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Abstract 

 
TGF-β group member myostatin (MSTN) inhibits the growth and differentiation of skeletal muscle. It is 

unknown how total inhibition of MSTN restricts the hyperproliferation of muscle cells, though. This study aimed to 

determine the differentially expressed genes and biological pathways associated with myostatin in mouse C2C12 

myogenic cells and skeletal muscle tissue, utilizing high-throughput mRNA expression data. In both tissue and cell line, 

two experimental groups were compared, including wild-type vs. MSTN-Knockout. Transcriptome data were extracted 

from GEO and analyzed using the LIMMA package in the R environment and GEO2R. Significantly differentially 

expressed genes were considered as adjusted p-value < 0.05 with log fold change > |0.5|. Lastly, the possible biological 

pathways were examined with the KEGG database, and the protein-protein interaction (PPI) network was created using 

Cytoscape software. To find key genes in the PPI network, a topological analysis was conducted using the Network 

Analyzer tool in Cytoscape software. The total number of differentially expressed genes was 14549 for the C2C12 cell 

line and 45267 for mouse skeletal muscle tissue; among them, 235 and 1425 transcripts were significant with an adjusted 

p-value <0.05. The comparison between these two DEG lists showed that 49 genes were common between the myogenic 

C2C12 cell and skeletal muscle tissue. Additionally, three biological pathways between the C2C12 cell line and the 

skeletal muscle tissue were in common, and they were associated with the decrease of MSTN gene expression, including: 

hypertrophic cardiomyopathy, Axon guidance, and dilated cardiomyopathy. These pathways were all related to muscle 

tissue. Despite the large number of DEGs, only 49 were in common in tissue and cell line; this could indicate that 

comparing a tissue with its relevant cell line at the transcriptome level might not be precise enough to draw a solid 

conclusion. This is due to the nature of cell heterogeneity of most tissues, including skeletal muscle. 

Keywords: Myostatin, mouse, Gene network, C2C12 cell line, tissue muscle 

 
 

Introduction1∗ 

 

Myostatin (MSTN), often referred to as 

growth differentiation factor 8, is a protein that 

controls how animals, including humans, develop 

their muscles. It belongs to the protein superfamily 

known as TGF-ß (transforming growth factor-beta) 

(Soleimani et al., 2019). Skeletal muscle size and 

strength are tightly regulated by the hormone 

myostatin. By preventing muscle cell proliferation 

and differentiation, it serves as a negative regulator 

of muscle growth (Riasi et al., 2024). Muscular 

hypertrophy, often known as muscular growth, is a 

complex biological process controlled by a number 

of molecules (Guller and Russell, 2010). Myostatin 

signaling dysregulation has been linked to several 

muscular illnesses and diseases that cause muscle 

loss. Myostatin prevents excessive muscle 

 
*
Corresponding author’s e-mail address: 

javadmanesh@um.ac.ir  

production by inhibiting muscle cell proliferation, 

which helps keep muscle mass within a reasonable 

range (Bowen et al., 2015). Myostatin-related 

muscular hypertrophy is a condition marked by 

increased muscle mass and strength that can be 

brought on by mutations or defects in the myostatin 

gene (Riasi et al., 2022). Both rare genetic mutations 

in people and specific breeds of cattle, such as 

Belgian Blue cattle or Texel sheep, have been linked 

to this abnormal MSTN expression. Compared to the 

general population, these people have much more 

developed muscles (Kambadur et al., 1997). Studies 

using mdx (muscular dystrophy model for x-

chromosome) mice, which have a mutation in the 

dystrophin gene and are used as a genetic model of 

Duchenne's and Becker's muscular dystrophy, have 

suggested that myostatin may be relevant to the 

treatment of disease in humans (Sicinski et al., 
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1989). For instance, it was discovered that mdx mice 

without myostatin were not only stronger and more 

muscular than their mdx counterparts with normal 

myostatin, but also showed less fibrosis and fatty 

remodeling, indicating enhanced muscle 

regeneration (Wagner et al., 2002). Additionally, 

myostatin increases muscle mass and specific force 

when it is injected into either wild-type or mdx mice, 

indicating that myostatin is a key player in 

controlling muscle growth in adult animals 

(Bogdanovich et al., 2002; Whittemore et al., 2003). 

Investigating gene expression is crucial to 

comprehending how an organism functions at the 

system level. The development of next-generation 

sequencing (NGS) technologies like RNA-

sequencing (RNA-seq) during the past few years has 

given researchers essential tools for analyzing 

changes in transcriptome abundance (Ekblom and 

Galindo, 2011). Although RNA-Seq is a powerful 

and cost-effective method for studying gene 

expression in bulk samples, it cannot resolve 

individual cell differences. Single-cell RNA-Seq 

offers a deeper, more granular view of cellular 

diversity and gene expression, but it comes with 

higher costs, technical challenges, and data analysis 

complexity (Lafzi et al., 2018). Bulk tissue RNA-

Seq is ideal for understanding gene expression in the 

context of complex, heterogeneous tissues and real-

life biological conditions, but it has limitations in 

capturing cell-specific variations. Cell line RNA-

Seq is more suited for controlled, reproducible 

studies of specific cellular responses, but the data 

may not fully represent in vivo gene expression due 

to the lack of cellular diversity and the potential for 

culture-induced artifacts. The choice between using 

bulk tissue RNA-Seq versus cell line RNA-Seq 

largely depends on the research question and the 

level of complexity required in the study. Often, a 

combination of both approaches may provide a more 

comprehensive understanding of gene expression 

and its regulation. 

     This manuscript aims to explore the use of mRNA 

expression data for the analysis of genes associated 

with myostatin and their role in muscle growth. 

Furthermore, we highlighted specific genes and 

pathways that have been identified through mRNA 

expression analysis to gain a comprehensive 

understanding of the molecular mechanisms 

underlying myostatin-related gene expression in 

mouse skeletal muscle tissue and the myogenic 

C2C12 cell line. The similarity and differences of 

gene expression patterns and pathways in both 

MSTN-knockout muscle tissue and cell line were 

compared. 

Materials and Methods 

     The purpose of the present study is to  compare 

the differences and similarities in genes involved in 

the pathway regulation of myostatin at two different 

sample types, mouse skeletal muscle tissue and the 

C2C12 cell line. To examine the genes in the C2C12 

cell, the mRNA expression data in the study 

conducted by Huang et al (2019 obtained from the 

NCBI (GEO) database was used (GSE124196) 

(Huang et al., 2019). The data collected for this study 

belong to two groups of C2C12 mouse cells as 

control (n=3) and knockout cell line for myostatin 

(n=3). R software version 4.0.2 and the LIMMA 

package were used to convert these data into 

differential gene expression data (DEGs) (Saedi et 

al., 2022).  

     Differential expression data from muscle tissue of 

myostatin knockout and wild type were obtained 

from the NCBI GEO (GSM1542298) database. The 

data belonged to two groups of 35-day-old Balb C 

mice (n=5) and control (n=5). The differentially 

expressed genes (DEGs) were obtained by the 

GEO2R online R software tool (Gorji et al., 2019). 

Mouse Ensemble gene IDs were converted to official 

gene symbols using the ENSEMBL Symbol 

Converter tool 

(https://www.biotools.fr/mouse/ensembl_symbol_c

onverter). 

     Data selection criteria for all DEGs were 

considered as adjusted p-value<0.01 and -0.5> 

logFC >0.5. To construct the protein-protein 

interaction (PPI) network of significant DEGs, 

Cytoscape software version 3.7.0 was used with the 

STRING version 1.5.1 plugin. The Network 

Analyzer version 2.7 was used to analyze the 

topology of the PPI network (Miryala, Anbarasu, & 

Ramaiah, 2018). ClueGO version 2.5.9 and 

CluePedia version 1.5.9 were used for Kyoto 

encyclopedia of genes and genomes (KEGG) 

pathway analysis. Significant KEGG pathways were 

selected based on Bonferroni corrected p-value 

≤0.05 (Javadmanesh and Riasi, 2023).  

Results 

     The complete results of the differential 

expression of gene analysis in this study are given in 

the supplementary table 1 (supplementary file). The 

initial number of differentially expressed genes was 

14549 for C2C12 cell lines and 45267 for muscle 

tissue, which were changed to 235 and 1425, 

respectively, after filtering by p-value and log fold 

change. The gene network was drawn with the 

STRING plugin of the Cytoscape software.  There 
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were 49 common genes between these two data 

series, which are reported in Table 1. CXCL12, 

CSRP3, MB, MYH7, MYOZ2, PDLIM3, TNNC1, 

TNNI1, TNNT1, and LMOD2 exhibited higher 

scores in both networks among the shared genes 

(Table 1). 

     The list of differentially expressed genes was 

entered into the ClueGo plugin of Cytoscape to find 

related significant KEGG pathways; 18 pathways for 

cell lines and 6 pathways for muscle tissue were 

discovered (Tables 2 and 3). These pathways were 

further analyzed to show if there is a connection with 

each other and related genes, forming a unique 

network consisting of pathways and genes 

(Supplementary Figures S1 and S2). These two 

networks shared only three significant KEGG 

pathways: hypertrophic cardiomyopathy, dilated 

cardiomyopathy, and Axon guidance. These 

common pathways were connected to some 

important genes such as CACNG1, MYH7, Ablim1, 

Cxcl12, and TNNC1. 

     Overall, 20 tissue-related genes and 17 cell line-

related genes were shared by each of the biological 

pathways out of the top 40 genes in both networks. 

The tissue gene network data indicated that the genes 

PPARA, MGLL, LPL, Scd1, FABP4, PCK1, and 

Acaa1b were more important genes, with degrees of 

27, 12, 17, 16, 18, 11, and 8, respectively. PPARA 

signaling, pyruvate metabolism, and cardiac muscle 

contraction pathways all shared the gene PCK1. The 

top-ranked gene in the network, ACTB, is linked to 

three pathways: the RAP1 signaling pathway, focal 

adhesion, and arrhythmogenic right ventricular 

cardiomyopathy (ARVC). This was discovered by 

looking at the biological pathways connected to the 

cell line data. Additionally, the degrees 117, 62, 45, 

56, 47, and 28 of the genes ITGB1, ACTG1, ITGB7, 

ITGB5, ITGB6, and LAMA2 in the network, 

respectively, were regarded as key genes in the 

direction of KEGG biological pathways. 

 

Table 1. Common significantly differentially expressed genes (DEGs) with the highest degree in protein-protein 

interaction (PPI) network of mouse muscle tissue and C2C12 cell line  

Genes The degree in the 

C2C12 cell line 

gene network 

The degree in 

the muscle 

tissue gene 

network 

Genes The degree in the 

C2C12 cell line 

gene network 

The degree in the 

muscle tissue gene 

network 

Cxcl12 90 10 Pstpip2 10 1 

Csrp3 56 18 Rgs2 10 2 

Pdlim3 53 9 Ephx2 9 5 

mb 52 13 Gatm 9 3 

Myh7 52 16 Bdh1 8 5 

Myoz2 49 18 Csad 8 2 

Pdlim7 40 4 Slc16a3 8 3 

Tnni1 39 15 Aoc3 7 4 

Tnnt1 38 13 Ccdc80 7 1 

Mgst1 33 3 Ddc 7 1 

Lmod2 32 11 Dkk2 6 3 

Pdlim1 32 6 Dnase2a 6 1 

Lpl 25 21 Cmbl 5 3 

Mybph 23 7 Elovl3 5 7 

Ankrd2 22 7 Evc 5 0 

Igf2 22 11 Ablim1 4 0 

Smyd1 22 6 Sytl2 4 0 

Adcy3 20 3 Lrrn1 3 1 

Sorbs1 20 4 Rcan2 3 1 

Acsl1 16 23 Plekhb2 2 0 

Cacng1 13 2 rgcc 2 0 

Acss2 11 16 Stbd1 2 1 

Ak4 11 1 Slc44a2 1 0 

Grb14 11 0 Vash2 1 0 

C1ra 10 4    
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Table 2. The Kyoto encyclopedia of genes and genomes (KEGG) significant pathways of differentially expressed genes 

(DEGs) in the C2C12 cell line 

Pathways P-value 

(corrected 

with 

Bonferroni) 

Associated Genes  

Rap1 signaling pathway 0.01 

[Adcy3, Angpt4, Apbb1ip, Arap3, Calml4, Crkl, 

Csf1, Efna5, Epha2, Fgf10, Fgf21, Fgf7, Fgfr4, 

Flt1, Hgf, Itgb1, Lpar2, Lpar3, Magi1, Map2k6, 

Mapk1, Mapk12, Ngfr, Nras, Pdgfb, Pdgfrb, Pgf, 

Plcb1, Rac3, Rala, Rapgef3, Sipa1l1, Tiam1, 

Vegfd] 

Cytokine-cytokine receptor interaction 0.05 

[Amh, Ccl11, Ccl17, Ccl2, Ccl25, Ccl7, Ccl8, Ccl9, 

Cntfr, Csf1, Csf2rb, Ctf1, Cx3cl1, Cxcl1, Cxcl12, 

Cxcl13, Cxcl5, Cxcr4, Cxcr6, Eda2r, Flt1, Ghr, 

Hgf, Il4ra, Il6ra, Inhba, Inhbb, Lif, Ngfr, Pdgfb, 

Pdgfrb, Ppbp, Tgfb2, Thpo, Tnfrsf1b, Tnfrsf9, 

Tnfsf12, Vegfd] 

PI3K-Akt signaling pathway 0.01 

[Angpt4, Ccnd3, Cdkn1a, Col4a5, Col4a6, Col6a1, 

Col6a2, Csf1, Ddit4, Efna5, Epha2, Fgf10, Fgf21, 

Fgf7, Fgfr4, Flt1, Ghr, Gng11, Gng8, Gngt2, Hgf, 

Il4ra, Il6ra, Itgb1, Itgb5, Itgb6, Itgb7, Lama2, 

Lamb3, Lpar2, Lpar3, Mapk1, Ngfr, Nras, Pdgfb, 

Pdgfrb, Pgf, Phlpp1, Pik3r5, Pkn3, Rxra, Sgk1, 

Sgk3, Thbs2, Tlr2, Tnc, Vegfd, Ywhah, Ywhaq] 

Axon guidance 0.01 

[Ablim1, Cxcl12, Cxcr4, Efna5, Enah, Epha1, 

Epha2, Epha4, Ephb6, Fyn, Itgb1, L1cam, Lrrc4c, 

Mapk1, Nfatc4, Nras, Pdk1, Plcg2, Plxnb1, Ppp3ca, 

Rac3, Rhod, Robo1, Sema3d, Sema4a, Sema4c, 

Sema4f, Sema5a, Sema6b] 

Focal adhesion 0.00 

[Cav1, Cav3, Ccnd3, Col4a5, Col4a6, Col6a1, 

Col6a2, Crkl, Flnb, Flt1, Fyn, Hgf, Itgb1, Itgb5, 

Itgb6, Itgb7, Lama2, Lamb3, Mapk1, Myl12b, 

Myl9, Mylk, Mylk2, Mylpf, Parvb, Pdgfb, Pdgfrb, 

Pgf, Rac3, Thbs2, Tnc, Vav3, Vegfd] 

Pathways in cancer 0.04 

[Adcy3, Appl1, Ar, Bdkrb1, Cdkn1a, Cebpa, 

Col4a5, Col4a6, Crkl, Cxcl12, Cxcr4, Dapk2, Dvl3, 

Fgf10, Fgf21, Fgf7, Fos, Foxo1, Fzd6, Gli3, Gng11, 

Gng8, Gngt2, Hgf, Itgb1, Jup, Lama2, Lamb3, 

Lpar2, Lpar3, Mapk1, Mmp2, Nras, Pdgfb, Pdgfrb, 

Pgf, Plcb1, Plcg2, Rac3, Rala, Rb1, Rxra, Smad2, 

Tcf7l2, Tgfa, Tgfb2, Traf1, Traf4, Vegfd, Wnt10a, 

Wnt9a] 

Hypertrophic cardiomyopathy (HCM) 0.00 

[Actc1, Cacnb1, Cacnb2, Cacng1, Des, Itgb1, Itgb5, 

Itgb6, Itgb7, Lama2, Myh7, Sgca, Sgcb, Sgcd, 

Sgcg, Tgfb2, Tnnc1, Tnnt2, Tpm2, Ttn] 

Arrhythmogenic right ventricular 

cardiomyopathy (ARVC) 0.00 

[Actn2, Actn3, Cacnb1, Cacnb2, Cacng1, Cdh2, 

Des, Itgb1, Itgb5, Itgb6, Itgb7, Jup, Lama2, Pkp2, 

Sgca, Sgcb, Sgcd, Sgcg, Tcf7l2] 

Dilated cardiomyopathy 0.00 

[Actc1, Adcy3, Cacnb1, Cacnb2, Cacng1, Des, 

Itgb1, Itgb5, Itgb6, Itgb7, Lama2, Myh7, Sgca, 

Sgcb, Sgcd, Sgcg, Tgfb2, Tnnc1, Tnnt2, Tpm2, Ttn] 
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Table 3. The Kyoto encyclopedia of genes and genomes (KEGG) significant pathways of differentially expressed genes 

(DEGs) in mouse skeletal muscle tissue 

Pathways P-value 

(corrected 

with 

Bonferroni) 

Associated Genes  

Fatty acid degradation 

 

0.00 Acaa1b, Acaa2, Acadl, Acsl1, Acsl5, Aldh9a1 

Regulation of lipolysis in adipocytes 0.01 Adcy3, Fabp4, Gnai1, Mgll, Ptger3 

Pyruvate metabolism 0.02 Acss2, Aldh9a1, Ldhb, Pck1 

PPAR signaling pathway 0.00 Acaa1b, Acadl, Acsl1, Acsl5, Fabp4, Lpl, Pck1, 

Plin2, Plin5, Ppara, Pparg, Scd1, Sorbs1 

Axon guidance 0.03 Ablim1, Camk2a, Cxcl12, Gnai1, Nrp1, Pak1, 

Sema3a, Wnt4 

Fatty acid elongation 0.00 Acaa2, Elovl3, Elovl5, Elovl6, Hacd1 

Biosynthesis of unsaturated fatty acids 0.00 Acaa1b, Elovl5, Elovl6, Hacd1, Scd1 

cGMP-PKG signaling pathway 0.01 Adcy3, Atp1b1, Atp1b2, Atp1b4, Atp2a2, Gnai1, 

Myh7, Rgs2, Slc25a5 

cAMP signaling pathway 0.00 Adcy3, Atp1b1, Atp1b2, Atp1b4, Atp2a2, Camk2a, 

Gnai1, Pak1, Ppara, Ptger3 

Cardiac muscle contraction 0.00 Atp1b1, Atp1b2, Atp1b4, Atp2a2, Cacng1, Myh7, 

Myl2, Myl3, Tnnc1, Tpm3 

Adrenergic signaling in cardiomyocytes 0.00 Adcy3, Atp1b1, Atp1b2, Atp1b4, Atp2a2, Cacng1, 

Camk2a, Gnai1, Myh7, Myl2, Myl3, Tnnc1, Tpm3 

Thyroid hormone signaling pathway 0.01 Atp1b1, Atp1b2, Atp1b4, Atp2a2, Dio2, Rcan2, 

Wnt4 

Proximal tubule bicarbonate reclamation 0.00 Atp1b1, Atp1b2, Atp1b4, Pck1 

Gastric acid secretion 0.01 Adcy3, Atp1b1, Atp1b2, Atp1b4, Camk2a, Gnai1 

Carbohydrate digestion and absorption 0.00 Amy1, Atp1b1, Atp1b2, Atp1b4, Slc37a4 

Hypertrophic cardiomyopathy (HCM) 0.00 Atp2a2, Cacng1, Myh7, Myl2, Myl3, Tnnc1, Tpm3 

Dilated cardiomyopathy 0.00 Adcy3, Atp2a2, Cacng1, Myh7, Myl2, Myl3, 

Tnnc1, Tpm3 

Fatty acid degradation 0.00 Acaa1b, Acaa2, Acadl, Acsl1, Acsl5, Aldh9a1 
 

 

Discussion  

     These days, high-throughput sequencing 

technologies are becoming a potent instrument to 

first elucidate the genetic pathways underlying a 

phenotype. Using microarray analysis, previous 

research has identified genes linked to the 

hypertrophic muscle seen in myostatin propeptide 

transgenic mice (Zhao et al., 2009). Muscle growth 

and development are inhibited by MSTN, a secreted 

growth factor of the TGF-β superfamily that is 

mostly expressed in skeletal muscle. An individual 

with a "double-muscled" phenotype may lack proper 

MSTN transcription. However, neither excessive 

muscle growth nor myosarcoma, which entails 

uncontrolled muscle development, is caused by low 

expression or absence of MSTN (Huang et al., 

2019). 

     In the subsequent investigation, we attempted to 

examine the expression profiles of genes associated 

with myostatin in muscle tissue and cells in order to 

determine whether or not the anticipated outcomes 

in cell culture are consistent with what occurs in the 

tissue. The findings of the gene network analysis 

indicate that the most significant genes in both 

networks are CXCL12, CSRP3, MYH7, MB, 

ANKRD2, MYOZ2, LPL, TNNT1, TNNI1, 

TNNC1, and LPI. These genes have also been shown 

in earlier research to be effective in suppressing the 

expression of the myostatin gene. Among the top 

transcripts, CXCL12 had the greatest number of 
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microRNA interactions (nine, in total) found in this 

analysis. Our findings revealed that both gene 

pathways' protein-protein interactions are 

downregulated in tissue and cell lines. Finding 

microRNAs that target CXCL12 is crucial because it 

has been shown that the CXCR4 pathway is 

regularly downregulated in the skeletal muscles of 

cancer-associated cachecious mice and patients, and 

that in mice with the syndrome, activation of the 

CXCL12/CXCR4 pathway prevents muscle wasting 

(Martinelli et al., 2016). Other studies have also 

validated the findings from our study. on order to 

identify shared regulatory networks and biological 

pathways, Freire and their colleagues analyzed 

pertinent literature data from global gene expression 

profiling studies on muscle wasting in cancer 

cachexia. For the first time, they discover novel 

putative microRNA-regulated gene networks 

connected to muscle atrophy in cancer cachexia. 

According to their findings, there may be a 

connection between cancer cachexia and muscle 

atrophy and the microRNA/mRNA interactions 

miR-27a/FOXO1, miR-27a/MEF2C, miR-

27b/CXCL12, miR-27b/MEF2C, miR-

140/CXCL12, miR-199a/CAV1, and miR-

199a/JUNB (Freire et al., 2019). According to 

research by Dileepan et al. from 2016, miR-140 

transfection reduces Cxcl12 expression and release 

in human airway smooth muscle cells, which also 

lowers inflammatory response. Mesenchymal cells 

produced the chemokine CXCL12 and osteopontin 

that Maeda (2019) found helped a genetically 

engineered model mouse with skeletal muscle 

dystrophy. Additionally, they demonstrated how 

patients with Duchenne muscular dystrophy can 

benefit from these characteristics (Maeda, 2019). 

     The expression of the Ankrd2 gene has also been 

linked to myostatin gene function. The Ankrd2 gene, 

a response gene, has been linked to sluggish muscle 

performance, according to studies. Both skeletal and 

cardiac muscle express Ankrd2 (Kemp et al., 2000). 

Ankrd2 also interacts with proteins such as 

myopalladin, calpain-3, and telethonin in addition to 

titin (Kojic et al., 2004). Type I skeletal muscle fibers 

are where Ankrd2 is mainly expressed (Tsukamoto 

et al., 2002). Intriguingly, denervation of fast muscle 

(gastrocnemius) enhances Ankrd2 expression, 

whereas denervation of slow muscle (soleus) 

decreases Ankrd2 level to below detection limit after 

4 weeks (McKoy et al., 2005). After eccentric 

contraction, Ankrd2 mRNA levels also rise (Barash, 

2004). Only the manner of contraction (eccentric vs. 

isometric) and not stress affected gene expression 

(Hentzen et al., 2006). 

     A decrease in the number of type 1 fibers 

correlated with a decrease in Myh7 expression in the 

soleus. The muscles of late bovine fetuses lacking 

myostatin similarly showed diminished MYH7 

expression (approximately fivefold) (Cassar-Malek 

et al., 2007). Despite having slightly decreased mean 

expression in mice with post-developmental 

myostatin knockouts, Myh7 and other genes that 

encode slow isoforms of contractile proteins are 

consistent with our research (Welle et al., 2009). The 

Myh7 gene mutation is also frequently linked to 

hypertrophic cardiomyopathies, according to 

another research (Ahmad et al., 2005). Both the 

outcomes of the gene network analysis in our 

investigation and earlier studies have demonstrated 

the relationship between the genes MYOZ2 and MB, 

as well as TNNI1 and MSTN. In a previous study by 

Mutryn et al (Mutryn et al., 2015) Wooden breast 

myopathy muscle revealed that fiber type moving 

from fast- to slow-type fibers, because it in 

commercial broilers exhibited a large elevation of 

TNNI1, MB, MYBPC1, and MYOZ2 genes 

compared to unaffected muscle. 

     The pathways and related genes are listed in 

Tables 2 and 3. Through analysis, we were able to 

pinpoint the signaling pathways for dilated 

cardiomyopathy, Axon guidance, and hypertrophic 

cardiomyopathy (HCM), which control the growth 

and development of muscle tissues. Also discovered 

were pathways such as the ECM-receptor interaction 

and focal adhesion pathways, which have all been 

supported by previous studies (Miao et al., 2015), 

and are involved in the maintenance of muscle 

structure and myocytes.  

     Our results showed a few overlapping DEGs in 

myogenic C2C12 cells and skeletal muscle tissue 

when MSTN is knocked down. This could be due to 

the nature of tissue heterogeneity. Up to now, there 

is a large amount of research conducted in a variety 

of cell lines (e.g. different cancer cell lines) to 

suggest biological markers or to find candidate genes 

involved in disorders or favorable traits (Saliani et 

al, 2022). Cell lines are commonly used for 

hypothesis-driven research, such as testing gene 

knockouts, overexpression studies, or examining the 

effects of environmental or pharmacological 

treatments on gene expression. As we demonstrated, 

the gene expression profiles of cell lines can differ 

significantly from those observed in native tissues 

due to alterations in cell signaling, metabolism, and 

other factors that occur during long-term culture. 

Thus, findings from cell lines may not always 

translate to in vivo contexts. The single-cell RNAseq 

seems more precise than conventional bulk RNAseq 



Journal of Cell and Molecular Research (2025) 17 (1), 1-8              Myostatin-knockout in cell line versus tissue 

                                                                                                                       (Riasi and Javadmanesh) 

 

7 

http://jcmr.um.ac.ir 

results, since the transcriptome of specific cell 

groups in a mixture of cells (tissue) can be revealed 

(Birnbaum, 2018).  

Conclusions 

In this study, we investigated whether myostatin 

gene expression inhibition is regulated similarly in 

mouse skeletal muscle tissue and a myogenic cell 

line. Even though the results revealed numerous 

differentially expressed genes and significant 

pathways at both tissue and cell levels, due to the 

heterogeneous nature of tissues, which are usually a 

mixture of different cells, only a few common genes 

were differentially expressed. It can be 

recommended that to compare a tissue with a cell 

line at the transcriptome level, the single-cell RNA 

sequencing method may have greater accuracy in 

results. 
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Supplementary Figures 

 

 
 

Figure S1. Significant pathways of differentially expressed genes (DEGs) C2C12 cell line 

 

 

 

 
 

Figure S2. Significant pathways of differentially expressed genes (DEGs) in mouse skeletal muscle tissue. 

 


