB35- L QD ATREM) VNI S AUz,

AT, BERA N LA U TR EN OBEE S DB ORIZIZ MyoD TN myogenin 3%
B9 %—77C, MyoD &' myogenin %585 L T A FfEEHIAOEII T, TEMHEEoa b Ui il
1T & A ERBIRD>To 565 T, AERRH ZAEZ T MyoD <° myogenin %551 L7273 © myonuclear domain
P A XOHWENMTOIL S L FIRFZ, MyoD < myogenin {Z & - THillfl S i 7=/ b S Mla s s Bl DU N
2 ONEE LT IRRE CREFDRE L Bl L, RO INC B G- L QD TREMED SV NIE S 4U72.

5. fEEE

AWFFTTIE, FHEIEIERIC L 0 AR X & SV ERSAH O H— M EPNI O JRE T D A & OV
Jak%z T MyoD KON myogenin DFEEUEAZ MRt Uiz, ZORER, H—AtrkEN CHE 3 2830 Mit% ¢
MyoD K ¥ myogenin 235925 Z LGN E 7o —F, B LTI, myogenin %819
MU EESIEA IR T, & DU NIREE U7 REE CREFAIRE & ST 2 FTREMA VR ST, 6o T,
ARAE AR OD L CJRiE T D AR a2 33V VT, 7% C MyoD <° myogenin 25851 L7273 5
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myonuclear domain Y XOHilfEI7M Tio41% & [RIFFZ, MyoD <> myogenin (Z 2 - CHill#EI S 172 73 LA S
RaZSHAR D DU NT 2 OHFE LIIRRE CREFAMRE L fE L, A INCEI G- L T2 TREMED VA
.
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Fig. 1 Photomicrographs showing localization of MyoD on day 3 post-overloaded muscle. Triple fluorescence staining
to visualize the localization of MyoD (A), dystrophin (B) and nuclei (C) were performed and the 3 images were merged

(D). Arrows indicate that MyoD-positive immunoreactivities were detected in myonuclei. Bar =30 um
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Fig. 2 Photomicrographs showing localization of myogenin on day 7 post-overloaded muscle. Triple fluorescence
staining to visualize the localization of myogenin (A), dystrophin (B) and nuclei (C) were performed and the 3 images

were merged (D). Arrows indicate that myogenin-positive immunoreactivities were detected in myonuclei. Bar =30 pm



10/12

Fig. 3 Photomicrographs showing localization of MyoD on day 1 post-overloaded muscle. Triple fluorescence staining
to visualize the localization of MyoD (A), M-cadherin (B) and nuclei (C) were performed and the 3 images were merged

(D). Arrows indicate that MyoD-positive immunoreactivities were detected in the nucleus of an M-cadherin-positive
satellite cell. Bar =30 um
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Fig. 4 Photomicrographs showing localization of myogenin on day 7 post-overloaded muscle. Triple fluorescence
staining to visualize the localization of myogenin (A), M-cadherin (B) and nuclei (C) were performed and the 3 images
were merged (D). Arrows indicate that myogenin-positive immunoreactivities were detected in the nucleus of an

M-cadherin-positive satellite cell. Bar =30 um
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Fig. 5 Photomicrographs showing localization of myogenin on day 7 post-overloaded muscle. Triple fluorescence
staining to visualize the localization of myogenin (A), M-cadherin (B) and nuclei (C) were performed and the 3 images

were merged (D). Arrows indicate that myogenin-positive immunoreactivities were detected in the nuclei of two adjacent
satellite cells. Bar= 30 pm



