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[ Abstract]
(AKT)/mammalian target protein of rapamycin ( mTOR) pathway in the rehabilitation of muscle atrophy associated
with rotator cuff tears (RCTs). Methods

groups; sham group, RCTs group, RCTs + exercise group, and RCTs + exercise + rapamycin group, with 10 mice in

Objective To explore the molecular mechanism of autophagy mediated by the protein kinase B

Forty male C57BL/6] mice were randomly assigned to the following four

each group. On the eighth week after grouping, healing of the bone-tendon interface and muscle cell atrophy were
analyzed by histology. The mRNA expression levels of muscle-atrophy-related genes (Atrogin-1, Bnip 3, MuRF-1) in
supraspinatus muscle tissue were measured by real-time quantitative reverse transcription polymerase chain reaction.
The expression of LC3 and AKT/mTOR signal pathway proteins in the supraspinatus muscle tissue of the groups was
detected by Western blot, and the degree of autophagy in each group was analyzed by transmission electron
microscope. Results Compared with the sham operation group, in RCTs group’ s maturity score for the bone-tendon
interface at the supraspinatus tendon anchorage and the cross-sectional area of the supraspinatus muscle fibers
decreased significantly (P <0.001), while muscle loss and the expression of Airogin-1, Bnip 3, and MuRF-1
increased significantly (P<0.001). Compared with the RCTs group, the RCTs + exercise group showed a significant
increase in bone-tendon interface maturity score and cross-sectional area of the supraspinatus muscle fibers ( P<0.01)
and a decrease in muscle loss and the expression of Airogin-1, Bnip 3, and MuRF-1 (P<0.01). Compared with the
sham group, the RCTs group’ s LC3 I /LC3 Il and degree of autophagy in the supraspinatus muscle increased
significantly (P<0.001), while p-AKT/AKT and p-mTOR/mTOR expression decreased significantly (P<0.01).
Compared with RCTs group, the RCTs + exercise group’ s LC3 I /LC3 1T and degree of autophagy decreased
significantly (P<0.01) and p-AKT/AKT and p-mTOR/mTOR expression increased significantly (P<0.001). The

addition of rapamycin significantly reversed the rehabilitation effect of exercise in the RCTs group. Conclusions

This

study confirmed the anti-atrophy effect of exercise rehabilitation in RCT diseases and showed that its mechanism is

related to AKT/mTOR signal activation, which inhibits autophagy.
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Figure 1 HE staining representative diagram and score of supraspinatus tendon-humerus complex specimens in each group
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Note. A,B, 8 weeks after operation, HE staining of supraspinatus muscle sections in each group and quantitative analysis of fiber cross-sectional area. C,

Quantitative analysis of muscle weight loss. D, Atrogin-1, Bnip 3 and MuRF-1 gene expression in supraspinatus muscle tissue of each group. Compared
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Figure 2 Exercise relieves RCTs supraspinatus muscular atrophy induced by tendon transection
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Note. A, B. Expression and quantitative analysis of LC3 and AKT/mTOR signaling pathway proteins in supraspinatus muscle of different groups of
mice were evaluated by Western blot. C,D, Quantitative analysis of autophagy vesicles and vesicles in supraspinatus muscle by transmission electron
microscope scanning. The red arrow indicates autophagy. Compared with sham group, ** P<0.01, *** P<0.001. Compared with RCTs group, *P
<0.01, "™ P<0.001. Compared with RCTs+exercise group, ¥P<0.05, ¥ P<0.001.
Figure 3 Effects of exercise on autophagy mediated by AKT/mTOR signaling pathway



o B BE R 2R 2025 4E 1 A4S 35 4245 1] Chin J Comp Med, January 2025,Vol. 35,No. 1 65

&1 sz L S

Table 1 Analysis of gait of mice in each group

ZH 51 LK/ em fi b 58/ cm B A em® 2040/ steps/s) i S EHE] s
Groups Stride length Stance width Paw area peak stance  Stride frequency Stance time
1 > Q
M A 2.98+0. 83 2.41+0. 86 0.29+0. 13 3.42+0. 40 0.25+0.01
Sham group
RCTs 41 s
1. 67+0. 48 1.27+0.27 0. 15+0.01 5.61+0.26 0.11+0.01
RCTs group
RCTs+iz gh4H
. ° l— J 2. 66+0. 55" 2.07+0.32% 0. 26+0. 04" 4.08+0. 62* 0.20+0. 04*
RCTs+exercise group
RCTs+iz sh+ A K 4 ' ' )
e I ME@% H 1. 82£0. 53¢ 1.38+0. 42¢ 0.16x0. 03¢ 5.62+0.25¢ 0.12+0. 01¢
RCTs+exercise+rapamycin group
F 13.97 22.56 16. 84 11.42 14. 58
P <0. 001 <0. 001 <0. 001 <0. 001 <0. 001

S EFARLMI, ~ P01,
Note. Compared with sham group,
exercise group, “P<0. 05.

3 it

H AN RCTs J& A Al HATIE B 10, 5 25
EFARIGIF A RCTs 2408 T @A ML, AJ5HE
EX T A SRk E A Y L
WNZEGE T BT ARG A IR BCR AR 22
Bz —, P, WLPY 2248 RO e T e TR 1B
SFHY RCTs AR RIFAST R, 7EARRSTH
K BUAE/INE RCTs B H 3z B e &2 fE 18 i 305
AKT/mTOR {5538 it A1 15 LA A F e oA ek
I WLZE4E T e A B A 2% AR
RIS Py AR ] A 1 = 4 S 4 SR AR
RCTs i3, ST PN i A EH AR A S F ],
TR RCTs 1475, (HENTABEIR WA Sh ) —kE
i 32 A A% Yed (9 3 L /N USRS AT
M0 RCTs Jog B F 5, IR B AT TG 41 0 2H 21
Az P 5 NS5 A, /DN BRURSE TR L R B 7Y
SEAILH DR Al ] P2 DR Bl st ) el R o 0 3K
A8 {5 5 8 B A0 AR A B = LR 5 i ke &
B sz

RCTs #6781 PR 25 4 9 e 2 2% 1) 2 1 I
RO 25 A1 or 5 AL, WL N 22 48 & Fbox-1 3 H
(muscle atrophy Fbox, Atrogin-1) . BCL2/ i ¥ &%
EIB 19 kDa & 11 #H B /E Hl &£ 11 3 ( BCL2/
Adenovirus E1B 19 kDa protein-interacting protein
3, Bnip3) MIALIF$E 2 1 - 1 ( muscle ring finger
protein-1, MuRF-1) T4k 5 B A2 45 1 0 5
PR O, LC3- 1SR [ WM T 1 e Uz A

P<0.001; 5 RCTs 4LAHH, *P<0.05, *P<0.01; 5 RCTs+iz A4 L, *P<0. 05,
*P<0.01, "™ P<0.001. Compared with RCTs group, *P<0.05, *P<0.01. Compared with RCTs+

FHRARE , B2 2 5 8 wl LR s i ok J
LI R 37 AKT/mTOR 15 538 B8 7, 1208 i &
2R - AR A W - B R G0 i A %
il # PR 2R G e LR 40 10 0 i v R
FEAEAYY BRI EZIESE, AW E fhi
ik i — A EmE Y R, AR5 1
RCTs 202 45 1) X L ALrh & 3 Atrogin-1, Bnip 3,
MuRF-1 R #35  LC3- 11 3 A 35 F1 A WEAK 1K)
PR TR A B E W N, SR, EE
BT RCTs /N A, RCTs 5 5 193X Se A5 {14
155 5 2 3, R W2 3l T T T AR IE A 1 o i B
H R LA ZE 45, 5 B L B B AR A
3% AKT/mTOR & #2198 351, e 4h, AKT/
mTOR 3722 E 8 L 0 19 G4 £ 8 1 R 7
I, AKT K H R 55 mTOR () bk 3405 A Bh T
AR /N BRSP4 M 55 32 4 v i B B A B
I A ) A0 A T X e A Al B AKT/
mTOR 15538 % 6715 LA 13 v AT B RN 25
B R o F2 . AR5 R Bz s T L T
RCTs 32 it B # WL & AKT/mTOR {5 5, I 4h,
mTOR I I8 55 1 42 sh %t 5 8% WL 5t 25 46 1
FH, 32 7R 8 I8 il 45 24952 995 1 1], 32 2 5 B0
AKT/mTOR {5 5 0 il B W, dF ek % 7 ALA
=4,
SERTIIEIEIE 5L, B - WU A i A e FE
F& <GP G A LR S T 2 1] A FE R A FE AR
AR, 3 R AL RE R U R 0 R AE BT R AT
YR TE B L K B R R AT e O Y L L



66 v P R 2 4k 2025 4F 1 45 35 4% 1 ] Chin J Comp Med, January 2025, Vol. 35,No. 1

PR O R - U ST A A B R
WF5E 2R B, 38 00 FH IR B34 o 2 3R TR SRR X 1
WA D MU 1) T B — L 55 1o A 40
HIF BRI, e BRI A E N, & 5B
SERCRAEDY | il — TR e T A ) is B)
5 X RCTs B — U ST A & i 52 M, 45 S 5
AT 2 R BRI 6T — L B T A e
P F v v R R AL O e AT R S B T
R M Z R 4 5 B 32 sl — LN S 1 A
MBSO B i AR5 A5 5 S A1 A 3 184 54k
FEIB B I 48 RS Tz BA S T H -
LR S i A A, FRATTR, R IR 2 5
AR T FARIATT I a2 B0 A4 5L A0 e 4
Sebk i HARE T 38 2R A HLARORI LA - R
—JUUREE L S Ak R i HLARCRI R B Y 34 o
BOEBCE (M B ek 7R - U T A
A ORGS0 s A LARR 8, LA 45D
LR P A A, AT A S
BrUESE T 3B G0 B s S B o 1/ BRI T )
AE. DHIL,7EIfGIR RCTs A Hh BE$R 35 1450 i (1) 32
SRR T REH B TR R A

ZE L AR T b SR B S R A T
RCTs %95 T Pi 22 46 /5 F, AR ML 5 300
AKT/mTOR {55 Ml A W 56, AL R L
FEFE RCTs FAJG M FH—A 7 S ir i iz 2h 2
THE s RE RE

S 3 -

[1] LIUY, FUSC, LEONG HT, et al. Evaluation of animal
models and methods for assessing shoulder function after
rotator cuff tear:; a systematic review [ J]. J Orthop
Translat, 2021, 26, 31-38.

[2] CHEN C, ZHOU H, YIN Y, et al. Rotator cuff muscle
degeneration in a mouse model of glenohumeral osteoarthritis
induced by monoiodoacetic acid [ J]. J Shoulder Elbow
Surg, 2023, 32(3): 500-511.

[ 3] SCHANDA ] E, HEHER P, WEIGL M, et al. Muscle-
specific micro-ribonucleic acids miR-1-3p, miR-133a-3p,
and miR-133b reflect muscle regeneration after single-dose
zoledronic acid following rotator cuff repair in a rodent
chronic defect model [ J]. Am J Sports Med, 2022, 50
(12): 3355-3367.

[ 4] PRASETIA R, PURWANA S Z B, LESMANA R, et al.
The pathology of oxidative stress-induced autophagy in a

chronic rotator cuff enthesis tear [ J]. Front Physiol, 2023,

[5]

[6]

[9]

[10]

[11]

[12]

[13]

[15]

14 1222099.

LAUTHERBACH N, GONCALVES D A P, SILVEIRA W
A, et al. Urocortin 2 promotes hypertrophy and enhances
skeletal muscle function through ¢cAMP and insulin/IGF-1
signaling pathways [ J]. Mol Metab, 2022, 60. 101492.
AOYAMA S, NISHIDA Y, UZAWA H, et al. Monitoring
autophagic flux invivo revealed its physiological response and
significance of heterogeneity in pancreatic beta cells [ ]J].
Cell Chem Biol, 2023, 30(6): 658-671.

YIN D, LIN D, XIE Y, et al. Neuregulin-1B alleviates
sepsis-induced  skeletal muscle atrophy by inhibiting
autophagy via AKT/mTOR signaling pathway in rats [ J].
Shock, 2022, 57(3): 397-407.

DETHLEFSEN M M, BERTHOLDT L, GUDIKSEN A, et
al. Training state and skeletal muscle autophagy in response
to 36 h of fasting [J]. J Appl Physiol, 2018, 125(5):
1609-1619.

HORII N, HASEGAWA N, FUJIE S, et al. Resistance
exercise-induced increase in muscle Sa-dihydrotestosterone
contributes to the activation of muscle Akt/mTOR/p70S6K-
and Akt/AS160/GLUT4-signaling pathways in type 2
diabetic rats [J]. FASEB J, 2020, 34(8) . 11047-11057.
YIN L, LU L, LIN X, et al. Crucial role of androgen
receptor in resistance and endurance trainings-induced
muscle hypertrophy through IGF-1/1GF-1R-PI3K/Akt-mTOR
pathway [J]. Nutr Metab, 2020, 17. 26.

LIU Y, WANG L, LI S, et al. Mechanical stimulation
improves rotator cuff tendon-bone healing via activating 1L-4/
JAK/STAT signaling pathway mediated macrophage M2
polarization [ J]. J Orthop Translat, 2022, 37. 78-88.
YOUNG B L, SHEPPARD E D, PHILLIPS S, et al
Caffeine intake does not appear to impair tendon-to-bone
healing strength in a rat rotator cuff repair model [J]. JSES
Int, 2022, 6(3) : 463-467.

PIERRE P S, MILLETT P J, ABBOUD ] A, et al
Consensus statement on the treatment of massive irreparable
rotator cuff tears: a Delphi approach by the neer Circle of the
American shoulder and elbow surgeons [ J]. J Shoulder
Elbow Surg, 2021, 30(9) : 1977-1989.

VIR, e/, W s, . H TR 55 S 1S
MR E PO RSk S (1], b E S S e 4,
2020, 28(4) : 545-550.

XU B Y, PANG X J, ZENG Y M, et al. Evaluation and
progress of the construction of a rotator cuff tendon injury-
induced animal model [J]. Acta Lab Anim Sci Sin, 2020,
28(4) : 545-550.

MOSER H L, ABRAHAM A C, HOWELL K, et al. Cell
lineage tracing and functional assessment of supraspinatus
tendon healing in an acute repair murine model [ J]. J

Orthop Res, 2021, 39(8) . 1789-1799.
(FT#% 126 1)



