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Abstract Objective: To investigate the effects and mechanisms of the combined use of induced pluripotent
stem cell-derived mesenchymal stem cells (iPSC-MSCs) with B-hydroxy--methylbutyrate (HMB) and D-
ribose (DR) on myotube atrophy. Method: In this study, the C2C12 cell line was selected as the research
subject, and an in vitro muscular atrophy model was successfully constructed with the aid of dexametha-
sone (Dex). The experimental design encompassed a Control group, a Dex group, and groups receiving
iPSC-MSCs, HMB. and DR, as well as their combined treatments. Cell viability was evaluated using the
CCK8 assay, myotube morphology was observed through HE staining, and concurrently, molecular bio-
logical methods such as Western blot and immunofluorescence analysis were also applied to conduct in-
depth exploration of the experimental mechanisms. Results: Compared with the Dex group, the iPSC-
MSCs+HMB-+DR+Dex group significantly increased C2C12 myotube cell viability (""" P<C0. 001) and
myotube diameter (""" P<C0. 001). Western blot results showed that the iPSC-MSCs+HMB-+DR -+ Dex
group exhibited significantly increased protein expression of P-PKB (** P<Z0. 01), P-mTOR (** P<<0.
01), PI3K (" P<<0.05), PGC-1 (" P<<0.05), IGF-1 (" " P<C0.01>, MHC (" P<€0. 05), Pax-7 (" P<<0.
05), and MyoD-1 (" P<C0. 05). Meanwhile, there were significant decreases in the protein expression of
Foxo3a (" P<<0.01), MuRF-1 (" P<C0.05), Caspase-3 (" P<C0. 05) and Bax (" P<Z0. 05), as well as a
significant reduction in the Bax/Bcl-2 ratio (" * P<C0. 01).. The immunofluorescence results were consist-
ent with the Western blot findings, indicating that compared with the Dex group, the iPSC-MSCs+HMB
+DR+Dex group had significantly decreased protein expression of MuRF-1 (""" P<C0. 001) and signifi-
cantly increased protein expression of Pax-7 (** " P<C0, 001). Conclusion: This study has discovered that
the combined application of iPSC-MSCs, HMB, and DR can significantly ameliorate the atrophy induced
by Dex in C2C12 myotubes. This positive effect may be attributed to the following mechanisms: Firstly,
this combined therapy can activate the PI3K/PKB signaling pathway, thereby promoting protein synthe-
sis. Secondly, by reducing the Bax/Bcl-2 ratio and inhibiting the expression of Caspase-3 protein, it effec-
tively halts the process of cellular apoptosis. Lastly. it also significantly increases the expression levels of
MHC, Pax-7, and MyoD-1, which play crucial roles in muscle growth and differentiation.
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WREE-2 (B-cell lymphoma-2, Bel-2) \Bel-2 #H2¢ X 45 F (Bel-2-associated X protein, Bax) . XSkHED [ o3a
(Forkhead box o03a, Foxo3a) fil Caspase-3 —$t LA S AR i S AL WA 10 1L 2E- BT S AR AR 1 S AL W i br i
ST R P B Proteintech,

ZIIREMEbR X Bii -+ TECAN A7) 5 i i 5 B0 ML 8 Eppendorf 24 6 88 5O6 BE : HA O-
LYMPUS 2w A2 AOCEUG i R 58 HIgRAERHCA R AW .
1.2 iPSC-MSCs M ¥ 5% 3% A B % 30 5 (¥ Wi 4

iPSC-MSCs 4fiffd fi RYI 2k G HE BRI R A BRA R HE . A A i T T 37 °C A7k I Vs i vk
FHTRLFE 0T T 40 M TE L B SR 5 T CO, $EFRM 3R diMIAE K & 80 0 b Ay S 9 5k Ak a3 % 48 h s
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Fig. 1 Effects of iPSC MSCs, HMB, and DR alone or in
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Fig. 2 Effects of iPSC MSCs, HMB, and DR alone or in combination on the diameter of C2C12 myotubes ( x + SEM )

2.3 iPSC-MSCs.HMB Fil DR Hu Bkl 45 5 O C2C12 JILAF 2N PI3K/PKB £ 453t 5 FH G 2 1148 3 149 5% Wi
WAl 3 BT » BBl AE 3 B 7R . 5 Dex 4AH H . iPSC-MSCs, DR #1 HMB = F B & 403 5 PGC-1 (&
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SR ENIR2E L —3, R iPSC-MSCs 5 DR K HMB ByI5& 10 - fie % 02 18 T 5 IUAS 25 45 % 1A G 10
MHC,Pax-7 Fl MyoD-1 & [ 192834 KF .
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Fig. 3 Effects of iPSC MSCs, HMB, and DR alone or in combination on the expression of IGF/PI3K/AKT/Foxo3a
signaling pathway related proteins in C2C12 myotubes ( = + SEM )
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Fig. 4 Effects of iPSC-MSCs, HMB, and DR alone or in combination on the expression of Bax, Bcl-2, and Caspase-3
proteins related to apoptosis in C2C12 myotubes ( x + SEM)
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Fig. 5 Effects of iPSC MSCs, HMB, and DR alone or in combination on the expression of MHC, Pax-7,

and MyoD-1 proteins in C2C12 myotubes cells (x +=SEM)



/;ﬁ

3 1 F B, 55 iPSC-MSCs Bt HMB Fll D-AZME 5% fif 1 ZE KA F5 T 19 C2C12 LA 40 i 25 4 473

zi Lk (| 6) ,iPSC-MSCs 5 HMB F1 DR BEA BEME Dex i 51 C2C12 WUAEZE s, Xl fig 5 1

PI3SK/PKB i % LR i 8 A 5. T 9 Foxo3a/MuRF-1 135 53 & 30 il 8 1 BT B 5 38 3 B A% Bax/Bel-2
{HANE L Caspase-3 75 [ FEak VE T N6 40 B8 7= s B4 M ALEE ;.1 MHC, Pax-7 Fll MyoD-1 fyFRi5H 5%,

{Eamamt |
! «P-mTOR* i
" A d i «PI3KA E
| «P-PKB} i
i «IGF-14 !

EShEs

FEIMME
- i «PGC-14

— Eﬂ%?ﬁiﬂ’ﬂ%éﬁl

«Foxo3ay
« MuRF-1¥

C2C124 iy JilIR=gii) ol

—————————————————

T

1 «Caspase-3¥

«Bax/Bcl-2}

& 6 iPSC-MSCs Et& HMB F1 DR ¥ & Dex % 5h) C2C12 QB HAZEHBILH E

Fig. 6 Mechanism diagram of iPSC-MSCs combined with HMB and DR improving Dex-induced C2C12 myotube cell atrophy
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