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Abstract Background/purpose: Previous studies have shown that miR-874 is considered to be
an important regulatory factor that participated in osteoclast differentiation. The role of miR-
874-3p on osteoclast differentiation of human periodontal ligament fibroblast(hPDLF), howev-
er, is still unclear. This study was aimed to delve into the related molecular mechanism of miR-
874-3p on hPDLF osteoclast differentiation.

Materials and methods: The qRT-PCR assays were applied to check miR-874-3p and WNT3A
expression levels during the osteoclast differentiation of hPDLF. Alkaline phosphatase (ALP)
activity assays and alizarin red staining assays were applied to appraise the degree of hPDLF
osteoclast differentiation. Bioinformatics method and dual-luciferase reporter assay were em-
ployed together to anticipate and certify the interaction between miR-874-3p and WNT3A.
Western blot assay was applied to examine the -catenin and WNT3A expression in transfected
hPDLF.

Results: In this study, the results indicated that the expression level of miR-874-3p was grad-
ually down-regulated while WNT3A was concomitantly increased during osteogenic differenti-
ation of hPDLF. Overexpression or knockdown of miR-874-3p would inhibit or promote WNT3A
and B-catenin protein expression as well as osteogenic differentiation of hPDLF, respectively.
Further research indicated that miR-874-3p directly regulated WNT3A expression via coupling
with the 3’-UTR of WNT3A. Finally, upregulation of WNT3A expression levels rescues B-catenin
expression levels and osteogenic differentiation of hPDLF inhibited by miR-874-3p was
explored.
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Conclusion: MiR-874-3p inhibits osteogenic differentiation of hPDLF through regulating Wnt/ -

catenin pathway.

© 2021 Association for Dental Sciences of the Republic of China. Publishing services 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/).

Introduction

The human periodontal ligament (PDL) is a dense connec-
tive tissue between the tooth root and alveolar bone. It has
the function of fixing the tooth root and relieving the
pressure generated during chewing.” PDL is composed of
different cell types, including cementoblasts, osteoblasts,
endothelial cells, and fibroblasts.? Fibroblasts are one of
the most indispensable cell types in periodontal tissues and
they play a crucial role in physiological function and path-
ological changes.’ Fibroblasts in PDL are reported to be the
source of osteoblasts needed for sustaining alveolar bone
reconstruction. There have developed multiple methods for
periodontal regeneration by using cells extracted from PDL,
and their potential in regulating osteoblasts and osteoclasts
differentiation in periodontal tissue has been demon-
strated.” However, the molecular mechanism of osteo-
blastic differentiation of PDL fibroblasts has not been
deciphered.

MicroRNAs (miRNAs) are small non-coding RNAs that
may regulate thousands of genes.> MicroRNAs mainly bind
to the 3’ untranslated region of the target mRNA, and
translation inhibition or degradation of the mRNA is
caused.® Studies have shown that miRNAs play a crucial
role in the differentiation of periodontal cells. For
example, miR-195-5p was reported to regulate osteogenic
differentiation of periodontal ligament cells under me-
chanical loading.” MiR-146a is capable of inducing the
differentiation of periodontal ligament cells.® MiR-214
promotes the differentiation of periodontal ligament
stem cells into osteoblasts by Wnt/pB-catenin pathway.’
The expression levels of miR-874-3p were reported to be
decreased during osteogenic differentiation.® MiR-874 can
promote the proliferation and differentiation of osteo-
blasts in osteoporotic rats by inhibition of SUFU and acti-
vation of Hedgehog pathway.'® Nevertheless, other
studies have shown that inhibition of miR-874-3P promotes
the osteogenic differentiation of human periodontal liga-
ment stromal cells."” However, the role of miR-874-3p in
the osteogenic differentiation of PDL fibroblasts remains
to be further studied.

This study showed that the expression levels of
miR-874-3p were decreased in differentiated human
periodontal fibroblasts, and the upregulated miR-874-3p
inhibited the differentiation of periodontal fibroblasts,
while the results of miR-874-3p knockdown showed
opposite results. Meanwhile, miR-884-3p was found to be
able to regulate WNT3A expression in a targeted manner,
thereby inhibiting the activity of Wnt/p-catenin pathway
and reducing the differentiation of periodontal membrane
fibroblasts.

Materials and methods
Cell culture and osteogenic differentiation

The human periodontal ligament fibroblast (hPDLF) was
purchased from Lonza (Lonza, Basel, Switzerland). The
cells were resuspended in culture medium (DMEM; Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (Gibco), 1% penicillin/streptomycin (Gibco), and
0.025 ug/mL amphotericin B (Sigma—Aldrich, St. Louis, MO,
USA). The cells were cultured in a humidified 5% CO,
incubator at 37°C. When the hPDLF reached 85% conflu-
ence, 50 ug/mL ascorbic acid (Sigma—Aldrich), 10 mM B-
glycerophosphate (Sigma—Aldrich), and 100 nM dexameth-
asone (Sigma—Aldrich) were added in the culture medium
to induce osteogenic differentiation.

Quantitative real-time polymerase chain reaction
(qPCR)

Total RNA was extracted from collected cells by using the
Trizol reagent (Invitrogen, Carlsbad, CA, USA). The quantity
and integrity of extracted total RNA were evaluated on a
Nano Drop 1000 spectrophotometer (Thermo Fisher Scien-
tific, Waltham, MA, USA). Whole RNA was reversely tran-
scribed into cDNA by using miRNA-specific TagMan miRNA
assay kit (Applied Biosystems, Foster City, CA, USA). qRT-
PCR was applied by the SYBR Premix EX Taq (Takara, Bei-
jing, China) in the CFX96 Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA) to detect the expression levels
of miR-874-3p. The PCR primers were designed and syn-
thesized by Sangon Biological Engineering Technology
(Sangon, Shanghai, China). U6 small nuclear RNA and B-
actin were used as the endogenous reference genes to
normalize miRNA and mRNA expression levels, respectively.
The relative expression of miR-874-3p and WNT3A in each
experimental group was analyzed using the 2° ct
method. All reactions were performed in triplicates. Primer
sequences used in this study are shown in Table 1.

Western blot

Briefly, cells were washed in pre-cooling PBS buffer three
times, and the total protein was separated by RIPA buffer
(Beyotime, Shanghai, China). Protein concentration was
detected by using BCA protein assay kits (CoWin Biotech-
nology, Cambridge, MA, USA). An equal amount of total
proteins was electrophoresed to SDS-PAGE. Then, they
were transferred to the polyvinylidene difluoride mem-
branes (PVDF; Millipore, Boston, MA, USA) with blocked by
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Table 1  Primers for miR-874-3p, WNT3A, and reference genes.
Gene Primer Sequence(5’ —3’)
miR-874-3p Forward GAACTCCACTGTAGCAGAGATGGT
Reverse CATTTTTTCCACTCCTCTTCTCTC
ué Forward TCCTCCACGACAACCAAAACC
Reverse TCTTTTCCCAAAATCCCAGACTC
WNT3A Forward ATCGAGTTTGGTGGGATGGT
Reverse CGCTGTCGTACTTGTCCTTG
wt-WNT3A 3'UTR Forward TAGGCGATCGCTCGAGGCACCGGCCGCGGCTCCCC
Reverse AATTCCCGGGCTCGAGTTTCGTCTAACTCCGTTGGACAGT
mut-WNT3A 3'UTR Forward AATGGTCCGCTTTCCTGGAGCCAATGGCCCG
Reverse AGGAAAGCGGACCATTTCCCGCCATGAGGGGCCAGGAAGG
B-actin Forward GTGACGTTGACATCCGTAAAGA
Reverse GCCGGACTCATCGTACTCC

5% non-fat milk at room temperature for 1 h. The protein
was identified by incubated with specific primary anti-
bodies WNT3A (Rabbit Anti- WNT3A antibody, ab231178,
1:3000; Abcam, Cambridge, MA, USA), B-catenin (Rabbit
Anti-beta Catenin antibody, ab6302, 1:3000; Abcam) and B-
actin (Rabbit Anti-beta Actin antibody, ab8227, 1:3000;
Abcam) overnight at 4°C. Then, the membranes were
further incubated with HRP-conjugated goat anti-rabbit
immunoglobulin G secondary antibody (ab205718, 1:1500;
Abcam) and the bands on the membranes were visualized
by the ECL chemiluminescence reagent (Beyotime). The B-
actin was used to normalize the amount of the analyzed
samples and protein bands were quantified by gray value
analysis by ImageJ software.

Cell transfection

The synthetic miR-874-3p mimics, miR-874-3p inhibitor,
miR-control (NC), and miR-control (NC) inhibitor were ac-
quired from GenePharma (GenePharma, Shanghai, China).
After cells were cultured in 6-well plates for 24 h, miR-874-
3p mimics, miR-874-3p inhibitor, miR-control (NC), and
miR-control (NC) inhibitor were transfected into cells by
Lipofectamine 2000 (Invitrogen).

Alkaline phosphatase (ALP) activity assays

Alkaline phosphatase enzyme activity was tested with the
use of an ALP assay kit (Jiancheng Biotech, Nanjing, China).
Briefly, the treated cells were washed twice with pre-
cooling PBS and lysed with RIPA buffer (Beyotime). The
lysate was incubated at 37°C for 20min, and the ALP
enzymatic activity was assayed at 405 nm with the use of a
spectrophotometer. The relative ALP activity was normal-
ized to the protein content which was determined by using
a BCA assay kit (Beyotime).

Alizarin red staining

The matrix mineralization deposition was detected by
alizarin red staining (Leagene, Beijing, China). In brief, the
cells were fixed with 4% paraformaldehyde for 30 min and
rinsed with deionized water. Then, the cells were stained
with 0.1% (w/v) Alizarin red for 15min at pH 4.2. The

matrix mineralization deposition appeared red and the
stained cells were photographed after washing with
deionized water for 15 min. The Alizarin red was desorbed
with 10% cetylpyridinium chloride 15 min and measured by
spectrophotometry at 540 nm with the use of a spectro-
photometer. The staining results were normalized to the
protein content which was determined by using a BCA assay
kit (Beyotime).

Dual-luciferase reporter assay

The fragments of 3’-UTRs of WNT3A mRNA containing the
wild-type (WT) and the mutant-type (MUT) binding sites of
miR-874-3p anticipated by using TargetScan were cloned
into pmirGLO luciferase report vector (Promega, Madison,
WI, USA). The constructed luciferase reporters were called
as WNT3A-WT and WNT3A-MUT, respectively. For luciferase
assay, miR-874-3p inhibitor or miR-control (NC) were co-
transfected with reporter plasmids into cells by Lipofect-
amine 2000 (Invitrogen). The luciferase activities were
tested by the dual-luciferase kit (Promega) after 48h
transfection. Data are presented as the ratio of experi-
mental (Renilla) luciferase to control (Firefly) luciferase.

Statistical analysis

All data are shown as the mean &+ standard error of the
mean from three independent experiments. GraphPad
Prism 5 was used for analysis. Comparisons between two
groups were performed using Student’s t-test. P values of
<0.01 (two-tailed) were considered to indicate a statisti-
cally significant difference.

Results

Expression level of miR-874-3p and WNT3A during
osteogenic differentiation of hPDLF

To better explore the role of miR-874-3p and WNT3A during
in regulating the osteogenic differentiation potential of
hPDLF, mRNA expression levels of miR-874-3p and WNT3A
were first tested during osteogenic differentiation of hPDLF
on the day 0, 3, 7, 14, respectively. The relative expression

1148



Journal of Dental Sciences 16 (2021) 1146—1153

profile of miR-874-3p and WNT3A was monitored with the
use of qRT PCR by the standard osteogenic differentiation
method previously described. From this study, the expres-
sion level of miR-874-3p was gradually down-regulated
after the induction of osteogenic differentiation of hPDLF
(Fig. 1A). Meanwhile, the expression level of WNT3A was
concomitantly increased (Fig. 1B). Furthermore, the mRNA
protein expression levels of WNT3A were explored during
osteogenic differentiation of hPDLF on the day 0, 3, 7, 14,
respectively. The result demonstrated that the expression
level of WNT3A protein decreased gradually with the
osteogenic differentiation of hPDLF (Fig. 1C and D). These
results indicate that the expression level of miR-874-3p was
down-regulated and WNT3A was up-regulated during oste-
ogenic differentiation of hPDLF.

MiR-874-3p inhibits osteogenic differentiation of
hPDLF

MiR-874-3p mimics, miR-874-3p inhibitor, miR-NC, and miR-
NC inhibitor were synthesized and transfected into hPDLF
as previously described to promote or inhibit miR-874-3p
expression. The hPDLF were induced to undergo osteogenic
differentiation for seven days after transfection. The
expression levels of miR-874-3p in four kinds of groups were
identified through qRT PCR (Fig. 2A). The miR-874-3p group
showed obviously up-regulated miR-874-3p expression
level, while that in the miR-874-3p inhibitor group was
substantially down-regulated. Meanwhile, there were no
significant changes in miR-874-3p expression levels in the

miR-NC, and miR-NC inhibitor group. These results
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indicated that the transfection causes the overexpression
of miR-874-3p in the miR-874-3p group, and suppresses miR-
874-3p expression in the miR-874-3p inhibitor group. To
clarify the effect of miR-874-3p on hPDLF osteogenic dif-
ferentiation, ALP activity assays and Alizarin red staining
were applied to four kinds of groups to characterize the
degree of osteogenic differentiation of hPDLF. The results
showed that overexpression of miR-874-3p dramatically
inhibits osteoblastic differentiation, which was indicated
by decreased ALP activity and matrix mineralization level in
miR-874-3p overexpressing group compared to negative
control group and blank control group (Fig. 2B and C).
Taken together, these results indicated that miR-874-3p
plays a negative role in the regulation of the osteogenic
differentiation of hPDLF.

MiR-874-3p directly regulated WNT3A expression
by binding to the 3’-UTR of WNT3A

To explore the biomechanism of miR-874-3p in osteogenic
differentiation of hPDLF, the mRNA binding sites were
further anticipated in TargetScan (http://www.targetscan.
org/vert_71/). The results indicated that WNT3A mRNA was
a binding target of miR-874-3p. The anticipated 3’-UTRs of
WNT3A mRNA binding to miR-874-3p were presented (Fig.
3A). In order to investigate whether WNT3A was a poten-
tial target of miR-874-3p, WNT3A WT and MUT fragments
were cloned downstream of the firefly luciferase coding
region. The results of this study indicated that the over-
expression of miR-874-3p strikingly brought down the
luciferase activity of the WNT3A-WT reporter gene, but had
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Expression level of miR-874-3p and WNT3A during osteogenic differentiation of hPDLF. (A) gRT-PCR analysis of miR-874-

3p normalized to U6 at different days during osteogenic differentiation of hPDLF. (B) qRT-PCR analysis of WNT3A normalized to B-
actin at different days during osteogenic differentiation of hPDLF. (C) Western blot analysis of protein levels of WNT3A normalized
to B-actin at different days during osteogenic differentiation of hPDLF. **p < 0.01 versus control group and Wtp < 0.01 versus LPS

alone group. Data are presented as mean =+ SD.
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Figure 2 MiR-874-3p inhibits osteogenic differentiation of hPDLF. (A) Expression levels of miR-874-3p in four groups of hPDLF
after transfection. (B) ALP activity was measured after osteogenic differentiation for seven days. (C) Alizarin red staining was
measured after osteogenic differentiation for seven days. **p < 0.01 versus control group and ##p < 0.01 versus LPS alone group.

Data are presented as mean + SD.

no effect on the WNT3A-MUT control (Fig. 3B). To further
prove whether miR-874-3p regulated WNT3A expression,
miR-874-3p mimics, miR-874-3p inhibitor, miR-NC, or miR-
NC inhibitor were transfected into hPDLF to detect the
expression levels of WNT3A, B-catenin and activated B-
catenin (ABC) proteins. The Western blot assay results
showed that high expression of miR-874-3p dramatically
suppressed WNT3A, B-catenin and ABC protein expression
compared with that in NC group. While miR-874-3p inhibitor
significantly promoted WNT3A, B-catenin and ABC protein
expression compared with that in NC-inh group (Fig. 3C).
The data showed that WNT3A is a target of miR-874-3p and
miR-874-3p represses Wnt3a and B-catenin protein expres-
sion level.

Upregulation of WNT3A alleviates repressed
osteogenic differentiation of hPDLF promoted by
miR-874-3p

To determine whether miR-874-3p inhibits osteogenic dif-
ferentiation of hPDLF by regulating WNT3A expression, a
rescue experiment was performed. The hPDLF were trans-
fected with either miR-NC or miR-874-3p mimics with either
WNT3A overexpressing vector or vector control. Western
blot analysis confirmed that miR-874-3p mimics can obvi-
ously suppress the expression of WNT3A, B-catenin and ABC

in hPDLF while WNT3A overexpression vector can restore
the expression levels of WNT3A, B-catenin and ABC proteins
by strikingly promote the expression of WNT3A, B-catenin
and ABC in hPDLF (Fig. 4A). To further verify whether
WNT3A alleviates repressed osteogenic differentiation of
hPDLF promoted by miR-874-3p, ALP activity assays and
alizarin red staining were assessed in each group. The re-
sults indicated that miR-874-3p repressed osteogenic dif-
ferentiation of hPDLF could be abrogated by WNT3A
overexpression (Fig. 4B and C). Taken together, these re-
sults indicated that the effect of inhibition osteogenic dif-
ferentiation of hPDLF is mediated by the miR-874-3p/WNT/
B-catenin axis.

Discussion

Recently, some studies have showed that hPDLF has the
potential to differentiate into osteoblasts and osteoclasts
in vivo.* The osteogenic differentiation of hPDLF is accu-
rately mediated by extracellular mechanical and intracel-
lular molecular signals and it is a promising cell source for
osteoblasts and osteoclasts in the periodontal ligament.'?
Understanding the molecular regulatory mechanism of
osteogenic differentiation of hPDLF may provide the novel
therapeutic targets for periodontal ligament. However, the
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molecular regulatory mechanism of hPDLF fate determi- system, contributing to the maintenance of normal tissue
nation remains poorly understood. functions and homeostasis, and affecting cell differentia-

MiRNAs have been shown to play a important role in tion."> Moreover, many miRNAs are implicated in periodontal
modulating of cell differentiation and growth processes.'* " cell differentiation and disorders of miRNAs play a vital role
Many miRNAs are highly expressed in the osteogenesis in periodontal disease.'® Specifically, miR-320a was found to
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restrain osteogenic differentiation in osteoporosis. However,
the specific molecular regulatory mechanism of osteogenic
differentiation of hPDLF by miRNAs requires further inves-
tigation."” This study disclosed that miR-874-3p was down-
regulated during the osteogenic differentiation of hPDLF,
and the degree of osteogenic differentiation of hPDLF could
be regulated by upregulating or downregulating the
expression level of miR-874-3p. These results hint that miR-
874-3p may act as an inhibiting factor in osteogenic differ-
entiation of hPDLF.

A growing number of researches confirmed that miRNAs
execute their functions by regulating the expression level
of their target mRNAs.'™® A previous study proved that
overexpressed miR-143 accelerates osteogenic differen-
tiation via TNF-a-dependent NF-kB signaling pathway."’
Moreover, miR-196a was reported to participate in osteo-
genic differentiation in osteoporotic mice via activation of
GNAS-dependent Hedgehog pathway.?’ In addition,
adipose-derived stem cells osteogenic differentiation was
reported to mediate through miR-665/1L6 axis via PI3K/
Akt pathway.?! Another novel discovery of this study was
that WNT3A is a target of miR-874-3p. WNT3A belongs to a
gene family which encodes secreted signaling proteins.
These proteins have been involved in several develop-
mental processes. Here, the fact that miR-874-3p could
target WNT3A was demonstrated by predicting the mRNA
binding sites in TargetScan and performing the dual-
luciferase assays. Moreover, high expression levels of
miR-874-3p dramatically suppressed WNT3A and B-catenin
protein expression. Furthermore, the results showed that
miR-874-3p repressed osteogenic differentiation of hPDLF
while this effect could be abrogated by WNT3A over-
expression. Similarly, overexpression of WNT3A could also
abolish the effect of miR-874-3p-induced low expression
of B-catenin protein. These data indicate that WNT3A
could alleviate repressed osteogenic differentiation of
hPDLF promoted by miR-874-3p. However, to better define
the role of miR-874-3p in osteogenic differentiation of
hPDLF by targeting WNT3A and B-catenin, expression
levels of WNT3A proteins should be detected after co-
transfected with miRNA NC, miRNA mimics with control
and miRNA mimics with B-catenin overexpressed plasmid
in the not too distant future.

In conclusion, in this study, the fact that miR-874-3p and
WNT3A would be downregulated and upregulated during
osteogenic differentiation of hPDLF, respectively was
discovered. Moreover, knockdown or overexpression of
miR-874-3p would promote and inhibit osteogenic differ-
entiation of hPDLF, respectively. Meanwhile, knockdown or
overexpression of miR-874-3p could also promote and
inhibit WNT3A and B-catenin protein expression, respec-
tively. Finally, overexpression of WNT3A could rescue
osteogenic differentiation of hPDLF. Figure out the role of
miR-874-3p/Wnt3a/B-catenin in osteogenic differentiation
of hPDLF could conceivably pave the path for advanced
therapeutic targets in human periodontal ligament.
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