Int. J. Biol. Sci. 2018, Vol. 14

1457

g0y [VYSPRING

vgﬁ INTERNATIONAL PUBLISHER

Research Paper

International Journal of Biological Sciences

2018; 14(11): 1457-1465. doi: 10.7150/ ijbs.26686

MiR-490-3p inhibits osteogenic differentiation in
thoracic ligamentum flavum cells by targeting FOXOI

Xiaoxi Yang!, Xiaochen Qu?, Xiangyu Meng?, Mengtao Li%, Dongwei Fan!, Tianqgi Fan!, Ann Y Huang?,

Zhonggiang Chen!™, Chi Zhang345™

G LN

Department of Orthopedics, Peking University Third Hospital, Beijing, China

Department of Orthopedics, The First Affiliated Hospital of Dalian Medical University, Dalian, China
Central Laboratory, Peking University International Hospital, Beijing, China

Bone Research Laboratory, University of Texas Southwestern Medical Center, Dallas, Texas, USA
Department of Orthopedics, Peking University International Hospital, Beijing, China

P4 Corresponding authors: Zhonggiang Chen, E-mail: puth_czq@126.com, Department of Orthopedics, Peking University Third Hospital, 49 North Garden
Road, Haidian District, Beijing 100191, China and Chi Zhang, E-mail: chi.zhang@case.edu, Department of Orthopedics, Peking University International Hospital,
Changping District, Beijing 102206, China; Bone Research Laboratory, University of Texas Southwestern Medical Center, Dallas, Texas 75390, USA

© Ivyspring International Publisher. This is an open access article distributed under the terms of the Creative Commons Attribution (CC BY-NC) license
(https:/ / creativecommons.org/licenses/by-nc/4.0/). See http:/ /ivyspring.com/ terms for full terms and conditions.

Received: 2018.04.15; Accepted: 2018.07.16; Published: 2018.08.06

Abstract

Thoracic ossification of the ligamentum flavum (TOLF) is a rare heterotopic ossification of spinal
ligaments, which is the major cause of thoracic spinal canal stenosis and myelopathy. In this study, the
roles of miR-490-3p and forkhead box Ol (FOXOI) in osteogenesis of human thoracic ligamentum
flavum cells were investigated. MiR-490-3p was found to be down-regulated during osteogenic
differentiation of thoracic ligamentum flavum cells, while their overexpression inhibited osteogenic
differentiation. In addition, the analysis of target prediction and dual luciferase reporter assays supported
that miR-490-3p directly targeted FOXOI and suppressed the expression of FOXOI1. Moreover,
FOXO1 knockdown was displayed to attenuate the effect of miR-490-3p inhibition. ChIP assays showed
that miR-490-3p negatively regulated the interaction of FOXO1 and RUNX2. These findings suggest that
miR-490-3p performs an inhibitory role in osteogenic differentiation of thoracic ligamentum flavum cells

by potentially targeting FOXOI.
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Introduction

Ossification of the ligamentum flavum (OLF) is a
rare heterotopic ossification of spinal ligaments, and it
is more likely to affect the East Asian populations. It
has been reported that OLF primarily occurs in the
lower thoracic spine. Thoracic ossification of the
ligamentum flavum (TOLF) has been considered to be
the main cause of thoracic spinal canal stenosis and
myelopathy [1-4]. Many investigations have been
conducted on the potential etiology of TOLF at the
genetic and cellular levels. While these studies
suggested that some potential contributing factors are
associated with TOLF, such as mechanical effects
[5-7], basic metabolic elements [8, 9], degenerative
effects [4, 10], inflammatory factors [11, 12] and
genetic factors [13, 14], the underlying development
and progression of TOLF is inadequately understood.

MicroRNAs (miRNAs), which comprise a
substantial ~family of small, single-stranded
non-coding RNAs, have been reported to play
important roles in a variety of physiological and
pathological processes. The potential of miRNAs in
positive or negative regulation of osteogenesis or
osteoclastogenesis has been identified [15, 16]. A
recent integrated study on miRNA-mRNA suggested
that the regulatory networks of a series of miRNAs
may play a vital role in the onset and progression of
ossification of posterior longitudinal ligament (OPLL)
[17]. The data suggested that the expression of
miR-490-3p was down-regulated in OPLL
ligamentum cells. MiR-490-3p has been previously
discovered to promote cell cycle arrest and apoptosis,
and was identified as a suppressor in several types of
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tumors [18-20]. It was also found that miR-490-3p
regulates cell proliferation and apoptosis by targeting
high mobility group a isoform 2 (HMGA2) in
osteosarcoma, which is an osteogenic tumor with the
capability of osteoblast differentiation [21]. Even its
sibling miR-490-5p was reported to down-regulate the
chondrogenic differentiation in human
adipose-derived stem cells by targeting bone
morphogenetic protein receptor type 2 (BMPR2) [22].
However, the function of miR-490-3p in osteogenesis,
as well as the underlying mechanisms by which
miR-490-3p modulates the thoracic ligamentum
flavum cells, still need to be elucidated.

In recent years, there has been growing interest
in the study of the association between the effect of
inflammatory factors and new bone formation. In the
previous studies, the involvement of inflammatory
factors in TOLF were revealed and have been
reported to play an important role in the osteogenesis
of ligament flavum cells [11, 12]. Other investigations
also suggested the «close correlation between
inflammation and oxidative stress in bone formation
[23, 24]. Evidences have been provided to indicate that
as a member of the FOXO family, FOXO1 involves in
the TOLF progression through the induction of
osteogenic differentiation [25, 26].

In our previous research, miR-132-3p was
confirmed to regulate the osteogenic differentiation of
thoracic ligamentum flavum cells via targeting
FOXO1, GDF5 and SOX6 [25]. In addition, a
high-throughput sequencing has demonstrated that
miR-615-3p negatively regulated the osteogenic
differentiation of human lumbar ligamentum flavum
cells through suppressing osteogenic regulators GDF5
and FOXOL1 [26]. In this study, the roles of miR-490-3p
and FOXOlwere further analyzed during the
osteogenic differentiation of thoracic ligamentum
flavum cells. Our results implied that FOXO1, which
is negatively regulated by miR-490-3p, promotes the
osteogenic differentiation of thoracic ligamentum
flavum cells.

Materials and Methods

Patient specimen

We obtained 16 patients’ specimen from the
BioBank of Department of Orthopedics, Peking
University Third Hospital. This study was approved
by the Ethics Committee for Human Subjects of
Peking University Third Hospital with the
Declaration of Helsinki (PUTH-REC-SOP-06-3.0-A27,
#2014003). TOLF patients who visited the orthopedic
clinic and signed written informed consent for the
study were enrolled. The diagnosis of TOLF was
made on the basis of clinical symptoms and
radiological examination as previously described [25].

Cell culture and osteogenic differentiation

Ligaments were derived from patients during
surgery and rinsed with phosphate-bufferedsaline
(PBS). The ligaments collected were minced and
digested using 0.25% trypsin (Gibco, Grand Island,
NY, USA), followed by 250U/mL type I collagenase
(Sigma-Aldrich, St.Louis, MO, USA). The specimen
was then placed in 100mm culturing dishes
containing Dulbecco’s Modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% fetal bovine
serum (FBS, Gibco), 100U/mL penicillin G sodium
and 100mg/mL streptomycin sulfate in a humidified
atmosphere with 5% CO, at 37°C. For passaging,
passages 2 and 3 were used for subsequent
experimentation. To induce osteogenic differentiation,
cells were cultured in osteogenic medium consisting
of DMEM supplemented with 50 uM ascorbic acid
(Sigma-Aldrich), 10 mM  p-glycerophosphate
(Sigma-Aldrich) and 10 nM dexamethasone
(Sigma-Aldrich).

Quantitative real-time polymerase chain
reaction (qQRT-PCR) analysis

Total RNA was isolated using Trizol (Invitrogen,
Carlsbad, CA). Reverse transcription and qRT-PCR
for miR-490-3p were performed using amiDETECTA
Track™ miRNA qRT-PCR Starter Kit (RiboBio,
Guangzhou, China) on a BioRad IQ5 system. Each
value was normalized to that of RnU6. Reverse
transcription and qPCR for the mRNA level of FOXO1
and osteogenic markers was carried out as described
previously [25]. Expression levels were normalized to
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and relative gene expression levels were
calculated using the 2-42Ct method. All experiments
were performed in triplicate. The following primer
pairs were used: miR-490-3p-RT: 5-CAGCATGGCA
GCATAGGTCACGCTTATGGAGCCTGGGACGTGA
CCTATGCTG-3’; miR-490-3p-Fw: 5-TCAGGAGGTC
CAACCGCG-3; miR-490-3p-Rv: 5-CCTGGGACGTG
ACCTATGCTG-3’; U6-RT: 5-GTTAAGCACTTCGCA
AGGTATAAAA-3; U6-Fw: 5-TCATATACACGACG
GCTTCGCTC-3; U6-Rv: 5-TGTGCGTTTAAGCACT
TCGC-3’; FOXO1-Fw: 5'-GTAGGTTCAGTGAACCCT
CGAA-3’; FOXO1-Rv: 5-AGTCCGACTCCCAATCA
CTCGTC-3’; GAPDH-Fw: 5-CGGGTTATGCTGGTTT
AGGC-3"; GAPDH-Rv: 5-GTGGGTACCGTTTAAGG
TAC-3".

Western blot analysis

Total protein (50 pig) was separated in a Bis-Tris
polyacrylamide gel and transferred onto a
nitrocellulose membrane. The membrane was then
incubated in 5% bovine serumal bumin (BSA)
containing primary rabbit-anti-human polyclonal

http://www.ijbs.com



Int. J. Biol. Sci. 2018, Vol. 14

1459

antibodies at 4°C overnight. Next, samples were
incubated with IRDye®800CW  goat-anti-rabbit
antibody (1:5000; ab216773, Abcam) at room
temperature for 1 hour and visualized via
chemiluminescence with an infrared laser scanning
system (OdysseyLicor, Lincoln, NE, USA). The
following primary rabbit-anti-human antibodies were
used: anti-FOXO1 (1:1000; ab39670, Abcam);
anti-Runx2 (1:1000; ab23981, Abcam); anti-Sp7/
Osterix (1:2000; ab22552, Abcam); anti-ALP (1:2000;
ab95462, Abcam); anti-OCN (1:500; ab93876, Abcam);
anti-OPN (1:1000; ab8448, Abcam) and anti-GAPDH
(1:2500; ab9485, Abcam).

Alkaline phosphatase (ALP) activity assay and
Alizarin red staining

Cells were seeded in 6-well plates at the density
of 1x105/well and cultured in osteogenic medium for
18 days. ALP activity was determined using an ALP
activity ~ staining kit (GMS80033.1, GENMED
Scientifics, Shanghai, China) and mineralization was
assessed using an Alizarin Red S kit (GMS80046.3;
GENMED Scientifics, Shanghai, China).

Luciferase reporter assay

The DNA sequences of FOXO1 containing
binding site of miR-490-3p was amplified by PCR
using HEK293T cells genomic DNA. The amplified
DNA sequences were inserted into pmiR-RB-
REPORT™ vectors (RiboBio) to generate wild type
(WT) FOXO1 3'-untranslated region (UTR)
(containing the binding site of miR-490-3p), with
mutated (MUT) FOXO1 3’-UTR luciferase vectors
generated using site-directed mutagenesis (FAST
Multigenesis System, TransGen Biotech, Beijing,
China), respectively. For the reporter assay, HEK293T
cells were cultured in a 96-well plate with 1.5x104
cells/well in 100pL of culture medium/well for 24 h.
Cells were then co-transfected with 50 nM miR-490-3p
mimic and 100 ng of vector per well and cultured in
fresh medium for an additional 48 h. The luciferase
reporter assay was carried out using the Dual-Glo®
Luciferase Assay System (Promega, Madison, WI,
USA) according to the manufacturer's instructions,
Firefly and Renilla luciferase activities were measured
in cell lysates. The relative fluorescence intensity for
each sample was calculated by normalizing the signal
value of Renilla luciferase to Firefly luciferase, and
then compared with the control. Luminescence was
quantified using a Veritas™ 9100-002 luminometer
(Promega).

SiIRNA/miRNA mimic/miRNA inhibitor
transfection

Synthetic miRNA mimic/inhibitor and siRNA
were purchased from RiboBio. The sequence of

miR-490-3p mimic is as follows: 5-CAACCUGGA
GGACUCCAUGCUG-3 /3'-GCAUGGAGUCCUCCA
GGUUGUU-5". The sequence of miR-490-3p inhibitor
is as follows: 5-CAGCAUGGAGUCCUCCAGGU
UG-3'. Ligamentum flavum cells were transfected
with siRNA/miRNA mimic/miRNA inhibitor using
Lipofectamine® 2000 Transfection Reagent (Life
Technologies, NY, USA), according to the
manufacturer's instructions.

MiR-490-3p mimic or inhibitor was transfected
into cells at a concentration of 20 nM with nonspecific
microRNA or nonspecific microRNA inhibitor used as
negative control (NC). SiRNA targeting FOXOlwas
transfected at a concentration of 50 nM with
non-targeting siRNA used as NC.

Chromatin immunoprecipitation (ChlP)

The ChIP analysis was carried out using ChIP
Assay Kit (P2078, Beyotime). Briefly, 1%
formaldehyde was added to culture medium to
cross-link DNA and bound protein. Cell lysates after
being diluted with ChIP dilution buffer were
immunoprecipitated with anti-FOXO1 antibody or
normal mouse IgG (A7028, Beyotime) overnight,
mixed with Protein A+G Agarose/Salmon Sperm
DNA and collected by centrifugation. Protein-DNA
complexes were washed and eluted followed by a
cross-link  reversal step. DNA from each
immunoprecipitation reaction was examined by
gPCR. The FOXO1 binding sites in RUNX2 gene
promoter were searched from SABiosciences. The
primer for the FOXOl-responsive region of Runx2
promoters was purchased from QIAGEN (EpiTect
ChIP gPCR Primer Assay for Human RUNX2:
GPH1011389 (-) 02A, QIAGEN, Hilden, Germany).

Statistical analysis

Data were presented as the mean + SD. The
two-tailed unpaired Student’s t-tests were used for
comparisons of two groups. The ANOVA multiple
comparison test (SPSS 17.0) followed by Turkey post
hoc test were used for comparisons of more than two
groups. Each experiment was repeated at least three
times. P<0.05 was considered to be statistically
significant.

Results

MiR-490-3p inhibits osteogenic differentiation
in thoracic ligamentum flavum cells

The temporospatial expression of miR-490-3p in
thoracic ligamentum flavum cells was determined. As
showed in Figure 1A, the expression level was
decreased by day 7 compared with day 0 and
continued to decline until day 18. To further clarify
the role of miR-490-3p in the regulation of
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osteogenesis in thoracic ligamentum flavum cells, the
osteogenic capacity was examined after being
transfected with miR-490-3p mimic for 48 h. The
miRNA level of miR-490-3p was increased (Figure
1B), and the osteogenic differentiation of ligamentum
flavum cells was significantly inhibited, as indicated
by a reduced expression of osteoblastic markers (ALP,
Runx2, SP7, OPN and OCN) and reduced ALP and
Alizarin red staining (Figure 1C-E).

Inhibition of miR-490-3p promotes
osteogenesis in thoracic ligamentum flavum
cells

Next, to further clarify the effect of miR-490-3p
on the regulation of osteogenesis in thoracic
ligamentum flavum cells, the osteogenic ability was
determined after transfecting miR-490-3p inhibitor for
48 h. The inhibition rate of miR-490-3p was shown in

Figure 2A, and the osteogenic differentiation of
ligamentum  flavum cells was  remarkably
up-regulated, as indicated by an increased expression
of osteoblastic markers (Figure 2B-D).

MiR-490-3p directly targets FOXOI

As showed in Figure 3A and 3B, osteogenic
induction resulted in a significant increased mRNA
and protein expression of FOXO1 from day 7 to day
18. To examine the functional effects of FOXO1 on
osteogenic differentiation of ligamentum flavum cells,
siFOXO1 was employed and significantly reduced
both FOXO1 mRNA and protein expression (Figure
3C and 3D). Following FOXO1 knockdown,
osteogenic differentiation of ligamentum flavum cells
was significantly inhibited, as indicated by reduced
RUNX2, SP7, ALP, OPN and OCN expression (Figure
3E) at day 18.
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Figure 1. MiR-490-3p inhibits osteogenic differentiation in thoracic ligamentum flavum cells. (A) Endogenous miR-490-3p expression levels were measured via
qRT-PCR at different time points during osteogenic differentiation in ligamentum flavum cells for 18 days; *P<0.05 compared with day 0. (B) miR-490-3p expression assessed via
qRT-PCR in ligamentum flavum cells transfected with miRNA mimic for 48h; *P<0.05 compared with NC group. (C, D) Osteogenic marker mRNA and protein expression
examined via qQRT-PCR and Western blot after miR-490-3p overexpression for 48h; *P<0.05 compared with NC group. (E) ALP staining and Alizarin red staining at day 18
following miR-490-3p mimic transfection for 48h; scale bar represents 200um. N=5 in each group.
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Figure 2. Inhibition of miR-490-3p promotes osteogenesis in thoracic ligamentum flavum cells. (A) miR-490-3p expression assessed via qRT-PCR in ligamentum
flavum cells transfected with miR-490-3p inhibitor for 48h; *P<0.05 compared with NC group. (B, C) Osteogenic marker mRNA and protein expression examined via gRT-PCR
and Western blot after miR-490-3pinhibitior transfection for 48h; *P<0.05 compared with NC group. (D) ALP staining and Alizarin red staining at day 18 following miR-490-3p

inhibitor transfection for 48h; scale bar represents 200um. N=5 in each group.

To further examine whether miR-490-3p directly
targets FOXO1, TargetScan was utilized to forecast
potential miRNAs targets in the FOXO1 3’-UTR.
FOXO1 was found to have a miR-490-3p binding site
in the 3-UTR, and luciferase reporters were
constructed based on this finding (Figure 3F). Dual
luciferase reporter gene assay indicated that
miRNA-490-3p targets the 3’-UTR of FOXOL1 in the
binding site and repress the luciferase activity (Figure
3G). Furthermore, FOXO1 expression was decreased
by the overexpression of miR-490-3p, while
miR-490-3p inhibitor up-regulates the protein
expression of FOXOL1 (Figure 3H).

FOXOI knockdown could block the effect of
miR-490-3p inhibition

Then we analyzed the effect of miR-490-3p
inhibitor on the osteogenesis of ligamentum flavum
cells with or without siFOXO1, respectively.
Furthermore, as shown in Figure 4A and 4B,
miR-490-3p inhibitor promotes the expression of
FOXO1. As expected, the effect of miR-490-3p
inhibitor on osteogenic differentiation was attenuated
after transfection of siFOXO1 for 48h (Figure 4C-4E).
Moreover, ChIP assay showed that miR-490-3p
negatively_regulates the interaction of FOXO1 and
RUNX2 (Figure 4F-4H).

Discussion

TOLF is characterized by pathological
heterotopic ossification in ligamentum flavum. The
pathological process of TOLF involves the
chondrogenic and osteogenic differentiation of
fibroblasts into osteoblasts. Thus, investigating
osteogenic differentiation of thoracic ligamentum
flavum cells would likely lead to better understanding
of the pathogenesis of TOLF. In a recent integrated
study on microRNA-mRNA, miR-490-3p was found
to be one of the specific down-regulated miRNAs in
OPLL cells compared with normal posterior
longitudinal ligament cells [17], suggesting that
miR-490-3p may be involved in the process of TOLF.

MiR-490-3p, which is located on chromosome
7933, has been previously indicated to play an
important role in the carcinogenesis of multiple types
of cancer. It has been reported that miR-490-3p
exerted suppressive effects on gastric cancer cells
through directly targeting SMARCD1 [19], and
modulates cell growth and epithelial to mesenchymal
transition of hepatocellular carcinoma cells by
targeting endoplasmic reticulum-Golgi intermediate
compartment protein 3 (ERGIC3) [20]. Similar
evidence is found that miR-490-3p regulates cell
proliferation and apoptosis by directly down-
regulating HMGA2 expression in osteosarcoma. In
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Figure 3. MiR-490-3p directly targets FOXOI. (A, B) FOXOIl mRNA and protein expression levels examined via qRT-PCR and Western blot at different time points
during osteogenic differentiation of ligamentum flavum cells for 18 days; *P<0.05 compared with day 0. (C, D) FOXO1 mRNA and protein expression level examined via
qRT-PCR and Western blot following siFOXO1 transfection in ligamentum flavum cells for 48h; *P<0.05 compared with NC group. (E) Osteogenic marker mRNA expression
examined via qRT-PCR at day 18 after FOXOI knockdown for 48h; *P<0.05 compared with NC group. (F) Schematic diagrams indicating the wild-type and mutated type
miR-490-3p binding sites in the FOXO1 3’-UTR. (G) Wild-type (WT) FOXO1 3’-UTR or mutant (MUT) FOXOI 3’-UTR reporter plasmids were co-transfected into HEK293T
cells with miR-490-3p for 48h and fluorescence was quantified; ¥P<0.05 compared with NC group. (H) FOXOI protein expression level examined via Western blot with either
miR-490-3p mimic or inhibitor transfection for 48h in ligamentum flavum cells. N=5 in each group.

the present study, we showed that miR-490-3p was
down-regulated during osteogenic differentiation of
thoracic ligamentum flavum cells, while the in vitro
experiments suggested that miR-490-3p acts as the
negative regulator of osteogenic differentiation in
ligamentum flavum cells.

MiRNAs regulate the target mRNA by binding
the 3-UTR and subsequently mediating its
degradation via the RNA-induced silencing complex
(RISC) [27]. In this study, we first demonstrated that
miR-490-3p  down-regulated  the  osteogenic
differentiation by directly targeting the 3’-UTR of
FOXO1 mRNA in the thoracic ligamentum flavum
cells. Members of FOXO transcription factors were
up-regulated in several types of cells and were
involved in a series of pathologic and physiologic

processes, which impacted a number of clinical
conditions. Among the FOXO family, FOXO1 is the
main member expressed in bone, involving in a
variety of pathologic and physiologic processes
[28-30]. Animal studies have demonstrated that
mouse model after FOXO1 knockdown was decreased
in bone mineral density and osteogenic differentiation
[31, 32]. Another study of Bcl2-deficient mouse model
suggested that Bcl2 deficiency induces and activates
FOXOT1 and accelerates osteoblast differentiation [33].
Moreover, in vitro and in vivo investigation showed
that FOXO1 directly interacts with the promoter of
Runx2 and regulates its expression to affect
mesenchymal cell differentiation into osteoblast [34,
35]. The location expression of FOXO1 was visually
observed in both cartilage and ossified area of TOLF

http://www.ijbs.com



Int. J. Biol. Sci. 2018, Vol. 14 1463
FOXO0O1 R ot
%
A 2.0 B . C o & B
N N N & £Fx
- % Q?"Q‘ Q'Qo\ & &g
29 4 5 & &5 ALP El 57kDa
ge F & &S
T
o w
2E
55, GAPDH [ s wa| 374D SP7 [ w w] askDa
ge™
0.0
Osteogenic Markers o e F Runx2-ChIP
251 B miR490-3p i . 10 Onc
miR-490-3p i+siFOXO1 < M si-FOXO1
5g 20 E 8
wZ ]
g2 s
23" 5
o o *
£ g 2 2 =
= = ]
S0 = 0.0
s 2ol mm | [
’ 19G anti-FOXO1
o ALP Runx2 Sp7 OCN OPN H Runx2-ChlP O nNc
= 12 M miR-490-3p-i
@ #*
F : %
iR-490-3p-i g o
NG miR-490-3p-i TFoxor” T
5 3 ENSTTE T e :
3 ; 2 2
ALP : - £ o0
e 2 oo
stainin 14 iq 1l I I._
9 G * 196 anti-FOX01
E ~ ~ Runx2-ChlP
'S One
: Lm S E 10 B miR-490-3p-m
Alizarin red ¥R [ £ 8
staining { S
| % S g *
- o o 200um .g 2 -
8 o0
g v M |l

19G anti-FOXOA

Figure 4. FOXO1 knockdown could block the effect of miR-490-3p inhibition. (A, B) FOXOIl mRNA and protein expression levels examined via qRT-PCR and
Western blot at day 18 following miRNA inhibitor and siFOXO1 transfection in ligamentum flavum cells for 48h; *P<0.05 compared with NC group; #P<0.05 compared with
miR-490-3p inhibitor. (C, D) Osteogenic marker protein and mRNA expression examined via Western blot and qRT-PCR after miRNA inhibitor for 48h with and without
siFOXOI transfection; *P<0.05 compared with NC group; #P<0.05 compared with miR-490-3p inhibitor group. (E) ALP staining and Alizarin red staining at day 18 following
miR-490-3p inhibitor transfection for 48h with and without siFOXOI transfection; scale bar represents 200um. (F-H) The level of FOXOI in the promoter regions of RUNX2
with siFOXO1, miR-490-3p mimic or inhibitor for 48h was analyzed in ligamentum flavum cells by ChIP assay. *P<0.05 compared with NC group. N=5 in each group.

by immunohistochemistry. Meanwhile, FOXO1 was
found to encourage osteogenic differentiation of
thoracic ligamentum flavum cells [25]. The similar
effect of FOXOL1 has also been shown in the osteogenic
differentiation of lumbar ligamentum flavum cells
[26]. In the present study, FOXO1l knockdown
attenuated the effect of miR-490-3p inhibition on the
osteogenic differentiation of thoracic ligamentum
flavum cells. ChIP results in this study suggested that
miR-490-3p negatively regulated the osteogenic
differentiation by targeting FOXO1 with the

interaction of RUNX2.
TOLF is a highly regulated pathological process,
which involves chondrogenic and osteogenic

differentiation associated with genetic, mechanical
and inflammatory factors. In our study, we identified

that miR-490-3p could directly target the 3’-UTR of
FOXO1 mRNA and is identified as a regulator of
FOXOL1 in thoracic ligamentum flavum cells. This
finding led us to further explore the effect of
miR-490-3p and FOXO1 on osteogenic differentiation.
However, we cannot rule out other potential
pathways involved in the regulation of miR-490-3p.
Previous studies provided evidence for the
involvement and possible mechanism of transforming
growth factor beta (TGF-p) in TOLF [13, 36]. It is
known that the role of FOXO1 is remarkable in the
regulation of TGF-p expression [37-39]. MiR-490-3p
was also reported to repress the migration and
invasion abilities of colorectal cancer cells partially by
targeting the TGF-p signaling pathway [40]. In
addition, p-catenin signaling pathway was also an
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important pathway in osteogenic differentiation in
ligamentum flavum cells [5], while miR-
490-3p seemed to have an inhibitory effect on
[-catenin expression in nuclear fractions of colorectal
cancer cells [19]. Therefore, further research is
obligatory to better understand how miR-490-3p
modulates osteogenic differentiation in ligamentum
flavum cells.

In conclusion, our study demonstrated that
miR-490-3p inhibits the osteogenic differentiation of
ligamentum flavum cells by targeting FOXOL.
Further, FOXO1 and miR-490-3p could possibly be
viable therapeutic target for ossification management
in thoracic ligamentum flavum and other skeletal
disorders.
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