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miR-148b-3p, miR-337-5p and miR-423-5p expression
in alveolar ridge atrophy and their roles in the
proliferation and apoptosis of OMMSCs
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Abstract. MicroRNAs (miRNAs/miRs) have key roles
in various physiological and pathological processes by
regulating the expression of specific genes. The identification
of miRNAs involved in bone metabolism may provide insight
into the expression of genes associated with the development
of alveolar ridge atrophy. In the present study, the miRNA
expression profiles in alveolar ridge atrophy and normal tissue
samples were investigated by miRNA microarray analysis.
Among the 52 differentially expressed miRNAs identified,
the expression levels of 20 selected miRNAs in the alveolar
ridge atrophy and normal tissue samples were verified by
reverse transcription-quantitative polymerase chain reaction.
The results indicated that the expression levels of 11 miRNAs
were significantly different between alveolar ridge atrophy
and normal tissue samples; however, only three of them
(miR-148b-3p, miR-337-5p and miR-423-5p) were previously
reported to be involved in bone metabolism. In vitro,
miR-148b-3p, miR-337-5p and miR-423-5p mimics promoted
the proliferation and inhibited apoptosis of bone marrow
mesenchymal stem cells from orofacial bone (OMMSCs), while
antisense inhibitors of these miRNAs had the opposite effect.
In conclusion, the present study indicated that these miRNAs
are involved in the pathogenesis of alveolar ridge atrophy.
miR-148b-3p, miR-337-5p and miR-423-5p promote the
proliferation of OMMSCs and inhibit their apoptosis. The
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present results provide a novel perspective for understanding
the pathogenesis of alveolar ridge atrophy.

Introduction

According to a recent epidemiological survey, the rate of the
loss of one or more teeth in individuals is 6.45% (1). With
the aging of the population in China, the incidence of tooth
loss exhibits yearly increases. Severe alveolar bone loss is
commonly observed in patients with periodontal disease or in
those who wear dentures for an extended period, which may
cause atrophy of the alveolar ridge (2). The significant reduc-
tion in the contact area of the mandibular tissue in patients with
severe atrophy of the alveolar ridge makes denture retention
difficult and the occlusal ability of these patients frequently
remains poor after repair (3). This has a severe impact on the
physical and mental wellbeing of the affected patients, thereby
impairing their quality of life. Therefore, determining the
specific pathophysiological mechanisms underlying alveolar
atrophy has become an issue of prime importance. A recent
study has revealed that the pathophysiological mechanisms
underlying alveolar ridge atrophy are associated with a condi-
tion wherein the osteoclast metabolism is higher than the
osteoblast metabolism (4). Studying alveolar bone-associated
osteoclasts, their osteogenic metabolism and the underlying
regulatory mechanisms using molecular biology techniques
will help in the elucidation of the causes of alveolar ridge
atrophy.

MicroRNAs (miRNAs/miRs) are a class of small
non-coding RNAs of 19-25 nucleotides in length that are
capable of regulating gene expression post-transcriptionally by
binding to the 3'-untranslated region of their target mRNAs (5).
miRNAs regulate the expression of ~30% of all human
genes (6). Increasing evidence has indicated that miRNAs have
important roles in physiological development and in pathogen-
esis (7). miRNA expression profiles are useful tools to study the
molecular mechanisms of diseases (8). For instance, miRNA
expression profile analysis has indicated that miR-148a-3p is
markedly upregulated during osteoclastogenesis of human
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CDI14* peripheral blood mononuclear cells (PBMCs).
Overexpression of Homo sapiens (hsa)-miR-148a-3p in CD14*
PBMC:s facilitated osteoclastogenesis, whereas suppression of
hsa-miR-148a-3p expression inhibited it (9). Several miRNAs
that participate in osteoclast formation, differentiation, apop-
tosis and resorption have been identified (9-11). For instance,
miR-148b directly targets the gene encoding noggin, which
is involved in the regulation of bone morphogenetic protein
2-induced osteogenic differentiation and bone formation (12).
Photo-activated miR-148b nanoparticle conjugates improve
the closure of critical-sized calvarial defects in mice (13).
Yoshitaka et al (14) have indicated that miR-337-5p was
significantly downregulated in patients with chondrosarcoma
as well as in chondrosarcoma cell lines. Although miRNAs
appear to be critical regulators of bone-associated osteoclast
metabolism and osteogenesis, few studies have examined their
roles in alveolar ridge atrophy.

Recently, stem cell-based tissue engineering has been
successful in reconstructing several tissue types, including
dental tissues (15). Adult bone marrow mesenchymal stem
cells (MMSCs) are not only easily obtained and expanded in
culture but also have the ability of multilineage differentia-
tion, i.e., these cells are able to differentiate to form a variety
of tissue types, including bone, cartilage, tendon and adipose
tissues (16). MMSCs from orofacial bone (OMMSCs) are the
ideal seeding cells for the reconstruction of the alveolar ridge
tissue (17). It is thus essential to explore the role of miRNAs
in OMMSCs.

The present study aimed to identify miRNAs that may
be associated with the mechanisms underlying alveolar ridge
atrophy. Hence, differentially expressed miRNAs between
alveolar ridge atrophy and normal tissue samples were iden-
tified by miRNA microarray analysis. Various deregulated
miRNAs in alveolar ridge atrophy were then confirmed by
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Subsequent in vitro functional assays indi-
cated that miR-148b-3p, miR-337-5p and miR-423-5p promote
the proliferation of OMMSCs and inhibit their apoptosis.

Materials and methods

Sample collection. Alveolar ridge atrophy tissue samples were
obtained from elderly male patients (aged >70 years), who
required repair of the alveolar ridge. Normal alveolar ridge
tissue samples were obtained from adult male patients (age,
25-35 years) who required removal of wisdom teeth. All partic-
ipants were recruited between January 2013 and December
2013 from the Chinese PLA General Hospital (Beijing, China).
In total, 21 alveolar ridge atrophy tissue samples from 21
different patients and 21 alveolar ridge normal tissue samples
from 21 different healthy volunteers were obtained. All tissue
samples were immediately snap-frozen in liquid nitrogen and
stored at -80°C until total RNA extraction. A total of 3 alveolar
ridge atrophy tissue samples and 3 alveolar ridge normal tissue
samples were randomly selected for the miRNA microarray
analysis. The present study was performed according to prin-
ciples of the Helsinki Declaration from 1975 and its revision
from 1983. The use of the aforementioned samples in the
present study was approved by the Committees for Ethical
Review of Research Involving Human Subjects of the Chinese
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PLA General Hospital (Beijing, China). Written informed
consent was received from each tissue donor.

RNA extraction. Total RNA was extracted from the frozen
tissue using the TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. The total RNA in the sample was quantified
using a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.) and the RNA integrity was evaluated by
agarose gel electrophoresis.

miRNA microarray assay. The miRNA microarray assays
were performed using an Affymetrix miRNA array system
(Affymetrix; Thermo Fisher Scientific, Inc.) following the
manufacturer's protocol in order to screen for differential
expression profiles of miRNA in the alveolar ridge atrophy
tissue samples vs. the normal tissue samples. In brief, the
total RNA was subjected to Poly A-tailing and then labeled
with biotin using a FlashTag Biotin HSR RNA Labeling Kit
(Affymetrix; Thermo Fisher Scientific, Inc.). Hybridization
was then performed using the Affymetrix GeneChip miRNA
4.0 (Affymetrix; Thermo Fisher Scientific, Inc.). The hybrid-
ization signals were produced using the Affymetrix Command
Console Software 3.0 (Affymetrix; Thermo Fisher Scientific,
Inc.). The raw data were normalized using the Robust
Multichip Average algorithm. The differentially expressed
miRNAs were identified by screening for fold changes in
expression and by the P-value (fold-change, >1.5; P<0.05). To
evaluate the correlations between the results of the individual
experiments, a hierarchical clustering analysis was performed
using Cluster 3.0 software (open source, http://bonsai.hgc.
jp/~mdehoon/software/cluster/software.htm).

RT-gPCR. First, the differential expression of 20 selected
miRNAs in the alveolar ridge atrophy vs. normal tissue
samples identified in the microarray assay was validated by
RT-qPCR. The relative expression levels of three miRNAs
(miR-148b-3p, miR-337-5p and miR-423-5p) in 18 pairs of
alveolar ridge atrophy and normal tissue samples, excluding
the three pairs used for the microarray assay, were measured by
RT-gPCR. RT was performed using the TagMan® MicroRNA
Reverse Transcription Kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Real-time PCR was performed using SYBR Green
(Takara Bio, Inc., Dalian, China) and a 7500 real-time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
A 20 ul total volume of the qPCR mixture was prepared with
5 pl 20x-dilution RT products, 500 nM of forward and reverse
primers and 2x SYBR Green qPCR SuperMix (Invitrogen;
Thermo Fisher Scientific, Inc.). Each sample was tested in trip-
licate. The thermocycling conditions were as follows: 50°C for
2 min, 95°C for 2 min, followed by 45 cycles (at 95°C for 5 sec
and 55°C for 20 sec). The primers were synthesized by Takara
Bio, Inc. and their sequences are listed in Table I. U6 RNA
served as the endogenous control. Relative miRNA expression
was calculated using the 2-22°4 method (18). All experiments
were performed in triplicate.

Cell culture and transfection. Hunman OMMSCs were obtained
from the Cell Bank of the Chinese Academy of Sciences



5336

Table I. Sequences of primers used for polymerase chain
reaction, as well as miRNA mimics and inhibitors.

Name Sequence (5'-3")

miRNA-RT GTTGGCTCTGGTGCAGGGTCCG
AGGTATTCGCACCAGAGCCAAC
CTCAGG

miR-196a-3p-F GGACGGCAACAAGAAACTG

miR-188-3p-F TTTCTCCCACATGCAGGG

miR-335-5p-F GAGGTCAAGAGCAATAACGAA

miR-148b-3p-F GGGTCAGTGCATCACAGAA

miR-302a-3p-F CGGTAAGTGCTTCCATGTTT

miR-29b-3p-F GCAGTAGCACCATTTGAAA
TC

miR-183-3p-F AGGAGTGAATTACCGAAGGG

miR-183-5p-F GAGGTATGGCACTGGTAGAA

miR-15a-5p-F TTTGGTAGCAGCACATAAT
GG

miR-337-5p-F CCCGAACGGCTTCATACA

miR-144-5p-F CGGGCGGATATCATCATATAC

miR-133a-3p-F TCCTTTGGTCCCCTTCAAC

miR-144-3p-F GGCGGGTACAGTATAGATGA

miR-448-F CGGGTTGCATATGTAGGATG

miR-515-3p-F GTGGAGTGCCTTCTTTTGG

miR-489-3p-F GCGGGTGACATCACATATAC

miR-22-3p-F GGAAAGCTGCCAGTTGAAG

miR-590-3p-F CGGGGGGCTAATTTTATGTA
TAA

miR-496-F GTGCTGAGTATTACATGGCC

miR-18b-5p-F GTGTAAGGTGCATCTAGTGC

miR-423-5p-F GAGGGGCAGAGAGCGA

U6_F TTCCTCCGCAAGGATGACA
CGC

miR-148b-3p mimic =~ UCAGUGCAUCACAGAACUU
UGU

miR-148b-3p inhibitor ACAAAGUUCUGUGAUGCAC
ACUGA

miR-337-5p mimic GAACGGCUUCAUACAGGA
GUU

miR-337-5p inhibitor AACUCCUGUAUGAAGCCGUUC

miR-423-5p mimic UGAGGGGCAGAGAGCGAGA
CuUuu

miR-423-5p inhibitor AAAGUCUCGCUCUCUCUG
CCCCUCA

NC mimic UCACAACCUCCUAGAAAG
AGUAGA

NC inhibitor UCUACUUCUUUCUAGGAGG
UUGUGA

miR/miRNA, microRNA; NC, negative control; F, forward primer;
RT, reverse transcription PCR.

(Shanghai, China). The OMMSCs were cultured in a-minimal
essential medium (Gibco; Thermo Fisher Scientific, Inc.)
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containing 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin-streptomycin (Invitrogen;
Thermo Fisher Scientific, Inc.) in a humidified incubator with
a 5% CO, atmosphere at 37°C. The human OMMSCs were
grown in attached culture. The miRNA mimics, inhibitors
(antisense), and negative controls (NC) were purchased from
RiboBio (Guangzhou, China) and their sequences are listed in
Table I. The OMMSCs were transfected using Lipofectamine
RNAiIMAX (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. At 48 h after
transfection, the cell proliferation and apoptosis assays were
performed.

Cell proliferation assay. Cell proliferation was assessed using
a Cell Counting Kit (CCK)-8 assay kit (Beyotime Institute of
Biotechnology, Shanghai, China) following the manufacturer's
protocol. Following culture for 24 h, OMMSCs were placed in
96-well plates at a density of 5x10° cells per well and transfected
with the miRNA mimics, inhibitors and NCs, respectively,
with each condition performed in triplicate. After culturing
for 0, 1, 2 or 3 days, 10 ul CCK-8 reagent was added to each
well followed by gentle agitation. The cells were then cultured
at 37°C in a 5% CO, atmosphere for 4 h. Subsequently, the
absorbance was measured at 450 nm using an MK3 microplate
reader (Thermo Fisher Scientific, Inc.).

Apoptosis assay using flow cytometry. OMMSCs transfected
with miRNA mimics, inhibitors and NCs, respectively,
were used in this experiment. Cell pellets (5x10° cells) were
re-suspended in 500 ul binding buffer. Subsequently, 1.25 ul
annexin V-fluorescein isothiocyanate and 10 pl propidium
iodide were added to the cell suspension (0.5 ml) and the cells
were cultured in the dark for 15 min at 25°C. Cell apoptosis
was then assessed by flow cytometry (BD Biosciences, San
Jose, CA, USA). Each experiment was performed in triplicate.

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 software (IBM Corp., Armonk, NY, USA). Values
are expressed as the mean + standard deviation. A moder-
ated t-test was performed to identify miRNAs that were
differentially expressed between the alveolar ridge atrophy
and normal tissue samples. The statistically significant
differences of results obtained by RT-qPCR analysis and the
cell proliferation and apoptosis assays, were assessed by an
independent-samples t-test. P<0.05 was considered to indicate
a statistically significant difference.

Results

Expression profiling of microRNA in tissue samples. To iden-
tify whether miRNAs have a role in alveolar ridge atrophy,
a miRNA microarray analysis was performed to examine
the global miRNA expression in alveolar ridge atrophy and
normal tissue samples. To identify differentially expressed
miRNAs, moderated t-tests were performed, and 52 miRNAs
whose expression levels were considerably different between
the alveolar ridge atrophy and normal tissue samples were
retrieved. A map of unsupervised hierarchical clustering
analysis of the differentially expressed miRNAs is presented
in Fig. 1A. The results indicated that various miRNAs may
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Figure 1. Differentially expressed miRNAs in alveolar ridge atrophy and normal tissue samples were analyzed by miRNA microarray and RT-qPCR. (A) Heat
map of unsupervised hierarchical clustering analysis based on the 52 miRNAs identified in the tissue samples. (B) RT-qPCR analysis of the expression of

20 selected miRNAs in the alveolar ridge atrophy and normal tissue samples.

“P<0.001 vs. control Values are expressed as the mean + standard deviation.

RT-qPCR, reverse transcription-quantitative polymerase chain reaction; miRNA, microRNA; hsa, Homo sapiens.

be involved in alveolar ridge atrophy. To validate the micro-
array data, RT-qPCR was performed to detect the differential
expression of 20 selected miRNAs (fold change, >2) between
the alveolar ridge atrophy and normal tissue samples that
were used in the microarray assay (Fig. 1B). The expression
of 11 miRNAs (miR-148b-3p, miR-302a-3p, miR-183-3p/5p,
miR-15a-5p, miR-337-5p, miR-144-3p/5p, miR-22-3p,
miR-590-3p and miR-423-5p) was significantly upregulated
(fold change, >2) in the alveolar ridge atrophy tissues samples
compared with that in the normal alveolar ridge tissue samples
(P<0.05), while the expression of five miRNAs (miR-133a-3p,
miR-448, miR-515-3p, miR-489-3p and miR-18b-5p) was
significantly downregulated (fold change, <1/2; P<0.05).

Relative expression of miR-148b-3p, miR-337-5p and
miR-423-5p in tissue samples. Studies have indicated that
certain miRNAs, including miR-148b-3p, miR-337-5p
and miR-423-5p, participate in bone metabolism. In the
present study, the expression levels of these 3 miRNAs were
significantly upregulated in the alveolar ridge atrophy tissue
samples compared with those in the normal alveolar ridge
tissue samples (P<0.05). Thus, miR-148b-3p, miR-337-5p and

miR-423-5p were selected for further experiments, including
the determination of their relative expression levels in alveolar
ridge atrophy or normal tissue samples and cellular physi-
ological function assays. To confirm the expression levels of
miR-148b-3p, miR-337-5p and miR-423-5p in alveolar ridge
atrophy and normal alveolar ridge tissue samples, their rela-
tive expression levels in 18 pairs of alveolar ridge atrophy and
normal tissue samples, excluding the three pairs used in the
microarray assay, were measured using RT-qPCR. The results
indicated that the relative expression levels of miR-148b-3p,
miR-337-5p and miR-423-5p in the alveolar ridge atrophy
tissue samples were higher than those in alveolar ridge
normal tissue samples (P<0.001), which is consistent with the
microarray data (Fig. 2A-C). To further assess the biological
functions of miR-148b-3p, miR-337-5p and miR-423-5p in the
OMMSCs, these miRNAs were ectopically overexpressed
by transient transfection with miR-148b-3p, miR-337-5p and
miR-423-5p mimics, respectively, and furthermore, knock-
down of these miRNAs was achieved via transient transfection
with miR-148b-3p, miR-337-5p and miR-423-5p inhibitors,
respectively. It was experimentally verified that the expres-
sion levels of miR-148b-3p, miR-337-5p and miR-423-5p were
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Figure 2. miR-148b-3p, miR-337-5p and miR-423-5p expression analyzed by reverse transcription-quantitative polymerase chain reaction. (A-C) Relative
expression levels of (A) miR-148b-3p, (B) miR-337-5p and (C) miR-423-5p in the alveolar ridge atrophy and the normal tissue samples. (D-F) Relative
expression levels of (D) miR-148b-3p, (E) miR-337-5p and (F) miR-423-5p in bone marrow mesenchymal stem cells from orofacial bone at 24 h following
transfection. Values are expressed as the mean + standard deviation. ““P<0.001 vs. control/NC. NC, negative control; miR, microRNA.
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Figure 3. Proliferation of OMMSCs analyzed by the Cell Counting Kiit-8 assay.
(A) Proliferation of the OMMSCs transfected with NC, miR-148b-3p mimics,
NC inhibitor or miR-148b-3p inhibitor. (B) Proliferation of the OMMSCs
transfected with NC, miR-337-5p mimics, NC inhibitor or miR-337-5p inhib-
itor. (C) Proliferation of the OMMSCs transfected with NC, miR-423-5p
mimics, NC inhibitor or miR-423-5p inhibitor. Values are expressed as the
mean =+ standard deviation. "‘P<0.05 and ““P<0.001 vs. NC inhibitor; “P<0.05
and "P<0.01 vs. NC. OMMSCs, bone marrow mesenchymal stem cells from
orofacial bone; NC, negative control; miR, microRNA; OD,s,, optical density
at 450 nm; miR-148b-3p I, miR-148b-3p inhibitor.

significantly enhanced after transfection with their respec-
tive mimics, while their expression levels were significantly
decreased after transfection with their respective inhibitors
(P<0.001; Fig. 2D-F).

miR-148b-3p, miR-337-5p and miR-423-5p promote OMMSC
proliferation. The proliferation of OMMSCs was determined
by the CCK-8 assay (Fig. 3). On the third day after transfection
with the mimics, the proliferative ability of the OMMSCs was
markedly enhanced compared with that in the NC-transfected
group (P<0.05). By contrast, on the third day following
transfection with the inhibitors, the proliferative ability of
the OMMSCs was markedly reduced compared with that in
the NC-transfected group (P<0.01). The results indicated that
miR-148b-3p, miR-337-5p and miR-423-5p promote the prolif-
eration of OMMSCs.

miR-148b-3p, miR-337-5p and miR-423-5p inhibit OMMSC
apoptosis. The effect of miR-148b-3p, miR-337-5p and
miR-423-5p overexpression on the apoptosis in OMMSCs
was assessed by flow cytometry. As presented in Figs. 4-6,
the results indicated that miR-148b-3p, miR-337-5p or
miR-423-5p overexpression significantly inhibited apop-
tosis in OMMSCs (P<0.05). By contrast, knockdown
of miR-148b-3p, miR-337-5p or miR-423-5p expression
promoted the apoptosis in OMMSCs (P<0.001). These
results suggested that miR-148b-3p, miR-337-5p and
miR-423-5p promote the proliferation of OMMSC and
inhibit their apoptosis.

Discussion

Patients with periodontal disease or individuals who wear
dentures for an extended period are often observed to exhibit
atrophy of the alveolar ridge. Bone regeneration contributes
to reestablishing the proper contour of the alveolar ridge to
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allow for implant placement (19). Studies have indicated
that miRNAs have important roles in the occurrence and
development of various types of disease and may function as

a novel targets for clinical therapy (20). In the present study,
a miRNA microarray analysis was performed to identify
miRNAs that are differentially expressed in alveolar ridge
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atrophy and normal tissue samples. A total of 52 miRNAs
that were differentially expressed between the two sample
groups were retrieved. The expression of 20 selected differ-
entially expressed miRNAs was analyzed by RT-qPCR; 11
were identified to be upregulated and 5 were downregulated.
Among these 16 miRNAs, only 3 (miR-148b-3p, miR-337-5p
and miR-423-5p) have been indicated to be involved in bone
metabolism by previous studies (13,14,21).

Schoolmeesters et al (20) have revealed a critical role of
miR-148b levels in inducing differentiation in the absence of
external cues and stimulating osteogenesis in over-propagated
human mesenchymal stem cells. Song et al (22) have indicated
that miR-148b-laden titanium implants promote osteogenic
differentiation of rat bone marrow mesenchymal stem cells.
Qureshi et al (23) reported that miR-148b-nanoparticle conju-
gates promote light-mediated osteogenesis of human adipose
stromal stem cells. miR-337-5p targeting the 3¢-untranslated
region of the gene encoding nucleophosmin 1 has been asso-
ciated with adverse outcomes in patients with acute myeloid
leukemia (24). Huang er al (25) have indicated that miR-337
overexpression promotes the proliferation of chondrocytes and
inhibits their apoptosis. miR-337 is associated with chondro-
genesis by regulating the expression of transforming growth
factor f receptor 2 (26). miR-423-5p is downregulated in
osteosarcoma cells expressing CD117 and STRO-1 (21). The
miR-423-5p levels were considerably elevated and correlated
with the prognosis of patients with hormone-induced non-trau-
matic osteonecrosis of the femoral head (27). These studies
indicate that miR-148b-3p, miR-337-5p and miR-423-5p
participate in osteoclast metabolism. In the present study, the
expression levels of miR-148b-3p, miR-337-5p and miR-423-5p
were further validated in 18 pairs of alveolar ridge atrophy and

normal tissue samples, indicating that the levels were consis-
tent with the microarray and RT-qPCR results obtained with a
small number of samples.

OMMSCs are multipotent non-hematopoietic adult stem
cells that are highly self-renewable and have a multidirectional
differentiation potential. The characteristics of OMMSCs,
including low immunogenicity (28), hematopoietic ability (29),
as well as and immune reconstitution and immunomodula-
tion (30), render them ideal seed cells for transplantation,
particularly in bone tissue engineering. In the present study,
the effects of miR-148b-3p, miR-337-5p and miR-423-5p on
OMMSCs were further investigated by transient transfection
with their respective mimics and inhibitors. The results indi-
cated that the proliferative ability of OMMSCs was promoted
after transfection with the miR-148b-3p, miR-337-5p and
miR-423-5p mimics, and repressed after transfection with
the miR-148b-3p, miR-337-5p and miR-423-5p inhibitors,
compared with that in the NC-transfected groups. The results
of the apoptosis assay indicated that miR-148b-3p, miR-337-5p
and miR-423-5p inhibit OMMSC apoptosis.

Of note, the present study had certain limitations. First, the
association between miR-148b-3p, miR-337-5p and miR-423-5p
and their target genes was not investigated. Furthermore, the
specific mechanisms underlying miR-148b-3p-, miR-337-5p-
and miR-423-5p-mediated inhibition of OMMSC apoptosis
were not investigated. Additionally, only 3 tissue samples were
utilized for each group in the microarray assay. Furthermore,
the donors of the normal and atrophic samples were not
age-matched.

In conclusion, the present study identified 11 miRNAs
that were differentially expressed between alveolar ridge
atrophy and normal tissue samples, of which miR-148b-3p-3p,
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miR-337-5p and miR-423-5p were previously reported to be
associated with bone metabolism. Loss- and gain-of-func-
tion assays indicated that miR-148b-3p, miR-337-5p and
miR-423-5p promote the proliferation of OMMSC and inhibit
their apoptosis. These results support the hypothesis that
certain miRNAs are involved in the pathogenesis of alveolar
ridge atrophy and provide a novel perspective for under-
standing the mechanisms underlying this condition.
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