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Abstract: MicroRNAs(miRNAs) is a class of non-coding single composed of 21 to 25 nucleotides Chain
small molecule RNA, which is mainly involved in the regulation of post-transcriptional gene expression,
binds to the 3 ' -UTR of target mRNA by inhibiting post-transcription gene expression and reducing
corresponding protein synthesis, and plays extensive biological roles in the fields of osteogenesis and
immunity. In recent years, a number of scientific studies have demonstrated that miRNAs is an important
regulator of cell growth, differentiation and apoptosis, each miRNA has been shown to have hundreds of
target mRNA, miRNA and target mRNA between formed a complex regulatory network involved in a
variety of regulatory pathways, including development, virus defense, hematopoietic process, organ
formation, cell proliferation and apoptosis, fat metabolism, etc. Currently, how to rationally utilize
miRNA to regulate the function and differentiation of stem cells is an extremely attractive therapeutic
direction in regenerative medicine. It is clear that small RNA (microRNA, miRNA) plays an important
role in the growth, differentiation and function of bone cells, and miRNA is closely related to the survival
and blood vessel formation of bone marrow mesenchymal stem cells. The miRNA can directly or
indirectly participate in the process of osteoangiogenesis by inhibiting or promoting angiogenesis,
regulating BMSC differentiation, activating or silent growth factor-mediated signaling pathways, and
regulating the immune environment. This chapter will review the role of some microRNA in osteogenesis,
and to study and explore the possible mechanisms behind their effects.
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1. Introduction

miRNA Is a class of non-coding, single-stranded RNA molecules, composed of approximately 21 to
25 nucleotides, which is responsible for the regulation of gene expression. These miRNA have become
key post-transcriptional regulators of gene expression in multicellular animals and plants, blocking
protein translation and regulating mRNA stability by binding to complementary sequences in the
3 'untranslated region (UTR) of the mRNA .At the same time, miRNA has been used for bone defect
repair and bone regeneration. Through recent years of research, the types of miRNA have been
recognized as increasingly diverse, some of which have been focused on by scholars. Some scholars have
found that [, some miRNA, such as miRNA-7b, miRNA-9, miRNA-26a, miRNA-210, miRNA-378, all
show positive effects in promoting angiogenesis and osteogenesis. While some miRNA, for example,
MiRNA-10a, MiRNA-222, MiRNA-494 all show negative effects in the regulation of angiogenesis and
osteogenesis. This review highlights some microRNA's positive regulation of stem cell function and
differentiation and focuses on their osteogenesis-and angiogenesis-related parts. It is explained that some
microRNA participates in the formation of physiological bone and blood vessels by targeting various
transcription factors in osteoblasts, chondrocytes, osteoclasts and stem cells. Studying the regulation and
differentiation of microRNA is help to broaden the thinking of gene therapy and regenerative medicine[ 1-
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2. The positively regulated miRNAs
2.1. MiRNA-7b

This miRNA is widespread as a developmental and functional biological activity in a wide variety of
tissues LIt is able to directly inhibit dendritic cell-specific transmembraneproteins(DC-STAMP)
essential proteins required for osteoclast fusion®.Dou et  al. ) also represented that miRNA-7b delivery
by GO-PEI increased ALP, Runx-2, and PDGF-BB expression after 3 days. Although it is thought to be
required for osteoclast fusion, it is not essential for osteoclast differentiation. Therefore, it can be
explained that miRNA-7b suppresses osteoclast fusion, maintains platelet-derived growth factor-bb
secretion, and enhances new blood vessels and bone formation.

2.2. MiRNA-9

It has been shown that miRNA-9 is involved in the repair of 'Y by nerve damage and also improves
the angiogenesis of 'l in tumor cells. Qu et al. [14] demonstrated that miRNA-9 upregulates the amount
of Runx-2 and bone hormones, which is an early marker of osteogenic differentiation. The positive
regulation of the monophosphate-activated protein kinase (AMPK) of adenosine miRNA-9 and its
signaling pathways was verified by ['*]. Moreover, some have found that miRNA-9 can enhance cyclin
D1 expression and cell cycle progression in HUVECs. MiRNA-9 promotes angiogenesis by improving
endothelial progenitor cell migration and chemotaxis, which has been demonstrated by Transwell
migration assay, VE GF and ve-cadherin upregulating ['4l. This signaling pathway plays an important role
in proinflammatory active ['?], osteoblast differentiation ['¥], especially after hypoxic stress in endothelial
cells. Thus, it seems that both osteogenic and angiogenic regulation underlie the signaling of amp-
activated pathways. Other studies have also identified a role for miRNA-9 in tumor necrosis factor- o
(TNF- o) and pathway ['!!, which regulate endochondral ossification and endothelial cell migration and
angiogenesis.

2.3. MiRNA-26a

MiRNA-26a is the promoter of osteogenic differentiation in mesenchymal stem cell ['*), In the
comparison of miRNA-21, -26a, and-29b, miRNA-26a was more highly expressed in the regenerated
bone than in the other ['*). Furthermore, it induced a 2.4-to 10-fold increase in the expression of Runx-2
and BMP-2 (early osteogenic markers) and an 8.5-fold increase in cyanate (late osteogenic markers), VE
GF and Ang-1 (angiogenic marker), demonstrating its ability to bind bone angiogenesis. Several studies
have revealed their important role in bone regeneration in ['! and blood vessel formation in "7, MiRNA-
26a mainly targets GSK 3 f to activate Wnt signaling in BMMSCs; however, it targets Smad-1 in
adipose-derived mesenchymal stem cells to interferes with BMP pathway "8 and osteogenic
differentiation, which reveals various effects of MiRNA-26a on different stem cells. Moreover, BMP /
Smad-1 signaling is regulated by miRNA-26a in endothelial ") angiogenesis, which regulates
angiogenesis, osteogenesis and other hard tissue formation, including tooth generation 2%, which requires
further investigation.

2.4. MiRNA-210

The therapeutic application of miRNA210miRNA-210 in patients with osteonecrosis revealed its
involvement in the associated regulatory program [2!1. A time-dependent promotion of VE GF expression
in rat BMSCs by miRNA-210 was detected in [?? by Liu et al. Furthermore, RT-qPCR results showed a
significant increase in the expression of osteoblast differentiation markers (ALP and osterix) compared
with the control groups. On the other hand, miRNA-210 inhibited PPAR vy, which represents its inhibitory
effect on adipogenic differentiation. They believe that this may be caused by VE GF signal regulation.
In addition, Mizuno and others explained. 3 miRNA-210 inhibited the osteogenic ability of TGF
pathway. However, the specific mechanism is still unclear and needs further study.

2.5. MiRNA-378

1) This miRNA is involved in several biological metabolic processes. MiRNA-378 inhibits apoptosis
and promotes tumor proliferation and angiogenesis by interfering with Fus-1 expression and 24,
Moreover, miRNA-378 targets the triiodide K / Akt pathway to accelerate osteoblast differentiation at
(251 under high glucose conditions. Zhang et al [?) demonstrated bone-angiogenic coupling capacity by
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assessing Runx-2, cyanate, ALP and VE GF markers significantly upregulated after miRNA-378
transfection. However, they do not approve exactly which pathway this miRNA targets.

2) Several studies have convincingly shown that excessive or weakened inflammatory response of
macrophages is related to miRNA imbalance. It has been found that miRNAs play an important role in
regulating macrophage polarization and subsequent inflammatory response 1?7, In particular, some
miRNA have been shown to regulate the expression of various adhesion proteins and transcription factors,
and are considered to participate in macrophage®®3% polarization. Macrophages were obtained from
mouse bone marrow cells. miRNA-378 and miR-let-7¢ were used to analyze the arrangement of miRNA.
The expression in M2 macrophages increased significantly.*!ITransfection of mouse peritoneal
macrophages with 40nM miRNA-378 reduced the production of TNF-a and IL-6 by half. LPS-induced
miRNA-378 acts by reducing the NF-kB protein and doubling the expression of the anti-inflammatory
cytokine IL-10. Conclusion IL-10 has direct anti-inflammatory effect and promotes M2 polarization of
macrophages. Chen Wei and others 32, miRNA-378a has been shown to directly or indirectly regulate
phagocytosis and macrophage polarization in SIRPA-mediated ApoE knockout mice. JiX ¥ found that
macrophages are closely related to capillarization and angiogenesis during mouse development.
Especially when it appears in the form of M2.

3. The negatively regulated miRNAs
3.1. MiRNA-10a

MiRNA-10a, as an influencing factor, is involved in the pathogenesis of some diseases, including
kidney and heart injury %, and also inhibits tumor angiogenesis 1. Li et al. ¢ It was confirmed that
the expression of miRNA-10a was significantly decreased by BMP-2-induced osteoblastic differentiation
sig. Overexpression of miRNA-10 inhibits cyclin and typical Wnt signaling pathway, which leads to
decreased therapeutic potential of bone disease, Runx-2, bone and distal homologous Box-5 gene
expression 371, In fact, in addition to mRNA (transcription effect), they also found mRNA reduction
(TGF-/Smad2/STAT3/Static pathway 3% and other targets that may participate in this process. In addition,
the anti-angiogenesis effect of these miRNA may be regulated by cyclin signaling pathway, but the
elucidation of this mechanism needs further study.

3.2. MiRNA-494

MiRNA-494 interferes with VEGF in vitro, % interferes with angiogenesis in vivo. It was confirmed
that he and others [*) miRNA-494 could target nitric oxide signal (angiogenesis-related pathway) and
inhibit it 2 weeks after fracture, thus curing fracture in aged rats. Smad-9 and kinase-1 activated as growth
factors are the main potential targets. In addition, miRNA-494 inhibits cartilage differentiation by
targeting vector acid receptor signals [*°! in pathway analysis. In vitro evaluation showed that miRNA-
494 inhibited TAK-1, SMAD-9 and VEGF, which were involved in TGF-s signal transduction, retinoic
acid receptor activation and nitric oxide signal transduction. Therefore, inhibiting these miRNA seems
to have the potential to treat bone-related diseases.

3.3. MiRNA-222

MiroRNA-222 inhibitor can obviously promote bone formation, angiogenesis and cartilage formation,
and improve fracture healing. Overexpression of MiRNA-222 can reduce the levels of Smad-5 and Runx-
2 protein and regulate the formation of osteoclasts !1. Although he left. Computer-aided analysis [“?lwas
used to identify unverified miRNA-222 targets (BMP-2, Runx-2, osteocalcin). Ji Ju looks forward to the
application of miRNA-222 inhibitor in the treatment of refractory fractures, and the results show that
neovascularization has been greatly improved. On the basis of other studies, they suspect that miRNA
may down-regulate angiogenesis through target signal converter and transcribe through low receptor 5
(STAT-5) and c-Kit. But these goals have not been verified in his research.

4. Conclusion

In conclusion, whether miRNA-7b, miRNA-9, miRNA-26a, miRNA-210, miRNA-378 that are able
to positively regulate osteogenic vascularization, or miRNA that negatively regulate osteogenic
vascularization, such as miRNA-10a, miRNA-494, miRNA-222, All are involved in the formation of
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physiological bone and blood vessels by targeting various transcription factors in stem cells, osteoblasts,
macrophages, osteoclasts, and chondrocytes. Their different expression of Runx-2 and BMP-2, these
early markers of osteogenic differentiation, also surface their ability to improve or slow their migration
and chemotaxis to promote or hinder angiogenesis, can be explained by miRNAs inhibiting or promoting
osteoclast fusion, maintaining or reducing platelet-derived growth factor-bb secretion, enhancing or
hindering new blood vessels and bone formation.. Other studies have also identified the role of miRNAs
in tumor necrosis factor- o (TNF- o) and pathways that regulate endochondral ossification and endothelial
cell migration and angiogenesis. The corresponding index changes brought about by miRNAs regulation
are also significant, and the expression of miRNA-26a is higher than that of other regenerated bone.
Furthermore, it induced a 2.4-to 10-fold increase in the expression of Runx-2 and BMP-2 (early
osteogenic markers) and an 8.5-fold increase in the expression of cyanate (late osteogenic markers), VE
GF and Ang-1 (angiogenic markers).On a deeper level. miRNAs Overexpression inhibited or promoted
cyclins and canonical Wnt signaling, resulting in reduced or elevated therapeutic potential for the
expression of bone disease, Runx-2, bone, and distal homologous Box-5 genes. In fact, in addition to
mRNA (transcriptional effects), they found reduced mRNA (TGF- / Smad 2 / STAT 3 / st static pathway
[38]) and other targets that could be involved in this process. Moreover, the antiangiogenic effects of
these miRNA may be regulated by the cyclin signaling pathway, but this mechanism needs further
investigation. In some indirect aspects, the immune regulation of miRNA also promotes or suppresses
osteogenesis to some extent. For example, the M2 polarization of miRNA-378a on macrophages reduces
the inflammatory response in advance, providing a favorable environment for the healing and
angiogenesis and bone regeneration. Therefore, promoting positive regulated miRNA or inhibiting
negative regulated miRNA seems to have the potential to treat bone-related diseases. With the
improvement of related research, miRNA is a potential and development path for gene therapy and
regenerative medicine.
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