Int. J. Med. Sci. 2023, Vol. 20 493

%;Jt j IVYSPRING
v INTERNATIONAL PUBLISHER

Review

International Journal of Medical Sciences
2023; 20(4): 493-504. doi: 10.7150/ijms.81990

MiR-30 Family: A Novel Avenue for Treating Bone and
Joint Diseases?

Jinming Huang, PhD*; Yi Li, PhD’; Siyi Zhu, PhD; Ligiong Wang, PhD; Lin Yang, PhD*}; Chengqi He,
PhD™

Department of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China. Key Laboratory of Rehabilitation Medicine, West China
Hospital, Sichuan University, Chengdu, China.

*Jinming Huang and Yi Li contributed equally to the research.

P4 Corresponding authors: Lin Yang, PhD, Department of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China. Key Laboratory
of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China. E-mail: green.yanglin@scu.edu.cn. Work telephone numbers:
+86-02885422847. Chenggqi He, PhD, Department of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China. Key Laboratory of
Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, China. E-mail: hxkfhcq2015@126.com. Work telephone numbers: +86-02885422847.

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https:/ /creativecommons.org/licenses/by/4.0/).
See http:/ /ivyspring.com/terms for full terms and conditions.

Received: 2022.12.19; Accepted: 2023.02.07; Published: 2023.02.13

Abstract

Bone and joint diseases are a group of clinically heterogeneous diseases characterized by various bone
strength disorders, bone structural defects and bone mass abnormalities. Common bone diseases include
osteoporosis, skeletal dysplasia, and osteosarcoma, and common joint diseases include osteoarthritis,
rheumatoid arthritis, and degenerative disc disease. all of them lead to high medical costs. The miR-30
family consists of a total of 5 members: miR-30a, miR-30b, miR-30c, miR-30d and miR-30e. Accumulating
evidence has indicated that the miR-30 family may be involved in the occurrence and development of
bone and joint diseases. For example, miR-30a is highly expressed in blood samples of osteoporosis
patients, miR-30a/b increases in cartilage tissue of osteoarthritis patients, and lower expression of
miR-30c is associated with higher malignance and shorter survival time of osteosarcoma. Mechanistically,
by targeting crucial transcription factors (RUNX2, SOX9, beclin-1, etc.), the miR-30 family regulates
some critical pathways of bone homeostasis (Wnt/B-Catenin, mTOR, PI3K/AKT, etc.). In view of the
distinct actions of the miR-30 family on bone metabolism, we hypothesize that the miR-30 family may be
a new remedy for the clinical treatment and prevention of some bone and joint diseases.
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Introduction

Bone is a hard mineralized tissue whose MicroRNAs (miRNAs) are short and conserved

structure and function are maintained through
homeostatic load-adaptive remodeling, resulting in a
sophisticated bone microarchitecture to meet
mechanical demands [1]. Joints are structures where
adjacent bones or bones and cartilage connect with
each other, providing stability and flexibility to the
body and limbs. Osteoporosis, osteoarthritis, and
degenerative disc disease are the most common bone
and joint diseases in the elderly, while skeletal
dysplasia, osteosarcoma, and Ewing's sarcoma are
prevalent among the young. All of these diseases
impose a heavy economic and social burden around
the world [2-5].

noncoding RNA strands that control gene expression
by post-transcriptional gene silencing [6]. They are
known to target a variety of genes [7] and are
involved in multiple biological processes, such as cell
proliferation, differentiation, survival, and apoptosis
[8].

In 2011, Rodriguez's team [9] identified
miRNA-30c as an independent predictor of clinical
benefits in patients with advanced breast cancer
treated with tamoxifen. Since then, research on the
miR-30 family has gradually increased. The miR-30
family is composed of five members: miR-30a,
miR-30b, miR-30c, miR-30d and miR-30e. They are
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located in three chromosomal regions: 6q13 (miR-30a),
8q24.22 (miR-30b and miR-30d), and 1p34.2 (miR-30c
and miR-30e) [10]. To date, an increasing number of
studies have shown that the miR-30 family plays a
crucial role in bone formation and bone resorption
through multiple pathways (Figure 1; Table 1),
suggesting that a whole novel field of possible
therapeutic schedules for bone and joint diseases is
coming out.

Here, we initially reviewed the mechanism by
which the miR-30 family affects skeletal development,
the relationships between the miR-30 family and bone
and joint diseases, as well as its therapeutic value.
Finally, we discussed the effects of extracellular
vesicles (EVs) containing the miR-30 family from
different cell sources on bone and joint diseases and
pointed out potential issues and future directions,
which may be helpful for the clinical therapy of a part
of bone and joint diseases.

MiR-30 Family and Skeletal
Development

The processes of osteogenesis and chondro-
genesis are stringently controlled by the
fate-determining transcription factor runt-related
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transcription factor 2 (RUNX2) [11, 12]. Multiple
studies have demonstrated that the miRNA-30 family
is a key negative regulator of this process, targeting
directly on RUNX2 and other critical factors’ gene.
Zhang et al. [13] found that miR-30c targeted both
Runx2 and tricho-rhino-phalangeal syndrome I
(Trps1) mRNA, a principal transcription factor of
cartilage. Thus, miR-30c could control mesenchymal
lineage progression by selectively suppressing the
differentiation of osteoblasts and chondrocytes,
thereby regulating skeletal development. Another
study  indicated  that  overexpression  of
miR-30a/b/c/d blocked BMP2-mediated osteogenic
differentiation in BMSCs by targeting Runx2 and
Smadl mRNA, subsequently decreasing the
expression and activity of alkaline phosphatase [14].
Similarly, Zhang et al. [15] found miR30a was a
negative regulator of BMP9-induced osteogenic
differentiation by  targeting Runx2 mRNA.
Additionally, miR-30b-5p inhibited the osteogenic
differentiation of hBMSCs via targeting BCL6 mRNA
[16]. However, contrary to most studies, one study
proposed that upregulation of miR-30c could promote
osteogenic differentiation by downregulating the
expression of TGIF2 and HDAC4 mRNA [17].
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Figure 1. Schematic diagram of the target genes of the miR-30 family under different physiological or pathological conditions
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Table 1. Summary of studies investigating the regulators and effectors of the miR-30 family in bone and joint diseases.

MiRNA Target cells/Samples/Organs Disease or Intervention Experimental Species Target Genes Reference
Phenotype Setting
MiR-30 MC3T3-E1 cells, breast cancer lines: Bone metastasis in Tumor xenograft In vivo, in Human, mouse ITGAS5, Itga5 [10]
MDA-MB-231, T47-D, MCF-7, BT-474, breast cancer vitro
ZR-751, SK-BR3, Hs-578T and
MDA-B02 cells
MiR-30a/b/c/d/e MM samples, MM cell lines: H929, MM / In vivo, In Human, mouse  / [73]
MM1S, and RPMI8226 vitro
MiR-30a MG63, 143B and Saos-2 cells os / In vitro Human PTEN [85]
MiR-30a BMSCs, SW1353 cells OA / In vitro Rat Dli4 [43]
MiR-30a OS cell lines of 143B, MG63, and (5] Xenograft model In vivo, In Human, mouse RUNX2, Runx2 [52]
U20S, and HS-5 cells vitro
MiR-30a HCT116, C3H10T1/2 cells / BMP9 In vitro Mouse Runx2 [15]
MiR-30a MSCs Cartilage injury ~ / In vitro Human SOX9 [39]
MiR-30a OS samples, and cells (03] / In vitro Human BECN1, [86]
MiR-30a Osteoclasts / / In vitro Mouse Dcstamp [24]
MiR-30a Synovial samples RA Nlrp3ke/tnfts In vivo NLRP3KO/TNFTG  Nlrp3 [22]
mouse
MiR-30a Doxorubicin -resistant OS cells (0] Doxorubicin -resistant cell In vitro Human BECN1 [54]
line (MG63/Dox)
MiR-30a Synovial samples RA / In vivo Human, BECN1 [46]
MiR 30a Mandibular condyle Maxillary and Ovariectomy In vivo Rat / [87]
mandibular
development
MiR-30a Cartilage, chondrocytes OA Collagenase In vivo, in Human, rat, SOXO9, Sox9 [38]
vitro
MiR-30a GCT stromal cells GCT / In vitro Human MTDH [88]
MiR-30a OS smabples, cell lines: MG63, U20S,  OS / In vitro Human MEF2D [51]
and Saos-2 cells
MiR-30a HFOB1.19 and OS cell lines: Saos-2, Os / In vitro Human FOXA1 [58]
HOS, U-20S, SOSP9607 and MG63
MiR-30a OS smabples, cell lines: MG63, U20S,  OS / In vitro Human MEF2D [51]
and Saos-2 cells
MiR-30a HFOB1.19 and OS cell lines: Saos-2, oS / In vitro Human FOXA1 [58]
HOS, U-20S, SOSP9607 and MG63
MiR-30a RAW264.7, splenocytes, and intestinal OA IL-1Ra-deficient mice and In vivo, in Il-1ra-/- mouse / [84]
cells collagen-induced arthritis vitro
MiR-30a HFOB1.19 (0) Mastocytosis-derived EVs In vitro Human, mouse RUNX2, [32]
SMAD1/5; Runx2,
Smad1/5
MiR-30a OA chondrocytes OA IL-1B In vitro Human ADAMTS5 [41]
MiR-30a Bone marrow-derived monocyte GCT / In vitro Human, mouse =~ RUNX2, Runx2 [66]
(BMM) cells, GCT of bone stromal cells
(GCTSCs)
MiR-30a GCT cells GCT / In vitro Human RUNX2 [65]
MiR-30a Chondrosarcoma samples, SW1353 Chondrosarcoma / In vitro Human SOX4 [67]
cells
MiR-30a/c Trachea Primary COL2A1-Cre:Dicer-/- mice In vivo Mouse Snail [19]
tracheomalacia
MiR-30a-3p ADSCs / / In vitro Mouse Runx2 [21]
MiR-30a-3p Serum ()3 / In vivo Human CRK, CCND1, [28]
PCYOX1, RAB5C
MiR-30a-3p Bone marrow, MM cell lines: MM Bortezomib In vivo, In Human, mouse ~ MAF, Maf [72]
NCIeH929, RPMI-8226, U266, OPM2 vitro
MiR-30a-3p RA synovial fibroblasts RA Freund’s complete In vivo, In Rat Keap1, Cul3 [44]
adjuvant, HO, vitro
MiR-30a-3p BMSCs or Ovariectomy In vitro Rat Sfrpl [33]
MiR-30a-5p OS samples, U20S and MG63 cells oS / In vivo, In Human, mouse ~ FOXD1, Foxdl [47]
vitro
MiR-30a-5p OA cartilage samples, Chondrocytes ~ OA TNF-a and IL-6 In vitro Human / [42]
MiR-30a-5p Serum, BMSCs ()3 / In vitro Human RUNX2 [34]
MiR-30a-5p MC3T3-E1 cells Periodontitis Ligature-induced In vivo, In Rat Runx2 [81]
Periodontitis, vitro
lipopolysaccharide
MiR-30a-5p MC3T3-E1 cells Osteolysis Co-Cr-Mo metal particles In vivo, in Mouse Runx2 [89]
stimulation vitro
MiR-30a-5p BMSCs OP Hindlimb unloaded In vivo, in Human, mouse =~ NOTCH]I, Notchl  [36]
vitro
MiR-30a-5p A673 cells ES Severe combined In vitro Human, mouse  CD99, Cd99 [62]
immuno-deficiency
(SCID) mice
MiR-30b/c/d/e  MC3T3-E1 cells Disuse OP Mechanical unloading In vitro Mouse Runx2 [31]
(2D clinorotation)
MiR-30b OS samples, hFOB1.19 cells and OS oS / In vitro Human, mouse ~ MYHY, Myh9 [56]
cell lines: HOS, 143B, U20S, MG63
MiR-30b OS samples, hFOB1.19, OS cell lines: ~ OS / In vitro Human VIM [60]

HOS, 143B,U20S, MG63
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MiRNA Target cells/Samples/Organs Disease or Intervention Experimental Species Target Genes Reference
Phenotype Setting
MiR-30b C3H10T1/2 cells Cartilage defects  / In vitro Mouse Sox9 [18]
MiR-30b Dendritic cells, hematopoietic stem / / In vivo, In Mouse Notchl [27]
cells vitro
MiR-30b BMSCs OP Incubated with In vitro Rat / [29]
Estradiol-17
MiR-30b SW1353 cells OA / In vivo, In Human ERG [40]
vitro
MiR-30b MG63, U20S, HOS, 143B, Saos-2, oS / In vitro Human ATGS5 [59]
NHOst, hFOB cells
MiR-30b Human lung cancer cell line: 95D cells Bone metastasis in Kynurenine In vitro Human LOX [69]
breast cancer
MiR-30b Th17 cells RA Collagen-induced In vivo, in Mouse Rorec, 116, Foxo3 [45]
arthritis vitro
MiR-30b Unrestricted somatic stem cell Bone defects GSK-3 inhibitor In vitro Human TGFBR, NLK [90]
MiR-30b ADTCS5 cells OA TNF-a In vitro Mouse Becnl, Atg5 [25]
MiR-30b-3p OS samples, hFOB, U20S, MG63, (0] / In vitro Human ELK1 [55]
143B, and HOS cells
MiR-30b-5p Serum, osteoblasts, bone marrow or In vivo: hindlimb In vivo, in Rats, monkeys / [91]
monocytes unloaded, head down vitro
bedrest, and ovariectomy;
In vitrol: M-CSF and
RANKL
MiR-30b-5p Cancerous samples of OA patients, OA NF-xB In vivo, In Human, rat SIRT1, Sirtl [26]
HC-A cells vitro
MiR-30b-5p Knee joint Chronic exercise ~ Chronic exercise arthritic  In vivo, In Rat Hoxal [37]
arthritic Injury injury vitro
MiR-30b-5p BMSCs / / In vitro Human BCL6 [16]
MiR-30b-5p Breast cancer metastatic lesions Bone metastasis in / In vitro Human / [71]
breast cancer
MiR-30c C3H10T1/2, C2C12, NIH3T3, and / / In vitro Mouse Trps1 and Runx2 [13]
3T3-L1 cells
MiR-30c MCE-7 cells, MDA-MD-231 cells Bone metastasis in / In vitro Human NOV [70]
breast cancer
MiR-30c MC3T3-E1, ATDC5, NIH3T3 cells, / / In vitro Mouse Runx2 [92]
MiR-30c OS samples, breast cancer cells oS Xenograft model In vivo, In Human, mouse S0OX9, Sox9 [53]
vitro
MiR-30c OS samples oS / In vitro Human / [48]
MiR-30c OS samples, hFOB1.19 cells (eX) / In vitro Human / [50]
MiR-30c GCT samples, breast cancer derived ~ GCT / In vivo, In Human HOXA1 [64]
cell lines vitro
MiR-30c MG63 (0] Nano-bioglass ceramic In vitro Human TGIF2, HDAC4 [17]
particles
MiR-30c-5p BMSCs, 143B, HOS, Saos-2, MG63 cells OS / In vivo, In Human, mouse KLF10, KIf10 [82]
vitro
MiR-30c-5p OS samples, oS Xenograft tumor model  In vivo, In Human, mouse CPEB4, Cpeb4 [57]
vitro
MiR-30d BMSCs / / In vitro Human, mouse  WNT, FGFR, BMP, [93]
TGF, RUNX2; Whnt,
Fgfr, Bmp, T3f,
Runx2;
MiR-30d Degenerative lumbar NP samples, IDD / In vitro Human SOX9 [74]
nucleus pulposus cells
MiR-30d MM samples, MM cell lines: U266, MM / In vitro Human MTDH [94]
H929, RPMI-8226 cells
MiR-30d SK-ES-1 human ES cells ES / In vitro Human / [63]
MiR-30d Degenerative lumbar nucleus IDD / In vivo, In Human / [75]
pulposus samples, nucleus pulposus vitro
cells
MiR-30d-3p Tibia and the lumbar spine or Bisphosphonate and In vivo Rat Myc [95]
Teriparatide
MiR-30d-5p Plasma OP / In vivo Human / [30]
MiR-30d-5p HFOB1.19, C28/12T Os / In vivo, In Human, mouse SOCS3, Socs3 [96]
vitro
MiR-30d-5p Mandibular bone samples Mandibular / In vivo Human / [97]
prognathism
MiR-30d-5p MSCs or / In vitro Human RUNX2 [35]
Mesenchymal stem cells (MSCs) have the  C3H10T1/2 cells by directly targeting the key

potential to differentiate into three lineages - in
addition to the osteogenic lineage mentioned above,
there are chondrogenic and adipogenic lineages. For
chondrogenesis, miR-30b negatively regulates
TGEFP3-induced chondrogenic differentiation of

cartilage differentiation factor Sox9 mRNA [18].
Specific inhibition of miR-30a/c in chondrocytes
hamperes the transcription of collagen alpha-1(II)
chain and Aggrecan, and subsequently decreases
extracellular matrix deposition, this effect is
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accomplished by targeting Snaill mRNA, an effector
that derails the normal program of permanent
chondrocytes [19]. In terms of adipogenesis, trough
targeting RUNX2 mRNA, miR-30 a/d not only
blocked the effect of osteogenic markers and the
osteogenic stemness of MSCs, but stimulated these
cells to differentiate into adipocytes [20]. Guo et al
further explained that this phenomenon was
regulated by circRNA-23525, an upstream factor of
miRNA-30a [21].

The miR-30 family affects the cellular
inflammatory response, but its specific role is
controversial. Some scholars believe that miR-30 can
inhibit the inflammatory response. Inflammasomes,
such as NACHT, LRR and PYD domains-containing
protein 3 (NLRP3), exert major effects in the
pathogenesis of bone damage and synovitis. miR-30a
negatively mediates NLRP3 expression in vitro by
directly binding to NIrp3 mRNA 3’ UTR in
TNFa-primed BMSCs, and effectively attenuates joint
inflammation and bone damage in TNF'C mice in vivo
[22]. Ciavarella et al. found that inflammatory stress
induced by TNF-a, TGF-p1, and TGF-f3 led to
endothelial-to-mesenchymal transition (End-MT), a
phenotypic switch of pathological vascular changes
that was associated with vascular calcification. While
miR-30a-5p and miR-30d could inhibit End-MT and
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osteogenesis [23]. Also, Yin et al found that miR-30a
attenuated osteoclast formation by decreasing
Dcstamp expression to reduce the expression of c-Fos
and NFATc1 [24]. However, other scholars have
suggested that miR-30 aggravates the inflammatory
response and is detrimental to cell survival. MiR-30b
could promote TNF-a induced apoptosis and enhance
cartilage degradation via suppressing autophagy, and
their research team detected a direct interaction
between miR-30b and the mRNA 3" UTRs of the
autophagy genes - Becnl and Atg5, therefore reducing
cellular survival during inflammation [25]. Similarly,
miR-30b-5p aggravated joint pain and articular
cartilage loss by targeting the
SIRT1-FOXO3A-mediated AILRP3 inflammasome
[26]. Additionally, upregulation of miR-30b in bone
marrow could increase the production of IL-10 and
nitric oxide by targeting Notchl mRNA [27].

Snail family transcriptional repressor 1 (Snaill),
an effector of FGF signaling, is critical during growth
plate cartilage development, but must be inhibited in
the trachea to enable cartilage formation in this
life-supporting organ. miR-30a/c function as direct
repressors of Snaill expression by targeting its 3’UTR
[19], which shows therapeutic potential in primary
tracheomalacia.
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Figure 2. Osteogenic differentiation pathways and targets associated with miR-30 family.
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MiR-30 Family and Osteoporosis

Through miRNA sequencing of blood samples
from postmenopausal osteoporosis (PMOP) patients,
miR-30a was identified as a significantly upregulated
miRNA [28]. It is well known estradiol-17p (E2) is a
critical regulator of bone homeostasis, promoting
bone formation and reducing bone resorption. E2 was
reported to suppress miR-30b expression [29], which
to some extent explained the increase in plasma
miR-30 in PMOP patients. Interestingly, plasma
miR-30d-5p was noticeably reduced in OP patients
with higher physical activity [30]. Additionally, under
unloading conditions, miR-30 family members were
demonstrated to inhibit osteoblast differentiation by
suppressing RUNX2 [31].

Mechanistically, miR-30a attenuated osteoblast
maturation by suppressing the expression of essential
drivers of osteogenesis - RUNX2 and SMAD1/5, thus
inducing OP [32]. Another study reported, miR-30a
promoted ovariectomy-induced OP by targeting Sfrp1l
mRNA, which regulates multiple signaling pathways
in osteogenic differentiation [33]. Furthermore,
studies have shown that several IncRNAs can
downregulate miR-30 family members to influence
OP development. For instance, IncRNA XIXT [34] and
DGCRS5 [35] can upregulate RUNX2 by sponging and
blocking the function of miR-30a/d, thus inducing
osteogenic differentiation of hMSCs. However, there
is a contrary opinion to the two previous studies -
IncRNA HCG18 inhibited osteogenic differentiation
of BMSCs via the miR-30a-5p/Notchl axis. [36]. One
possible reason is the different cell sources, from bone
marrow of PMOP patients or from femoral head
tissues with or without OP. Another reason is that
Che et al used hindlimb-unloaded OP mousemodel to
vertify their hypothesis, while the other two studies
applied serum from OP patients. Therefore, the effect
of the IncRNAs/miRNA-30 family axis on osteo-
genesis may be affected by different OP types,
sampling sites, or species, and further studies are still
needed. Collectively, these findings suggest that the
miR-30 family could be a possible therapeutic target
to diagnose or treat OP. Further in vivo experiments
are required to support its application.

MiR-30 Family and Arthritis

OA is the most common chronic joint disease
and is characterized by degradation or damage to
articular cartilage. Recently, studies confirmed that
miR-30a/b was upregulated in OA cartilage samples,
which promoted OA progression by inhibiting
chondrocyte proliferation and differentiation, and
promoting inflammation and extracellular matrix
(ECM) degradation. First, miR-30b could downregu-

late the mRNA expression of collagen alpha-1(Il)
chain and aggrecan, which are key factors for cartilage
proliferation and differentiation [37]. This effect was
accomplished by targeting SOX9 [38, 39] and ERG
(ETS-related gene) mRNA [40]. Second, miR-30a/b
promoted the inflammatory response and ECM
degradation by enhancing the expression of IL-1p
during chondrogenic differentiation [41, 26]. Other
evidence showed that miR-30b-5p increased the
protein levels of MMP-13, cleaved caspase-3 and
TNF-a in chondrocytes [37]. All these factors could
strongly promote ECM degradation. In a rat model of
chronic exercise arthritic injury, Li et al found that
miR-30b-5p could regulate the inflammation,
apoptosis and migration of chondrocytes by targeting
Hoxal mRNA [37]. In addition, among the upstream
genes of the miR-30 family, LncRNA LINC00461 was
found to promote chondrocyte proliferation and cell
cycle progression, and inhibit inflammation and ECM
degradation by downregulating miR-30a-5p [42].
However, Tian et al. found the opposite result in rat
chondrogenic  differentiation in wvitro: miR-30a
promoted chondrogenic differentiation of BMSCs by
inhibiting delta-like 4 expression [43]. Overall,
miR-30a/b has the potential to serve as key regulator
of cartilage homeostasis and potential diagnostic and
a therapeutic target for OA.

In rheumatoid arthritis (RA), elevated expres-
sion of the miR-30 family contributes to anti-inflam-
mation. In hydrogen peroxide (H»O»)-treated RA
fibroblast-like synoviocytes, miR-30a-3p activated
nuclear factor erythroid 2-related factor 2 (NRF2) to
protect these cells against oxidative stress by targeting
KEAP1 and CUL3 signaling [44]. Similarly, in
TNFa-primed synovial macrophages, the NLRP3
inflammasome was activated and exerted major
effects on RA-mediated synovitis and bone damage,
whereas microRNA-30a overexpression reversed this
trend [22]. In an animal model of collagen-induced
arthritis, miR-30b was found to interact with Rorc
mRNA, which encodes a protein implicated in
proinflammatory Th17 cell differentiation [45]. With
overexpression of beclin-l and microtubule-
associated proteins light chain 3A, autophagy was
increased in synovial tissue from RA patients, which
was correlated with decreased levels of miR-30a [46].

MiR-30 Family and Bone Tumors

To date, numerous studies have reported the
importance of the miRNA-30 family in osteomas,
including OS, ES, giant cell tumor of bone (GCT),
chondrosarcoma, and other bone-eroding tumors
including breast cancer metastases and multiple
myeloma (MM). Among them, the most widely
studied tumor is OS, and the most studied miRNA-30
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family member is miR-30a.

OS, the most common malignant bone tumor, is
usually found in people aged 30 years or younger. It
has been reported that the miRNA-30 family is less
expressed in OS tissues than in paired adjacent
non-cancer tissues [47, 48]. By comparing miRNAs of
OS plasma samples from the Gene Expression
Omnibus (GEO) database, Xu et al found that
miR-30d-5p and miR-30e-5p were the central hubs of
constructed miRNA-mRNA networks [49]. By
analyzing the relationship between the expression of
miR-30c in OS tissues of different patients and the
corresponding survival time, Sun et al found that
lower expression of miR-30c was associated with
higher malignance of OS and shorter survival time of
patients. [50]. Myocyte enhancer factor 2D (MEF2D)
was verified to promote the initiation and progression
of cancers, and Du et al indicated that miR-30a could
directly target MEF2D mRNA to suppress OS
proliferation and metastases [51]. Similarly, Tao et al
detected that forkhead box D1 (FOXD1) was highly
expressed in OS tissues and negatively correlated
with miR-30a-5p, whereas agomir-30a-5p could
inhibit the proliferation, migration and invasion of OS
cell lines in vitro [47]. Other studies have reported that
the miR-30 family plays a key role in the progression
of OS via targeting RUNX2 [52] and SOX9 mRNA
[53]. Surprisingly, in a study of OS chemoresistance,
miR-30a was confirmed to reduce chemoresistance
through suppressing beclin-1-mediated autophagy
[54]. In recent years, studies have confirmed that
noncoding RNAs interact with the miRNA-30 family
to regulate the progression of OS. LncRNA 00662
upregulated the expression of ELK1 through
sponging miR-30b-3p to promote the malignant
behavior of OS cells [55]. LncRNA MRPL23-AS1
activated the Wnt/p-Catenin signaling pathway by
inhibiting miR-30b and upregulating myosin heavy
chain 9 (MYH9), thereby facilitating tumor
progression and carcinogenesis in OS [56]. LncRNA
RP11-361F15.2 was found to be highly expressed in
OS tissues, which promoted CPEB4-mediated OS
tumorigenesis and blocked M2-like polarization of
tumor-associated = macrophages by  absorbing
miR-30c-5p [57]. LncRNA SBF2-AS1 acted as a
competing endogenous RNA against miR-30a and
upregulated FOXA1 expression, which contributed to
proliferation, migration and invasion and inhibited
apoptosis in OS cells [58]. Similarly, IncRNA
DICER1-AS1 promoted OS progression by the
miR-30b/ ATGS5 axis, and knockdown of DICER1-AS1
reversed this effect [59]. In addition, circular RNAs
were also involved, acting in a similar manner to
IncRNAs, and circ TUBGCP3 promoted progression
and survivability in OS by sponging miR-30b [60].

Together, overexpression of the miR-30 family can
inhibit OS cell progression through multiple
pathways. These studies suggested that the miR-30
family was closely related to OS progression,
providing a potential possibility for the miR-30 family
to be applied in the treatment and prognostic
assessment of OS in the future.

ES, the second most frequent bone tumor in
children and adolescents, occurs in the bones or soft
tissues. Eighty-five percent of cases are characterized
by a recurrent chromosome t(11,22)(q24;q12)
translocation, which leads to fusions between the
EWS and FLI1 genes and overexpression of the
EWS-FLI1 aberrant transcription factor [61]; therefore,
EWS-FLI1 is a critical biomarker and therapeutic
target in ES. Luckly, miR-30a-5p was reported to
directly connect EWS-FLI1 and effectively reduce its
expression. This study also noted that mR-30a-5p
could interact with CD99 membrane glycoprotein to
reduce cell proliferation and invasion [62]. Another
study of human ES cell lines found that miR-30d
blocked the cell biological progression of ES by
inhibiting the MEK/ERK and PI3K/AKT pathways
that are common in tumor progression. [63].

GCT, a borderline tumor with high recurrence
and malignant potential, is characterized by high
osteolytic activity. Compared to normal controls,
miR-30c expression was obviously lower in GCT
samples and cell lines, while overexpression of
miR-30c suppressed cell proliferation, invasion and
migration, which was achieved by targeting HOXA1
mRNA [64]. The key osteogenic transcription factor
RUNX2 is also an important target of GCT
progression. A study showed that miR-30a was the
target of the anticancer drug - imatinib, which
promoted apoptosis of GCT cells by targeting the
miR-30a-mediated RUNX2 signaling pathway [65]. In
addition, miR-30a not only acted as a tumor
suppressor, but also as a new therapeutic target for
osteolysis by targeting RUNX2 mRNA, providing
more possibilities to regress GCT progression in
patients [66].

In chondrosarcoma, SOX4 overexpression served
as a prognostic marker in patients with low histologic
grade chondrosarcoma, and miR-30a was inversely
correlated with SOX4 expression in chondrosarcoma
cases. Upregulating the expression of miR-30a could
improve prognosis [67].

Bone is a frequently implicated organ in
metastatic breast cancer, and approximately 70% of
metastatic breast cancer patients suffer from bone
metastases [68]. miR-30 family members are involved
in breast cancer bone metastases, but their roles
remain controversial. Some scholars believe that
miR-30 family members employ multiple mechanisms
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to prevent bone metastases of breast cancer. Through
bioinformatics analysis and verification experiments
in vivo and in vitro, Croset et al. identified many genes
including osteoblastogenesis inhibition (e.g., DKK1),
osteoclastogenesis stimulation (e.g., IL8, IL11), tumor
cell invasiveness (e.g., connective tissue growth factor,
ITGAS5, ITGB3), and bone osteomimicry (e.g., RUNX2,
CDH11) as inhibition targets of the miR-30 family,
thus impeding breast cancer bone metastases [10].
Duan et al. confirmed that miR-30b inhibited the
propensity of bone metastases by regulating
microenvironment components. Specifically, lysyl
oxidase (LOX) contributed to the remodeling of the
ECM, which ultimately promoted bone metastases of
breast cancer, while miR- 30b exerted an anti-bone
metastatic effect by targeting LOX [69]. However,
other scholars believed that the miR-30 family was
closely associated with the highly invasive phenotype
of metastatic breast cancer. Dobson et al. indicated
that miR-30c promoted the invasive phenotype via the
NOV/CCNB axis, which was completely independent
of miR-30c targeting of RUNX2 [70]. By comparing the
expression of miR-30 in primary tumors and paired
metastatic lesions, Estevao et al found that the
miR-30b-5p expression level was remarkably higher
in bone metastasis tissue, so miR-30b-5p might
indicate a higher risk of breast cancer progression
[71]. However, this study did not clarify the causal
relationship between the increase of miR-30b-5p and
bone metastasis - whether the upregulation of
miR-30b-5p led to bone metastasis or bone metastasis
resulted in the increase of miR-30b-5p, which requires
further clarification.

MM, the second most common hematological
malignant tumor, is characterized by the
accumulation of abnormal monoclonal plasma cells in
the bone marrow and multiple osteolytic lesions. It
was reported that miR-30a-3p could downregulate the
expression of its target c-Maf to inhibit bortezomib
resistance in MM, while IncRNA ANGPTL1-3
abolished this effect by sponging miR-30a-3p [72].
Metadherin (MTDH), a novel oncogene that regulates
the AKT pathway, was identified as a direct target of
the miR-30 family. Further data indicated that
miR-30d exerted an antitumor effect by negatively
regulating MTDH to inhibit the activation of the
PI3K/AKT signaling pathway in U266 cells (Zhu et
al., 2018). Another study using GCTB stromal cells
also came to similar conclusions (Chen et al., 2018).
The canonical Wnt/p-Catenin pathway is implicated
in the pathogenesis of MM, while miR-30-5p functions
as a MM suppressor via targeting the oncogenic
Wnt/ 3-Catenin/BCL9 pathway [73].

Overall, the miR-30 family participates in the
process of proliferation, survival, migration, and drug

resistance of a variety of primary bone tumors and
bone metastatic tumors by regulating the expression
of their downstream target genes, which reveals the
potential of miR-30 as a therapeutic target for
bone-related tumors.

MiR-30 Family and Intervertebral Disc
Degeneration

Intervertebral disc degeneration (IDD) is a
common cause of chronic low back pain, cervical pain,
lumbar pain, and disability. After analysis of tissue
samples from the degenerative lumbar nucleus
pulposus, miR-30d was significantly increased in the
degenerative nucleus pulposus tissue compared with
the normal control group [74, 75]. Mechanistically,
miR-30d intensified apoptosis and extracellular
matrix degradation of degenerative human nucleus
pulposus cells by downregulating SOX9, thus
promoting the initiation and development of IDD
[74]. Furthermore, another target of miR-30d in IDD
was FOXO3 mRNA, which inhibited apoptosis of
nucleus pulposus cells by downregulating of CXCL10
expression [75]. The above two studies reached
similar conclusions —downregulation of miRNA-30d
can alleviate disc degeneration.

MiR-30 Family and Extracellular Vesicles
of Different Origins

Acting as vehicles for crosstalk between cells,
EVs are secreted from various cell types. These EVs
regulate other cellular biological activities by
packaging and delivering active molecules including
proteins, mRNA, and noncoding RNAs. BMSC-EVs
can deliver noncoding RNA activated by DNA
damage (NORAD) to OS cells, especially to metastatic
OS tissues [82]. NORAD functions as a sponge of
miR-30c-5p and then upregulats the expression of
Kruppel-like factor 10 (KLF10), thereby accelerating
the progression and metastasis of OS [82]. Patients
with systemic mastocytosis (SM) usually have OP and
other bone diseases due to the presence of mast cell
infiltrates in bone marrow. Kim et al. found that
neoplastic mast cell-derived EVs containing miR-30a
blocked osteoblast differentiation and mineralization
in vitro, and diminished osteoblast markers such as
RUNX2 and SMAD1/5, trabecular bone volume, and
bone microarchitecture in vivo [32]. Calcific aortic
valve disease (CAVD) is common in elderly
individuals. Yang et al. revealed that telocyte-derived
EVs alleviated aortic valve calcification by carrying
miR-30b and then inhibited the Wnt/p-Catenin
pathway [83]. The study of Arntz et al. showed that
bovine milk-derived EVs expressed miR-30a, exosome
marker CD63, and milk-specific beta-casein and
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beta-lactoglobulin ~ mRNA. Interestingly, oral
administration of BMEVs attenuated OA in
IL-1Ra-deficient-induced spontaneous polyarthritis
and collagen-induced OA in mouse model [84].

Conclusion

Growing evidence indicates that the miR-30
family is involved in the development of the
mammalian skeletal system. However, it is
noteworthy that the same miR-30 family members
may play different roles in different diseases. For
instance, overexpression of miR-30a in bone marrow
induces OP by attenuating osteoblast maturation and
intensifying the inflammatory microenvironment.
Conversely, its overexpression can inhibit
proliferation, migration, invasion, and survivability of
OS cells, thereby delaying disease progression and
improving prognosis. Additionally, the role of the
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ELK1/ELK1: ETS transcription factor ELK1; End-MT:
endothelial to mesenchymal transition; ERG:
ETS-related gene; ERK: extracellular regulated MAP
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vesicles; FGFR: fibroblast growth factor receptor;
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FOXA1: forkhead box Al; FOXD1: forkhead box D1;
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proto-oncogene; GCT: giant cell tumor of bone; GEO:
gene expression omnibus; HOXA1/Hoxal: homeobox
A1l; HDAC4: histone deacetylase 4, HUVECs: human
umbilical vein endothelial cells; IDD: intervertebral
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5; ITGB3: integrin subunit beta 3; Keapl/KEAP1: kelch
like ECH associated protein 1; KLF10,/KIf10/KLF10:
Krupppel-like factor 10; MEF2D/MEF2D: myocyte
enhancer factor 2D; LOX: lysyl oxidase; MAF/Maf :
MAF bZIP transcription factor; MEK: MAP kinse-ERK
kinase; MM: multiple myeloma; MMP: mitochondrial
membrane potentia;, MTDH/MTDH: metadherin;
Myc: myelocytomatosis oncogene; MYHY/ Myh9/
MYH9: myosin heavy chain 9; NFATc1: nuclear factor
of activated T cells, cytoplasmic, calcineurin
dependent 1; Nirp3/NLRP3: NACHT, LRR and PYD
domains-containing protein 3; NLK: nemo like kinase;
NORAD: non-coding RNA activated by DNA
damage; NOTCH1/Notchl: notch receptor 1, NRF2:
nuclear factor erythroid 2-related factor 2; miRNAs:
microRNAs; NRF2: nuclear factor erythroid 2-related
factor 2; OA: osteoarthritis; OP: osteoporosis; OS:
osteosarcoma; PMOP: postmenopausal osteoporosis;
PI3K: phosphatidylinositol 3-kinase, putative; PTEN:
phosphatase and tensin homolog; RAR: related
orphan receptor gamma; RUNX2/Runx2/RUNX2:
RUNX family transcription factor 2; Sfrpl: secreted
frizzled related protein 1; SM: systemic mastocytosis;
Smadl/5 or SMAD1/5: SMAD family member 1/5;
Snaill/Snail: snail family transcriptional repressor 1;
SMCs: smooth muscle cells; SIRT1/Sirt1/SIRT1: sirtuin
1, SOCS3/Socs3: suppressor of cytokine signaling 3;
SOX4: SRY-box transcription factor 4; SOX9/

S0x9/50X9: SRY-box transcription factor 9; TGF/Tgf:
transforming growth factor; TGFBR: transforming
growth factor beta receptor; TGIF2: TGFB induced
factor homeobox 2; TNF-a: tumour necrosis factor
alpha-like; Trps1/TRPS1: tricho-rhino-phalangeal
syndrome I; VIM: vimentin.
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