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ABSTRACT

Background: Congenital pseudarthrosis of the tibia (CPT) is an uncommon congenital deformity and a
special subtype of bone nonunion. The lower ability of osteogenic differentiation in CPT-derived
mesenchymal stem cells (MSCs) could result in progression of CPT, and miR-30a could inhibit osteo-
genic differentiation. However, the role of miR-30a in CPT-derived MSCs remains unclear.
Methods: The osteogenic differentiation of CPT-derived MSCs treated with the miR-30a inhibitor was
tested by Alizarin Red S staining and alkaline phosphatase (ALP) activity. The expression levels of protein
and mRNA were assessed by Western blot or quantitative reverse transcription-polymerase chain re-
action (RT-qPCR), respectively. The interplay between miR-30a and HOXD8 was investigated by a dual-
luciferase reporter assay. Chromatin immunoprecipitation (ChIP) was conducted to assess the binding
relationship between HOXD8 and RUNX2 promoter.
Results: CPT-derived MSCs showed a lower ability of osteogenic differentiation than normal MSCs. miR-
30a increased in CPT-derived MSCs, and miR-30a downregulation promoted the osteogenic differenti-
ation of CPT-derived MSCs. Meanwhile, HOXDS is a direct target for miR-30a, and HOXDS8 could tran-
scriptionally activate RUNX2. In addition, miR-30a could inhibit the osteogenic differentiation of CPT-
derived MSCs by negatively regulating HOXDS.
Conclusion: miR-30a inhibits the osteogenic differentiation of CPT-derived MSCs by targeting HOXD8.
Thus, this study might supply a novel strategy against CPT.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

1. Introduction

malformation of the tibia in infancy and childhood. CPT is associ-
ated with neurofibromatosis or fibrous dysplasia [3,4]. Accumu-

Congenital pseudarthrosis of the tibia (CPT) is one of the most
challenging problems in pediatric orthopedics [1,2]. The incidence
rate of CPT is between 1:140,000 and 1:250,000 births. Clinically,
CPT mostly manifests as progressive varus and antecurvation

Abbreviation: ADSCs, adipose-derived mesenchymal stem cells; ALP, alkaline
phosphatase; CPT, congenital pseudarthrosis of the tibia; ChIP, chromatin immu-
noprecipitation; HOXD8, Homeobox D8; miRNAs, MicroRNAs; RT-qPCR, Quantita-
tive reverse transcription PCR; MSCs, mesenchymal stem cells; OCN, osteocalcin;
OPN, osteopontin; RUNX2, runt-related transcription factor 2; ARS, Alizarin Red S;
a-MEM, o-minimum essential medium; DMEM, Dulbecco's modified Eagle's me-
dium; FBS, fetal bovine serum; 3’-UTR, 3’-untranslated region; wt, wild-type; mut,
mutant; SD, standard deviation.

* Corresponding author. Department of orthopaedics, Hunan Children's Hospital,
No. 86, Ziyuan Road, Yuhua District, Changsha 410007, Hunan Province, PR China

E-mail address: meihaibomb0527@163.com (H. Mei).

Peer review under responsibility of the Japanese Society for Regenerative
Medicine.

https://doi.org/10.1016/j.reth.2022.09.005

lating evidence has revealed that a pathological alteration of the
periosteum in pseudarthrosis may be crucially responsible for CPT
[4,5]. Tibial intramedullary fixation is recommended to maintain
the stability of pseudarthrosis [6]. However, current surgical ap-
proaches for CPT are not met clinically due to the challenges in
realizing and keeping bone healing [7]. Therefore, it is urgent to
explore new strategies for CPT therapy.

Inhibition of osteogenic differentiation in CPT-derived mesen-
chymal stem cells (MSCs) could result in CPT progression [8]. MSCs
therapy provides an approach to boost conventional surgical
treatments [9,10]. In addition, MSCs derived from patients with CPT
often exert a lower ability of osteogenic differentiation compared to
MSCs from healthy people [11]. However, the related mechanism
remains unclear. Thus, it is essential to investigate how CPT-derived
MSCs display a lower ability of osteogenic differentiation.

MicroRNAs (miRNAs), as endogenic noncoding small RNAs, are
widely expressed and involved in regulating gene expression [12].
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Accumulating evidence indicated that miRNAs play essential roles
in osteogenic differentiation [13,14]. miR-30a is one of the miRNAs
that has multiple functions in the cellular process. Liu et al. re-
ported that the miR-30a inhibitor could induce osteogenic differ-
entiation of bone marrow-derived MSCs by targeting Notch1 [15].
Guo et al. demonstrated that miR-30a participates in CircRNA-
23525-mediated osteogenic differentiation of adipose-derived
MSCs [16]. miR-30a is involved in osteogenic differentiation
[15,17]. However, the function of miR-30a in CPT and its underlying
mechanism remains mysterious.

mRNAs are involved in CPT progression by modulating the
osteogenic differentiation of MSCs [2]. HOXDS is the pivotal gene in
cancer-related pathways and could regulate the osteogenic differ-
entiation of MSCs [18]. Nevertheless, the function of HOXD8 in CPT
is largely unknown.

This study illustrated the role of miR-30a in the osteogenic
differentiation of MSCs during the progression of CPT. This research
might supply a new strategy against CPT.

2. Materials and methods
2.1. MSC isolation, culture, and identification

Patients with CPT and developmental dysplasia of the hip (DDH)
were hospitalized at the Division of Orthopedics of Hunan Chil-
dren's Hospital from June to December 2020. The groups were as
follows: CPT group (3 CPT patients with periosteum lesion) and
control group (normal iliac periosteum of DDH in 3 cases). This
work was approved by the Medical Ethics Committee of Hunan
Children's Hospital. Patients and their parents obtained and signed
the informed consent. Periosteal tissues were harvested from 3
patients from the CPT or normal group during surgical procedures
of osteosynthesis. MSCs were isolated by enzymatic digestion. The
unwanted tissues were cut off, and residual blood clots were
removed. Then tissue fragments were washed with Hanks'
balanced salt solution containing calcium and magnesium.
Furthermore, the tissue fragments were cut to ~1 mm. And then the
tissues were digested by 2 mg/mL collagenase type II (Gibco, USA)
in ¢-minimum essential medium (o-MEM; Gibco) at 37 °C for 24 h.
Digested tissues were centrifuged at 2000 rpm for 5 min, and cells
were resuspended by o-MEM containing 10% fetal bovine serum
(FBS). Then, cells were plated on a 100 mm dish and cultured. The
medium was refreshed every 2—3 days.

MSCs were identified by CD44, CD90, CD31, and CD34 detection,
as described previously [19]. Briefly, third-generation periosteal
MSCs were digested and resuspended with PBS. Subsequently, the
cells were centrifuged at 1500 rpm for 5 min and resuspended with
PBS. Cells (100 pL; 1 x 106/mL) were incubated with CD90
(328109), CD44 (397517), CD34 (343519), and CD31 (303115) an-
tibodies (BioLegend, USA). After incubation for 20 min, cells were
added with 1.5 mL PBS and centrifuged at 2000 rpm for 5 min. After
discarded the supernatant, the cells were added with 500 pL PBS for
flow cytometry assay (CytoFLEX cytometer, Beckman, USA).

293T cells were derived by the American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured in Dulbecco's modified
Eagle's medium (DMEM) (Thermo Fisher, Shanghai, China)
including 10% FBS.

2.2. Cell transfection and infection

si-NC, si-HOXD8, miR-NC, miR-30a mimic, and miR-30a inhibi-
tor were obtained from GenePharma (Shanghai, China). MSCs were
transfected with si-NC, si-HOXD8, miR-NC, miR-30a mimic, or miR-
30a inhibitor by Lipofectamine 2000 (Invitrogen) for 48 h. For
HOXD8 overexpression, HOXD8 overexpression lentiviruses (lenti-
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PLVX-HA-HOXD8) or the corresponding control (lenti-PLVX-HA)
were provided by Hanbio Biotechnology Co., Ltd. (Shanghai, China).
MSCs (5 x 108/well) were infected with the control (lenti-PLVX-HA)
or HOXDS8 overexpressed lentiviruses.

2.3. CCK-8 assay

Cells were seeded in 96-well plates at a density of 1000 cells per
well. CCK-8 reagents (10 uL; C0037; Beyotime Biotechnology,
Shanghai, China) were added and further incubated for 2 h. The
absorbance (450 nm) was tested by a microplate reader (Thermo
Fisher, USA).

2.4. Osteogenic differentiation of MSCs

Osteogenesis induction was performed using an osteogenic
medium (HUXMX-90021, Cyagen Biosciences, China). After 7 days,
early osteogenesis was tested via an alkaline phosphatase (ALP)
assay kit. After 21 days later, late osteogenic differentiation was
detected using the Alizarin Red S (ARS) staining kit (C0148S;
Beyotime Technology).

2.5. ALP activity detection

ALP activity was assessed by colorimetric assay and histo-
chemical staining. The ALP kit assay was used to determine ALP
activity (MAK447-1 KT; Millipore, Billerica, MA, USA). Cells were
washed with PBS and lysed with a lysis buffer. Cell lysates were
treated with p-nitrophenyl phosphate at 37 °C. Absorbance was
tested by a microplate reader at 405 nm (Thermo Fisher).

For ALP staining, the cells were immobilized in 4% para-
formaldehyde at 25 °C for 30 min. The ALP staining kit (MO039;
Shanghai Gefan Biotechnology Co., Ltd., Shanghai, China) was used
to perform ALP staining according to the manufacturer's in-
structions. Stained cells were examined under a microscope (BX51;
Olympus, Tokyo, Japan).

2.6. ARS staining

To detect the matrix mineralization of MSCs, MSCs were fixed in
4% paraformaldehyde at 25 °C for 30 min. Subsequently, the cells
were rinsed with PBS thrice and dyed with ARS (C0148S) at 37 °C
for 0.5 h [20]. Finally, cells were observed using a microscope
(BX51).

2.7. Quantitative reverse transcription-polymerase chain reaction
(RT-qPCR)

Total RNA was extracted by TRIzol reagent (TaKaRa, Tokyo, Japan).
The PrimeScript RT Reagent Kit (TaKaRa) was used to synthesize
first-strand cDNA. Finally, qPCR was measured by the ABI7500 PCR
System (Thermo Fisher) with SYBR Green (TaKaRa). In this study, the
primers were provided by GenePharma (China). qPCR was per-
formed using the following primers: HOXD8: GACCGTTGTTAG-
CACGCCTT (forward) and CACGTATCGGTCCGTGTTGG (reverse),
miR-30a: TTCCATACTGCAACGCCATACC (forward) and GCAATCCGC
CCTTAGTCCAA (reverse), RUNX2: GAACTTTCTGCTGTCTTGGGTG
(forward) and GGCAGTAGCTGCGCTGATAG (reverse), 3-actin: CCTG
CGAAACACCTTGATCG (forward) and TCGTCATGTTCCCCACTTCG
(reverse), and U6: CGTCTTCCCAGGACCGTA (forward) and CGAATC
CTGACATTAAGTCG (reverse). B-actin and U6 were adopted as a
reference to quantify the mRNA and miR-30a levels, respectively.
The 222CT method was applied for data quantification.
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Fig.1. CPT-derived MSCs exerted a low ability of osteogenic differentiation. (A) MSCs were derived from normal or CPT patients. Isolated MSCs were analyzed by flow cytometry.
(B, C) ALP activity and staining in CPT-derived MSCs were assessed. (D) The osteogenic differentiation in CPT-derived MSCs was investigated by Alizarin red staining. (E) The levels of
IBSP, RUNX2, OCN, and OPN in CPT-derived MSCs were evaluated by Western blot. *p < 0.05; **p < 0.01; ***p < 0.001.

2.8. Western blot

Total protein was homogenized in RIPA buffer (Cell Signaling
Technology, Danvers, MA, USA). Next, protein was separated on an
SDS-PAGE and transferred to polyvinylidene difluoride membranes.
The membranes were incubated with 5% bovine serum albumin in
Tris-buffered saline with Tween 20. The membranes were probed
with primary antibodies, such as HOXD8 (ab228450; 1:1000;
Abcam), RUNX2 (ab236639; 1:1000; Abcam), osteopontin (OPN;
ab214050; 1:1000; Abcam), osteocalcin (OCN; ab93876; 1:1000;
Abcam), and GAPDH (ab9485; 1:1000; Abcam), and IBSP (#5468;
1:1000; Cell Signaling Technology) at 4 °C overnight. After washing
thrice, the membranes were incubated in corresponding horse-
radish peroxidase-conjugated goat anti-rabbit IgG polyclonal anti-
body (ab136636; 1:5000; Beyotime Biotechnology) at 25 °C for 1 h.
Next, the blots were dyed by the ECL blot kit (Amersham, Cytiva,
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China) and visualized by the GEL imaging system (Bio-Rad, USA).
Finally, protein bands were measured by Image].

2.9. Dual-luciferase reporter assay

The wild-type (wt) and mutant (mut) constructs of the HOXD8
3’-untranslated region (3’-UTR) were linked with psiCHECK-2
vector (Promega, Madison, WI, USA). wt or mut HOXD8 3'-UTR
and miR-NC or miR-30a mimics were transfected into 293T cells by
Lipofectamine 3000. The luciferase activities were detected by a
dual-luciferase reporter assay (Promega).

The wt and mut constructs of the RUNX2 promoter were cloned
into psiCHECK-2 vector (Promega). 293T cells were cot-ransfected
with the wt or mut RUNX2 promoter vector and HOXDS8 over-
expression vector by Lipofectamine 3000. The relative luciferase
activities were tested by a dual-luciferase reporter assay.
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Fig. 2. Downregulation of miR-30a promoted the osteogenic differentiation of MSCs. (A) The expression level of miR-30a in CPT-derived MSCs was tested via RT-qPCR. MSCs
were transfected with NC or miR-30a inhibitor. (B) The expression of miR-30a in MSCs was assessed via RT-qPCR. (C, D) ALP activity and staining in CPT-derived MSCs were assessed.
(E) The osteogenic differentiation in MSCs was investigated by ARS staining. (F) The levels of IBSP, RUNX2, OCN, and OPN in MSCs were evaluated by Western blot. *p < 0.05;

**p < 0.01; ***p < 0.001.

2.10. Chromatin immunoprecipitation (ChIP)

ChIP was performed according to the instructions provided by
the ChIP Assay Kit (Millipore). Briefly, the cells were treated with a
lysis buffer on ice for 10 min. Subsequently, the cell lysates were
sonicated for seven 5 s pulses on ice using Sonicator 3000 (Misonix,
Farmingdale, NY, USA) and acquired 200 to 1000 bp DNA fragments.
The cell lysates were precleared with ChIP buffer, agarose beads
and protease inhibitor cocktail on ice for 1 h. The cleared lysates
were then incubated with antibodies against HOXD8 (ab228450;
Abcam) or normal mouse IgG (ab37355; Abcam) at 4 °C for 12 h.
Next, 60 pL of Protein A agarose/salmon sperm DNA slurry was
added with rotation for 1 h at 4 °C. The beads were washed
sequentially with low-salt wash buffer (150 mM), high-salt wash
buffer (500 mM), LiCl wash buffer, and TE buffer. Subsequently, the
mixture was washed with eluate buffer. The cross-linking was
reversed using 5 M NaCl and incubated at 65 °C for 4 h. Finally, the
samples were treated with RNase A and used for qPCR to detect the
level of the RUNX2 promoter.

2.11. Statistical analysis

GraphPad Prism 7 was applied to analyze the data. All values
were conducted at least three times and the data were expressed as
means + standard deviation (SD). Comparisons between two
groups were analyzed using the unpaired Student's t-test. Com-
parisons of more than two groups were analyzed by one-way
analysis of variance, followed by Tukey's post hoc test. p < 0.05
was considered statistically significant.

3. Results

3.1. CPT-derived MSCs exerted a low ability of osteogenic
differentiation

MSCs were derived from the periosteum of CPT patients, and
flow cytometry was applied to identify MSCs. As revealed in Fig. 1A,
flow cytometry results showed that CD44 (>99.61%) and CD90
(>99.57%) were significantly expressed in the isolated cells,
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Fig. 3. HOXDS8 was targeted by miR-30a. (A, B) HOXD8 level in CPT-derived MSCs was evaluated by RT-qPCR and Western blot. (C) The binding sites between miR-30a and HOXD8
via TargetScan. (D) Dual-luciferase reporter assay was conducted to investigate the relation between miR-30a and HOXD8. CPT-derived MSCs were treated with the miR-30a in-
hibitor. (E, F) HOXD8 expression level in MSCs was evaluated via RT-qPCR and Western blot. *p < 0.05; **p < 0.01; ***p < 0.001.

whereas CD31 (<0.06%) and CD34 (<0.13%) were rarely detected,
indicating that MSCs were successfully isolated. The ALP activity in
CPT-derived MSCs was significantly lower than in normal iliac
periosteum-derived MSCs (Fig. 1B and C). Consistently, CPT-derived
MSCs showed a lower ability of osteogenic differentiation than
normal iliac periosteum-derived MSCs (Fig. 1D). The cell viability of
CPT-derived MSCs was slightly lower than normal iliac periosteum-
derived MSCs, but there was no obvious difference (Supplementary
Fig. S1). Furthermore, the protein expressions of osteogenic
markers (OCN, IBSP, RUNX2, and OPN) [21,22] in CPT-derived MSCs
on day 14 were significantly downregulated compared to those in
normal iliac periosteum-derived MSCs (Fig. 1E). In sum, the ability
of osteogenic differentiation in CPT-derived MSCs was much lower
than in normal iliac periosteum-derived MSCs.

3.2. miR-30a knockdown notably induced the osteogenic
differentiation of MSCs

Accumulating evidence suggested that miR-30a plays crucial
functions in the osteogenic differentiation of MSCs [23]. miR-30a
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expression was detected in CPT-derived MSCs or normal iliac
periosteum-derived MSCs. In Fig. 2A, miR-30a was upregulated in
CPT-derived MSCs. To evaluate the function of miR-30a in CPT, CPT-
derived MSCs were transfected with the miR-30a inhibitor. miR-
30a in MSCs was markedly decreased by the miR-30a inhibitor
(Fig. 2B), and the miR-30a inhibitor remarkably upregulated the
ALP activity of CPT-derived MSCs (Fig. 2C and D). Consistently,
downregulation of miR-30a significantly promoted the osteogenic
differentiation of CPT-derived MSCs (Fig. 2E). Furthermore, the
levels of OCN, IBSP, RUNX2 and OPN in CPT-derived MSCs were
remarkably increased in the presence of miR-30a inhibitor (Fig. 2F).
In sum, downregulation of miR-30a remarkably promoted the
osteogenic differentiation of CPT-derived MSCs.

3.3. miR-30a targeted to HOXD8

Next, we aimed to explore the underlying mechanism of miR-
30a in regulating the osteogenic differentiation of CPT-derived
MSCs. HOXD8 was involved in modulating the osteogenic differ-
entiation of MSCs [18]. In Fig. 3A and B, the expression level of
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Fig. 4. HOXDS transcriptionally activated RUNX2. (A) JASPAR was applied to analyze the binding motif of HOXDS. (B) The potential binding sequences between HOXD8 and
RUNX2 promoter were performed by JASPAR. (C) Luciferase activity in RUNX2 promoter was investigated via dual-luciferase reporter assay. (D) The relation between HOXD8 and
RUNX2 promoter was detected via ChIP. MSCs were overexpressed with HOXDS8 by lentivirus. (E, F) The expressions of HOXD8 and RUNX2 in CPT-derived MSCs were assessed via

RT-qPCR and Western blot. *p < 0.05; **p < 0.01; ***p < 0.001.

HOXD8 in CPT-derived MSCs was notably lower than in normal
MSCs. A sequence of the targeted sites in the miR-30a and HOXD8
3’-UTR regions was predicted by the TargetScan database (Fig. 3C).
Luciferase assay confirmed that overexpression of miR-30a signif-
icantly inhibited luciferase activity in the wt HOXD8 3’-UTR group
but had no effect on luciferase activity in the mut HOXD8 3/-UTR
group (Fig. 3D). Furthermore, the downregulation of miR-30a
upregulated the expression of HOXD8 in MSCs (Fig. 3E and F).
Taken together, HOXD8 was identified to be the downstream mRNA
of miR-30a.

3.4. HOXDS8 transcriptionally activated RUNX2

A previous study indicated that HOXD8 could promote osteo-
genic differentiation via the activation of RUNX2 in adolescent
idiopathic scoliosis [18]. Thus, the relation between HOXD8 and
RUNX2 in CPT was further investigated. In Fig. 4A and B, HOXD8
had a potential binding sequence to the region of the RUNX2 pro-
moter by using JASPAR prediction. Meanwhile, the luciferase ac-
tivity in wt-RUNX2 was significantly promoted by pcDNA3.1-
HOXD8 (Fig. 4C). HOXD8 was found to bind to the promoter of
RUNX2 (Fig. 4D), and overexpression of HOXD8 notably upregu-
lated the levels of RUNX2 and HOXD8 in MSCs (Fig. 4E and F). In
sum, HOXD8 could upregulate RUNX2 by transcriptionally acti-
vating RUNX2.
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3.5. miR-30a restrained osteogenic differentiation by negatively
modulating HOXD8

To further confirm the mechanism of miR-30a in modulating the
osteogenic differentiation of CPT-derived MSCs, CPT-derived MSCs
were transfected with the miR-30a inhibitor or HOXD8 siRNA. In
Fig. 5A and B, the level of miR-30a in CPT-derived MSCs was
significantly reduced by the miR-30a inhibitor. In contrast, miR-30a
downregulation upregulated the expression of HOXDS8, which was
abolished by HOXD8 knockdown. In addition, miR-30a inhibitor-
induced upregulation of ALP activity and osteogenic differentiation
were reversed by HOXD8 knockdown (Fig. 5C—E). Furthermore,
miR-30a downregulation-induced upregulation of OPN, OCN,
RUNX2, and IBSP in MSCs was rescued by HOXD8 knockdown
(Fig. 5F). To sum up, miR-30a inhibited the osteogenic differentia-
tion of CPT-derived MSCs by negatively regulating HOXD8 (Fig. 6).

4. Discussion

CPT-derived MSCs play important roles in progression of CPT
[8,24]. In this study, miR-30a downregulation promoted the oste-
ogenic differentiation of CPT-derived MSCs, and miR-30a could
directly target HOXD@8. In addition, HOXDS8 could transcriptionally
activate RUNX2. Thus, this study investigated the role of miR-30a in
CPT and found that miR-30a could act as a crucial mediator in CPT.
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Fig. 5. miR-30a downregulated the osteogenic differentiation of CPT-derived MSCs by inactivating HOXD8. MSCs were treated with miR-NC, miR-30a inhibitor, miR-30a
inhibitor + si-NC or miR-30a inhibitor + si-HOXDS. (A, B) miR-30a or HOXD8 level in MSCs was detected by RT-qPCR or Western blot. (C, D) ALP activity and staining in CPT-
derived MSCs were assessed. (E) The osteogenic differentiation in MSCs was investigated by ARS staining. (F) The levels of IBSP, RUNX2, OCN and OPN in MSCs were detected

by Western blot. *p < 0.05; **p < 0.01; ***p < 0.001.
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Fig. 6. Mechanism of miR-30a regulating osteogenic differentiation. miR-30a negatively regulates HOXD8 by targeting HOXD8, and HOXD8 could transcriptionally activate
RUNX2. The downregulated RUNX2 inhibited the osteogenic differentiation of CPT-derived MSCs.

miRNAs are involved in osteogenic differentiation [25,26]. miR-
22 could induce the osteogenic differentiation of valvular intersti-
tial cells by downregulation of CAB39 during aortic valve calcifi-
cation [27]. miR-339-5p could inhibit osteogenic differentiation
during the development of osteoporosis [28]. Zhang et al. have
reported that miR-30a suppressed BMP9-induced osteogenic dif-
ferentiation [23]. It was suggested that miR-30a-5p modulated the
osteogenic differentiation potential in HUVECs by downregulation
of SLUG, VIMENTIN and RUNX2 [17]. This study revealed that the
miR-30a inhibitor could promote the osteogenic differentiation of
CPT-derived MSCs. Thus, results further supplemented the function
of miR-30a in CPT.

HOXD8 is a crucial mediator in cellular processes, especially
tumor progression [29,30]. Additionally, HOXD8 has been re-
ported to act as a promoter in the osteogenic differentiation of
MSCs [18]. This study indicated that HOXD8 was the downstream
mRNA of miR-30a in CPT, and miR-30a could regulate the oste-
ogenic differentiation of CPT-derived MSCs by negatively regu-
lating HOXDS.

Runx?2 plays a vital role in osteogenic differentiation [31,32]. For
instance, blocking the NLRP3 inflammasome could reduce osteo-
genic differentiation via inhibition of RUNX2 [33]. IRF4 could sup-
press osteogenic differentiation of BM-MSCs by inactivating RUNX2
[34]. CircRNA-23525 modulated RUNX2 expression by targeting
miR-30a-3p, leading to positive regulation in the osteoblastic dif-
ferentiation of adipose-derived mesenchymal stem cells (ADSCs)
[16]. This study proved that HOXD8 could bind to RUNX2, and
RUNX2 was transcriptionally activated by HOXDS. Data confirmed
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that upregulation of HOXD8 could induce the osteogenic differen-
tiation of CPT-derived MSCs via RUNX2 activation.

In summary, this study demonstrated that miR-30a inhibits the
osteogenic differentiation of CPT-derived MSCs by targeting
HOXD8, which might provide new ideas for discovering new
methods for CPT treatment.
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