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Abstract Background/purpose: Periodontitis is one of the highly prevalent chronic inflamma-
tory conditions in adults. The importance of circular RNAs (circRNAs) in the regulation of
inflammation has been gradually reported in recent years, but the role of circRNA circ_0099630
in periodontitis has not been reported.
Materials and methods: The contents of circ_0099630, microRNA-940 (miR-940) and tumor ne-
crosis factor (TNF) receptor-associated factor 6 (TRAF6) were measured using quantitative
real-time polymerase chain reaction (qRT-PCR) or Western blot. Inflammatory factor secre-
tion, cell proliferation, and apoptosis were analyzed under the application of Enzyme-linked
immunosorbent assay (ELISA), Cell Counting Kit-8 (CCK8), 5-ethynyl-20-deoxyuridine (EdU)
and flow cytometry, respectively. The Western blot also analyzed the phosphorylation levels
of RELA proto-oncogene (P65) and IkappaBalpha (IkBa), key molecules of the nuclear factor
kappa-B (NF-kB) pathway. The relationship between miR-940 and circ_0099630 or TRAF6 was
verified by luciferase reporter system and RNA immunoprecipitation (RIP) assay.
Results: Higher abundance of circ_0099630 and TRAF6 and lower miR-940 expression were
observed in periodontitis, and circ_0099630 knockdown attenuated the damage of human
PDL cells (PDLCs) induced by lipopolysaccharides (LPS). The relationship between miR-940
and circ_0099630 or TRAF6 was evidenced, while miR-940 downregulation diminished the
As; miR-940, microRNA-940; TNF, tumor necrosis factor; TRAF6, tumor necrosis factor receptor
tative real-time polymerase chain reaction; ELISA, Enzyme-linked immunosorbent assay; CCK8, Cell
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raldehyde-3-phosphate dehydrogenase; U6, U6 small nuclear RNA; PDLCs, periodontal ligament cells;
.
of Stomatology, Stomatological Hospital of Jingmen Second People’s Hospital, No. 19, Changning
8000, China.
om (C.-B. Ao).

005
l Sciences of the Republic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:zhaoxq1976@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2022.04.005&domain=pdf
https://doi.org/10.1016/j.jds.2022.04.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2022.04.005
https://doi.org/10.1016/j.jds.2022.04.005


Journal of Dental Sciences 17 (2022) 1566e1576
repair effect of si-circ_0099630 on overexpression LPS-induced damage in PDLCs. Similarly,
TRAF6 upregulation impaired the mitigating effect of miR-940 overexpression on LPS-
induced injury in PDLCs. Circ_0099630 silencing evidently curbed the phosphorylation levels
of P65 and IkBa and thus attenuating the inflammatory response by acting on the miR-940/
TRAF6 axis.
Conclusion: Silencing circ_0099630 alleviates LPS-induced periodontal ligament cell injury via
targeting miR-940/TRAF6/NF-kB in periodontitis.
ª 2022 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

Periodontitis is a complex infectious disease that occurs
mostly in early adulthood and is reflected in pathological
changes in the periodontal ligament and alveolar bone.1

Periodontitis is usually caused by infections such as her-
pes virus, aggregatibacter actinomycetemcomitans and
porphyromonas gingivalis, and it interacts with the immune
system of the body.2 Periodontitis can be divided into
resting periodontitis, which contains a large number of
latent herpes viruses,3 and active periodontitis, in which
these viruses are activated, which in turn causes patho-
genic bacterial overgrowth and immunosuppression to
develop.4 In addition, activated herpes viruses can promote
the progression of gingivitis to periodontitis. The diagnosis
of periodontitis is an ongoing clinical challenge, usually
accompanied by under- or over-diagnosis, with over-
diagnosis being relatively frequent.5 Therefore, a rapid
and accurate diagnosis of periodontitis is now a priority.
The treatment of mild periodontitis usually does not
require surgical treatment, and the elimination of patho-
genic bacteria and calculus by using antibacterial drugs
combined with ultrasonic therapy can effectively suppress
the number of pathogenic bacteria.6 Severe periodontitis is
usually treated surgically in combination with antibiotic
application, but the high cost of surgical treatment and the
phenomenon of small treatment differences with antibiotic
treatment are the reasons why surgical treatment is not
commonly used today.7 Therefore, it is more urgent to find
new ways of diagnosing and treating periodontitis.

Circular RNAs (circRNAs) are a common class of closed-
loop RNA molecules among non-coding RNAs.8 CircRNAs are
demonstrated to competitively binding microRNAs (miRNAs)
to play regulatory roles by acting as competing endogenous
RNAs (ceRNAs). A great number of circRNAs have been
identified to be dysregulated in various types of dis-
eases.9e12 In cancer, numerous circRNAs have been
observed to be dysregulated. For instance, circRNA CDR1
antisense RNA (Cdr1as) was revealed to be abnormally
upregulated in hepatocellular carcinoma (HCC) cells, and
circRNA Cdr1as upregulation acting on the miR-1270/alpha
fetoprotein (AFP) axis accelerated the proliferation and
metastasis of hepatocellular carcinoma cells, which
revealed that circRNA Cdr1as had the promise to become a
molecular marker for HCC diagnosis.9 CircRNAs were also
demonstrated to play a role in preeclampsia (PE), a multi-
system disorder. For example, circ_0003496 was less
1567
abundant in placental tissues and acted on the miR-1244/
forkhead box M1 (FOXM1) axis to regulate PE progres-
sion.10 This indicated that circ_0003496 might be a future
molecular marker in the diagnostic and therapeutic process
of PE. Further, dysregulation of circRNAs was also found in
various types of inflammatory diseases. Zhang et al.
established that circ_0005567 competitively bound miR-495
to regulate autophagy related 14 (ATG14) level and thus
modulated osteoarthritis (OA) progression.11 Circ_0005567
upregulation attenuated apoptosis in OA model cells, while
circ_0005567 knockdown did the opposite.11 In periodonti-
tis, using RNA sequencing analysis of periodontitis tissues
and normal tissues, 1304 differentially expressed circRNAs
were found.12 Among these circRNAs, circ_0138960 was
confirmed to be greatly upregulated in periodontitis tis-
sues,12 but no validation of the mechanism was performed.
Herein, our study explored the role and mechanism of
circ_0099630 in periodontitis.

MiRNAs are a class of tiny RNAs with fragment lengths of
18e25 nt and are members of regulatory non-coding RNAs.13

MiRNAs are synthesized by different mechanisms in plants
and animals and can play a regulatory role by acting on the
30 untranslated regions (30UTRs) of target genes to inhibit
the initiation and progression of translation.14 MiRNAs not
only play a role in physiological processes such as cell
growth and differentiation and death in the body, but have
also been identified to be aberrantly expressed in diseases
such as cancer, neurological disorders, and inflamma-
tion.15e18 In periodontitis, miR-21 was demonstrated to
repress inflammatory responses both in vitro and in vivo and
had potential as a target for periodontitis treatment.17 Guo
et al. demonstrated that miR-218 oppressed the inflamma-
tory response of periodontitis cells by targeting Mmp9.18

MiR-940 was found to be dysregulated in multiple human
diseases.19,20 For instance, miR-940 upregulation contrib-
uted to the proliferation and invasion of breast cancer
cells.19 Conversely, in esophageal squamous cell carcinoma,
miR-940 might function as an anti-tumor agent by repressing
cell growth and enhancing apoptosis.21 MiR-940 was also
demonstrated to be downregulated in mice with spinal cord
injury (SCI), and upregulation of miR-940 restrained the
levels of inflammatory factors toll like receptor 4 (TLR4) and
myeloperoxidase (MPO), thereby suppressing the inflam-
matory response and promoting SCI recovery.20 However, no
studies showed whether miR-940 was involved in the path-
ogenesis of periodontitis. We therefore analyzed the regu-
latory mechanism of miR-940 in periodontitis.
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Tumor necrosis factor receptor-associated factor 6
(TRAF6) is a member of the TRAFs family, which currently
has seven members characterized by the C-terminal TRAF
domain.22 TRAF6 was first cloned by Ishida in 1996, and it
was demonstrated that upregulation of TRAF6 activated
NFkappaB and that TRAF6 mediated CD40 signaling to
regulate B-cell function.23 It was demonstrated that TRAF6
had a 530 amino acid composition, was less homologous
than other TRAFs family members, and had been detected
as expressed in a variety of human tissues.24 Yuan et al.
identified that TRAF6 upregulation was notably associated
with apoptosis rates in stroke cell models and also
enhanced inflammatory responses.25 The action mechanism
of circ_0099630/miR-940/TRAF6 in periodontitis was
investigated in this study.

Materials and methods

Sample collection

Periodontal tissues from 26 patients with periodontitis (9
cases mild, 10 cases moderate and 7 cases severe divided
according to the severity of periodontitis) and 21 volunteers
without periodontitis were collected from Stomatological
Hospital of Jingmen Second People’s Hospital, volunteers in
both groups were free of other diseases and were not
treated with antibiotics for one month prior to sample
collection. Sample collection and follow-up tests were
approved by Stomatological Hospital of Jingmen Second
People’s Hospital ethics committee along with informed
consent and written confirmation from all participants.

Quantitative real-time polymerase chain reaction

RNA from periodontal ligament (PDL) tissues and cells was
extracted with the help of TRIzol (TaKaRa, Dalian, China).
Immediately afterwards, reverse transcription (RT) was
executed adhering to the instructions of the AMV Reverse
Transcriptase (Solarbio, Beijing, China) and miScript RT Kit
(TaKaRa). The quantitative real-time polymerase chain re-
action (qRT-PCR) with cDNA as template was carried out
exactly as described in the SYBR Green (TaKaRa) in-
structions, and information on the primers used in this
procedure was listed in Supplement Table 1. We normalized
to the qRT-PCR data by glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and U6 small nuclear RNA (U6).

RNase R treatment

RNA was mixed with 3U/mg of RNase R (Solarbio) was mixed
and co-incubated at 37 �C for 30 min. We analyzed
circ_0099630 and GAPDH contents in this RNA with refer-
ence to the above steps.

Cell culture and transfection

Human PDL cells (PDLCs) were obtained from the China
center for type culture collection (Wuhan, China). PDLCs
were grown in Dulbecco’s Modified Eagle Medium (DMEM)
medium supplemented with 10% fetal bovine serum (FBS)
1568
and 1% double antibodies and were placed at 37 �C in 5%
CO2. Subsequently, PDLCs were induced by 0 mg/mL, 2 mg/
mL, 4 mg/mL, and 8 mg/mL of lipopolysaccharides (LPS)
(SigmaeAldrich, St. Louis, MO, USA) for 24 h to obtain
periodontitis model cells. The circ_0099630 small inter-
fering RNA (si-circ_0099630) and negative control (si-NC),
miR-940 mimic (miR-940), miR-940 inhibitor (anti-miR-940)
and negative controls (miR-NC, anti-miR-NC), TRAF6 over-
expression vector (TRAF6) and negative control (pcDNA) all
from Songon (Shanghai, China) were transfected into PDLCs
following the Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) guidelines.

Enzyme-linked immunosorbent assay

Cellular levels of interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) were assessed by enzyme-linked immuno-
sorbent assay (ELISA) following the instructions of the cor-
responding ELISA kits (Beyotime, Shanghai, China). Cells
were first lysed, then the supernatant of the lysate was
incubated with detection reagents protected from light, and
finally an enzyme marker was used for quantitative analysis.

Cell Counting Kit-8 assay

Cell viability of PDLCs was estimated by Cell Counting Kit-8
(CCK8) assay and the whole procedure was carried out
following the instructions of Cell Counting Kit-8 (Beyotime).
96-well plates of PDLCs were incubated with 10 mL of CCK8
solution 24 h after transfection and then the absorbance at
450 nm was measured.

5-Ethynyl-20-deoxyuridine assay

The proliferation of PDLCs was analyzed by 5-ethynyl-20-
deoxyuridine (EdU) assay accompanied by the use of the
EdU Cell Proliferation Assay Kit (Beyotime). PDLCs were
inoculated in 96-well plates for 24 h. PDLCs were first
labeled with 10 mL EdU. After the cells were washed with
PBS, 100 mL of click reaction solution was added for 30 min,
and 20 mL DAPI was applied to the labeled cells for staining,
which were then immediately placed under a fluorescent
inverted microscope for observation.

Apoptosis assay

Assessment of apoptosis with the Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) Apoptosis
Detection Kit (Solarbio) was done. The digested PDLCs were
collected and mixed with binding buffer, 5 mL Annexin V-
FITC and PI were added and mixed with the obtained single
cell suspensions, placed in the dark for 15 min, and the
apoptosis of PDLCs was analyzed using flow cytometry.

Western blot

PDLCs were lysed in the presence of radioimmune precipita-
tion assay (RIPA) buffer (Beyotime), then total protein was
captured and the proteinwas quantified by Bicinchoninic acid
(BCA) Protein Assay Kit (Beyotime). Equal amounts of proteins
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were utilized for Western blot. After sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), the proteins
were transferred to polyvinylidene fluoride (PVDF) mem-
branes (Beyotime), and the blocking solution (Beyotime) was
mixedwith themembranes for 2 h.After that, themembranes
were co-incubated with anti-Cleaved-caspase-3 (ab32042,
1:500, Abcam, Cambridge, UK), anti-BCL2 associated X (anti-
Bax, ab32503, 1:1000, Abcam), anti-GAPDH (ab8245, 1:1000,
Abcam), anti-TRAF6 (ab33915, 1:2000, Abcam), anti-RELA
proto-oncogene (anti-P65, ab32536, 1:1000, Abcam), anti-
phosphorylated-P65 (anti-p-P65, ab31624, 1:1000, Abcam),
anti-IkappaBalpha (anti-IkBa, ab32518, 1:1000, Abcam) and
anti-p-IkBa (ab133462, 1:1000, Abcam) at 4 �C overnight. The
secondary antibody goat anti-rabbit immunoglobulin G (IgG)
(ab205718, 1:20,000, Abcam) was mixed and this membrane
on the second day, the proteins were then developed and
analyzed in the FluorChem E system (Protein Simple, Silicon
Valley, CA, USA).

Dual-luciferase reporter assay

After the target sites of circ_0099630 and miR-940 were
predicted by Circinteractome (https://circinteractome.
nia.nih.gov/) and Targetscan (http://www.targetscan.
org/vert_80/). The wild-type (WT) circ_0099630 and
TRAF6 30UTR sequences containing the miR-940
complementary sites and the mutant (MUT) sequences
Figure 1 Circ_0099630 level in periodontitis tissues and LPS-i

detected in periodontitis tissues and LPS-induced PDLCs by qRT
circ_0099630 and GAPDH after RNase R treatment. (D) The ampli
circ_0099630 and GAPDH were examined using qRT-PCR. *P < 0.05
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after mutating the binding sites were cloned. The
successfully constructed WT-circ_0099630, MUT-circ_
0099630, WT-TRAF6 30UTR and MUT-TRAF6 30UTR were
then co-transfected into PDLCs with miR-940 mimic. 24 h
later, the cells were lysed and the supernatant was
collected, and the luciferase activity of each group was
measured using Dual-Lucy Assay Kit (Solarbio).

RNA immunoprecipitation assay

The RNA immunoprecipitation (RIP) assay was completely
carried out as per the RNA Immunoprecipitation Kit (Sig-
maeAldrich) guidelines, PDLCs lysate was gathered after
the addition of RIP lysate. Then the lysate was added with
magnetic beads coupled to the Argonaute 2 (Ago2) or IgG
antibody (SigmaeAldrich) and subsequently the RNA in the
complex on the beads was captured, circ_0099630, miR-940
and TRAF6 levels were detected.

Statistical analysis

For all experiments repeated three times at least, the ob-
tained data were processed by SPSS 19.0 (SPSS Inc., Chicago,
IL, USA). Student’s t-test or analysis of variance (ANOVA) was
employed in this study for the analysis of the differences
between groups. P-value < 0.05 was statistically significant.
nduced PDLCs was analyzed. (A and B) Circ_0099630 level was
-PCR. (C) The execution of qRT-PCR analyzed the levels of
fication effects of Oligo(dt)18 primers and random primers on
, **P < 0.01, ***P < 0.001, ****P < 0.001.
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Results

Circ_0099630 abundance was greatly increased in
periodontitis tissues and LPS-induced PDLCs

Fig. 1A demonstrated that circ_0099630 content was higher
in periodontitis tissues than that in normal tissues, while the
expression of circ_0099630 in PDLCs was increased with
Figure 2 Effects of different concentrations of LPS on inflam

PDLCs. (AeF) After treatment of PDLCs with 0 mg/mL, 2 mg/mL, 4 m

measured by ELISA. (C) CCK8 assay measured cell viability. (D)
Apoptosis rate was tested by flow cytometry. (F) Cleaved-caspase-
**P < 0.01, ***P < 0.001, ****P < 0.001.
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increasing LPS concentration (Fig. 1B). Moreover, with the
progression of the severity of periodontitis, the expression of
circ_0099630 was markedly increased (Fig. 1A). We observed
essentially no difference in circ_0099630 level before and
after RNase R treatment, while GAPDH was substantially
degraded after RNase R treatment, strong resistance of
circ_0099630 to RNase R was displayed by qRT-PCR results
(Fig. 1C). The level of circ_0099630 amplified by Oligo (dT)18
primers was lower than that of circ_0099630 amplified by
matory response, viability, proliferation and apoptosis of

g/mL, and 8 mg/mL of LPS, (A and B) IL-6 and TNF-a levels were
The application of EdU assay assessed cell proliferation. (E)
3 and Bax levels were measured using Western blot. *P < 0.05,



Figure 3 Effects of circ_0099630 downregulation on LPS-induced PDLCs. (AeH) The tests were divided into four groups
(Control, LPS, LPS þ si-NC, LPS þ si-circ_0099630). (A) Circ_0099630 level was tested using qRT-PCR. (B and C) Under the use of
ELISA, IL-6 and TNF-a cell levels were analyzed. (D) Cell viability was detected by CCK8. (E) EdU was applied to examine prolif-
eration. (F) PDLCs apoptosis was assayed using flow cytometry. (G and H) Cleaved-caspase-3 and Bax protein levels were assessed
by Western blot. **P < 0.01, ***P < 0.001, ****P < 0.001.

Figure 4 The relationship between circ_0099630 and miR-940 was evidenced. (A) The complementary sequences of
circ_0099630 and miR-940. (B) Overexpression efficiency of miR-940 mimic was confirmed after the performance of qRT-PCR. (C)
Targeting between circ_0099630 and miR-940 was validated using dual-luciferase reporter system. (D) Targeting between
circ_0099630 and miR-940 was validated by RIP assay. (E) MiR-940 level in periodontitis tissues was analyzed via qRT-PCR. (F)
Pearson’s analysis revealed the correlation between miR-940 and circ_0099630 levels in periodontitis tissues. (G) QRT-PCR
determined the miR-940 level in LPS-induced PDLCs. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.001.
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random primers, whereas this difference was not present in
the GAPDH group, showing the ring structure feature of
circ_0099630 (Fig. 1D). These data suggested that
circ_0099630 had higher abundance in periodontitis tissues
and LPS-induced PDLCs.
LPS suppressed PDLCs viability, proliferation and
enhanced apoptosis and inflammatory response

Cellular levels of inflammatory factors IL-6 and TNF-a were
increased with increasing LPS concentration (Fig. 2A and B).
The viability and proliferation capacity of PDLCs became
progressively weaker with increasing LPS concentration
(Fig. 2C and D). Flow cytometry results also confirmed that
LPS exhibited a concentration-dependent promotion of
apoptosis in PDLCs (Fig. 2E). Protein levels of the apoptosis
marker proteins Cleaved-caspase-3 and Bax were promoted
with increasing LPS concentration as observed by Western
blot (Fig. 2F). Combined with the results of this study, we
selected 4 mg/mL of LPS for the follow-up test and
confirmed that LPS curbed the viability and proliferation of
Figure 5 MiR-940 and circ_0099630 jointly regulated the func

were Control, LPS, LPS þ si-NC, LPS þ si-circ_0099630, LPS þ si-cir
(A) The implementation of qRT-PCR analyzed miR-940 level. (B and
was detected using CCK8 assay. (E) EdU assay was performed to d
determined apoptosis. (H) Cleaved-caspase-3 and Bax protein lev
****P < 0.001.
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PDLCs and enhanced apoptosis and inflammatory response
in a concentration-dependent manner.

Silencing circ_0099630 greatly mitigated the
impacts of LPS on PDLCs

Circ_0099630 knockdown abated the promotion of LPS on
circ_0099630, IL-6 and TNF-a level in PDLCs (Fig. 3AeC). In
addition, the inhibitory effects of LPS on the viability and
proliferation of PDLCs were recovered with the transfection
of si-circ_0099630 (Fig. 3D and E). Meanwhile, LPS-
enhanced apoptosis and the protein levels of Cleaved-
caspase-3 and Bax were reversed after si-circ_0099630
was transfected into PDLCs (Fig. 3FeH). In conclusion,
the negative effects of LPS on the function of PDLCs were
mitigated by knockdown of circ_0099630.

Circ_0099630 sponged and downregulated miR-940

The complementary sequences of circ_0099630 and miR-
940 predicted by Circinteractome were displayed in Fig. 4A.
tion of LPS-induced PDLCs. (AeH) There were six groups which
c_0099630þanti-miR-NC, LPS þ si-circ_0099630þanti-miR-940.
C) ELISA detected the IL-6 and TNF-a levels. (D) Cell viability

etect proliferation. (F and G) The execution of flow cytometry
els were measured by Western blot. **P < 0.01, ***P < 0.001,
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MiR-940 level was markedly enhanced with the introduction
of miR-940 mimic in PDLCs (Fig. 4B). The luciferase activity
in the WT-circ_0099630 group was greatly curbed by miR-
940 mimic, however, no change appeared in the MUT-
circ_0099630 group (Fig. 4C). Also, RIP assay also indi-
cated that circ_0099630 and miR-940 were dramatically
enriched in the Ago2 group relative to the IgG group,
further supporting their targeting relationship (Fig. 4D).
Next, low abundance of miR-940 was observed in peri-
odontitis tissues and negatively correlated with
circ_0099630 level (Fig. 4E and F). Additionally, the abun-
dance of miR-940 was reduced in periodontitis tissues with
the progression of the severity of periodontitis (Fig. 4E).
Furthermore, we found that miR-940 level was decreased in
PDLCs with increasing LPS concentration (Fig. 4G). The
reciprocal relationship between circ_0099630 and miR-940
was evidenced by these data.
MiR-940 silencing alleviated the effects of
circ_0099630 knockdown on LPS-induced PDLCs

The promotion of si-circ_0099630 on miR-940 level and the
inhibition on IL-6 and TNF-a levels were diminished by co-
transfection with anti-miR-940 in LPS-induced PDLCs
(Fig. 5AeC). Si-circ_0099630-enhanced the impacts of cell
Figure 6 The relationship between TRAF6 and miR-940 was v

geting relationship of TRAF6 and miR-940 was evidenced through
tionship of TRAF6 and miR-940. (D) TRAF6 content in periodontiti
TRAF6 and miR-940 levels in periodontitis tissues was revealed us
protein level in periodontitis tissues and LPS-induced PDLCs. *P <
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viability and proliferation were receded by silencing miR-
940 in LPS-induced PDLCs (Fig. 5D and E). Meanwhile,
anti-miR-940 mitigated si-circ_0099630-mediated sup-
pression on apoptosis and Cleaved-caspase-3, Bax protein
levels in LPS-induced PDLCs (Fig. 5FeH). Collectively, miR-
940 and circ_0099630 jointly regulated the malignant
behavior of LPS-induced PDLCs.
MiR-940 targeted and downregulated TRAF6

Targetscan software discovered the potential binding sites
for miR-940 and TRAF6, as illustrated in Fig. 6A. Luciferase
activity was greatly downregulated in the WT-TRAF6 30UTR
and miR-940 mimic co-transfection group, but no difference
was observed in the MUT-TRAF6 30UTR group (Fig. 6B),
tentatively proving the relationship between miR-940 and
TRAF6. The phenomenon that miR-940 and TRAF6 were
heavily adsorbed in the Ago2 group further demonstrated the
association between miR-940 and TRAF6 (Fig. 6C). High level
of TRAF6 was found in periodontitis tissues compared to
normal tissues and was negatively correlated with miR-940
level (Fig. 6D and E). Also, TRAF6 expression was signifi-
cantly elevated in periodontitis tissues with the progression
of the severity of periodontitis (Fig. 6D). The high abundance
of TRAF6 in periodontitis tissues and LPS-induced PDLCs was
alidated. (A) Binding sites of TRAF6 and miR-940. (B) The tar-
dual-luciferase reporter system. (C) RIP assay proved the rela-
s tissues was analyzed by qRT-PCR. (E) Correlation analysis of
ing Pearson analysis. (F and G) Western blot measured TRAF6
0.05, **P < 0.01, ***P < 0.001, ****P < 0.001.
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also observed by Western blot results (Fig. 6F and G). TRAF6
was identified as a target of miR-940 by these results.

TRAF6 upregulation reverted the effects of miR-
940 mimic on LPS-induced PDLCs

TRAF6 overexpression reinstated the downregulation of
TRAF6 level induced by miR-940 mimic in LPS-induced
PDLCs (Fig. 7A). The depressed effects of miR-940 upregu-
lation on IL-6 and TNF-a levels were recuperated by TRAF6
overexpression in LPS-induced PDLCs (Fig. 7B and C).
Enhancing effects of miR-940 mimic on the viability and
proliferation of LPS-induced PDLCs were diminished with
TRAF6 co-transfection (Fig. 7D and E). Besides, miR-940
upregulation impeded apoptosis and Cleaved-caspase-3
and Bax protein expression in LPS-induced PDLCs, but
TRAF6 upregulation ameliorated this phenomenon
(Fig. 7FeH). Also, we observed that miR-940 down-
regulation mitigated the inhibition of TRAF6 protein level in
LPS-induced PDLCs by si-circ_0099630 (Fig. 8A). Si-
circ_0099630-repressed phosphorylation levels of P65 and
IkBa in LPS-induced PDLCs were restored accompanied by
co-transfection of anti-miR-940 or TRAF6 (Fig. 8B). These
Figure 7 LPS-induced PDLCs function was co-regulated by miR

LPS þ miR-NC, LPS þ miR-940, LPS þ miR-940þpcDNA, LPS þ miR
through ELISA. (C and D) Cell viability and proliferation were dete
Flow cytometry was executed to analyze the apoptosis. (H) Cleav
blot. **P < 0.01, ***P < 0.001, ****P < 0.001.
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illustrated that miR-940 silencing and TRAF6 overexpression
activated the si-circ_0099630-suppressed NF-kB signaling
pathway, which in turn facilitated the inflammatory
response. Overall, LPS-induced PDLCs injury was co-
regulated by circ_0099630/miR-940/TRAF6 axis.

Discussion

The inaccuracy of periodontitis diagnosis had accelerated
the study of its molecular diagnostic markers.26,27 LPS was
used to stimulate the inflammatory conditions of peri-
odontitis, and LPS-induced periodontitis in vitro and in vivo
models had been widely used for investigation of the mo-
lecular mechanisms of periodontitis pathogenesis.28e30 Our
study validated the expression profile and action mecha-
nism of circ_0099630/miR-940/TRAF6 axis in periodontitis
tissues and model cells induced by LPS.

CircRNAs were more abundantly expressed in various
types of tissues while being more stable, conditions that
support their use as molecular markers for diagnosis and
treatment of various diseases.31 We observed a higher
abundance of circ_0099630 in periodontitis tissues and
model cells compared to normal tissues and cells, which
-940/TRAF6 axis. (AeH) There were six groups, Control, LPS,
-940þTRAF6. (A and B) IL-6 and TNF-a levels were measured
cted after the performance of CCK8 and EdU assays. (F and G)
ed-caspase-3 and Bax protein levels were revealed in Western



Figure 8 Circ_0099630 and miR-940 co-regulated the levels of TRAF6 and key molecules in the NF-kB pathway. (A) TRAF6
protein level was checked by Western blot. (B) Under the application of Western blot, the phosphorylation levels of P65 and IkBa
were analyzed. **P < 0.01, ***P < 0.001, ****P < 0.001.
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suggested that circ_0099630 was expected to be a more
rapid and ready diagnostic marker for periodontitis in the
future, and the analysis of the association between
circ_0099630 level and clinical symptoms of periodontitis
patients should be enhanced in the future. Consistent with
our findings, Li et al. unveiled that circ_0138960 were
greatly upregulated in periodontitis tissues.12 We found
after a series of validation that circ_0099630 knockdown
effectively alleviated the inhibition of proliferation of
PDLCs by LPS. In addition, IL-6 and TNF-a were identified as
inflammatory markers,32 and circ_0099630 knockdown also
suppressed the cellular levels of IL-6 and TNF-a in LPS-
induced PDLCs. All these data pointed to circ_0099630 as
a very promising molecular target for the diagnosis and
treatment of periodontitis in the future.

In this study, miR-940 was identified as a target of
circ_0099630 to co-regulate LPS-induced injury in PDLCs.
MiR-940 had established a critical role in human diseases.
For example, miR-940 could enhance the progression of
breast cancer and endometrial carcinoma.19,33 MiR-940
might function as a protective factor in lung adenocarci-
noma and esophageal squamous cell carcinoma.21,34 More-
over, miR-940 participated in the inflammatory response of
IL-1b-stimulated chondrocytes in a MyD88-dependent
manner, indicating its regulation in osteoarthritis.35 MiR-
940 downregulation in periodontitis tissues and model
cells was detected in the study. Meanwhile, miR-940
downregulation abrogated the mitigating effect of
circ_0099630 knockdown on LPS-induced damage in
PDLCs. Combined regulation of periodontitis process by
circ_0099630 and miR-940 was confirmed in our study.

The targeting relationship between TRAF6 and miR-940
was established in this study, and TRAF6 had a high abun-
dance in periodontitis tissues and model cells. In previous
studies, TRAF6 was detected in higher abundance in tissues
with myocardial hypertrophy.36 Xie et al. identified that
TRAF6 combined with miR-125/124 axis was involved in the
regulation of the nuclear factor kappa-B (NF-kB) signaling
pathway and chemoresistance.37 The NF-kB signaling was
an inflammation-associated signaling pathway.38 In our
1575
study, the TRAF6/circ_0099630/miR-940 axis jointly regu-
lated the phosphorylation levels of P65 and IkBa and thus
participating in the regulation of NF-kB signaling pathway
activation. Meanwhile, TRAF6 level was co-regulated by
circ_0099630/miR-940 axis, and the circ_0099630/miR-940/
TRAF6 axis jointly regulated periodontitis progression.

In conclusion, silencing circ_0099630 alleviated LPS-
induced periodontal ligament cell injury via targeting
miR-940/TRAF6/NF-kB axis in periodontitis, which provides
a promising target for future diagnosis and treatment of
periodontitis.
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