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Abstract: The production of goat meat is determined by the growth speed of muscle fibers, and the
autophagy and apoptosis of myoblast cells is a crucial process in the growth of muscle fibers. The
rapid growth of muscle fibers occurs from one month old to nine months old in goats; however, the
mechanisms of myoblast cells’ autophagy and apoptosis in this process are still unknown. To identify
candidate genes and signaling pathway mechanisms involved in myoblast apoptosis and autophagy,
we compared the expression characteristics of longissimus dorsi tissues from Wu’an goats—a native
goat breed of China—at 1 month old (mon1 group) and 9 months old (mon9 group). Herein, a total of
182 differentially expressed mRNAs (DEGs) in the mon1 vs. mon9 comparison, along with the KEGG
enrichments, showed that the PI3K-Akt pathway associated with autophagy and apoptosis was
significantly enriched. Among these DEGs, expression of vacuole membrane protein 1 (VMP1)—a
key gene for the PI3K-Akt pathway—was significantly upregulated in the older goats relative to
the 1-month-old goats. We demonstrated that VMP1 promotes the proliferation and autophagy of
myoblasts, and inhibits their apoptosis. The integration analysis of miRNA–mRNA showed that
miR-124a was a regulator of VMP1 in muscle tissue, and overexpression and inhibition of miR-124a
suppressed the proliferation and autophagy of myoblasts. The PI3K/Akt/mTOR pathway was an
important pathway for cell autophagy. Additionally, the activator of the PI3K/Akt/mTOR pathway,
the expression of VMP1, and ULK1 were higher than the negative control, and the expression of mTOR
was depressed. The expression of VMP1, ULK1, and mTOR was the opposite when the inhibitor
was added to the myoblasts. These results show that the PI3K/Akt/mTOR pathway promoted the
expression of VMP1 and ULK1. By using adenovirus-mediated apoptosis and proliferation assays,
we found that that miR-124a inhibits myoblast proliferation and autophagy, and promotes their
apoptosis by targeting VMP1. In conclusion, our results indicated that VMP1 was highly expressed
in the LD muscle tissues of nine-month-old goats, and that it was regulated by miR-124a to inhibit
myoblast cells’ apoptosis through the PI3K/Akt/mTOR pathway, and to promote proliferation and
autophagy. These findings contribute to the understanding of the molecular mechanisms involved in
myoblast proliferation, autophagy, and apoptosis.

Keywords: goat; longissimus dorsi tissue; apoptosis; autophagy; VMP1; miR-124a

Cells 2022, 11, 2227. https://doi.org/10.3390/cells11142227 https://www.mdpi.com/journal/cells

https://doi.org/10.3390/cells11142227
https://doi.org/10.3390/cells11142227
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cells
https://www.mdpi.com
https://orcid.org/0000-0003-1187-3037
https://orcid.org/0000-0003-4337-980X
https://doi.org/10.3390/cells11142227
https://www.mdpi.com/journal/cells
https://www.mdpi.com/article/10.3390/cells11142227?type=check_update&version=1
Administrator
高亮

Administrator
新图章

Administrator
高亮

Administrator
新图章


	Introduction 
	Materials and Methods 
	Ethics Statement 
	Animals and Sample Collection 
	Hematoxylin–Eosin Staining 
	RNA Extraction, Library Construction, and Differential Expression Analysis 
	Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Analyses 
	Reverse-Transcription (RT)-qPCR Verification 
	miRNA Prediction for VMP1 Targeting 
	Cell Culture 
	Plasmid Construction and Transfection 
	Dual-Luciferase Reporter Assay 
	Western Blot Analysis 
	Cell Proliferation Assay 
	Ethynyldeoxyuridine Incorporation Assay 
	Cell Apoptosis Analysis 
	PI3K/ULK1/mTOR Pathway Analysis 
	Confocal Microscopy 
	Statistical Analysis 

	Results 
	RNA-Seq Analysis 
	Function of VMP1 in Cell Proliferation and Apoptosis of Goat Myoblasts 
	miR-124a Targets VMP1 
	miR-124a Inhibits Proliferation of, and Induces Cell Apoptosis in, Goat Myoblasts 
	VMP1 Promotes Goat Myoblast Proliferation via the PI3K/Akt/mTOR Pathway 
	VMP1 Promotes Myoblast Autophagy 
	miR-124a Regulates Myoblast Autophagy by Targeting VMP1 
	miR-124a Impedes the VMP1/ULK1/mTOR Pathway 

	Discussion 
	Conclusions 
	References

