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Abstract

Background: This study systematically evaluated microRNA (miRNA) expression patterns in peri-miniscrew implant
crevicular fluid (PMICF) in orthodontic patients.

Methods: Next-generation sequencing (NGS) was performed to obtain miRNA profiles in PMICF or gingival crevicu-
lar fluid (GCF) collected from 3 healthy volunteers (H), 3 peri-implantitis patients (PMSII) and 5 periodontitis patients
(P). MiRNA expression patterns were compared between normal and orthodontic PMICF and GCF. Differentially
expressed miRNAs were estimated by quantitative real-time PCR (gRT-PCR). Enrichment analyses of the gene targets
controlled by these miRNAs were conducted by Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses.

Results: Compared with healthy donors, in PMSII patients, a total of 206 upregulated miRNAs and 152 downregu-
lated miRNAs were detected in PMICF, while periodontitis patients had 333 upregulated miRNAs and 318 downregu-
lated miRNAs. MiR-544a, miR-1245b-3p, miR-1825, miR-4291, miR-3689e, and miR-4477a were chosen randomly for
further examination. gRT-PCR examination confirmed that the expression levels of miR-1245b-3p and miR-4291 were
higher in PMSII than in H samples and that the expression levels of miR-1825 were higher in PMSII than in P samples.
However, contrary to the NGS results, gRT-PCR analysis showed decreased expression of miR544a in PMSII. MiR3689e
and miR4477a expression did not differ significantly among all samples. According to GO and KEGG pathway analy-
ses of miR-1825, miR-4291, and miR-1245b-3p high enrichment of target genes involved in the PI3K-AKT signalling
pathway was observed.

Conclusions: The NGS analysis of normal and orthodontic PMICF/CGF showed different miRNA profiles, which may
lay the foundation for future research on the molecular mechanism of PMSII. miR-4291, miR-1245b-3p and miR-1825
may be used as diagnostic markers and potential therapeutic targets for PMSII.
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survival rates of miniscrew implants used for ortho-
dontic anchorage range from 57 to 95.3%, with an aver-
age of approximately 84% [1, 2]. The increasing need
for implants leads to a significant rise in the number of
individuals with posttreatment complications.

Peri-implantitis is an inflammatory response sur-
rounding implants that will cause the loss of the sup-
porting bone in the tissues surrounding a functioning
implant and even loss of the anchorage. It has been
shown that peri-implantitis can affect long-term suc-
cess following the osseointegration process and can
affect the stability of established implants [3, 4]. The
mean implant-based and subject-based peri-implantitis
prevalence was 9.25% and 19.83%, respectively [5]. The
diagnosis of peri-implantitis is generally through clini-
cal symptoms and imaging examinations. Peri-implant
crevicular fluid (PMCF), derived from the exudate of
plasma and tissue fluid, can penetrate into the implant
anchorage and attached gingiva through periodon-
tal connective tissue and has a similar composition to
gingival crevicular fluid (GCF). It contains a variety of
inflammatory mediators and bioactive substances and
is considered a convenient medium to study PMSII
[6-9].

MicroRNAs (miRNAs) are small noncoding RNAs that
regulate gene expression by binding to complementary
sequences in the 3’-untranslated or coding regions of tar-
get mRNAs, leading to gene silencing [10, 11]. They are
critical regulators of the host immune and inflammatory
response against bacterial pathogens [12, 13]. Previous
reports have shown that a large number of microRNAs
can be detected in GCF and that miRNAs exert control
over all aspects of innate and adaptive immunity in peri-
odontal disease, which suggests the potential role of miR-
NAs as biomarkers and therapeutics for PMSII [14-16].
However, most available miRNA expression information
about PMSII was obtained from experimental animals
[16] due to difficulty in sampling and small sample size.
Therefore, Analysis the PMSII miRNA expression infor-
mation in clinical samples is of great significance for
miRNAs as PMSII biomarkers and potential therapeutic
targets.

In this study, we used miRNA sequencing to iden-
tify differentially expressed miRNAs in peri-implan-
titis patients and validated the results using real-time
PCR. The target genes regulated by differ-miRNAs were
located by bioinformatic tools, and the corresponding
signaling pathway identification and cluster analysis
were performed. Based on the results of the analysis,
some miRNAs were selected as candidate molecular
targets related to peri-implantitis. In conclusion, this
study aims to clarify the miRNA expression profile of
PMSII, explore the molecular mechanism of PMSII,
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and lay the foundation for the targeted therapy and
clinical diagnosis of PMSIL

Methods

Clinical subjects

Three healthy volunteers (H), three PMSII patients
(PMSII), and five periodontitis patients (P) were
recruited for sampling of PMCF/GCF used for compre-
hensive miRNA profiling. The samples were collected
from oral patients admitted to Shenzhen Hospital of
Southern Medical University from January 2019 to June
2019. There was no significant difference in the general
information among the three groups (all p > 0.05). The
inclusion and exclusion criteria of the PMSII patients:
Patients with peri implant anchorage inflammation
caused by implant anchorage were diagnosed accord-
ing to clinical symptoms; No periodontal treatment
or other related systematic treatment was performed
within 1 year; There was no history of taking antibiotics
and other oral diseases within 3 months. No smoking;
Women are not in pregnancy; All patients were treated
in permanent dentition with straight wire arch tech-
nique; Patients with systemic diseases, infectious dis-
eases, allergic constitution and poor compliance were
excluded. The inclusion and exclusion criteria of the
periodontitis patients: Patients diagnosed with peri-
odontitis according to the diagnostic criteria of perio-
dontitis [17]; No periodontal treatment or other related
systematic treatment was performed within 1 year;
There was no history of taking antibiotics and other oral
diseases within 3 months; No smoking; Women are not
in pregnancy; All patients were treated in permanent
dentition with straight wire arch technique; Patients
with systemic diseases, infectious diseases, allergic con-
stitution and poor compliance were excluded. Inclusion
criteria for healthy volunteers: After oral examination,
there were no oral diseases such as periodontitis and
gingivitis; Did not receive orthodontic treatment and
implant treatment within 1 year; No systemic disease
or infectious disease; Women are not in pregnancy; All
volunteers received oral hygiene education from pro-
fessional medical staff and used the same toothpaste to
brush their teeth three times a day; There was no his-
tory of taking antibiotics and other oral diseases within
3 months. No smoking. The basic information of sam-
ples is shown in Table 1. This study was approved by
the Research Ethics Committee in Shenzhen Hospital
of Southern Medical University. All ethical procedures
conformed to the principles of 1964 Declaration of Hel-
sinki and its latest 2008 amendments. All persons gave
their informed consent prior to their inclusion in the
study.
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Table.1 The basic information of samples
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Group SamplelD Gender Age Clinical presentation

Sampling Filter strip

location (mm * mm)
H H1 Female 44  Noabnormal symptoms 15/16 15%x5
H H2 Female 27  Noabnormal symptoms 15/16 15%5
H H3 Female 37  Noabnormal symptoms 15/16 15x5
P P1 Female 24  Red and swollen gums, periodontal pocket depth = 4.5 mm, Stage || 14/15 15x5
P P2 Female 27  Gingival bleeding, periodontal pocket depth = 4.6 mm, Stage Il 15/16 15%5
P P3 Female 23 Red and swollen gums, periodontal pocket depth = 4.3 mm, Stage |l 15/16 155
P P4 Male 15  Red and swollen gums, periodontal pocket depth = 4.2 mm, Stage Il 15/16 15%x5
P P5 Female 25  Red and swollen gums, periodontal pocket depth = 4.5 mm, Stage |l 13/14 155
PMSII PMSII-1 Female 27  implant anchorage the surrounding soft tissue swelling and easy bleeding 24 15%x5
PMSII PMSII-2 Male 15 implant anchorage the surrounding soft tissue redness and swelling 25 15%5
PMSII PMSII-3 Female 25  Implant anchorage loosening, and the surrounding soft tissue redness and swelling 34 15%x5

Peri-implant crevicular fluid (PMCF) or gingival crevicular
fluid (GCF) collection

Sampling process was performed as previously described
[17]. Prior to sampling, the supragingival plaque and
saliva around teeth or implants were removed using a
cotton pellet, and the teeth or implants were air-dried
and isolated with cotton rolls. GCF samples was collected
with Microcapillary tubes (Sigma-Aldrich, USA), which
were gently inserted into the entrance of the sulcus/peri-
odontal pocket and left in place for no more than 10 min.
Multiple tooth sites were used for collecting, in order to
obtain sufficient samples. Any tube or sample visibly con-
taminated with blood was discarded. The samples of each
group were pooled in sterilized tubes, snap frozen, and
subsequently used for RNA isolation.

RNA isolation

Total RNA was extracted from GCF using Trizol reagent
(Invitrogen, Carlsbad, CA, USA). Quality of the RNA
were determined by measuring the A260/A280 ratios
using Bioanalyzer 2100 (Agilent, CA, USA). RNA sam-
ples were immediately frozen and stored at —80 °C prior
to use.

miRNA sequencing

We generated miRNA libraries for deep sequencing as
QIAseq™ miRNA Library Kit (QIAGEN, Germantown,
MD, USA) protocol described using 200ng of total
RNA. This process included following steps: (1) 3/ adap-
tor ligation; (2) 5’ adaptor ligation; (3) cDNA synthesis;
(4) PCR amplification; (5) libraries qualification using
an Agilent 2100 Bioanalyzer (Agilent Technologies Inc.,
Wilmington, DE, U.S.A.). The libraries were sequenced
by Illumina Hiseq2500 SE50 following the vendor’s
recommended protocol. Data processing followed the

established procedures. Briefly, the raw reads were sub-
jected to Barcode (demultiplex). The dataset was fur-
ther processed with cutadapt (version 1.15) to remove
adapter dimers, junk, low complexity, common RNA
families (rRNA, tRNA, snRNA, snoRNA), and repeats.
Subsequently, unique sequences>17 nt in length were
mapped to mature species in miRbase (Release 22.1) by
FANSe3 to identify known miRNAs and novel 3p- and
5p- derived miRNAs. Length variation at both 3’ and
5’ ends and one mismatch inside of the sequence were
allowed in the alignment.

Differential expression analysis

miRNA differential expression, based on normal-
ized deep-sequencing counts, was analyzed by selec-
tively using edger (edgeR package in R) according to
the experimental design. The fold change at log2 scale
was set to be > 1 or < — 1 and significance threshold (p
value) was 0.05.

Quantitative real-time PCR (qRT-PCR) analysis

qRT-PCR was performed as previously described.
Briefly, the purified 100ng total RNA was reverse tran-
scribed into cDNAs using the TagMan™ MicroRNA
Reverse Transcription Kit (Invitrogen, Carlsbad, CA,
USA) and qRT-PCR was performed using qRT-PCR
SYBR Green Kit (Vazyme Biotech, NJ, China) according
to the manufacturer’s instructions. The relative gene
expression levels of miRNAs were evaluated using U6
as the endogenous normalization control. The primer
of U6, forward, 5- CTCGCTTCGGCAGCACA-3/,
reverse, 5-AACGCTTCACGAATTTGCGT-3. The
primer sequences used for the evaluated genes are
listed in Table 2. All tests were performed in triplicates.
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Table.2 gRT-PCR primers of chosen miRNAs
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Primers

Sequences

hsa-miR-4477a
hsa-miR-3689%
hsa-miR-544a
hsa-miR-4291
hsa-miR-1825

hsa-miR-1245b-3p

ATTAAGGACATTTGTGATTCCTCAA
ATATCATGGTTCCTGGGACTCA
TCTGCATTTTTAGCAAGTTCCTC
AGCAGGAACAGCTCTCAACTGA
CCTCCTCTCCCTCAACTGAATT
GTTGTCAGATGATCTAAAGGCCTAT

Analysis for target genes of the selected miRNAs

To predict the genes targeted by miRNAs, miRTarBase
7.0 was used to identify miRNA binding sites. Poten-
tial target genes were then analyzed by clusterProfiler
program (Yu et al. 2012). Gene Ontology (GO) term
enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis were applied for
the identification of key pathways regulated by selected
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Statistics

Cycle threshold (Ct) values were processed by LightCy-
cler 480 v1.5.0.39 Software. The expression value of miR-
NAs relative to internal controls were calculated using
the 2724 method. Statistical analysis was performed
with SPSS software. Data were tested for significance
with the nonparametric Mann-Whitney U test. A P value
< 0.05 was considered to be significant. A p value < 0.01
was considered to be extremely significant. Pearson cor-
relation analysis was performed by SPSS 22.0.

Results

Different miRNA profiles in PMICF of PMSII

and periodontitis patients

Three PMSII patients (PMSII), five periodontitis patients
(P), and three healthy volunteers (H) were analysed in this
study. First, we successfully sequenced all sample miR-
NAs by using high-throughput sequencing. The num-
ber of reads mapped to the human genome ranged from
252,813 to 2,479,443 (Fig. 1la). According to the results
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Fig.1 miRNA-sequencing of all samples. A The number of reads was mapped to human genome. B The Pearson correlation analysis between
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analysis (Fig. 1b, c), the correlation within the group is
good, and can clearly distinguished between these three
groups. Based on the criteria described before (|log2 (fold
change)| >1 and p value < 0.05), 651 miRNAs were found
to be differentially expressed in PMSII when compared to
H (Fig. 1d). Among these miRNAs, 333 were upregulated
and 318 were downregulated. Most of the differentially
expressed miRNAs are associated with the inflammatory
response and bone metabolism. In addition, 117 miRNAs
were also found to be differentially expressed in PMSII
compared to periodontitis (Fig. le), 358 miRNAs were
also found to be differentially expressed in periodontitis
compared to healthy samples (Fig. 1f).

Identifying specific miRNAs associated with PMSII

To identify specific differentially expressed miRNAs in
PMSII, we further compared miRNA expression patterns
in PMSII with periodontitis. We found 476 miRNAs that
were up- or downregulated in PMSII (|log2 (fold change)|
> 1 and p value < 0.05) but had little change in periodon-
titis. To further verify the findings from analysing the
miRNA profile, four miRNAs (miR544a, miR1245b-3p,

Page 5 of 9

miR1825, miR4291, miR3689¢, and miR4477a) were cho-
sen randomly to be verified by qRT-PCR (Fig. 2). Mean-
while, we chose two miRNAs as internal controls, which
had the same expression pattern in both PMSII and peri-
odontitis when compared to healthy samples. The results
showed that the expression levels of miR-1245b-3p
and miR-4291 were higher in PMSII than in H samples
and that the expression levels of miR-1825 were higher
in PMSII than in P samples. However, contrary to the
NGS results, qRT-PCR showed decreased expression of
miR544a in PMSII. MiR3689e and miR4477a expression
was not significantly different among all samples (Fig. 2;
Table 3).

Target prediction and functional annotations

To understand the biological functions of miR4291,
miR1825 and miR-1245b-3p, we next performed GO
and KEGG pathway analyses using miRTarBase Release
7.0. We chose the top 6 most significantly enriched terms
(p < 0.05, FDR < 25%) to draw a pie chart and bar chart
(Fig. 3a). As shown in Fig. 3a, in addition to the regulation
of metabolic processes, the regulation of macromolecular
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Fig.2 Verification of the several differentially expressed miRNAs by qRT-PCR. Relative Expression level of miR-544a(A), miR-4477a(B), miR-4291(C),
miR-3689¢e(D), miR-1825(E) and miR-1245b-3p(F) in each group. **p < 0.01, ***p < 0.001 versus healthy group
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Table.3 NGS results of selected miRNAs

miRNA Fold-change = pValue Fold-change  pValue
(PMSII/H) (P/H)

miR544a 1.8941 0.04051 —0.0432 0.9958
miR1245b-3p  1.9698 0.0296 1.2743 0.1962
miR1825 16333 0.0101 None None
miR3689 1.0354 0.2903 1.3875 0.1260
miR4291 26120 0.0202 None None
miR4477a 08111 0.2547 None None

metabolic processes, which are related to macrophage
differentiation [19, 20], was associated with the greatest
number of genes.

For KEGG pathway-enrichment analysis, we found 79
statistically significant (p < 0.05) terms (not shown). The
20 pathways that exhibited a smaller p-value are shown in
Fig. 3b, The analysis indicated that the signaling pathways
with significant correlations included PI3K-Akt signalling
pathway and FoxO signalling pathway. These pathways
are known to be closely related to inflammation regula-
tion and osteoclast activity, suggesting that miRNAs in
PMCFs may affect the inflammatory process through
intricate molecular signals.

Discussion

PMSII is a destructive inflammatory disease affecting
the soft and hard tissues around dental implants. Cur-
rently, the diagnosis and classification of PMSII mainly
rely on conventional clinical assessments. The main clini-
cal features include bleeding, sometimes suppuration
when the probing pocket depth is increased, and radio-
graphic examination of bony defects around implants
[2]. Although peri implant infections are well described
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histopathologically, the molecular mechanism of these
infections has not been fully determined. MiRNA partici-
pates in a variety of physiological and pathological mech-
anisms and plays an important role in the development
of inflammatory response and diseases, including peri-
odontitis and PMSII. Previous reports found that miR-
146a may be a genetic determinant of an increased risk of
PMSII by using blood samples [18], which was consistent
with our miRNA profiling results. A miRNA sequence
analysis of canine tissue flaps identified 8 upregulated
and 30 downregulated miRNAs in PMSII. Among them,
according to the author, let-7 g, miR-27a, and miR-145
may play important roles in PMSII, and their target genes
are involved in the MAPK signalling pathway and regu-
late macromolecular biosynthesis processes and nitro-
gen-containing compound metabolic processes[19].

To date, our study is the first to use GCF, an exudate
of periodontal tissues, to verify differentially expressed
miRNAs in PMSIIL. Sample collection can be performed
easily and quickly with a minimally invasive procedure
[14, 20]. Because of their small size and low abundance,
the detection of miRNAs in body fluids has been tech-
nically hampered. However, small RNA sequencing has
been developed, and it can be highly accurate and sensi-
tive in quantitating gene expression. Hence, by employ-
ing miRNA-seq, we identified 274 upregulated and 202
downregulated miRNAs in the GCF of PMSII, which
had little change in periodontitis. These miRNAs are
likely to promote inflammation or attempt to downreg-
ulate immune activation and bone resorption in PMSII
lesions. We further selected 6 miRNAs and measured
their expression using qRT-PCR to confirm their differ-
ential expression pattern. MiR-1825, miR-4291 and MiR-
1245b-3p were consistent with the data obtained from
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the miRNA sequence analysis, the expression levels of
miR-1245b-3p and miR-4291 were higher in PMSII than
in H samples and that the expression levels of miR-1825
were higher in PMSII than in P samples. It suggests that
they may act as biomarkers for PMSIL

To understand the functional effect of miR-1825, miR-
4291 and MiR-1245b-3p, we performed GO and KEGG
pathway analyses to identify the enriched pathways and
functions of the target genes. Based on GO analysis, two
of the most enriched functions of biological process were
the regulation of metabolic processes and regulation of
macromolecular metabolic processes. Macromolecular
metabolism plays an important role in the immune sys-
tem. Host defence in vertebrates is mediated by differ-
ent secreted proteins (such as antibodies, complement,
and antimicrobial peptides) and diverse leukocytes with
distinct functions [21]. The GO results in this study sug-
gested the potential role of miR1825 and miR4291 in
regulating immune-related gene expression. Several stud-
ies have considered the particularly important role of
class I PI3K, in which we found high enrichment of tar-
get genes involved in the immune system [22]. There is
now a substantial body of evidence suggesting that PI3K
regulates chemokine-mediated recruitment and activa-
tion of immune cells in innate immunity and regulates
B and T lymphocyte development and function in adap-
tive immunity [21, 23]. Class I PI3Ks are always acti-
vated alongside other intracellular signalling pathways.
The forkhead box O (FOXO) family of transcription fac-
tors regulates the expression of genes involved in cellu-
lar physiological events, including apoptosis, cell cycle
control, glucose metabolism, oxidative stress resistance
and immunoregulation. By activating class I PI3Ks, Akt
can phosphorylate Foxol, Foxo3 and Foxo4, leading to
their nuclear exclusion and degradation, and their tagged
genes can be turned off, such as IL-7R and Rag recom-
binases, which are essential for B cell development and
Treg differentiation [24, 25]. The FOXO signalling path-
way also showed high enrichment of target genes in our
KEGG analysis. This implied the molecular mechanism
by which miRNAs regulate PMSII. The results sug-
gest that miR-4291, miR-1245b-3p and miR1825 may
have important value in PMSII, and further mechanistic
studies will be needed to dissect the roles of miRNAs in
PMSII homeostasis and pathology.

MiR-1245b-3p was upregulated in both peri-implanti-
tis and periodontitis, which was confirmed by qRT-PCR.
There are few studies regarding miR-1245b-3p. A study
of gastric cancer suggests that miR-1245b-3p can directly
target the 3'UTR of GKN1 [26]. Differential expression
of miRNA in guinea pigs infected with HSV2v found
that miR-1245b-5p was increased and the downstream
TLR pathway-associated genes were downregulated [27].
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A study on the drug resistance of imatinib in BCR-ABL
chronic myeloid leukaemia observed significant changes
in the expression of miR-1245b-3p [28]. This study would
prompt the future directions for miR-1245b-3p studies in
the chronic myeloid leukaemia pathway in PMSIL

Our study is the first in the literature to examine
miR544a in peri-implant and periodontitis. However,
unfortunately, the verification result of qRT-PCR was
inconsistent with the sequencing result, which may be
due to the long storage time of this sample. In existing
research, Stadio et al. found that GKN1 expression in
gastric cancer cells is negatively regulated by miR-544a
[26]. LEF1-AS1 contributes to proliferation and invasion
by regulating the miR-544a/FOXP1 axis in lung cancer
[29]. MiR-544a stimulates endometrial carcinoma growth
via targeted inhibition of reversion-inducing cysteine-
rich protein with Kazal motifs [30]. MiRNA-544a regu-
lates the inflammation in spinal cord injury by inhibiting
the expression of NEUROD4 [31] These results provide a
good reference for the further study of miR544a in peri-
implantitis or periodontitis.

Although the specific role of miRNAs in the occurrence
and development of peri-implantitis and periodontitis
is still poorly understood, the research and application
prospects in this direction are promising. First, in the
advanced stage of periodontal disease, some miRNAs
show dual regulation, which may be related to the fact
that miRNAs can target and regulate multiple genes [32].
Second, miRNAs also play an important role in the differ-
entiation of periodontal membrane stem cells into osteo-
blasts and have strong potential to become therapeutic
targets for alveolar bone regeneration [33]. Third, miR-
NAs can regulate the immune response to infection, and
drug development or drug combination from the per-
spective of immunity are new therapeutic strategies [15].

Therefore, our research can lay a certain founda-
tion for exploring the mechanism of peri-implantitis
to a certain extent, and is conducive to the screening of
diagnostic markers and potential targets for treatment
of peri-implantitis. It is still relatively novel to study the
possible diagnostic methods of periodontitis and peri-
implantitis through miRNA sequencing, which can help
doctors make more accurate clinical diagnoses of dis-
eases from more dimensions. Although the sample size of
the study was small, further studies are needed to explore
the functional role of specific miRNAs and their potential
as therapeutic targets for diseases of periodontitis and
peri-implantitis.

Conclusions

In this study, we showed that GCF of PMSII displays a
unique profile of miRNAs, and it may lay the foundation
for future research on the molecular mechanism of PMSII.
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Our findings also suggest that miRNA detection in PMCEF/
CGF may serve as a novel diagnostic tool that circumvents
the invasive procedure to obtain biopsy samples of gingi-
val tissues to diagnose PMSIIL. Such as miR-4291, miR-
1245b-3p and miR-1825 may be used as diagnostic markers
and potential therapeutic targets for PMSIIL.

Abbreviations

miRNA: microRNA; PMICF: Peri-miniscrew implant crevicular fluid; NGS: Next-
generation sequencing; GCF: Gingival crevicular fluid; gRT-PCR: Quantitative
real-time PCR; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and
Genomes; WHO: World Health Organization; PMCF: Peri-implant crevicular
fluid; FOXO: Forkhead box O.

Acknowledgements
Thanks to the National Natural Science Foundation of China and the Shenz-
hen Baoan District Science and Technology Plan for funding.

Authors’ contributions

HW.D. designed the study; Y.Y.R. performed the experiments; L.G.C. and QL.L.
reprocessed the data and re-mapped it; X.X.C. guided the revision of the
article. ZD.W. participated in the revision of the manuscript. All authors read
and approved the final manuscript.

Funding

The work was supported by National Natural Science Foundation (NO.
82071087) and Basic Research Project of Science and Technology Plan in
Bao'an District of Shenzhen (NO. 2020JD389).

Availability of data and materials

The data that support the findings of this study are available from the cor-
responding author upon reasonable request. The raw data files of high-
throughput sequencing were uploaded to https://zenodo.org/.D0I10.5281/
zenodo.5733523.

Declarations

Ethics approval and consent to participate

All the research work has been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki). All patients
involved in this study had provided the written informed consent. The study
was approved by the Ethics Committee of the Shenzhen Hospital of Southern
Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Capital Medical University School of Stomatology, Beijing 100006, China.
’Department of Stomatology, Shenzhen Hospital, Southern Medical Univer-
sity, Studenthen, Guangzhou 518033, China. 3Chi-Biotech Co. Ltd,, Shenz-
hen 518023, China. *Beijing Stomatological Hospital, Capital Medical Univer-
sity, Beijing 100006, China. °Capital Medical University School of Stomatology,
Temple of Heaven Xili 4, Dongcheng District, Beijing 100000, China.

Received: 22 September 2020 Accepted: 5 December 2021
Published online: 18 December 2021

References

1. Shank SB, Beck FM, D'Atri AM, Huja SS. Bone damage associated with
orthodontic placement of miniscrew implants in an animal model. Am J
Orthod Dentofac Orthop. 2012;141(4):412-8.

20.

21

22.

23.

24.

25.

26.

27.

Page 8 of 9

Ramanauskaite A, Juodzbalys G. Diagnostic principles of peri-implantitis:
a systematic review and guidelines for peri-implantitis diagnosis pro-
posal. J Oral Maxillofac Res. 2016;7(3):e8.

Berglundh T, Zitzmann NU, Donati M. Are peri-implantitis lesions different
from periodontitis lesions? J Clin Periodontol. 2011;38(Suppl 11):188-202.
Singh P. Understanding peri-implantitis: a strategic review. J Oral Implan-
tol. 2011;37(5):622-6.

Lee CT, Huang YW, Zhu L, Weltman R. Prevalences of peri-implantitis

and peri-implant mucositis: systematic review and meta-analysis. J Dent.
2017,62:1-12.

Kapoor P, Kharbanda OP, Monga N, Miglani R, Kapila S. Effect of ortho-
dontic forces on cytokine and receptor levels in gingival crevicular fluid: a
systematic review. Prog Orthod. 2014;15(1):65.

Champagne CM, Buchanan W, Reddy MS, Preisser JS, Beck JD, Offen-
bacher S. Potential for gingival crevice fluid measures as predictors of risk
for periodontal diseases. Periodontology 2000. 2003;31:167-80.

Lamster IB, Ahlo JK. Analysis of gingival crevicular fluid as applied

to the diagnosis of oral and systemic diseases. Ann N'Y Acad Sci.
2007;1098:216-29.

Teles RP, Gursky LC, Faveri M, Rosa EA, Teles FR, Feres M, et al. Relation-
ships between subgingival microbiota and GCF biomarkers in general-
ized aggressive periodontitis. J Clin Periodontol. 2010;37(4):313-23.

. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function.

Cell. 2004;116(2):281-97.

. He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene regula-

tion. Nat Rev Genet. 2004,5(7):522-31.

. O'Neill LA, Sheedy FJ, McCoy CE. MicroRNAs: the fine-tuners of Toll-like

receptor signalling. Nat Rev Immunol. 2011;11(3):163-75.

. O'Connell RM, Zhao JL, Rao DS. MicroRNA function in myeloid biology.

Blood. 2011;118(11):2960-9.

. Saito A, Horie M, Ejiri K, Aoki A, Katagiri S, Maekawa S, et al. MicroRNA

profiling in gingival crevicular fluid of periodontitis-a pilot study. FEBS
open bio. 2017;7(7):981-94.

. Luan X, Zhou X, Naqvi A, Francis M, Foyle D, Nares S, et al. MicroRNAs and

immunity in periodontal health and disease. Int J Oral Sci. 2018;10(3):24.

. Mico-Martinez P, Garcia-Giménez JL, Seco-Cervera M, Lopez-Roldan A,

Almifana-Pastor PJ, Alpiste-lllueca F, et al. miR-1226 detection in GCF as
potential biomarker of chronic periodontitis: a pilot study. Medicina oral,
patologia oral y cirugia bucal. 2018;23(3):e308-14.

. Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et al.

Periodontitis: consensus report of workgroup 2 of the 2017 world work-
shop on the classification of periodontal and peri-implant diseases and
conditions. J Periodontol. 2018;89(Suppl 1):5173-582.

. Kadkhodazadeh M, Jafari AR, Amid R, Ebadian AR, Alipour MM, Mollaverdi

F et al. MiR146a and MiR499 gene polymorphisms in Iranian periodon-
titis and peri-implantitis patients. J Long-Term Effects of Med Implants.
2013;23(1):9-16.

. Wu X, Chen X, Mi W, Wu T, Gu Q, Huang H. MicroRNA sequence analysis

identifies microRNAs associated with peri-implantitis in dogs. Biosci Rep.
2017,37(5):BSR20170768.

Carneiro LG, Nouh H, Salih E. Quantitative gingival crevicular fluid pro-
teome in health and periodontal disease using stable isotope chemistries
and mass spectrometry. J Clin Periodontol. 2014;41(8):733-47.

Fruman DA, Chiu H, Hopkins BD, Bagrodia S, Cantley LC, Abraham RT. The
PI3K pathway in human disease. Cell. 2017;170(4):605-35.

Okkenhaug K. Signaling by the phosphoinositide 3-kinase family in
immune cells. Annu Rev Immunol. 2013;31:675-704.

Hawkins PT, Stephens LR. PI3K signalling in inflammation. Biochim Bio-
phys Acta. 2015;1851(6):882-97.

Hedrick SM. The cunning little vixen: Foxo and the cycle of life and death.
Nat Immunol. 2009;10(10):1057-63.

Dengler HS, Baracho GV, Omori SA, Bruckner S, Arden KC, Castrillon DH,
et al. Distinct functions for the transcription factor Foxo1 at various stages
of B cell differentiation. Nat Immunol. 2008;9(12):1388-98.

di StellaStadio C, Faraonio R, Federico A, Altieri F, Rippa E, Arcari P. GKN 1
expression in gastric cancer cells is negatively regulated by miR-544a.
Biochimie. 2019;167:42-8.

Kuang L, Deng Y, Liu X, Zou Z, Mi L. Differential expression of mRNA and
miRNA in guinea pigs following infection with HSV2v. Exp Ther Med.
2017;14(3):2577-83.


https://zenodo.org/.DOI10.5281/zenodo.5733523
https://zenodo.org/.DOI10.5281/zenodo.5733523

He et al. BMC Oral Health

28.

29.

30.

31

32.

33.

(2021) 21:656

Kaymaz BT, Glnel NS, Ceyhan M, Cetintas VB, Ozel B, Yandim MK, et al.
Revealing genome-wide mRNA and microRNA expression patterns in
leukemic cells highlighted “hsa-miR-2278"as a tumor suppressor for
regain of chemotherapeutic imatinib response due to targeting STAT5A.
Tumour Biol J Int Soc Oncodev Biol Med. 2015;36(10):7915-27.

Wang A, Zhao C, Gao Y. LEF1-AS1 contributes to proliferation and inva-
sion through regulating miR-544a/ FOXP1 axis in lung cancer. Invest New
Drugs. 2019;37(6):1127-34.

Zheng WP, Meng FL, Wang LY. miR-544a Stimulates endometrial carci-
noma growth via targeted inhibition of reversion-inducing cysteine-rich
protein with Kazal motifs. Mol Cell Probes. 2020;53:101572.

Yang L, Ge D, Chen X, Jiang C, Zheng S. miRNA-544a Regulates the
inflammation of spinal cord injury by inhibiting the expression of NEU-
ROD4. Cell Physiol Biochem Int J Exp Cell Physiol Biochem Pharmacol.
2018,51(4):1921-31.

Nisha KJ, Janam P, Harshakumar K. Identification of a novel salivary bio-
marker miR-143-3p for periodontal diagnosis: a proof of concept study. J
Periodontol. 2019;90(10):1149-59.

LiuY, Liu W, Hu C, Xue Z, Wang G, Ding B, et al. MiR-17 modulates
osteogenic differentiation through a coherent feed-forward loop in
mesenchymal stem cells isolated from periodontal ligaments of patients
with periodontitis. Stem Cells (Dayton, Ohio). 2011;29(11):1804-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	MicroRNA expression profiles in peri-miniscrew implant crevicular fluid in orthodontics: a pilot study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Clinical subjects
	Peri-implant crevicular fluid (PMCF) or gingival crevicular fluid (GCF) collection
	RNA isolation
	miRNA sequencing
	Differential expression analysis
	Quantitative real-time PCR (qRT-PCR) analysis
	Analysis for target genes of the selected miRNAs
	Statistics

	Results
	Different miRNA profiles in PMICF of PMSII and periodontitis patients
	Identifying specific miRNAs associated with PMSII
	Target prediction and functional annotations

	Discussion
	Conclusions
	Acknowledgements
	References


