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Abstract

Background: To investigate effect of microRNA-325-3p (miR-325-3p) on bone metastasis of colorectal cancer (CRC)
and the precise role on osteoclastogenesis.

Methods: CT-26 cells were injected into tibias to establish bone metastatic model of CRC in vivo. AgomiR-325-3p or
antagomir-325-3p were injected in tail-veins of Balb/c mice to interfere the osteoclastogenesis and bone metastasis
of CRC. Safranin O and Fast Green staining examined the changes of trabecular area and TRAP staining examined the
osteoclast number in bone metastasis of CRC. Real-time PCR was conducted to test the RNA level of miR-325-3p and
MRNA levels of TRAP and Cathepsin K in osteoclast precursors (OCPs). Dual-luciferase reporter system was utilized to
identify the direct target of miR-325-3p. Conditioned medium from CT-26 cells was collected to stimulate the OCPs
during osteoclastogenesis induced by RANKL and M-CSF in vitro. Western blot analysis was performed to examine the
protein level of ST00A4 in OCPs after interfered by agomiR-325-3p or antagomir-325-3p cultured in CM or not.

Results: miR-325-3p downregulated in OCPs in CRC microenvironment both in vivo and in vitro. By luciferase activ-
ity assay, ST00A4 was the target gene of miR-325-3p and the protein level of ST00A4 in OCPs upregulated in CRC
microenvironment. Overexpression of miR-325-3p inhibited the osteoclastogenesis of OCPs and it can be reversed
after transfection with plasmid containing S100A4. Treatment with miR-325-3p can preserve trabecular area in bone
metastasis of CRC.

Conclusion: miR-325-3p can prevent osteoclast formation through targeting ST00A4 in OCPs. Overexpression of
miR-325-3p efficiently decreased the osteoclast number and attenuated bone resorption in bone metastasis of CRC.
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Introduction

Bone is one of metastatic sites in colorectal cancer (CRC).
It was reported median time to first skeletal-related event
(SRE) was 2 months and median survival in CRC patients
was only 7 months since they were diagnosed with bone
metastasis, indicating bone metastasis is an early event in
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CRC and leads to a poorer prognosis (Santini et al. 2012;
Qiu et al. 2015). Besides to death, complications, includ-
ing bone-associated pain, pathological fractures, can
influence quality of life (QoL) in patients with CRC sig-
nificantly. Radiation and pathologic fractures can affect
45% and 10% patients with bone metastasis of CRC,
respectively (Santini et al. 2012). Preventing or attenu-
ating the progression of bone metastasis is critical to
improve QoL and prognosis of patients with bone metas-
tasis of CRC. However, due to relative lower incidence
(Katoh et al. 1995), the underlying mechanisms regulat-
ing bone metastasis of CRC are still elusive.
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Bone metastasis from CRC presents with osteolytic
lesions. Osteoclasts (OC) are one of most important cel-
lular sources that is responsible for progression of bone
metastasis of CRC. Aberrant activation of both osteo-
clastogenesis and osteoclasts contributes to increased
number of OCs and worse bone resorption. microRNAs
(miRNAs,miRs) are group of small non-coding RNAs,
which contains about 22-25nt. The miRNAs can regu-
late the gene expression at post-transcriptional level.
Numerous studies found miRNAs participated in tumor
metastasis. Interestingly, both osteoclastogenesis and
tumorigenesis of CRC are remarkedly regulated by miR-
NAs. Previous studies identified miR-483-5p, miR-124,
miR-218, miR-199a-5p, miR-133a can enhance the osteo-
clastogenesis while miR-340 inhibited the osteoclast for-
mation via inhibiting MITF (Li et al. 2018, 2019, 2020;
Guo et al. 2018, 2019; Zhao et al. 2017). In addition, miR-
16 and miR-378 promoted osteoclastogenesis in bone
metastasis of breast cancer (Ell et al. 2013). On the other
hand, miRNAs have been identified as efficient prog-
nostic markers of CRC (Motieghader et al. 2017). It was
reported that miR-802, miR-99b-5p, miR-20a, miR-499a
and miR-576-5p were associated with metastasis of CRC
(Zhang et al. 2020; Makondi et al. 2019; Li et al. 2015).
Till now, limited studies focused on miRNAs in bone
metastasis of CRC, miRNA-141, miRNA-21, miRNA-
181a, miRNA-224, miRNA-126 were reported to asso-
ciate with metastasis and prognosis of CRC (Gao et al.
2018). In addition, miRNA-340 expressing in bone mar-
row decreased in patients with liver metastasis of CRC
(Takeyama et al. 2014). However, it is worthy to find out
the miRNAs that directly regulating bone metastasis of
CRC which could be potential biomarkers or therapeuti-
cal targets.

In this study, we would like to explore the role of miR-
325-3p in bone metastasis of CRC both in vitro and
in vivo, and to find out the underlying mechanism. Our
findings can provide a new miRNA that regulates pro-
gression of bone metastasis from CRC.

Methods

Animal experiments

All animal experiments and procedures were approved
by the Institutional Animal Care and Use Committee at
Daping Hospital. BALB/c male mice at 8 to 10 weeks old
were used in experiments. The experimental mice were
randomly allocated into cages to minimize potential con-
founders. The experimental mice were randomly allo-
cated to control and treatment groups by using random
number table. Mice were housed in a clean room with
a 12:12 h light—dark cycle and a temperature of 25 °C.
About 8 to 10 mice were kept in one cage and given free
access to food and tap water. Before procedures, mice
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were starved for 12 h. Sample sizes for experiments
were determined thorough references containing similar
experiments (Ell et al. 2013; Liang et al. 2019; Farr et al.
2017). 50,000 of CT-26 cells, a colorectal cancer cell line,
were injected intratibially to establish the bone metasta-
sis of CRC. For miRNA interference experiment, 10 pg
agomir-325-3p or antagomir-325-3p were injected into
lateral veins weekly.

Cell isolation

Bone marrow was rinsed out by using PBS. Then the cells
were collected and centrifuged at 500¢ for 5 min. The
cells were resuspended with FACS buffer and stained
with APC-conjugated anti-Cd115 (Biolegend, USA) and
PE-conjugated anti-RANK (Biolegend, USA) in a total
volume of 100 pL for 30 min on ice in dark. After washing
with wash buffer for 3 times, the CD115(+): RANK(—)
cells were sorted by FACSAria I1I (BD Biosciences, USA).

Cell culture

Primary osteoclast precursors were maintained in Dul-
becco’s modified Eagle’s medium (DMEM, Hyclone,
USA) containing 10% FBS, 100 pug/mL streptomycin and
100 pg/mL penicillin and treatment with 50 ng/ml col-
ony stimulating factor (M-CSF, Abcam, USA). To induce
osteoclast differentiation, cells were exposed to induction
medium consisting of RANKL (50 ng/ml) and CSF for
6 days. The 293 T cells were cultured in DMEM contain-
ing 10% FSB, 100 pg/mL streptomycin and 100 pg/mL
penicillin.

Indirect co-culture assay

After the CT-26 cells were cultured for 3 days, the
medium was discarded and replaced with fresh DMEM
and continued to culture for more 24 h. Then the medium
was collected to be used as conditioned medium (CM)
in later experiments. To test the effect of CM on osteo-
clastogenesis, the collected CM was added into complete
culture medium at 1:1 ratio with/without presence of
RANKL and M-CSF to stimulate OCPs.

TRAP staining assay

For tartrate resistant acid phosphatase (TRAP) stain, the
cells or tissue samples were fixed in pre-cooled 4% para-
formaldehyde for 15 min and rinsed in deionized water.
TRAP staining fluid was added and the samples were
incubated at 37°C for 1 h in dark. After removal of solu-
tion, the samples were washed three times. The TRAP
positive staining multinuclear cells were recorded using a
fluorescence microscope IX81 (Olympus, Japan).
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Histochemistry assay

Tibias were removed from mice at the time of sacrifice
and were fixed in 4% paraformaldehyde for 2 days after
removing all muscles. The samples were then decalci-
fied in a solution of 10% EDTA for 3 weeks and embed-
ded in paraffin. For Safranin O and Fast Green staining,
samples were dewaxed and washed in PBS. Then sam-
ples were immersed in 0.1% Safranin O solution for
3 min and washed in PBS for 3 times. Next, samples
were immersed in 0.1% Fast Green solution for 10 s and
washed in 1% acetum following by washing in PBS for 3
times. After mounting, the sections were observed and
captured.

Transient transfection

miR-325-3p or scramble control and S100A4 expres-
sion construct (GenePharma, China) were transfected
using Lipofectamine 3000 according to manufacturer’s
protocols. After transfected for 48 h, the cells were col-
lected for subsequent experiments.

Dual-luciferase reporter system assay

293 T cells were seeded into 6-well plates. The
cells were transfected with pGL3-S100A4 3’-UTR
(Addgene), pRL-TK (Promega, USA) using Lipo-
fectamine RNAiIMAX (Invitrogen, USA) following
manufacture’s instruction. Luciferase assays were
performed with dual-luciferase reporter assay sys-
tem (Promega, USA) according to the manufacturer’s
instructions. The values from the firefly luciferase con-
struct was normalized by Renilla luciferase assay.

Quantitative real-time PCR

The total RNA was extracted with TRIzol Reagent
(Invitrogen, USA). 0.5 pg of RNA was reverse tran-
scribed using RevertAid First Strand cDNA Synthesis
kit (Thermo Fisher Scientific, USA) according to manu-
facturer’s protocols. The cDNA was used for detecting
the level of RNA using SYBR Premix Ex TagTMII kit
(TakaraBio, Japan). The mRNA levels were normalized
to GAPDH and the miRNA level was normalized to Ué6.
The primer sequences was as below: GAPDH (forward:
5-TGGATTTGGACGCATTGGTC-3’ and reverse:
5-TTTGCACTGGTACGTGTTGAT-3’), TRAP (for-
ward: 5'-TCACCCTGACCTATGGTGC-3' and reverse:
5-GCCGGACTCCAATGTTAAAGC-3'), Cathepsin K
(forward: 5-CTGGCTGGGGTTATGTCTCAA-3’ and
reverse: 5'-GGCTACGTCCTTACACACGAG-3').

Western blot
Cell extracts was subjected to SDS-PAGE gels
and transferred to polyvinylidene fluori (PVDF)
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membranes. The membrane was blocked with 5% BSA
diluted in PBS and then incubated with primary anti-
body overnight at 4 °C. The blots were then incubated
with secondary antibodies labeled with HRP. Signal
was detected using a scanner (ChemiDoc Touch Imag-
ing System, USA). The primary and secondary anti-
bodies used were as below: Rabbit anti-mouse S100A4
antibody (Cell Signaling Technology, USA), Rabbit
anti-mouse GAPDH (Cell Signaling Technology, USA)
and HRP-conjugated IgGs (Cell Signaling Technology,
USA).

Statistical analysis

Results are showed as means-+standard error (SE) or
standard deviation (SD) as required. Independent sam-
ples were used in all experiments. Student’s ¢-test was
used in comparison of two groups. For comparing three
or above groups, data were analyzed by analysis of vari-
ance with one way ANOVA followed by Dunnett’s post
hoc tests. ANOVA assumptions were checked by using
Kolmogorov—Smirnov test. GraphPad Prism version 8.0
(San Diego, CA) was used for analyzing data. Statistical
significance was considered at p <0.05.

Results
miR-325-3p downregulates in osteoclast precursors
in bone metastasis of CRC
Safranin O and Fast Green staining showed compar-
ing with samples collected at 0 days post injection (0
d.p.i), trabecular area significantly decreased in samples
collected at 14 d.p.i (Fig. la, b). Consistent with these
changes, TRAP staining revealed the area of TRAP (+)
cells in samples at 14 d.p.i increased significantly com-
paring with samples at 0 d.p.i (Fig. 1c, d). These findings
indicated CT-26 cells efficiently promoted the osteolysis
in tibial and leaded to aberrant activation of osteoclasts.
CD115 (+) RANK (—) precursors (thereafter named
osteoclast precursors, OCPs) derived from bone marrow
were identified as primary early osteoclast precursors
(Farr et al. 2017). To examine the level change of miR-
325-3p, we sorted out OCPs from affected tibias at 0 d.p.i
and 14 d.p.i via FACS, respectively. Real-time PCR analy-
sis showed the level of miR-325-3p remarkedly decreased
at 14 d.p.i (Fig. le). To investigate whether CT-26 cells
downregulate the expression of miR-325-3p in OCPs,
conditioned medium (CM) collected from CT-26 cells
were used to stimulate OCPs, the result showed the
expression of miR-325-3p also downregulated in CM
treated OCPs (Fig. 1f). These findings indicated that
CT-26 cells promoted the osteolytic lesion formation and
the expression of miR-325-3p was negatively associated
with the severity of bone destruction and the number of
osteoclasts.
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Fig. 1 miR-325-3p downregulates in osteoclast precursors in bone metastasis of CRC. a 100,000 CT-26 cells were injected into tibias in mice and
the samples were collected at specific timepoints to be sectioned. Safranin O-Fast Green staining revealed trabecular area (Scar bar=50 pm) (h=3
mice). b Quantification of trabecular area in (a) (mean =% SE). ¢ TRAP staining revealed TRAP positive cells in trabecular area at specific timepoints
after injection of CT-26 cells (Scar bar=50 um) (n= 3 mice). d Quantification of relative area of osteoclast surface in (c) (mean = SE). e Primary OCPs
were isolated from bone marrow at specific timepoints through FACS. Real-time PCR analysis showed the relative expression of miR-325-3p in OCPs
at 14 d.p.i comparing with OCPs at 0 d.p.i. (DO, n =3 mice; D14, n=5 mice) (mean £ SD). f. Primary OCPs were isolated and cultured in DMEM or
CT-26 CM for 4 days in the presence of RANKL and M-CSF. Real-time PCR analysis showed the relative expression of miR-325-3p in OCPs treated by
CM or DMEM (mean = SD). In vitro experiments were performed at least 3 times. *p <0.05, **p < 0.01, ***p < 0.001

miR-325-3p regulates CRC stimulated osteoclastogenesis

Osteolytic tumor cells can promote osteoclastogen-
esis through secreting osteolytic cytokines in RANKL
dependent and independent ways. To verify the effect
of miR-325-3p on osteoclastogenesis stimulated by CRC
cells, we added CM into culture medium of osteoclast
precursors at ratio of 1:1 with/without miR-325-3p or
its inhibitor in the presence of RANKL and M-CSFE. The
results showed secreta from CT-26 cells can significantly
enhance the osteoclastogenesis of OCPs, the number of
osteoclasts, the activity of TRAP and the mRNA levels of
Cathepsin K and TRAP, two important osteoclastogenic
markers, all upregulated in OCPs treated by CM compar-
ing with control in the presence of RANKL after stimu-
lating 6 days (Fig. 2a—e). Then we investigated whether
miR-325-3p influence the osteoclastogenesis stimulated
by secreta from CT-26 cells. After transfection with
agomir-325-3p or antagomir-325-3p, the number of
osteoclasts decreased or increased comparing with con-
trol group, respectively (Fig. 2a, b). In addition, Relative
TRAP activity assay also revealed TRAP activity in OCPs

can be decreased after overexpression of miR-325-3p and
increased after inhibiting the expression of miR-325-3p
(Fig. 2c). Meanwhile, the mRNA levels of Cathepsin K
and TRAP were downregulated in miR-325-3p overex-
pressed group and upregulated in miR-325-3p inhib-
ited group (Fig. 2d, e), Together, these results indicated
miR-325-3p can inhibit the enhanced osteoclastogenesis
caused by secreta of CRC cells.

MiR-325-3p directly targets S100A4

To explore the underlying mechanism that miR-325-3p
prevents the ostoeclastogenesis of OCPs, we predicted
the potential target genes of miR-325-3p at TargetS-
can. The predicting results showed the region between
117 and 124 of S100A4 3'UTR could be the binding site
of miR-325-3p and this sequence is highly conserved
between mouse and human (Fig. 3a). Notably, the lucif-
erase activity of 293 T cells that were transfected with
wild type (wt) 3'UTR of S100A4 was reduced by miR-
325-3p while the luciferase activity in group transfected
with mutated type (mut) 3’'UTR of S100A4 was not
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Fig. 2 miR-325-3p regulates CRC stimulated osteoclastogenesis. a OCPs were isolated through FACS and maintained in DEME or CT-26 CM
and transfected with agomir-325-3p, antagomir-325-3p or negative controls in the presence of RANKL and M-CSF for 4 days. TRAP positive
multinucleated cells with more than three nuclei were counted as mature osteoclasts (Scar bar=10 um). b Quantification of osteoclast number in
each group in (a) (mean = SE). ¢ Relative TRAP activity assay indicated the TRAP activity changes in each group in (a) (mean & SE). d Real-time PCR
analysis showed the mRNA levels of Cathepsin K in each group in (a) (mean & SD). e Real-time PCR analysis showed the mRNA level of TRAP in each
group in (@) (mean=£SD). In vitro experiments were performed at least 3 times. *p <0.05, **p <0.01, ***p <0.001

affected. In addition, the miRNA control also had no
effects on luciferase activity in both wt group and mut
group (Fig. 3b), These results demonstrated that miR-
325-3p can bind to 3’ UTR of S100A4 specifically. Then
we further investigated the effect of miR-325-3p on pro-
tein expression of S100A4 in OPCs. Western blot analysis
showed agomiR-325-3p enhanced the protein expression
of S100A4 and antagomiR-325-3p inhibited the protein
expression (Fig. 3¢, d). These findings together indicated
S100A4 is target gene of miR-325-3p.

S100A4 is needed for miR-325-3p mediated
downregulation of osteoclast formation in CRC
microenvironment

Then we tested whether the protein level of S100A4
changed in CRC microenvironment. Western blot anal-
ysis revealed the protein level of S100A4 can be upreg-
ulated significantly in OCPs after treated with CM
comparing with control group (Fig. 4a, b), indicating
secreta from CRC cells can upregulate the expression of

S100A4. S100A4 was reported to regulate the osteoclas-
togenesis, thus we next investigated whether the effect
of miR-325-3p on osteoclastogenesis in CRC microen-
vironment was through targeting S100A4. During osteo-
clastogenesis of OCPs stimulated by CM and RANKL,
the number of TRAP (+4) osteoclasts decreased after
transfection with miR-325-3p, however, this negative
effect was reversed after transfected plasmid containing
S100A4 (Fig. 4c—e). These findings indicate that miR-
325-3p inhibits osteoclastogenesis of OPCs through tar-
geting S100A4.

MiR-325-3p treatment attenuates bone resorption in bone

metastasis of CRC

Considering the inhibiting effect of miR-325-3p on oste-
oclastogenesis, we next investigated the potential thera-
peutical effects of miR-325-3p on bone metastasis of
CRC in vivo. 10 pg agomiR-325-3p or antagomiR-325-3p
was injected into lateral vein weekly for three weeks
after establishing bone metastatic model of CRC. After
3 weeks, histochemistry analysis showed trabecular area
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significantly increased in agomiR-325-3p treated group
and decreased remarked in antagomiR-325-3p treated
group. The percentage of trabecular in total area in ago-
mir-325-3p treated group increased about 1.5 folds com-
paring to control group. On the contrary, after treatment
with antagomir-325-3p, the trabecular area decreased
about 10% comparing to control group, indicating miR-
325-3p can restore the bone volume (Fig. 5a, b). TRAP
staining indicated that relative area of TRAP (+) osteo-
clasts comparing with trabecular surface decreased after
treated with agomiR-325-3p and increased after treated
with antagomiR-325-3p (Fig. 5¢, d). Consistent with the
findings in vitro, the in vivo experiments indicated that
miR-325-3p can prevent the activation of osteoclasts and
thus attenuate the bone resorption during bone metasta-
sis of CRC.

Discussion

In this study, we identified a novel miRNA, miR-325-3p,
can regulate the osteoclastogenesis in CRC environment
through targeting S100A4. miR-325-3p was once identi-
fied as a tumor suppressor, it can inhibit the proliferation

and induce apoptosis of hepatocellular carcer cells
through suppressing aquaporin 5 (Zhang et al. 2019) and
can inhibit the metastasis of non-small cell lung can-
cer (NSCLC) cells through targeting KIF2C (Gan et al.
2019), indicating miR-325-3p is closely associated with
the occurrence and progression of cancers. In our study,
we identified the level of miR-325-3p downregulated in
both primary OCPs directly isolated from metastatic
bone of CRC and OCPs cultured in CRC conditioned
medium. Furthermore, overexpression of miR-325-3p
can restore the bone volume during bone metastasis of
CRC. Our findings indicated that miR-325-3p can be a
potential biomarker for indicating the bone resorption of
CRC and a therapeutical candidate. To our best knowl-
edge, limited studies focused on the effect of miR-325-3p
on bone remodeling. It was reported that miR-325-3p in
cementoblasts can be induced by IL-1p and prevent the
cementum regeneration in inflammatory microenviron-
ment through targeting Runx2 (Wang et al. 2020), indi-
cating miR-325-3p may have a “double-edged sword”
effect on bone remodeling. In microenvironment of CRC,
bone resorption was predominant, and the abnormal
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Fig. 4 S100A4 is needed for miR-325-3p mediated downregulation of osteoclast formation in CRC microenvironment. a OCPs were treated by
DMEM or CT-26 CM for 4 days in the presence of RANKL and M-CSF. The protein level of ST00A4 in OCPs were analyzed by using Western blot
assay. b The relative intensity of ST00A4 comparing with GAPDH in (a) was quantified (mean % SD). ¢ OCPs were transfected with agomir-325-3p or
agomir-325-3p with plasmid containing ST00A4 and cultured in CM for 4 days in the presence of RANKL and M-CSF. Relative TRAP activity in each
group was analyzed (mean = SE). d Representative images for osteoclastogenesis of OCPs cultured in CM after transfection with agomir-325-3p or
agomir-325-3p with plasmid containing ST00A4 in the presence of RANKL and M-CSF (Scar bar= 10 pm). TRAP positive multinucleated cells with
more than three nuclei in each group were counted as mature osteoclasts. e The number of osteoclasts in (d) was qualified (mean £ SD). In vitro
experiments were performed at least 3 times. *p < 0.05, **p <0.01, **p <0.001

activation of osteoclasts dominantly regulate this pro-
cess, overexpression of miR-325-3p in osteoclast precur-
sors can prevent the osteolytic changes and restore the
bone volume.

S100A4 is a member of S100 calcium binding protein
family. It was identified to be closely associated with
tumor metastasis, transfection of S100A4 can enhance
the tumorigenic potential and stimulate the metasta-
sis in vivo (Ebralidze et al. 1989; Davies et al. 1993).
Afterwards, more evidence indicated S100A4 broadly
participates in tumor progression and metastasis in
varieties of cancers, especially in CRC. It was found
S100A4 could be a promising candidate biomarker for
prediction of CRC (Fei et al. 2017; Saleem et al. 2005;
Gongoll et al. 2002). The expression of S100A4 in CRC
cells is associated with epithelial-to-mesenchymal
transition (EMT) and promotes the CRC metastasis

phenotype through modulating TGF-p signaling path-
way (Wang et al. 2014). In addition, nuclear expres-
sion of S100A4 is associated with cancer metastasis
of CRC patients (Boye et al. 2010). Interestingly, sev-
eral studies demonstrated that induction of S100A4
promote the osteoclast formation and bone destruc-
tion of osteolytic tumors (Mah et al. 2015; Kim et al.
2019; Erlandsson et al. 2013). Consistently with these
findings, we explored that S100A4 upregulated sig-
nificantly in OCPs during CRC microenvironment
and overexpression of S100A4 can promote the CRC-
induced osteoclastogenesis. The expression of SI00A4
can be modified in transcriptional level and post-tran-
scriptional level. It was reported that LASP1 and Wnt/
B-catenin/TCF signaling are two upstream of S100A4
(Stein et al. 2006). miR-296, miR-520c were identified
to regulate the metastasis of CRC through modulating
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S100A4 (He et al. 2017; Mudduluru et al. 2017). In this
study, we found miR-325-3p could be a new epigenetic
modulator of S100A4. We revealed the binding site of
miR-325-3p in S100A4 3'UTR region and proved that
the protein level of S100A4 can be efficiently inhib-
ited by miR-325-3p. Moreover, overexpression of miR-
325-3p can efficiently downregulate the protein level
of S100A4 in OCPs and prevented S100A4-induced
osteoclastogenesis in CRC microenvironment.

Conclusion

Taken together, we identified the expression of miR-
325-3p and S100A4 was downregulated and upregu-
lated in CRC, respectively. Furthermore, miR-325-3p
is a key regulator of S100A4 in OCPs in bone metas-
tasis of CRC. The imbalance between miR-325-3p and
S100A4 promotes the osteoclastogenesis and regulates
the bone resorption in CRC microenvironment (Fig. 6).
In addition, miR-325-3p treatment is a promising
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therapeutical target for preventing CRC associating
bone destruction. However, the effect of miR-325-3p
on bone growth was not investigated, it is interesting to
explore whether its negative effect on osteoclastogen-
esis can promote the progression of diseases featuring
with osteosclerosis in further investigations.
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