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Study on cellular organelle functional

changes in skeletal muscle regeneration
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=2AZES QMO 7HE ZESH XZoZ [fAL A, oK AH| W ALK
230 25t 2422 o, o, BY 2 UM 25 2= S 25 =42
gart Edg & ACE (11, 15, 16]. 2HL2T2 oI g7 THEHO| ofst =,
a5 SELE ofh O|A2 o 4ol a0 Mt 235 SO #25Hg
ol ZO| XMotd Eo ofat METE S 2E, Sk, 1YY S 435 e
fldE S7HAZICE [1, 201 Ol3et 2&AE 2tA7|7] 26l 7t 28 K=
Y2 AT Mol 2SO[XT kst ASO| =Het Z9 HEHEHo|H
AMMA| 2H22| XA HALIFO| Cieh S2bEe Oz 218 zatH el X2 #O
NEEX] ez 2420 Oigt M22 Xz2@S 7HEst=s A0l 2SI} [2]
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proliferator-activated receptor-gamma coactivator 1a4 (PGCla4) Ls JZIHE S

=422 B7E ROt [4). ot HU[tel 25 D[ARE, k3l %E KB S2=

Olgl wMsts OJEEE2|0 dysfunction 2 ZHAE 2o7|7|& $tCt [12, 19]. O

02 =g 5ol LUAR ATP Mi0| ZAEH AMP-

Motz[0] ME G&0| #0lst= mTOR & AKX A|7|HLE ROS B7I2
=off B2 &d3tet D|EZEE|0t proapoptotic cytochrome

PSRt 7 28] MZ AFZS Oi7HSHA| SHCH [5].
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ZAZ20= 2AZAN (Sarcoplasmic Reticulum) 0|2t Sl= =42 E0|HQl
& 2 CHHE Zs 2480 3238t 9gs ottt 13, 17].
22N WZo 2 Holn AT CHMEO| SHEH AXK AER|A(ER stress)/t
=2 A 2EYH A0 s 2M3tEl protein kinase R (PKR)-like ER
kinase (PERK), inositol-requiring enzyme (IRE1), activating transcription factor 6
(ATF6)= AN EHMEO| S d S |X|AZ|= TA QX 2MO| IS it [6].
X2 A0 =M PERK-eukaryotic translation initiation factor 2o (elF2a) Q14tst7t
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O 42Xz 9 g2
1. A2

2 HHOA Western Blot % Immunofluorescence 0 AF2El 15t antibody & Table
10 EAISHIALCE Western Blot 0f AHE%H 2" antibody = HRP-conjugated anti-mouse
(Jackon ImmunoResearch, 115-036-146) I+ anti-rabbit antibody (Jackon
ImmunoResearch, 111-035-003)& AF25IA 2, Immunofluorescence Off At&%H 2nd

antibody +& Alexa Flour 594-conjugated anti-rabbit antibody (Jackson

ImmunoReserch, 711-586-152)5 A2 3}QILCt.

2. Mouse experiment

RE 29 &2 ¥ HA= University of Ulsan Animal Care and Use Committee
(UOUACUQ)S| &¢Ql(SHB-22-010)2 &2 OHZ O|FOALt C57BL/6 OHR4s
SILIMAIZREH SS%en 12 AlZh F719 8 8 oF2 F0M ZRICL

2ULTS QESP| ISl 12 FY £ 0122 5 0129 HECI2|E APPOSE ULC

35 WIDE SKIN STAPLER (Covidien)E& 0|&3t0 7 &30t 1™SIUCt 7Y = 1%t
stapler & MA35tD 14 1 28 & 20| 2F2 22|51 WHELAN 5 HE
S | C

A7l = 80°CO| HESRUCL 1 & ZAE, CHEE EE RNA HIBE A

?I5t0] AHESHALE.

3. ZX0|A{ RNA FZ 9 gRT-PCR (quantitative real-time PCR)

O A Gastrocnemius & QIAzol Lysis reagent (QIAZEN ,79306)E AFE3t0] RNA £
=22[5tRACt. 2|8 RNA = High-Capacity cDNA Reverse Transcription Kit (ABS ,
4368814)2 AtE3I0 DNA £ 2hdstid, TOPreal gPCR  2X  PreMIX
(Enzynomics ,RT501M)E AHE3}0] gRT-PCR = StepOnePlus Real Time system
(Applied Biosystems, 4376592)22 ZXI&MSIQULCH CHEFOZ ALETH housekeeping

gene 2 B-actin 0|11, ALE3t primer A/ €2 Table 2 0ff At SHRALCE



4. ZXI0j|A| THHZE X™2F Ol \Western blot

= =

Zt 2 @ 0rRA9| Gastrocnemius £ RIPA lysis buffer O @11 homogenizer &

83510 2tds| ZofA|ZICE O]|F, 12,000rpm 22 15 & &2 4°Co|A Ad&e
5t MBHZS BCA assay Ol AMESIRICE BCA protein assay reagent (Thermo,
23228/23224)E 0|83t0f CHMAZ HY , S| CHMAE 45 ng)2 6~12%
SDS-PAGE 2 90V 0fM 2 A[Ztst T7|HE St 1, Nitrocellulose membrane
(Amersham, 10600001) 21} PVDF membrane (Amersham, 10600023 )Off 50V Of A{
2 A ZHEQt Transfer SFRACE €| o| HISO0|H ZAgtE 27| fI8HM blocking buffer &
1~5% Skim milk TBS-T 2t 1~5% BSA TBS-T & AM83IRAL, &20|A 1 AlZH S0t

wHk SERALCE 15t antibody & 1~5% Skim milk TBS-T =2 1~5% BSA TBS-T solution 0f

SIMAI7Y 4°COlM SHRE St & F 15 2% 3 3| TBS-T 2 MHI}Ct 2nd
antibody = 1~5% Skim milk TBS-T 22 1~5% BSA TBS-T solution O 3|AA|7
A20|M 2A1ZH BESAIZACE HS = 1524 33| TBS-TE MAT & membrane =
SuperSignal  West Pico Chemiluminescent (Thermo, 34580)2 ARE3}0

Chemidoc 22 EHE oS 2HQIRNCE

X

5. Immunofluorescence I:|| Cross section area -'-*ﬂ-i

OFRA TA ZZAS 13um 2| FHZE Frozen section ¥ -20°CO| EESIFCH =Z
E20|EE o20M 5 8¢ AXRAZ F, -20°CO|A acetone 22 10 252t
fixation SICE &20M 10 25 acetone 2 ZF HEl F, PBSOA 524 33,
TDW Ol A 524 33| MH3SIUCt 10mM Na citrate + 0.05% TW20 2240 A antigen
retrieval AlZI £ TDW E 3 ©H MZASIQUCH HIEO|H ZAgs I LT
blocking 22 M.O.M (Mouse on Mouse) Blocking Reagent (Vector, MKB-2213-1)&
AMESHH 1 A[ZESe Y20 BISAIZIEE O = 1 X ENHE 2% BSA-PBS-T O
SIMAIZl = 4°COM SRRSO HHS AZl = 2% BSA-PBS-T 2 5 2% 3 2
MESIRICE 2 Xt FHME 2% BSA-PBS-T O S|MAI7{ H201M 1 AlZt S¢t
HH-SAIZICE 2% BSA-PBS-TZ 5 &% 28 NA = Prolong Gold antifade reagent
(Invitrogen, P36930)2 O|&3t 1 A|7ICt Confocal laser microscopy (FV1200-OSR
microscope)= AHESHO ZHESIACE 2Rl HHEHA JTJ] FFE2 Myovision

AT EQ0| (University of Kentucky)S AH23t0] ZHsIRALCEH

7



6. Hematoxylin and Eosin (H&E) staining

=5O0F HaS0[H OrfA
tibialis anterior (TA) =% &2I0|EE 10% Formalin 22 20X 20 25¢
DHAIZACE TDW 2 2 ¥ washing £, Mayer's Hematoxylin (Wako, 131-09665)2 2
H20M 8252 ML DWE 3 ¥, PBSE 2 ¥ MA F, Eosin (Wako, 051-
0651522 1 X F0t HMSIAUCH =282 2 MH F, 90% ethanol A 2 £, 100%
ethanol 0| M 2 282t & = Xylene 0 2 27+ 2 | HtE5}

20f VectaMount (Vector, H-5000)2 1173} RALC,

-20°C2| optimal cutting temperature compound (OCT)0{ &0

RULE Xylene 2 25 &

7. SAHE]
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Table 1. 1%t antibody

Items Company Catalog number Usage
anti-GAPDH Abcam AB9484 WB
anti-PERK Cell signaling 3192S WB
anti-XBP1 Abcam AB220783 WB
anti-Total-elF2a Santa cruz biotechnology | SC-133132 WB
anti-phospho-elf2a | Abcam AB32157 WB
anti-CHOP Santa cruz biotechnology | SC-7351 WB
anti-GADD34 Santa cruz biotechnology | SC-825 WB
anti-KDEL Assay designs SPA-827 WB
anti-LC3B Sigma L7543 WB
anti-P62 Abnova H00008878-M01 WB
anti-Lamp1 DSHB 1D4B-C WB
anti-Cathepsin B R&D systems AF965 WB
anti-Cathepsin L R&D systems AF1515 WB
anti-MTCO1 Abcam AB14705 WB
anti-NDUFV2 Proteintech 15301-1-AP WB
anti-SDHA Abcam Ab14715 WB
anti-ATP5A Santa cruz biotechnology | SC-136178 WB
anti-Nrf2 Santa cruz biotechnology | SC-722 WB
anti-PGCla Novus biologi NBP1-04676 WB
anti-ATF4 Biolegend 693902 WB
anti-TFAM Cell signaling technology 8076S WB
anti-Myod Novus biological NB100-56511 WB
anti-MyoG BD bioscience 556358 WB
anti-MYHC type I Sigma M8421 WB
anti-MYHC typeIla DSHB SC-71 WB
anti-MYHC typeIlb | DSHB BF-F3 WB
anti-Laminin Sigma L9393 IF




Table 2. qPCR primers

Gene 5’ oligonucleotide 3’ oligonucleotide specie
name s
IL-1b TCGCTCAGGGTCACAAGAAA ATCAGAGGCAAGGAGGAAACA | Mouse
C
IL-6 TAGTCCTTCCTACCCCAATTTCC | TTGGTCCTTAGCCACTCCTTC Mouse
TNFa CATCTTCTCAAAATTCGAGTGAC | TGGGAGTAGACAAGGTACAAC | Mouse
AA CC
Atrogin | AAGGCTGTTGGAGCTGATAGCA | CACCCACATGTTAATGTTGCCC | Mouse
Murf CCTACTTGCTCCTTGTGC TCCTGCTCCTGCGTGAT Mouse
PAX7 TCTCCAAGATTCTGTGCCGAT CGGGGTTCTCTCTCTTATACTC | Mouse
Cc
Myf5 AAGGCTCCTGTATCCCCTCAC TGACCTTCTTCAGGCGTCTAC Mouse
Myod CCACTCCGGGACATAGACTTG AAAAGCGCAGGTCTGGTGAG Mouse
MRF4 CTACATTGAGCGTCTACAGGAC | CTGAAGACTGCTGGAGGCTG Mouse
C
MyoG GAGACATCCCCCTATTTCTACCA | GCTCAGTCCGCTCATAGCC Mouse
Bip TCATCGGACGCACTTGGA CAACCACCTTGAATGGCAAGA | Mouse
ATF3 GAGATGTCAGTCACCAAGTC CAGTTTCTCTGACTCTTTCTGC | Mouse
ATF4 ATGGCCGGCTATGGATGAT CGAAGTCAAACTCTTTCAGATC | Mouse
CATT
CHOP CTGCCTTTCACCTTGGAGA CGTTTCCTGGGGATGAGATA Mouse
GADD3 | CCCGAGATTCCTCTAAAAGC CCAGACAGCAAGGAAATGG Mouse
4
Asns TACAACCACAAGGCGCTACA AAGGGCCTGACTCCATAGGT Mouse
Cth1 TCTTGCTGCCACCATTACGA GCCTCCATACACTTCATCCAT Mouse
XBP1t CCTGAGCCCGGAGGAGAA CTGCACCTGCTGCGGAC Mouse
XBP1s GAGTCCGCAGCAGGTG AGGCTTGGTGTATACATGG Mouse
PERK TGGAGTCCCTGCTCGAATCTT ACTGTAAGCACTGAGTCCGTA
Total- CCTGGATACGGTGCCTACG TGTGGGGTCAAACGCCTATT Mouse
elf2a
LC3b CGTCCTGGACAAGACCAAGT ACCATGTACAGGAAGCCGTC Mouse
P62 GCTGCCCTATACCCACATCT CGCCTTCATCCGAGAAAC Mouse
Uvrag CAAGCTGACAGAAAAGGAGCGA | GGAAGAGTTTGCCTCAAGTCT | Mouse
G GG
Lamp1 ACCTGTCGAGTGGCAACTTCA GGGCACAAGTGGTGGTGAG Mouse
Catheps | TCCTTGATCCTTCTTTCTTGCC ACAGTGCCACACAGCTTCTTC | Mouse
in B
Catheps | CTGAGTGGCTTCATGGGAAT CCTGACAGTGGAGAAGGAGC Mouse
inD
PGC1a | CTTGCTAACATCACAGAGGATAT | GGCAGGTTCAACCCCGA Mouse
CTTG
Nrf1 CGGAAACGGCCTCATGTGT CGCGTCGTGTACTCATCCAA Mouse
Nrf2 ACATCCTTTGGAGGCAAGAC GCCTTCTCCTGTTCCTTCTG Mouse
TFAM GCAGCAGGTTGTCTTGGATGT AAAGCCTGGCAGCTTCTTTG Mouse
MTCO1 | TGCTAGCCGCAGGCATTACT CGGGATCAAAGAAAGTTGTGTT
T
SDHA GCTCCTGCCTCTGTGGTTGA AGCAACACCGATGAGCCTG Mouse
MyHC CCAAGGGCCTGAATGAGGAG GCAAAGGCTCCAGGTCTGAG Mouse
type I
MyHC GGCTTCAGGATTTGGTGGATAAA | GATCTTGCGGAACTTGGATAGA | Mouse
typella C T

10




MyHC ACGCTTGCACACAGAGTCAG CTTGGACTCTTCCTCTAGCTGC | Mouse
typellb C

MyHC CCAAGTGCAGGAAAGTGACC AGGAAGAGACTGACGAGCTC Mouse
typeIIx

B-actin GATCTGGCACCACACCTTCT GGGGTGTTGAAGGTCTCAAA Mouse

11




1. An immobilization procedure to induce skeletal muscle atrophy

= ZAAE |E57| BN 12 FHO| O ALIE|E skin stapler & AHE30] 7 &0t
DN7GSERACE O = skin stapler M7 5 &, 14 &, 28 & =0f gastrocnemius (GAS), tibialis
anterior (TA), Quadriceps =422 =C|oIRULCH (Fig. 1A). 182 7 €& TASI/A=S M
SEAZL BA5HUCEE skin stapler & HAH = 5 €, 14 &, 28 0| X|H0f W2} ZFAH 7t
2 Y = U/JCH (Fig. 1B). TA FAHS 82 HAH 5 & =9 &4
SL|X] AAXICE HA 14, 28 Y Fofl= FAI 2G| =

=
= =
b 2 skin stapler & MA20| W2t 2420 2= = AS & 5+ ARACH (Fig.

12



Remobilizaion Remobilizaion Remobilizaion
{ 5 days 14 days 28 days
[ >

»

Skeletal musice Skeletal musice Skeletal musice
collection collection collection
12 weeks old Immobilizaion 7 days

B C 150

407 3 Contorl . [ Contorl

= o
- 3 Immobilization 7 days ) Il Remobilization

— *
;5 3 Remmobilization 5 days 5 100 * 5
£ B Remmobilization 14 days 2
é El Remmobilization 28 days o

o 50
> @
k] -]
/=] £
@ <

=

0_

Days 0 5 14 28

Fig. 1. Induction of Muscle Regeneration Following Remobilization

(a) Scheme of the experimental procedures. skin stapler was used for immobilization (n=5),
and muscle regeneration (=remobilization) was induced for 5, 14 and 28 days. (b, ¢) Body
weight and TA muscle weight were measured after 7 days of immobilization, 5, 14 and 28
days of remobilization. Data are Mean + SD; (n=5 mice per group). (b) & p <0.05, &8& p <0.01,
and &&& p <0.001 vs. immobilization 7 days. (c) * p <0.05, ** p <0.01, and *** p <0.001 vs.

control.
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2. Stapled immobilization induces muscle atrophy and activation of satellite cell

CrE|E 8ol mat =422 FAZ #da5tn HA £ =420 2=5H= AS
golstA=0 (Fig. 1) olm, A7t dojdt AS =S| Qs =42 &4 Op7H¢l
Atrogin-1 I} MuRF-1 2| RNA &2 Q5= Z1t Immobilization 7 Mol 7+ I A

BotStRA M7 5, 14, 28 Lof et CHA] ZAastks AS & = JARUCH (Fig. 2B). £

I Immobilization 7 L0 7I& A

A5 Y 14 Y 28 Yol CtAl 25t A2 & = ARULCE Myod 2F MyoG 2

A ~FS OIS S I Myod 2| AL Immobilization 7 LMO| 7t BS7HSACHE

M7 5 &, 14 Lof w2t M} ZA8F 0 MyoG o B2 Immobilization 7 & W{off JH&
;

=
RALH7E Myod o= 2l HAH 5 €, 14 & 20E AH S75ts As & = AUC
D

N
Tl
AT
ot
o
N
mjn
10
pe)
=z
>
4
M
1o
it
e
2
B i
Y
[

ooy my
\J
St
El
2

no
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A Inflammatory genes Muscle atrophy genes

IL-1B IL-6 TNFo Atrogin-1 MuRF-1
_ 1500 350 P 150 x _ 8 6 H 3 Control
% 1200 x 100 100 g * [ Immobilization 7 days
t_t 900 250 = 6 = Remobilization 5 days
5 53 . g 4 Bl Remobilization 14 days
¥ P

E 4 200 . X E 4 El Remobilization 28 days
2 4 s e 2
5 2 2 N 5 2
2 i 2

0 0 [} o 0

C Muscle differentiation genes
Pax 7 Myfs Myod Myog Mrf4

3 Control

4 5 8 2
T H 0 i 10 T 3 Immobilization 7 days
3 ¥ 4 6 15 8 3 Remobilization 5 days
Bl Remobilization 14 days
3 6 Il Remobilization 28 days
2 a 10
2 4
3 *
1 1 2 * ﬁ 2
X *
[ 0 0 0 1 ._i_o |I| |I| 1

D .

*

Relative mRNA level

Control
Control Immobilization Remobilization Remobilization )
7days Sdays 14days ° 'i" * El |Immobilization 7 days
—— — W — — 2 24 T Remobilization 5 days
MyOd l i . = | E Remobilization 14 days
1 11 13 14 14 16 13 1.2 09 09 1 079 o *
MyoGI .—._-—-——--—v—'l %1_ T T T
w -~
1 17 21 29 26 39 34 33 29 34 32 3
GAPDH I - - D ———— — |
0 T T
Myod MyoG

Fig. 2. Stapled immobilization induces muscle atrophy and activation of satellite cells

mRNA level of (a) inflammation related genes (b) muscle atrophy genes (c) muscle
differentiation genes at immobilization 7 days and remobilization 5, 14, and 28 days. (d)
protein level of muscle differentiation genes at immobilization 7 days and remobilization 5,
14 and 28 days. Data are Mean + SD; (n=5 mice per group). *p<0.05, ** p <0.01, and *** p

<0.001 vs. control.
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3. Muscle regeneration of immobilized muscles following staple removal

2899 42 myosin heavy chain (MyHC) typeI, Ia, IIb, Ix 2 L& = UY=L 0|59
HoE =02 ZDt Immobilization 7 YRO| THHE =F0| ZASIAD, 53| typel 2
CHME =F0| O =AA ZASHRACL a2l HAH 5 L, 14 oM EHEE =FO
FREAL Hzx ECh § 75t A2 & & UAYU2D RNA +=F Al wB Zutet
LEE| A Immobilization 7 YOl ZASIACHE HAH 5, 14 Y, 28 Y 20| 2|5E= 252
= & AL (Fig. 3A, B). Of2fet HtE XX +F0M =HQISH7| {3 H&E staining 2t
Z4Z 71420 Xt Laminin Immunofluorescence & S8l 2QISIIACE (Fig. 3C, D).
Ztzto| 23 37|9] HAZS LIEILHE Cross section area (CSA)2| 37| £XE QSIS
M, =0 HIS§ Immobilization 7 Mol § %2 HHZ 7H8 2dwe 227 4
Botstn o & g 71 2dRe EEs d2asten MAH 14 Y 28 Ymol=
giofjzls ZADE 28 £ UQUCH (Fig. 3E). EPH CSA o HFE IA| X0 H|9
Immobilization 7 2M0ll= ZASHACHE M 14 Y, 28 Lof| W2 FA S7t5t= AS Sk
skin stapler 2 2ot 1822 42 2HRS0| A2SACH7L CHA| 2l8E= A2 & =+

UAALE (Fig. 3F).
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A Control

7days 5days 14days 3

T Control
MyHC type1 |_ cd T v ~d | ° ] s B Immobilization 7 days
1 0502 01 0 01 04.3 08 11 2 % 2 I Remobilization 5 days
MyHC type2a E Remobilization 14 days
1 05 06 08 06 04 1 1515 14 1 16 21 I l = L

MyHC typezbl-..---.--.-l y

1 1 11 08 07 06 08 08 06 1 09 13

>
]
-
"
e

T T
MyHC MyHC MyHC

GAPDH | — | type1 type2a type2b
B Myh7 Myh2 Myh4 Myh1

4o WHCORED o (WHCwpe2a) - (MyHCtpe2t) o (MHCHPe2) [ conprg)
5 1 Immobilization 7 day
3 [ Remobilization 5 day
; P Bl Remobilization 14 day
§ ¥ Il Remobilization 28 day
£ 21 1 14 1
['4

0- 0- 0- 0-

Control Remobilization 28days
. B N

Control Immobilization 7days Remobilization 14days Remobilization 28days

E Control F = Control
mm Immobilization 7 days = Immobilization 7 days
mm Remobilization 14 days 1 Remobilization 14 days

Laminin
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Fig. 3. Change of MyHC types and muscle in immobilized muscles following staple removal

(a) Protein levels and (b) mRNA levels of four isoforms of Myosin heavy chain (MyHC) genes,
(MyHC-I, MyHC-lla, MyHC-llb, and MyHC-lIx). (c) H&E staining in tibialis anterial (TA) fibers.
Scale bar = 20uM (d) immunofluorescence staining for laminin in TA fibers. Scale bar = 80uM
(e) laminin immunofluorescence quantitative analyses of cross section area (CSA) distribution
and (f) mean cross section area (CSA). Data are Mean + SD; (n=5 mice per group). * p <0.05,

** p <0.01, and *** p <0.001 vs. control.

18



4. mRNA levels of genes related to cellular organelles upon remobilization
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factor2 (Nrf2), mitochondrial transcription factor A (Tfam) 1t Z2 O/EZE2|0t biogenesis 1t
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cytochrome C oxidase | (Mtcol), succinate dehydrogenase complex flavoprotein subunit A
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= T UL (Fig. 4A).
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Fig. 4. mRNA level of genes related to cellular organelles upon remobilization

(@) mRNA level of ER stress response genes, autophagy genes and mitochondria genes in
immobilization 7 days and remobilization 5, 14, and 28 days. Data are Mean + SD; (n=5 mice

per group). * p <0.05, ** p <0.01, and *** p <0.001 vs. control.
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5. Expression changes of proteins related to cellular organelles upon

remobilization
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Fig. 5. Level changes of proteins related to cellular organelles upon remobilization

Protein expression levels of (a) ER stress response genes, (b) autophagy genes and (c)
mitochondria genes in immobilization 7 days and remobilization 5, 14 and 28 days. Data are

Mean £ SD; (n=5 mice per group). * p <0.05, ** p <0.01, and *** p <0.001 vs. control.
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Skeletal muscle is the most abundant tissue in the body. However, muscle atrophy
can occur by aging, cancer cachexia, and disuse. Currently, protein intake and exercise
are the only treatment of muscle atrophy. However, these approaches may have
difficulties when physical mobility is compromised. The occurrence of muscle atrophy
leads to an increased risk of mortality, fractures, and other complications. Therefore,
the development of treatments to slow down or to prevent the loss of skeletal muscle
is essential to counteract numerous medical conditions. Research indicates that
mitochondria, sarcoplasmic reticulum, and autophagy in muscle cells are involved in
skeletal muscle homeostasis. In this study, a mouse model was established by
inducing muscle atrophy through immobilization of one leg using a skin stapler and
subsequently promoting muscle recovery by removing the stapler. Observations
revealed an increase in skeletal muscle atrophy and muscle differentiation markers
during immobilization for 7 days, followed by recovery of muscle mass and decrease
of markers upon removal of the stapler. All fiber types of skeletal muscle were
decreased by immobilization for 7 days and then increased after its removal,
confirming that skin stapler fixation led to muscle atrophy and subsequent recovery.
Expression of genes associated with ER stress and autophagy was induced by
immobilization and returned to the normal level by remobilization. Expression of
genes related to the mitochondrial electron transport chain was decreased by muscle
immobilization but increased upon its remobilization, whereas biogenesis-related
genes were increased initially and then decreased. These results indicate that
functions of multiple cellular organelles including the ER, autophagy, and
mitochondria may related with skeletal muscle degeneration and regeneration.
Therefore, future investigations are needed to explore the mechanisms by which these

cellular organelles are involved in skeletal muscle degeneration and regeneration.
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