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Abstract

Background Circular RNAs (circRNASs) participate in the development of periodontitis. The present work aims to

reveal the role and mechanism of circ_0087199 in human periodontal ligament cell (PDLC) injury during periodontitis.

Methods PDLCs were treated with lipopolysaccharides (LPS) to establish a periodontitis cell model. Quanti-
tative real-time polymerase chain reaction was used to detect the expression of circ_ 0087199, miR-527, toll-like
receptor 4 (TLR4). Western blotting assay was performed to assess protein expression. Cell viability, prolifer-
ation, apoptosis and inflammation were investigated by cell counting kit-8, EAU assay, flow cytometry and en-
zyme-linked immunosorbent assay, respectively. Oxidative stress was evaluated by malondialdehyde assay kit and
superoxide dismutase activity assay kit. The interaction between miR-527 and circ_0087199 or TLR4 was con-

firmed by a dual-luciferase reporter assay.

Results Circ 0087199 and TLR4 expression levels were significantly increased, while miR-527 was decreased
in the periodontal ligament tissues of periodontitis patients and LPS-stimulated PDLCs when compared with con-
trols. LPS treatment inhibited cell viability and proliferation but induced cell apoptosis, inflammation and oxida-
tive stress, whereas these effects were attenuated after circ_ 0087199 knockdown. Circ_0087199 bound to miR-
527 and regulated LPS-caused PDLC damage by targeting miR-527. Additionally, the overexpression of TLR4, a
target gene of miR-527, rescued miR-527 mimic-mediated effects on LPS-treated PDLCs. Further, the regulation
of circ_0087199 toward TLR4 involved miR-527.

Conclusion Circ_0087199 knockdown attenuated LPS-induced apoptosis, inflammation and oxidative stress of
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PDLCs by regulating the miR-527/TLR4 pathway.

Keywords: periodontitis, circ_ 0087199, miR-527, TLR4, PDLCs

Introduction

Periodontitis is a widespread inflammatory disease
featured by progressive destruction of the periodontal
ligaments and alveolar bone. This disease occurs as an
immune response to dental plaque, and genetic and epi-
genetic factors also mediate its progression 1. In terms
of actiology, virulence factors such as lipopolysaccha-
ride (LPS) stimulate macrophages and inflammatory
cells to produce pro-inflammatory cytokines, leading to
the production of matrix metalloproteinases and receptor
activator of NF-kB ligand, finally destructing collagen
fibres in periodontal tissues and causing osteoclast gene-
sis and maturation Bl. More than 10% of the world pop-
ulation (about 743 million individuals) are diagnosed
with periodontitis 1. Moreover, periodontitis is associ-
ated with the occurrence of certain non-communicable
chronic diseases ™. Additionally, the loss of periodontal

support can reduce masticatory performance &,

Epigenetic factors, especially noncoding RNAs, are
important players in periodontitis pathogenesis .
Among the noncoding RNAs, circRNAs participate in
progression of a variety of diseases by sponging mi-
croRNAs (miRNAs) or regulating alternative splicing [,
In addition, circRNAs are able to sequester proteins in
specific locations 1. There is an emerging understanding
of circRNA function in periodontitis pathogenesis. For
example, circCDR1as expression was upregulated after
osteogenic differentiation, and circCDR1as depletion
reduced osteogenic gene expression and inhibited bone
formation P, confirming the involvement of circCDR las
in osteoblast differentiation in periodontal ligament stem

cells. Circ_0062491 overexpression ameliorated the
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increased apoptosis and inflammation of human peri-
odontal ligament cells (PDLCs) by LPS, and mechanism
assays showed that these effects were mediated by the
miR-498/suppressor of cytokine signaling 6 axis %, An-
other study revealed that gingival tissues of periodontitis
patients exhibited a high circ_0087199 expression ['],
however, the role of this circRNA in periodontitis patho-

genesis remains unknown.

MiRNAs are noncoding ribonucleic acid molecules rel-
evant to different physiological and pathogenic events.
MiRNAs function as posttranscriptional regulators
and can cause translational inhibition and transcript
degradation of target messenger RNA by the mean of
base-pairing interactions 2. MiRNAs are emerging
players in periodontitis and are phenotypically and
functionally associated with periodontitis progression.
Considerable evidence showed that miRNAs initiate
odontogenic differentiation and promote inflammatory
responses after periodontitis ['*. In addition, certain
bacterial components induce the change of miRNA
expression, and dysregulated miRNAs regulate the
production of inflammatory factors in the periodontal
pocket, mediate the expression of intercellular cell ad-
hesion molecule-1 and E-Selectin, negatively modulate
the TLR signaling pathway and NF-kB pathway, and

promote neo-angiogenesis in periodontitis 4,

Online databases predicted that miR-527 contained the
binding sites of circ_0087199 and toll-like receptor 4
(TLR4). Whether circ_0087199 participates in periodon-
titis progression by regulating miR-527 and TLR4 has
not been reported. Thus, the present work assembled the

circ_0087199/miR-527/TLR4 axis to reveal the molecu-
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lar mechanism relevant to circ_0087199 in periodontitis.
The study was investigated using LPS-induced peri-
odontitis cell model. The circ_0087199/miR-527/TLR4
axis was identified by a dual-luciferase reporter assay.
The roles among circ_0087199, miR-527 and TLR4 in
regulating LPS-induced periodontitis cell injury was
analyzed using quantitative real-time polymerase chain
reaction (qQRT-PCR), western blotting analysis, cell
counting kit-8, 5-Ethynyl-2’-deoxyuridine (EdU) assay,
flow cytometry, enzyme-linked immunosorbent assay,
malondialdehyde assay kit and superoxide dismutase
activity assay kit. The work aimed to expand our current
understanding of periodontitis occurrence and explore

novel therapeutic avenues for periodontitis.

Materials and methods

Periodontal ligament tissues

All subjects provided informed consent. Periodontitis pa-
tients (N=31) with no systemic diseases and age-matched
volunteers (N=31) with orthodontic requirements provid-
ed periodontal ligament tissues at 1st Medical Center of
PLA General Hospital. These clinical samples were used
for gene expression analysis and human periodontal liga-
ment cell (PDLC) isolation, and stored at -80°C. Sample
collection was approved by the Ethics Committee of 1st

Medical Center of PLA General Hospital.

PDLC isolation and LPS stimulation

Periodontal ligament tissues isolated from age-matched
volunteers were minced into small pieces and incu-
bated with collagenase (type I) (Life-iLAB biotech,
Shanghai, China) in a-minimum essential medium
(Sigma, St. Louis, MO, USA) under 37°C for 0.5 h.
Enzymic digestion was performed to obtain single-cell
suspensions, which were subsequently cultured in

a-minimum essential medium supplemented with 10%
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fetal bovine serum (Sigma), 1% penicillin/strepto-
mycin (Sigma) and 2 nM L-glutamine (Sigma) under
37°C with 5% CO,. PDLCs passed three to six were
used for the present study. For functional experiments,
the isolated cells were pretreated with 10 pg/mL LPS
(Sigma) for 3 h to mimic the condition of periodontitis
in vitro "%, Phosphate buffer solution (Sigma)-treated

PDLCs were used as normal controls.

Cell transfection

Ribobio Co., Ltd. (Guangzhou, China) designed and
provided the small interfering RNA of circ_ 0087199
(si-circ_0087199, target sequence 5’-GCTC-
CAAAAGAACTGAGTTCT-3’), miR-527 mimics
(5’-CUGCAAAGGGAAGCCCUUUC-3’) and inhib-
itors (5’-GAAAGGGCUUCCCUUUGCAG-3’), and
matched controls including si-NC, miR-NC, and in-
miR-NC. TLR4 overexpression plasmid (TLR4, built
using the 71-2590 bp of TLR4 gene) was built through
enzyme digestion and ligation, and pcDNA 3.1(+) vec-
tor (EK-Bioscience, Shanghai, China) was used during
the plasmid construction. PDLCs were maintained in
12-well plates prior to transfection and treated with
transfection mixtures including EZ Trans Lipo reagent
(Life-iLab biotech), DNA, miRNA mimics, miRNA
inhibitors, and siRNAs for 20 min. Cell incubation was

then performed under 37°C with 5% CO,,.

qRT-PCR

80 mg of periodontal ligament tissues and 5x10°
PDLCs were treated with 1 mL of TRIzol (Life-
iLab biotech) for RNA isolation. Five ug of RNA was
treated with RNase R (4 U/ug RNA, Xiyuan Biotech,
Shanghai, China) at 37°C for 0.5 h and then incubat-
ed at 65°C for 20 min to analyze circRNA stability.
cDNA first chain synthesis reagents (Jiancheng bio-
tech, Nanjing, China) were used for cDNA synthesis.
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Subsequently, primers (listed in Table 1), miRNA flu-
orescence quantitative detection reagents (Jiancheng
Biotech), and 2 x qPCR Mix (Life-iLab biotech) were
used for quantitation analysis. After normalization
with internal references (U6 and GAPDH with con-
stant expression), gene expression was determined

using the 244 method.
Nucleocytoplasmic separation assay

Nucleocytoplasmic separation of PDLCs was performed
based on the standard procedures of Nuclear/Cytosol
Fractionation Kit (BioVision, Milpitas, California,
USA). Briefly, PDLCs and CEB-A Mix were added
into tubes, and the cell pellet was fully resuspended by
vortex on the highest setting. Then, Cytosol Extraction
Buffer-B was added into the tubes and centrifuged on
the highest setting. The supernatant was immediately
transferred to pre-chilled tubes, and the pellets were re-

suspended for circ_ 0087199 expression analysis.
Cell viability assay

Each 96-well plate was inoculated with PDLC sus-
pension following LPS stimulation and transfections
according to cell counting kit-8 (CCK-8) Kit (Life-iLab
biotech). After a 48-hour culture, CCK-8 reagent was
added carefully, and the 96-well plates were incubated
for 3 h under 37°C with 5% CO,. Enzyme immuno-

assay analyzer (Thermo Fisher, Waltham, MA, USA)

was used for sample analysis.

Cell proliferation analysis

EdU solution was diluted and heated in advance as per
the guidebook of a cell proliferation imaging analysis
kit (Life-iLab biotech). The treated EdU reagent was
then added to each well for 2 h, and EdU residue that
was not incorporated with DNA was removed by wash-
ing cells using phosphate buffer solution. The cells
were subjected to fixation and penetration, followed
by incubation with dye reaction solution and DAPI
reagent (Sigma). Cell samples were analyzed using flu-

orescence microscope (Olympus, Tokyo, Japan).

Cell apoptosis assay

PDLCs treated as above were subjected to analysis
based on the standard procedures of Annexin V-FITC
Apoptosis Analysis Kit (Life-iLab biotech). In brief,
PDLCs were resuspended in Annexin V-FITC binding
solution prior to staining with Annexin V-FITC and
propidium iodide. At last, flow cytometry was applied
to quantify apoptotic cells.

Enzyme-linked immunosorbent assay (ELISA)

Three commercial human ELISA kits (#AC16088,

Table 1. Primer sequences used for qRT-PCR.

Primer sequences for gqRT-PCR (57 -3")

Name
. Forward
Circ_0087199
- Reverse
Forward
TLR4
Reverse
miR-527 Forward
Reverse
Forward
18[0
Reverse
F d
GAPDH onvar
Reverse

TCAGAAATGCTCCAAAAGAACTGAG
CACTCCAAGAGTGGCAGGTC
AGACCTGTCCCTGAACCCTA
CTCCCAGAACCAAACGATG
ATGCATCTGCAAAGGGAAGC
CTCAACTGGTGTCGTGGA
CTCGCTTCGGCAGCACATA
CGAATTTGCGTGTCATCCT
CAAATTCCATGGCACCGTCA
GACTCCACGACGTACTCAGC
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#AC16102, and #AC16138, ACMEC Biotech, Shang-
hai, China) were used for IL-1f, IL-6 and TNF-a lev-
el analysis in cell culture supernatants according to
the responding guidebooks. In brief, cell debris in cell
culture supernatants was removed by centrifugation,
and samples and standards were incubated as direct-
ed. After incubation with biotin-conjugate antibodies
and streptavidin-HRP, test wells were read by an en-
zyme immunoassay analyzer (Thermo Fisher) within

30 min.

Superoxide dismutase (SOD) activity assay

PDLCs treated as above were collected and broken
with ultrasound in extraction solution. Subsequently,
test wells were added with different reagents and/or
samples as instructed in the manual of a SOD activity
analysis kit (ACMEC Biotech). Spectrophotometer
(Thermo Fisher) preheated for 30 min or more was

used for sample analysis.

Malondialdehyde (MDA) assay

PDLCs treated as above were collected and broken
with ultrasound in extraction solution as instructed in
the manual of a MDA assay kit (ACMEC Biotech).
MDA working solution, distilled water, and samples
were added to test wells and then analyzed using a

spectrophotometer (Thermo Fisher).

Dual-luciferase reporter assay

Wild-type and mutant reporter plasmids including
circ_0087199 WT, TLR4 3°’UTR WT, circ_0087199
WT, and TLR4 3’UTR WT were built using pmir-
GLO vector (Miaoling biotechnology, Wuhan, China)
following the prediction of binding sites of miR-527
for circ_0087199 and TLR4 through circular RNA

interactome and Targetscan online databases. These
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plasmids were transfected into PDLCs with miR-527
mimics or mimic control, and the culture medium
was removed from the cells into which the reporter
plasmids had been transferred. Lysis buffer diluted
with sterilized water (Sigma) was used to lysate cells.
After centrifugation, the supernatant was utilized for
luciferase activity analysis as instructed in the manu-
al of a commercial dual luciferase reporter assay kit
(Life-iLab biotech).

Western blotting analysis

Periodontal ligament tissues and PDLCs were mixed
with RIPA buffer (Sigma) added with a phosphatase in-
hibitor (Sigma), and protein concentration was quantified
through the method of Bradford. Sodium dodecyl sulfate
loading buffer (Sigma) was used to prepare equal concen-
trations of protein samples. Subsequently, electrophoresis
of samples (20 pg protein) was performed using 8% of
bis-tris-acrylamide gels (Yubo Biotech, Shanghai, China)
under constant voltage. The separated protein bands were
transferred onto PVDF membranes (GenScript, Nanjing,
China). After incubation with freshly prepared skim milk
powder (Sigma), the membranes were probed with TLR4
antibody (#K003881P, Solarbio, Beijing, China) and
GAPDH antibody (#K200057M, Solarbio) prepared ac-
cording to the manufacturer’s protocol. At last, ECL-Plus
reagent (Solarbio) was used for the visualization of the

separated protein bands.

Statistical analysis

The statistical analyses were conducted using Graph-
Pad Prism and results were shown as means + standard
deviations. For group comparisons, the study per-
formed Wilcoxon-Mann-Whitney test, Student’s z-tests,
one-way and two-way analysis of variance or Spear-
man’s correlation test. P<0.05 indicated statistical sig-

nificance.
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Results

Circ_0087199 expression was upregulated in periodon-

tal ligament tissues of periodontitis patients

Circ_0087199 is generated from the head-to-tail splicing
of the exons 3-6 of the GDA gene with a spliced length of
394 nt (Figure 1A). Subsequently, the results showed that
circ_0087199 expression was increased in the periodontal
ligament tissues of periodontitis patients when compared
with normal controls (normal volunteers with orthodon-
tic requirements) (Figure 1B). Moreover, we found that
circ_0087199 expression was increased in LPS-stimulated
PDLCs in comparison with PBS-treated PDLCs (Figure
1C). RNase R treatment significantly reduced GAPDH
expression but did not affect circ_ 0087199 expression
(Figure 1D). As shown in Figure 1E, circ_ 0087199 was
mainly expressed in the cytoplasm of PDLCs.

Circ_0087199 depletion attenuated LPS-induced apop-

tosis, inflammation and oxidative stress of PDLCs

LPS treatment increased circ_0087199 expression

in PDLCs, whereas the effect was relieved after
circ_0087199 knockdown (Figure 2A). Subsequently,
LPS treatment inhibited the viability and proliferation
and induced apoptosis of PDLCs, but these effects were
restored after circ_ 0087199 depletion (Figure 2B-F).
As shown in Figure 2G-I, the increased levels of IL-1j,
IL-6 and TNF-a induced by LPS treatment were rescued
when circ_0087199 expression was downregulated.
Comparatively, LPS treatment inhibited SOD activity and
increased MDA production, however, these effects were

relieved after circ_0087199 silencing (Figure 2J and K).

Circ_0087199 bound to miR-527 in PDLCs

The binding sites of circ_0087199 for miR-527 and
miR-518al are presented in Figure 3A. miR-527
(NCBI Gene ID: 574497) is located at chromosome
19: 53,754,018-53,754,102 bp, while miR-518al
(NCBI Gene ID: 574488) resides at chromosome 19:
53,731,006-53,731,090 bp. These two miRNAs are in
close chromosomal proximity and yield an identical
mature miRNA transcript (5'-CTGCAAAGGGAAG-
CCCTTTC). Therefore, we examined the expression
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Figure 1. Circ_0087199 expression was upregulated in periodontal ligament tissues of periodontitis patients. (A) The

schematic illustration showing the generation of circ_0087199. (B and C) qRT-PCR was used to detect circ_0087199 expression

in the periodontal ligament tissues of periodontitis patients and normal controls, LPS-stimulated PDLCs and PBS-treated PDLCs.

(D) RNase R was used to analyze circ_0087199 stability. (E) Subcellular fractionation location assay was performed to analyze
the location of circ_0087199 in PDLCs. "P<0.05.
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Figure 2. Circ_0087199 depletion attenuated LPS-induced apoptosis, inflammation and oxidative stress of PDLCs. PDLCs

were divided into control group (PBS-treated PDLCs), LPS group, LPS+si-NC group and LPS+si-circ_0087199 group, and

circ_0087199 expression was analyzed by qRT-PCR (A), cell viability by CCK-8 assay (B), cell proliferation by EdU assay

(C and D), cell apoptosis by flow cytometry (E and F), IL-1pB, IL-6 and TNF-a levels by ELISAs (G-I), SOD activity by SOD
activity assay (J) and MDA level by MDA assay (K). "P<0.05.

of pre-miR-527 and pre-miR-518al. The results revealed
that pre-miR-527 was significantly decreased in peri-
odontal tissue samples from patients with periodontitis,
whereas pre-miR-518al expression showed no signifi-
cant change (Figure 3B). Consistent findings were ob-
served in LPS-stimulated periodontal ligament cells (Fig-
ure 3C). Therefore, we selected miR-527 as the target
miRNA of circ_0087199. Then we examined miR-527
expression across various tissues from WT mouse. The
results suggested low expression levels in most tissues,
with notably higher expression observed in the kidney,
ovary, bone marrow, and periodontal ligament tissues
(Figure 3D). Furthermore, using publicly available ChIP
data from UCSC, we identified a strong enhancer se-
quence near miR-527, which may serve as a key regula-
tory element influencing its expression. To validate this,
we examined ChIP-seq data related to epigenetic modi-

fications in periodontal ligament. Two published DNase
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sequencing datasets (Nature, 2012; Cell, 2011) indicated
that the chromatin region surrounding this miR-527 en-
hancer exhibits increased DNA accessibility in human
periodontal ligament tissues, suggesting active transcrip-

tional regulation in this context (Figure 3E).

Next, we transfected miR-527 in PDLCs. The results
of qRT-PCR analysis indicated the high efficiency of
miR-527 overexpression in PDLCs (Figure 3F). Subse-
quently, miR-527 mimics inhibited the luciferase activ-
ity of circ_0087199 WT but not that of circ_0087199
MUT (Figure 3G). As shown in Figure 3H and 31,
miR-527 expression was downregulated and nega-
tively correlated with circ_0087199 expression in the
periodontal ligament tissues of periodontitis patients.
Moreover, LPS-stimulated PDLCs showed a low
miR-527 expression in comparison with PBS-treated

PDLCs (Figure 3J).
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MiR-527 depletion relieved circ_0087199 knock-
down-mediated effects in LPS-induced PDLCs

As shown in Figure 4A, the efficiency of miR-527
inhibitors in reducing miR-527 expression was high
in PDLCs. Subsequently, circ_ 0087199 knockdown
upregulated miR-527 expression in LPS-induced
PDLCs, whereas the effect was restored after trans-
fection with miR-527 inhibitors (Figure 4B). The in-
creased cell viability and proliferation and decreased
cell apoptosis by circ_0087199 knockdown were
restored after transfection with miR-527 inhibitors in

LPS-induced PDLCs (Figure 4C-G). Comparative-

ly, circ_0087199 silencing reduced IL-1p, IL-6 and
TNF-a levels, promoted SOD activity and inhibited
MDA production in LPS-induced PDLCs, however,
these effects were relieved when miR-527 expression

was decreased (Figure 4H-L).

Circ_0087199 regulated TLR4 by binding to miR-527

Based on prior evidence indicating that circ_ 0087199
mediates LPS-induced inflammatory injury by tar-
geting miR-527 and engaging its downstream target
genes, we integrated the pool of miR-527 downstream

targets with two publicly available gene sets asso-
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ciated with LPS activation. Venn diagram analysis
identified eight overlapping genes that were both up-
regulated following LPS stimulation and potentially
regulated by miR-527 (Figure 5A). We further exam-
ined the expression of these eight genes in samples
from patients with periodontitis. The results revealed
a significant upregulation of TLR4 in the patient sam-
ples, whereas the other seven genes either showed
no significant change or were downregulated in peri-

odontitis specimens (Figure 5B).

Subsequently, miR-527 mimics inhibited the lucif-
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Figure 4. MiR-527 depletion relieved circ_0087199 knockdown-mediated effects in LPS-induced PDLCs. (A) The efficiency
of miR-527 knockdown was analyzed by qRT-PCR. (B) The effects of circ_0087199 silencing and miR-527 knockdown on
miR-527 expression were analyzed by qRT-PCR in LPS-induced PDLCs. PDLCs were divided into LPS+si-NC group, LPS+si-
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analyzed by CCK-8 assay (C), cell proliferation by EdU assay (D and E), cell apoptosis by flow cytometry (F and G), IL-1p, IL-6
and TNF-a levels by ELISAs (H-J), SOD activity by SOD activity assay (K) and MDA level by MDA assay (L). "P<0.05.
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expression in PDLCs. Further, circ 0087199 silencing  was relieved after transfection with miR-527 inhibitors

reduced TLR4 protein expression, whereas the effect  (Figure 51 and J).
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527 involved in inflammatory response in periodontal tissues. (C) The schematic illustration showing the binding sites of miR-
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TLR4 introduction rescued miR-527 mimic-induced ef-
fects in LPS-induced PDLCs

As shown in Figure 6A, the efficiency of TLR4 over-
expression was high in PDLCs. Subsequently, miR-527
mimics inhibited TLR4 protein expression in LPS-in-
duced PDLCs, whereas the effect was restored after

transfection with TLR4 overexpression plasmid (Figure

6B). The increased cell viability and proliferation and de-
creased cell apoptosis by miR-527 mimics were restored
after TLR4 overexpression in LPS-induced PDLCs (Fig-
ure 6C-G). Comparatively, miR-527 introduction reduced
IL-1B, IL-6 and TNF-a levels, promoted SOD activity
and inhibited MDA production in LPS-induced PDLCs,
however, these effects were relieved when TLR4 expres-

sion was increased (Figure 6H-L).
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Figure 6. TLR4 introduction rescued miR-527 mimic-induced effects in LPS-induced PDLCs. (A) The efficiency of TLR4

overexpression was analyzed by western blotting assay. (B) The effects of miR-527 mimics and TLR4 overexpression on TLR4

expression were analyzed by western blotting assay in LPS-induced PDLCs. PDLCs were divided into LPS+miR-NC group,

LPS+miR-527 group, LPS+miR-527+pcDNA group and LPS+miR-527+TLR4 group, cell viability was analyzed by CCK-8

assay (C), cell proliferation by EdU assay (D and E), cell apoptosis by flow cytometry (F and G), IL-1p, IL-6 and TNF-a levels
by ELISAs (H-J), SOD activity by SOD activity assay (K) and MDA level by MDA assay (L). "P<0.05.
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Discussion

Periodontitis is a chronic disorder that can destruct
periodontal ligament, cementum, and bone. Sus-
ceptibility to periodontitis is affected by smoking,
uncontrolled diabetes mellitus, and both genetic and
epigenetic factors. Emerging research indicates that
epigenetic-associated ncRNAs such as circRNAs medi-
ate periodontitis pathogenesis by promoting periodon-
tal regeneration, regulating periodontal ligament stem
cell differentiation, and regulating dental pulp stem cell
differentiation '\, Identification of abnormal circRNAs
in periodontitis is needed to explore novel therapeutic
avenues for periodontitis. PDLCs are a class of main
cell populations in diseased periodontium ¢, The
present work analyzed the effects of circ_ 0087199 on
LPS-induced apoptosis, inflammation and oxidative
stress of PDLCs. The results showed that circ_ 0087199
knockdown exerted inhibitory effects on PDLC injury
induced by LPS and that miR-527/TLR4 pathway was
required for circ_0087199-mediated actions in PDLCs.

Previous studies have revealed that some circRNAs
such as circ_0138960 and circ_ 0081572 are involved
in LPS-induced dysfunction of PDLCs ['7- 8. Our work
reported the involvement of another novel circRNA
circ_0087199 in LPS-induced injury of PDLCs for the
first time. Our data showed that circ_ 0087199 expres-
sion was upregulated in periodontal ligament tissues of
periodontitis patients, which are consistent with previ-
ous results "1, LPS-treated PDLCs also showed a high
circ_0087199 expression. The covalent loop structures
of circRNAs ensure that they are resistant to RNase R
digestion "1, Our data also confirmed that circ 0087199
had strong resistance to RNase R degradation in com-
parison with linear RNA (GAPDH). Additionally,
circ_ 0087199 depletion rescued LPS-caused prolifer-
ation inhibition and apoptosis promotion of PDLCs.

Moreover, LPS pretreatment-induced promoting effects
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on inflammation and oxidative stress of PDLCs were re-
lieved after circ_0087199 silencing. Thus, circ_0087199

may contribute to periodontitis progression.

Thorough and extensive research has focused on miR-
NA function in the pathophysiology of periodontal
diseases . Certain bacterial components isolated from
the oral bacterial plaque induced abnormal miRNA
expression, indicating the possible role of miRNAs in
periodontitis progression 4. MiR-527, an inflammatory
disease-related miRNA, was confirmed to be target-
ed by circ_0087199 in our work. MiR-527 is a newly
identified miRNA related to progression of cancers such
as gastric cancer Y, glioma **! and ovarian cancer >,
But there are almost no studies regarding its function in
periodontitis. As reported in 2022, circ_0138959-me-
diated effect on gingival fibroblast pyroptosis involved
miR-527 24, The present work revealed its roles in
regulating apoptosis, inflammation and oxidative stress
of PDLCs after periodontitis. Herein, miR-527 expres-
sion was downregulated in periodontal ligament tissues
of periodontitis patients. Moreover, miR-527 expres-
sion was reduced after LPS exposure in PDLCs. miR-
527 introduction ameliorated LPS-induced injuries of
PDLCs including apoptosis, inflammation and oxidative
stress. Importantly, PDLCs with low circ_0087199 and
miR-527 expression showed increased apoptosis, in-
flammation and oxidative stress after LPS treatment in
comparison with circ_0087199-deficient PDLCs. These
data demonstrated the circ_0087199/miR-527 pathway
mediated LPS-induced injury of PDLCs.

Toll-like receptor (TLR) is a specific transmembrane
receptor in the natural immune system and can regulate
acute inflammatory response and apoptosis 1. TLR4
belongs to the TLR family members and mediates inflam-
matory responses by binding to exogenous ligands and
affecting endogenous transcription factor expression ¢,

TLR4 mediates tissue immune responses to periodontitis
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and is expressed in periodontal tissues "], The present
study identified TLR4 as a target of miR-527. Addition-
ally, TLR4 expression was increased in periodontal lig-
ament tissues of periodontitis patients. In response to
LPS, TLR4 exhibited a high expression in PDLCs. Pre-
vious work has revealed that TLR4 is associated with al-
veolar bone destruction in periodontitis *!. Li et al. have
reported that TLR4 pathway is activated in response
to LPS stimulation to regulate NF-kB pathway, an im-
portant signaling pathway in periodontitis % 3!, Our
data showed that PDLCs with high miR-527 and TLR4
expression showed increased apoptosis, inflammation
and oxidative stress after LPS treatment in comparison
with PDLCs with only high miR-527 expression. Im-
portantly, circ_ 0087199 induced TLR4 expression by
interacting with miR-527.

Collectively, circ_0087199 knockdown attenuated
LPS-induced apoptosis, inflammation and oxida-
tive stress of PDLCs by regulating the miR-527/
TLR4 pathway. However, comprehensive roles of
circ_0087199 in the pathophysiological processes of
periodontitis should be analyzed because one circRNA
usually has many target miRNAs. Additionally, in vivo
data are lacking, and further investigation needs to be
performed to provide in vivo evidence of circ_0087199
regulating periodontitis progression. Nevertheless, this
work provides a theoretical basis for further drug ad-

ministration of periodontitis.

Acknowledgments

None

Data availability statement

The datasets used and analyzed during the current

study are available from the corresponding author on

reasonable request.

Conflicts of interest

The authors declare that they have no conflicts of in-

terest.
Funding

This study was supported by the Key Special Projects
of National Key R&D Plan (2022YFC3103202)

Ethics Approval and Consent to Partici-
pate

This study was approved by the Ethics Committee of
Chinese PLA General Hospital (S2025-226-01). All

participants signed a written informed consent from.
Author contributions

JingWang: Conceptualization and study design; super-
vision of overall research. Na Huo: Major performance
of experiments and data collection. Chuan Cai: Data
analysis, figure preparation, and assistance with inter-
pretation of results. Rui Xiao: Project administration
and corresponding author; oversight of study design,
provision of resources and funding, critical revision,

and final approval of the manuscript.
References

[1] Billings M, Holtfreter B, Papapanou P N, Mitnik
G L, Kocher T, Dye B A. Age-dependent distri-
bution of periodontitis in two countries: Findings
from NHANES 2009 to 2014 and SHIP-TREND
2008 to 2012. J Clin Periodontol. 2018 (45 Suppl
20):S130-S148.

[2] Yu W, Gu Q, Wu D, Zhang W, Li G, Lin L, et al.
Identification of potentially functional circRNAs

and prediction of circRNA-miRNA-mRNA regu-



O Infection Control 2025;2(4)

latory network in periodontitis: Bridging the gap
between bioinformatics and clinical needs. J Peri-
odontal Res. 2022 (57):594-614.

[3] Kwon T, Lamster I B, Levin L. Current Concepts
in the Management of Periodontitis. Int Dent J.
2021 (71):462-476.

[4] Beck J D, Papapanou P N, Philips K H, Offen-
bacher S. Periodontal Medicine: 100 Years of
Progress. J Dent Res. 2019 (98):1053—-1062.

[5] Borges Tde F, Regalo S C, Taba M, Jr., Siéssere S,
Mestriner W, Jr., Semprini M. Changes in mastica-
tory performance and quality of life in individuals
with chronic periodontitis. J Periodontol. 2013
(84):325-331.

[6] Huang J, Zhou Y. Emerging role of epigenetic reg-
ulations in periodontitis: a literature review. Am J
Transl Res. 2022 (14):2162-2183.

[7] Verduci L, Tarcitano E, Strano S, Yarden Y, Blan-
dino G. CircRNAs: role in human diseases and
potential use as biomarkers. Cell Death Dis. 2021
(12):468.

[8] Ma S, Kong S, Wang F, Ju S. CircRNAs: biogene-
sis, functions, and role in drug-resistant Tumours.
Mol Cancer. 2020 (19):119.

[9] LiX, ZhengY, Zheng Y, Huang Y, Zhang Y, Jia L,
et al. Circular RNA CDR 1as regulates osteoblastic
differentiation of periodontal ligament stem cells
via the miR-7/GDF5/SMAD and p38 MAPK sig-
naling pathway. Stem Cell Res Ther. 2018 (9):232.

[10] Wang L, Li Y, Hong F, Ning H. Circ_0062491 al-
leviates LPS-induced apoptosis and inflammation
in periodontitis by regulating miR-498/SOCS6
axis. Innate Immun. 2022 (28):174-184.

[11]Li J, Xie R. Circular RNA expression profile
in gingival tissues identifies circ 0062491 and
circ_0095812 as potential treatment targets. J Cell
Biochem. 2019 (120):14867-14874.

[12]Li H, Guo Y, Cai M, Li L. MicroRNA-disease

association prediction by matrix tri-factorization.

BMC Genomics. 2020 (21):617.

[13] Shen Z, Silva R M. MicroRNAs: emerging play-
ers in apical periodontitis. J Appl Oral Sci. 2021
(29):€20201058.

[14] Santonocito S, Polizzi A, Palazzo G, Isola G. The
Emerging Role of microRNA in Periodontitis:
Pathophysiology, Clinical Potential and Future Mo-
lecular Perspectives. Int J Mol Sci. 2021 (22):5456.

[15]Jiao K, Walsh L J, Ivanovski S, Han P. The
Emerging Regulatory Role of Circular RNAs in
Periodontal Tissues and Cells. Int ] Mol Sci. 2021
(22):4636.

[16] Ivanovski S, Gronthos S, Shi S, Bartold P M.
Stem cells in the periodontal ligament. Oral Dis.
2006 (12):358-363.

[17TLi S, Xu H, LiY, Li R. Circ_0138960 contributes to
lipopolysaccharide-induced periodontal ligament cell
dysfunction. Immun Inflamm Dis. 2022 (10):e732.

[18] Wang J, Du C, Xu L. Circ_0081572 inhibits the
progression of periodontitis through regulating
the miR-378h/RORA axis. Arch Oral Biol. 2021
(124):105053.

[19] Zhang Q, Wang W, Zhou Q, Chen C, Yuan W, Liu
J, et al. Roles of circRNAs in the tumour microen-
vironment. Mol Cancer. 2020 (19):14.

[20] Xie Y F, Shu R, Jiang S'Y, Liu D L, Zhang X L.
Comparison of microRNA profiles of human peri-
odontal diseased and healthy gingival tissues. Int J
Oral Sci. 2011 (3):125-134.

[21] Zhang X, Yang H, Jia Y, Xu Z, Zhang L, Sun M,
et al. circRNA_ 0005529 facilitates growth and
metastasis of gastric cancer via regulating miR-
527/Sp1 axis. BMC Mol Cell Biol. 2021 (22):6.

[22] Liu J, Hou K, Ji H, Mi S, Yu G, Hu S, et al. Over-
expression of circular RNA circ-CDC45 facilitates
glioma cell progression by sponging miR-516b
and miR-527 and predicts an adverse prognosis. J
Cell Biochem. 2020 (121):690-697.

[23] Yin J, Huang H Y, Long Y, Ma Y, Kamalibaike M,



Infection Control 2025;2(4) O

Dawuti R, et al. circ_C20orf11 enhances DDP re-
sistance by inhibiting miR-527/YWHAZ through
the promotion of extracellular vesicle-mediated
macrophage M2 polarization in ovarian cancer.
Cancer Biol Ther. 2021 (22):440-454.

[24] Pan J, Zhao L, Liu J, Wang G. Inhibition of circular
RNA circ_0138959 alleviates pyroptosis of human
gingival fibroblasts via the microRNA-527/caspase-5
axis. Bioengineered. 2022 (13):1908-1920.

[25] Luo W, Wang C Y, Jin L. Baicalin downregulates
Porphyromonas gingivalis lipopolysaccharide-up-
regulated IL-6 and IL-8 expression in human oral
keratinocytes by negative regulation of TLR sig-
naling. PLoS One. 2012 (7):e51008.

[26] Gupta R, Vardhan H, Srivastava P, Salhan S,
Mittal A. Modulation of cytokines and transcrip-
tion factors (T-Bet and GATA3) in CD4 enriched
cervical cells of Chlamydia trachomatis infected
fertile and infertile women upon stimulation with
chlamydial inclusion membrane proteins B and C.
Reprod Biol Endocrinol. 2009 (7):84.

[27] Swaminathan V, Prakasam S, Puri V, Srinivasan

M. Role of salivary epithelial toll-like receptors
2 and 4 in modulating innate immune responses
in chronic periodontitis. J Periodontal Res. 2013
(48):757-765.

[28] Lappin D F, Sherrabeh S, Erridge C. Stimulants of
Toll-like receptors 2 and 4 are elevated in saliva
of periodontitis patients compared with healthy
subjects. J Clin Periodontol. 2011 (38):318-325.

[29]Zhu LF, Li L, Wang X Q, Pan L, Mei Y M, Fu'Y
W, et al. M1 macrophages regulate TLR4/AP1 via
paracrine to promote alveolar bone destruction in
periodontitis. Oral Dis. 2019 (25):1972-1982.

[30]Li C, Li B, Dong Z, Gao L, He X, Liao L, et al.
Lipopolysaccharide differentially affects the osteo-
genic differentiation of periodontal ligament stem
cells and bone marrow mesenchymal stem cells
through Toll-like receptor 4 mediated nuclear fac-
tor kB pathway. Stem Cell Res Ther. 2014 (5):67.

[31]Du Y, Wang X, Jiao Y, He J, Wang W, Du Y, et al.
Importin 8 is involved in human periodontitis by
the NF-kB pathway. Int J Clin Exp Pathol. 2019
(12):711-716.

(Continued from page 10)

[63] Waldum HL, Hauso O, Fossmark R. The regula-
tion of gastric acid secretion - clinical perspec-
tives. Acta Physiol (Oxf). 2014 (210):239-256.

[64] Waldum H, Mjenes P. The central role of gastrin
in gastric cancer. Front Oncol. 2023 (13):1176673.

[65] Waldum H, Modlin I. The central role of gastrin in
Helicobacter pylori gastric carcinogenesis. Scand
J Gastroenterol. 2025 (60):652-663.

[66] Chey WD, Howden CW, Moss SF, Morgan DR,
Greer KB, Grover S, et al. ACG clinical guideline:
treatment of Helicobacter pylori infection. Am J
Gastroenterol. 2024 (119):1730-1753.

[67] Colotta F, Allavena P, Sica A, Garlanda C, Manto-

57

vani A. Cancer related inflammation, the seventh
hallmark of cancer: links to genetic instability.
Carcinogenesis. 2009 (30):1073-1081.

[68] Shimizu T, Chiba T, Marusawa H. Helicobacter
pylori-mediated genetic instability and gastric car-
cinogenesis. Curr Top Microbiol Immunol. 2017
(400):305-323.

[69] Zavros Y, Merchant JL. The immune microenvi-
ronment in gastric adenocarcinoma. Nat Rev Gas-
troenterol Hepatol. 2022 (19):451-467.

[70] Joshi SS, Badgwell BD. Current treatment and re-
cent progress in gastric cancer. CA Cancer J Clin.

2021 (71):264-279



	Circ_0087199 depletion alleviates lps-induced oxidative injury 

and cell cycle arrest in human periodontal ligament cells via 

the mir-527/tlr4 axis

