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Objective(s): Osteogenic differentiation of bone marrow mesenchymal stem cells (BMSCs) is an 
essential stage in bone formation. Autophagy plays a pivotal role in the self-renewal potential and 
pluripotency of stem cells. This study aimed to explore the function of autophagy-related genes 
during osteogenic differentiation of BMSCs.
Materials and Methods: The differentially expressed autophagy-related genes (ARGs) were obtained 
from the GEO and HADb databases. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analyses were performed using R software. The PPI and hub gene 
mining networks were constructed using the STRING database and Cytoscape. Finally, the RT-qPCR 
was conducted to validate the expression level of ARGs in BMSCs.
Results: Thirty-seven differentially expressed ARGs were finally obtained, including 12 upregulated 
and 25 downregulated genes. GO and KEGG enrichment analysis showed that most of these genes 
were enriched in apoptosis and autophagy. The PPI network revealed strong interactions between 
differentially expressed ARGs. The expression level of differentially expressed ARGs tested by RT-
qPCR showed 6 upregulated ARGs, including FOXO1, MAP1LC3C, CTSB, FOXO3, CALCOCO2, 
FKBP1A, and 4 downregulated  ARGs, including MAPK8IP1, NRG1, VEGFA, and ITGA6 were 
consistent with the expression of high-throughput sequencing data.
Conclusion: We identified 37 ARGs during osteogenic differentiation using bioinformatics analysis. 
FOXO1, MAP1LC3C, CTSB, FOXO3, CALCOCO2, FKBP1A, MAPK8IP1, NRG1, VEGFA, and 
ITGA6 may regulate osteogenic differentiation of hBMSCs by involving autophagy pathway. This 
study provides new insight into the osteogenic differentiation of hBMSCs and may be available in 
developing therapeutic strategies for maxillofacial bone defects.
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Introduction
Trauma, tumor resection, periodontitis and congenital 

disabilities often lead to severe maxillofacial bone defects (1-
4). Finding effective means to repair bone defects to restore 
maxillofacial masticatory function, facial appearance, and 
mental health in patients is imperative. The process of 
bone tissue regeneration relies on the body’s recruitment 
of bone marrow mesenchymal stem cells (BMSCs) to the 
bone defect area, in concert with various growth factors, 
to promote their differentiation into osteoblasts (5, 6). 
The morphology of BMSCs is similar to that of fibroblasts, 
which is spindle-shaped, has the ability of adherent growth, 
can multiply and has the potential of multidirectional 
differentiation, and can be directionally differentiated into 
osteoblasts, chondrocytes, adipocytes, and neurons under 
specific conditions (7). BMSCs can undergo morpho-
functional remodeling and differentiate into osteoblasts with 
the synergistic involvement of epigenetics, transcription 
factors, and autophagy-lysosome system pathways (8-10). 
In the biological processes above, autophagy plays a pivotal 

role in the osteogenic differentiation of BMSCs.
Macroautophagy (hereinafter referred to as “autophagy”) 

is a conserved endogenous intracellular degradation system 
widely found in eukaryotic cells (11, 12). Autophagosomes 
are vesicular structures with bilayer membranes, and their 
formation is mainly regulated by the ATGs family and 
other necessary proteins (13). Under conditions such as 
starvation, hypoxia, and endoplasmic reticulum stress, 
autophagosomes sequester cargos in the cytoplasm and 
deliver them to lysosomes for digestion to achieve energy 
recirculation (11, 13). A series of studies have shown that 
autophagy activation plays a vital role in the self-renewal 
potential and pluripotency of stem cells and is widely 
involved in the process of cell stability and differentiation 
(9, 14, 15). In the undifferentiated state of mesenchymal 
stem cells (MSCs), the autophagic pathway keeps the cells 
in a relatively stable phase of dynamic equilibrium by 
strictly limiting the operation of cytoplasmic proteins and 
organelles to maintain their multidirectional differentiation 
potential (13, 16). Meanwhile, autophagy is highly 
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involved in the mineralization of MSCs and osteoblasts. 
Nollet et al. knocked down the autophagy-related genes 
(ARGs) ATG7 and BECLIN1 in osteoblast cell lines and 
showed a significant reduction in mineralized nodules 
in the knockdown group compared to the control (17). 
Similarly, rapamycin significantly enhanced the osteogenic 
differentiation of BMSCs by activating autophagy (18). 
However, the autophagy-related genes involved in the 
osteogenic differentiation of BMSCs are still unclear, and 
extensive validation is needed to find precise and efficient 
therapeutic targets for treating maxillofacial bone defects. 

The advent of high-throughput sequencing technologies 
has enabled bioinformatics databases like the Gene 
Expression Omnibus (GEO) and The Cancer Genome 
Atlas (TCGA) to emerge as practical tools for researchers 
to predict therapeutic targets for diseases. This study 
downloaded the high-throughput sequencing dataset 
GSE178679 from the GEO database to obtain gene 
expression profiles in human bone marrow mesenchymal 
stem cells (hBMSCs) osteo-induced and undifferentiated 
groups. R software was used to analyze the differentially 
expressed genes related to the osteogenic differentiation of 
hBMSCs. To explore the osteogenic differentiation process 
of hBMSCs from the perspective of autophagy, differentially 
expressed ARGs were obtained by intersecting ARGs 
from the Human Autophagy Database with differentially 
expressed genes. Gene Ontology (GO) enrichment analysis, 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis, and protein-protein interaction (PPI) 
network construction were used to speculate the possible 
annotations of differentially expressed ARGs and their 
interactions. Finally, RT-qPCR was used to verify the 
expression level of the differentially expressed ARGs in the 
hBMSCs osteo-induced samples and controls.

Materials and Methods
High-throughput sequencing data and autophagy-related 
genes database

hBMSCs osteogenic differentiation high-throughput 
sequencing dataset GSE178679 was downloaded from 
Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/
geo/, which was based on GPL20795 platform (Illumina 
HiSeq X Ten (Homo sapiens)), containing three osteogenic 
induction samples and three negative controls. Autophagy-
related genes were screened from the Human Autophagy 
Database (http://www.autophagy.lu/index.html), and 222 
genes were finally obtained. 

Filtering differentially expressed ARGs
The raw count value data was downloaded from the 

GSE178679 dataset, and the repeatability of the samples was 
analyzed using principal component analysis (PCA). Next, 
the “DEseq2” package of R software (version 4.0.5) was used 
to perform the differential expression analysis. Genes with a 
p-value <0.05 and absolute log2 fold-change value >0.5 were 
considered as differentially expressed genes. The obtained 
genes were then intersected with 222 ARGs to get the target 
genes. The volcano and PCA plots were generated using the 

R package “ggplot2”. Heatmap was generated using the R 
package “ComplexHeatmap”.

Correlation analysis of the differentially expressed ARGs
Correlation analysis and visualization of differentially 

expressed ARGs were performed using the “corrplot” 
package of R software, and the “ward.D” method was 
applied for hierarchical clustering.

Gene ontology enrichment analysis and pathway 
enrichment analysis

GO enrichment analysis and KEGG pathway analysis 
of differentially expressed ARGs were examined using the 
R package “clusterProfiler”. GO includes three domains: 
biological process (BP), molecular function (MF), and 
cellular component (CC). The enrichment analysis result 
with a P-value less than 0.05 was finally adopted.

Protein-protein interaction network construction and hub 
gene mining 

The Search Tool for the Retrieval of Interacting Genes 
(STRING) (https://string-db.org/) database was used 
to construct a PPI network. Then, the PPI network was 
visualized by Cytoscape v3.8.0. The plugin Cytohubba 
in Cytoscape is based on integrating multiple network 
topology algorithms that can identify critical nodes and 
sub-networks in the PPI network. It was used to mine the 
hub genes in the constructed PPI network.

Cell culture and osteo-induction
The hBMSCs were purchased from Cyagen, China. The 

P3 hBMSCs were seeded into a 12-well plate at a density of 
1.5×105 cells per well and cultured in low-glucose Dulbecco’s 
modified Eagle’s medium (Hyclone, USA) containing 10% 
fetal bovine serum (FBS), 100 U/ml penicillin and 100 μg/
ml streptomycin at 37℃ in the presence of 5% CO2. The 
medium was renewed every three days. As described in the 
manufacturer’s manual, differentiation was induced by a 
7-day culture in the osteogenic inductive medium (Cyagen 
Osteogenic Differentiation Kit). Mineralization was detected 
by staining with Alizarin red-S staining (Cyagen, China). 
Alkaline phosphatase staining was performed according 
to the manufacturer’s instructions (Alkaline Phosphatase 
Detection Kit, P0321S, Beyotime).

Total RNA extraction and RT-qPCR
The total RNA was extracted using RNAiso Plus (Takara, 

Japan) from the hBMSCs. Then, the Q5000 UV-Vis 
Spectrophotometer (Quawell, USA) instrument was used to 
detect the quality and concentration of total RNA. Reverse 
transcription was performed using the Evo M-MLV RT 
Kit(AG, China). The resulting cDNA, forward and reverse 
primers, and SYBR (Hieff® qPCR SYBR Green Master Mix, 
Yeasen, China) were used for RT-qPCR. The cycle threshold 
(Ct) values for genes of interest were normalized against the 
Ct values of GAPDH. The relative mRNA expression was 
calculated using the 2ˆ(-ΔΔCT) method. Primer sequences 
are detailed in supplementary Table S1.
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Statistical analysis
All results were independently repeated three times. 

Statistical analysis was performed using R software. Two-
tailed Student’s t-test determined the statistical differences 
between the two groups, and P<0.05 was considered 
statistically significant. 

Results
Differentially expressed ARGs during osteogenic 
differentiation

Repeatability and inter-group differences of the 
GSE178679 dataset were conducted using principal 
component analysis (PCA). The results indicate significant 
inter-group differences and repeatability in the dataset 
(Figure 1A). Then, the dataset GSE178679 was analyzed 
to explore the differentially expressed genes between the 
osteogenesis induction group and the control group. The 
results showed that 2416 differentially expressed genes were 
finally obtained, including 1231 downregulated  and 1185 
upregulated genes. The volcano plot for visualization of 
differentially expressed genes could be found in Figure 1B. 

Venn analysis was conducted to examine the intersection 

among the differentially expressed genes and ARGs, and 37 
target genes were finally identified, including 12 upregulated 
and 25 downregulated  genes (Figure 1C and Table 1). The 
heatmap and boxplots were conducted to visualize the 
expression patterns of differentially expressed ARGs (Figure 
1D, Figure 2A and B). The top ten upregulated ARGs 
included DIRAS3, FOXO1, CX3CL1, MAP1LC3C, FKBP1B, 
BIRC5, CTSB, FOXO3, CALCOCO2, FKBP1A, and the top 
ten downregulated  ARGs included MAPK8IP1, NRG1, 
VEGFA, GRID1, DDIT3, SESN2, ITGA6, ULK1, EIF4EBP1, 
PPP1R15A.

Delineation of GO and KEGG pathway analysis of 
differentially expressed ARGs

The functional characteristics of the differentially 
expressed ARGs were obtained by performing GO 
enrichment analysis and KEGG pathway analysis. Figure 3 
lists the top 10 enriched GO terms and KEGG pathways. 
Our data demonstrated that the biological processes 
related to the differentially expressed ARGs were markedly 
enriched in response to starvation, autophagy, and process 
utilizing autophagic mechanism. Regarding the cellular 

 

  Figure 1. Differentially expressed ARGs in hBMSCs osteogenic differentiation dataset GSE178679. Red represents upregulated genes, and blue represents 
downregulated genes. A. the PCA plot of GSE178679. B. The volcano plot of the significantly expressed mRNA during osteogenic differentiation of hBMSCs. 
C. The Venn plot for screening differentially expressed ARGs. D. The heatmap of 12 upregulated and 25 downregulated  differentially expressed ARGs
ARGs: Autophagy-related genes; hBMSCs: Human bone marrow mesenchymal stem cells; PCA: Principal component analysis
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components, most of the differentially expressed ARGs 
were associated with the vacuolar membrane, serine/
threonine protein kinase complex, the autophagosome, and 
the autophagosome membrane. Moreover, the molecular 
functions are mainly associated with protein phosphatase 
binding, leucine zipper domain binding, platelet-derived 
growth factor receptor binding, and cytokine receptor 
binding. The top five significantly enriched terms for KEGG 
pathway analysis were apoptosis, longevity regulating 
pathway, autophagy-animal, EGFR tyrosine kinase inhibitor 
resistance, and PI3K-Akt signaling pathway. The details are 
shown in supplementary Tables S2 and S3.

Construction and analysis of the protein-protein 
interaction network

We used the STRING database and Cytoscape software 
to test the potential protein interactions between the 
thirty-seven differentially expressed ARGs and construct 

a visualization network. The result indicated that 30 nodes 
(proteins) and 76 edges (interactions) were involved in the 
network (Figure 4A). The top ten hub gene mining was 
conducted using the “CytoHubba” plugin of Cytoscape, 
and the result is shown in Figure 4B. After the score 
ranking calculation, MYC, FOXO1, FOXO3, CDKN1A, 
EIF4EBP1, VEGFA, DDIT3, ERN1, ATF4, and BIRC5 were 
the most connected genes in the PPI network. In addition, 
we analyzed the correlations between the 37 differentially 
expressed ARGs to explore their expression patterns, as 
shown in Figure 5.
 
Validation of mRNA expression of differentially expressed 
ARGs in hBMSCs

We selected the top twenty differentially expressed 
upregulated and downregulated ARGs and explored their 
expression levels during the osteogenic differentiation 
process of hBMSCs. The mRNA expression level of 

 

Table 1. The thirty-seven differentially expressed Autophagy-related genes (ARGs) in osteo-induced Human bone marrow mesenchymal stem cells hBMSCs 
compared to controls
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osteogenic markers, including ALP, OCN, RUNX2, and 
COL1A1 was detected between the osteo-induced and 
undifferentiated groups. The results revealed that among 
the differentially upregulated ARGs, FOXO1, MAP1LC3C, 
CTSB, FOXO3, CALCOCO2, and FKBP1A were consistent 
with the expression of sequencing data. Among the 
differentially downregulated ARGs, MAPK8IP1, NRG1, 
VEGFA, and ITGA6 were also downregulated in the 
osteogenic differentiation group of the sequencing data 

 

  

 

  

Figure 2. The boxplots of 37 differentially expressed ARGs during 
Osteogenic Differentiation of hBMSCs. A. The expression level of the top 
20 significantly expressed ARGs in osteo-induced hBMSCs compared to 
controls. B. The last 17 significantly expressed ARGs in osteo-induced 
hBMSCs compared to controls
ARGs: Autophagy-related genes; hBMSCs: Human bone marrow 
mesenchymal stem cells

Figure 3. Pathway analysis and functional analysis of differentially expressed 
ARGs. A. KEGG pathway enrichment analysis of differentially expressed 
ARGs. B. GO Figure 4. The PPI network and hub gene identification. A. 
PPI network constructed by differentially expressed ARGs. B. The top 
10 hub genes in the PPI network identified by the CytoHubba plugin. C. 
The interaction numbers of each differentially expressed ARG in the PPI 
network functional enrichment analysis of differentially expressed ARGs. 
BP: biological process. CC: cellular component. MF: molecular function
KEGG: Kyoto Encyclopedia of Genes and Genomes; ARGs: Autophagy-
related genes; GO: Gene Ontology; PPI: Protein-protein interaction

 

  Figure 4. The PPI network and hub gene identification. A. PPI network constructed by differentially expressed ARGs. B. The top 10 hub genes in the PPI 
network identified by the CytoHubba plugin. C. The interaction numbers of each differentially expressed ARG in the PPI network
PPI: Protein-protein interaction; ARGs: Autophagy-related genes
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(Figure 6). The correlations between these identified ARGs 
and osteogenic markers are shown in Figure 7. 

The osteogenic makers were markedly upregulated 
after osteogenic induction. I-N. Among the upregulated 
differentially expressed ARGs, FOXO1, MAP1LC3C, 
CTSB, FOXO3, CALCOCO2, and FKBP1A were consistent 

with the expression of sequencing data. O-R. Among the 
downregulated differentially expressed ARGs, MAPK8IP1, 
NRG1, VEGFA, and ITGA6 were consistent with the 
expression of sequencing data. P-values were calculated using 
the two-tailed Student’s t-test. *P<0.05. Scale bar=200 um.

 

  

 

  

Figure 5. Spearman correlation analysis of 37 differentially expressed ARGs. ***: P< 0.001, **: P<0.01, *: P<0.05
ARGs: Autophagy-related genes

Figure 6. The mRNA expression level of the top 20 differentially expressed ARGs and osteogenic makers were validated by RT-qPCR in osteo-induced 
hBMSCs and controls. A-B. Alkaline phosphatase staining between osteo-induced hBMSCs and controls. C-D, Alizarin Red S staining between osteo-
induced hBMSCs and controls. E-H. The osteogenic makers were markedly upregulated after osteogenic induction. I-N. Among the upregulated differentially 
expressed ARGs, FOXO1, MAP1LC3C, CTSB, FOXO3, CALCOCO2, and FKBP1A were consistent with the expression of sequencing data. O-R. Among 
the downregulated differentially expressed ARGs, MAPK8IP1, NRG1, VEGFA, and ITGA6 were consistent with the expression of sequencing data. P-values 
were calculated using the two-tailed Student’s t-test. *P<0.05. Scale bar=200 um
ARGs: Autophagy-related genes; hBMSCs: Human bone marrow mesenchymal stem cells
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Discussion
The oral and maxillofacial region is closely related to 

critical physiological functions such as swallowing, speech, 
mastication, and appearance. However, tumors, trauma, and 
other factors can lead to severe defects in the maxillofacial 
bone that are difficult to heal spontaneously. However, the 
mechanism of regulating osteogenic differentiation is not 
completely clear, and more comprehensive exploration 
is still needed to deepen the understanding of osteogenic 
differentiation and promote the accurate treatment of 
bone defect diseases. BMSCs are multipotent stem cells 
with self-renewal capacity and multilineage differentiation 
potential significantly enriched in the maxillofacial skeleton 
and derived from mesoderm. Their stemness maintenance 
and osteogenic differentiation are controlled by various 
factors, including transcription factors, secreted cytokines, 
and cell interactions (14, 19, 20). A growing number of 
studies have found that autophagy plays an essential role 
in this process. MSCs maintain a relatively static dynamic 
equilibrium in the undifferentiated state, where cells 
regulate the intracellular recycling process of organelles and 
proteins through autophagy activation to maintain their 
pluripotency and plasticity (14, 21). In the process of cell 
differentiation, autophagy activation can provide the energy 
and nutrients needed for transforming cell morphology and 
function and regulate the operation of stem cell remodeling 
into osteoblasts.

In recent years, with the development of high-
throughput sequencing technology in the field of molecular 
biology, it has been found that the expression of many RNA 
molecules has changed significantly during the osteogenic 
differentiation of BMSCs. By transcriptome sequencing, 
Xu et al. performed a transcriptomic analysis of osteogenic 
induction and control groups of BMSCs. Their study 

identified several significantly differentially expressed 
genes during osteogenic differentiation, including lncRNA 
LOC100126784, lncRNA POM121L9P, miR-503-5p, 
and SORBS1 (22). Others reported that linc-ROR was 
significantly upregulated while miR-138 and miR-145 
were downregulated during the osteogenic differentiation 
of BMSCs. linc-ROR could act as a molecular sponge to 
antagonize the function of these two miRNAs, thereby 
derepressing their common target ZEB2 and ultimately 
activating the Wnt/β-catenin signaling pathway to promote 
osteogenic differentiation (23). In addition, it has been found 
that under H2O2-induced oxidative stress, the autophagy-
lysosome system could degrade the osteogenic key factor 
TP53INP2 and thus inhibit the osteogenic differentiation of 
BMSCs (24).

The exploration of autophagy brings a new weathervane 
for treating bone defect diseases. However, the current 
research on autophagy involved in the osteogenic 
differentiation of BMSCs only focuses on a single signal 
axis mode. The emergence of high-throughput sequencing 
technology has enabled people to study the regulatory 
process of genes from a new perspective. In this study, 
we first applied bioinformatics analysis to identify thirty-
seven differentially expressed ARGs during osteogenic 
differentiation of BMSCs by searching GEO and the Human 
Autophagy Database. To explore the possible functions 
and pathways involved in these differentially expressed 
ARGs, we performed GO and KEGG enrichment analysis, 
which showed that most of these genes were enriched to 
the terms of apoptosis, longevity regulating pathway, and 
autophagy. Recently, scholars have published many studies 
to verify the involvement of autophagy in the osteogenic 
differentiation of MSCs. It has been shown that in gingival-
derived MSCs, the autophagy activator resveratrol and 

 

Figure 7. The Spearman correlation analysis between the expression level of identified ARGs and osteogenic markers. ***P< 0.001, **P< 0.01, *P< 0.05
ARGs: Autophagy-related genes
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osteogenic-inducing factor act together on the pro-
autophagic pathway AMPK-BECLIN1 to induce osteogenic 
differentiation. However, after promoting proteasome-
mediated degradation of BECLIN1 using the autophagy 
inhibitor Spautin-1, HGMSCs exhibited a poor osteogenic 
state compared to the controls despite the presence of 
resveratrol and osteogenic-inducing factors (25). Similarly, 
in IL-1β induced inflammatory conditions, GABARAP can 
promote osteogenic differentiation of BMSCs by increasing 
autophagic activity and reducing ROS production (26). 
However, broader validation is needed to improve the 
understanding of the mechanisms of the autophagy process 
in the osteogenic differentiation of BMSCs.

In this study, we selected the top ten up and downregulated 
differentially expressed ARG to further validate in vitro by 
RT-qPCR. The results showed FOXO1, MAP1LC3C, CTSB, 
FOXO3, CALCOCO2, FKBP1A, MAPK8IP1, NRG1, VEGFA, 
and ITGA6 were consistent with the sequencing data, and 
the difference was statistically significant. Furthermore, 
correlation analysis between the expression levels of 
identified ARGs and osteogenic markers suggests a possibly 
complex regulatory role for these ARGs in osteogenic 
differentiation. Some published articles explore the potential 
mechanisms of these genes. FOXO1 and FOXO3 are 
members of the forkhead family, key transcription factors 
that can regulate the osteogenic differentiation of BMSCs in 
the early stage (27-29). MAP1LC3C is rarely reported in the 
osteogenic differentiation process, but it can participate in 
the odontogenic differentiation of human dental pulp stem 
cells by regulating autophagy flow (30). Yang et al. reported 
that the SNP rs2736308 on chromosome 8 could regulate 
the expression of CTSB and then interact with EGFR to 
downregulate jaw bone mineral density in medication-
related osteonecrosis of the jaw (31). Another study revealed 
that compared to adult individuals, periodontal ligament 
stem cells from young subjects have higher expression levels 
of FKBP1A and osteogenic markers (32). It has been found 
that overexpression of hsa_circ_0006215 increased the 
expression level of VEGFA, thus promoting the formation 
of bone-specific H-type vessels to enhance the osteogenic 
differentiation of BMSCs (33). However, the specific 
mechanism of the autophagy pathway involved in these 
genes to regulate the osteogenic differentiation of BMSCs 
remains unclear and needs to be further explored.

Current studies have also reported the involvement 
of autophagy in the development of different orthopedic 
diseases. A recent study demonstrated that quercetin and 
vitamin E could relieve osteoporosis in ovariectomized 
rats by regulating the autophagy pathway (34). Similarly, 
systemic use of rapamycin can induce osteocyte autophagy, 
thereby alleviating osteoporosis in older rats (35). It has 
been found that the autophagy level of chondrocytes in 
osteoarthritis rats can be increased by inhibiting PI3K/AKT/
mTOR signal pathway, thus reducing the inflammation of 
the body (36). Therefore, autophagy plays a vital role in 
osteogenic differentiation and orthopedic diseases.

Our study has several limitations. First, the sample size 
we included in this study was small, and more samples are 
needed to exclude possible false-positive results. Second, 
the in vitro experiment of this study stays at the verification 
stage of gene expression level. We will next conduct a more 
in-depth study on the specific mechanism of autophagy 
in the process of osteogenic differentiation in the future 

in order to provide accurate therapeutic targets for the 
reconstruction of bone defects.

Conclusion
In summary, our study identified thirty-seven ARGs 

during osteogenic differentiation using bioinformatics 
analysis. FOXO1, MAP1LC3C, CTSB, FOXO3, CALCOCO2, 
FKBP1A, MAPK8IP1, NRG1, VEGFA, and ITGA6 may 
regulate osteogenic differentiation of hBMSCs by involving 
autophagy pathway. This study provides new insight into the 
osteogenic differentiation of hBMSCs and may be available 
in developing therapeutic strategies for maxillofacial bone 
defects.
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