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Periodontitis is a chronic complex inflammatory disease associated with a destructive host immune response to microbial

dysbiosis, leading to irreversible loss of tooth-supporting tissues.
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1. Periodontal Disease and Regeneration

Periodontal Disease

Periodontal diseases include gingivitis and periodontitis, both of which are widespread chronic inflammatory diseases .

Periodontitis occurs as a destructive host immune response to the accumulation of a bacterial biofilm (dental plaque) on

the root surfaces of teeth. Inflammatory changes lead to progressive and episodic bursts of destruction of the supporting

tissues around the teeth, which can lead to eventual tooth loss . The global burden of periodontal disease increased by

57.3% from 1990 to 2010 . Severe forms of periodontitis affect around 11% of adults across the globe . At the global

level, aggressive forms of periodontitis (also called ‘juvenile periodontitis’) affect up to 1.6% of people who are younger

than 30 years old, including children and adolescents .

A healthy periodontium consists of soft tissues (the gingiva and periodontal ligament) and hard tissues (cementum and

alveolar bone) (Figure 1a). The accumulation of a complex microbial biofilm (dental plaque) at the interface of the tooth

and the adjacent gingiva results in inflammation (gingivitis). Gingivitis is reversible once the plaque biofilm is disrupted and

removed. In contrast, in susceptible patients, dental plaque induces irreversible inflammation of the underlying periodontal

tissues, resulting in loss of attachment and resorption of bone. When inflammation extends deep into tissues, it results in

extensive destruction of both soft and hard tissues, and this might ultimately cause loss of the affected tooth (Figure 1b,c)

. The likelihood of this happening is determined by both inherited factors such as cytokine gene polymorphisms and

other immune response genes and inherited factors, the presence of conditions that modify the host’s response (such as

diabetes mellitus and smoking), and local factors that predispose to the stagnation and maturation of the dental plaque

biofilm (such as oral appliances and dentures) .
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Figure 1.  Schematic representation of the periodontium in health (a), or in periodontitis (b), and some selected key

players in the periodontium (c). (a) The major components of a healthy periodontium are the gingiva, periodontal ligament

(PDL), cementum, and alveolar bone. (b) Periodontitis is associated with the accumulation of dental plaque biofilm,

gingival inflammation, and loss of both periodontal soft tissues (gingiva and PDL) and hard tissues (alveolar bone and

cementum). (c) Key players in an inflamed periodontal site include PDLSCs, gingival fibroblasts, osteoblasts, osteoclasts,

and different biological molecules (i.e., proteins, circular RNAs, exosomes, as well as inflammatory cytokines and

regenerative growth factors).

The main cell populations found within a healthy or diseased periodontium are periodontal ligament (stem) cells

(PDLSCs), gingival fibroblasts (GFs), osteoblasts (OBs), osteoclasts, and various immune cells  (Figure 1c). An

important biofluid in the context of the periodontium is gingival crevicular fluid (GCF), which is derived from serum. It flows

passively from the gingival crevice, at the interface between the tooth and the adjacent gingiva. The composition of GCF

alters according to the disease status of a particular periodontal site. The flow is greater when the site is inflamed. GCF

can contain neutrophils as well as various cell-derived biological molecules, including small extracellular vesicles 

 and circular RNAs (circRNAs). These small molecules are also present in the periodontal tissues, where they play an

essential role in periodontal tissue homeostasis, repair, and pathogenesis.

Susceptibility to periodontitis is influenced by both genetic and epigenetic factors, as well as by factors that modify the

host immune response, such as smoking and uncontrolled diabetes mellitus . Epigenetics is defined as a stably

heritable phenotype resulting from chemical changes in a chromosome, without causing any changes in the DNA

sequence, including DNA methylation, histone modification, and non-coding RNAs (ncRNA). Epigenetic-associated

ncRNAs can be divided into two main groups—small ncRNAs (<30 nts) and long ncRNA (>200 nts). The potential role of

epigenetics-related ncRNAs in diagnosing periodontitis was investigated previously in PDL and gingiva tissues 

; 

2. circRNA Expression in Periodontal Tissues

There is an emerging understanding of the potential role of circRNA in periodontitis, and in particular, disease

pathogenesis. There have been three studies on their presence in PDL tissues  and two studies in gingival

tissues  taken from periodontitis patients (Table 1).

Table 1. Expression of circRNAs in PDL (and cells) and gingival tissues.
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Reference
circRNA Name (Gene
Name), Genome
Location and Length

circRNA
Target or
Pathway

CircRNA
Detection
Method

Cell (Tissue) Details Key Findings

Yu et al.
2021 

circMAP3K11
(MAP3K11) miR-511 RT-qPCR10

PDL tissues from
10 healthy and 20

periodontitis cases.
hPDLSCs from
healthy donors.

Donor age—
unclear.

Passage 3.

Higher expression levels of
circMAP3K11 and TLR4, and

lower expression levels of miR-
511-3p were found in

periodontitis affected PDL
tissues, compared to healthy

controls.
circMAP3K11 enhanced
hPDLSCs proliferation,

migration and osteogenic
differentiation, and reduced the
apoptosis of hPDLSCs in vitro
through a circMAP3K11/ miR-

511-3p/TLR4 axis.
In vivo—silencing circMAP3K11

can prevent periodontitis
development in mice, with

decreased cell proliferation and
increased apoptosis.

Zheng et
al. 2021.

hsa_circ_0003489
(circCDK8)

chr13:26974589-
26975761; 1172 bp

mTOR
signalling
pathway

RT-qPCR

PDL tissues from 6
healthy and 6
mild/moderate

chronic
periodontitis

patients
hPDLSCs; Healthy
PDL tissues (third

molars);
Passage 3 to 5.

CircCDK8 and HIF-1α were
increased in PDL tissues from

periodontitis patients.
Overexpression of CircCDK8

decreased osteogenic
differentiation of hPDLSCs
through the mTOR pathway

under hypoxia.

Wang et al.
2019. 

hsa_circ_0001946;
CDR1as (or CiRS-7)

chrX:139865339-
139866824; 1485 bp

miR-7
ERK/MAPK

signal
pathway

RT-qPCR

PDL tissue from 10
periodontitis and
11 healthy cases.

hPDLSCs from
healthy teeth and

chronic
periodontitis

tissue; passage 3.
Donor age 30–40

yrs.

circCDR1as was significantly
downregulated in PDL tissues

from periodontitis patients.
circRNA CDR1as inhibited

hPDLSCs proliferation through
the miR-7 and ERK/MAPK

pathway

Wang et al.
2021. 

circ_0081572
(GRHL2)

chr8:102564942-
102571040; 6098 bp

miR-378h RT-qPCR

Gingival tissues
from 21 healthy and

21 periodontitis
cases,

Human periodontal
ligament cells

(hPDLCs).
Unclear donor age
and cell passage

number.

Circ_0081572 was
downregulated in the gingival

tissues of periodontitis,
compared to healthy gingival

tissues.
Overexpression of circ_0081572

could alleviate LPS-induced
PDLCs injury via

circ_0081572/miR-378h/RORA
axis.

Li et al.
2019. 

hsa_circ_0062491
chr22:23063339-

23180200; 116861 bp
miR-584

RNA
sequencing

RT-qPCR

Gingival tissues
from 4 healthy and

4 chronic
periodontitis cases.
THP1 cells treated
with P. gingivalis.

1, 304 circRNAs were
significantly differentially
expressed in the gingival

tissues of periodontitis patients
(n = 4).

Decreased circ_0062491 and
increased circ_0095812 found in

periodontitis-gingival tissues
compared to healthy tissues (n =

30) using RT-qPCR.
Circ_0062491 function as a miR-

584 sponge in THP1 cells.

Abbreviations: MAP3K11: Mitogen-activated protein kinase kinase kinase 11; CDK8: Cyclin-Dependent Kinase 8;

CDR1as: Cerebellar degeneration-related protein 1 antisense RNA;GRHL2: grainyhead like transcription factor 2; TLR4:

Toll-like receptor 4; HIF-1α: Hypoxia-inducible factor 1-alpha; mTOR: The mechanistic target of rapamycin; ERK:

extracellular-signal-regulated kinase; RORA: RAR-related orphan receptor alpha; and THP1: human acute monocytic

leukemia cell line.
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A very recent study by Yu et al.  demonstrated that circMAP3K11 (also named hsa_circ_002284) was significantly

increased in inflamed PDL tissues from periodontitis (n = 20), as compared to healthy PDL tissues (n = 10), using RT-

qPCR. Periodontitis patients were selected based on the following criteria—(1) redness and swelling of the gingiva or

bleeding on probing; (2) probing depth > 3 mm and attachment loss > 1 mm; and (3) radiographic evidence of horizontal

or vertical resorption of alveolar bone. However, these criteria represent a low threshold for defining periodontitis, and the

latest stage and grade guidelines for classifying periodontitis were not used. Furthermore, circMAP3K11 enhanced

hPDLSCs proliferation and migration and reduced the apoptosis of hPDLSCs in vitro via the circMAP3K11/miR-511-

3p/TLR4 axis. Overexpression of circMAP3K11 led to increased proliferation, migration, and osteogenic protein

expression of Runx2, OSX, ATF4, and BSP in hPDLSCs.The dual-luciferase reporter assay demonstrated that miR-511-

3p directly targeted circMAP3K11, and that toll-like receptor 4 (TLR4) is a direct target of miR-511-3p. Additionally, a

mouse periodontitis disease model was generated in 24 female 8-week-old C57BL/6 J mice. After oral injection of

hPDLSCs transfected with si-circMAP3K11 (1 × 10  cells/mice) for 48 h, the si-circMAP3K11 group exhibited the highest

apoptosis and decreased proliferating cells; indicating that circMAP3K11 promoted the proliferation and inhibited the

apoptosis of hPDLSCs by acting as an miR-511-3p sponge in vivo.

Zheng et al.  revealed that hsa_circ_0003489 was significantly increased in PDL tissues from patients with periodontitis

(n  = 6) compared to a healthy control group. Hsa_circ_0003489 is located at the gene for cyclin-dependent kinase 8

(CDK8) and is also known as circCDK8. Six samples of either healthy or inflamed PDL tissues were collected. The

inflamed samples were sourced from patients with mild or moderate chronic periodontitis. The healthy samples were

collected from teeth extracted for orthodontic treatment or from erupted third molars. Using RT-qPCR, it was found that

circCDK8 was expressed at more than two-fold higher levels in periodontitis compared with control tissues. circCDK8 was

shown to inhibit the osteogenic differentiation of hPDLSCs (passage 3–5) under hypoxic conditions. Overexpression of

circCDK8 leads to autophagy and apoptosis of PDLSCs via the mTOR signalling pathway. On the other hand, silencing of

circCDK8 using small interfering RNA (si-circCDK8) enhances osteogenic differentiation in hPDLSCs through altered

mTOR signalling .

Wang et al.  found that circRNA of cerebellar degeneration-related protein 1 transcript (circCDR1as) was significantly

downregulated in PDL tissues from periodontitis patients. In this particular study, human PDL tissues were obtained from

teeth with chronic periodontitis that was extracted because of advanced disease (n = 10), or from healthy teeth removed

for orthodontic purposes (n = 11). Once again, using RT-qPCR, it was found that the expression level of CDR1as was

significantly lower in PDL tissues from sites with periodontitis as compared to normal tissues. circCDR1as was also

downregulated in lipopolysaccharide (LPS)-treated hPDLSCs. Knockdown of CDR1as (using siRNA-CDR1as) enhanced

LPS-induced proliferative inhibition of hPDLSCs. In contrast, overexpression of CDR1as (by a pcDNA3.1-circ-mini-

CDR1as plasmid) was found to promote the proliferation of hPDLSCs. Additionally, circCDR1as functions as a sponge for

miR-7, and this is relevant to the extracellular-signal-regulated extracellular-signal-regulated kinase (ERK) or MAPK

signalling pathway during the proliferation of hPDLSCs.

A recent study by Wang et al.  used RT-qPCR to show that circ_0081572 was significantly decreased in periodontitis-

derived gingival tissues (n = 21) compared to healthy gingival tissues (n = 21). circ_0081572 was mainly distributed in the

cytoplasm of human periodontal ligament cells (hPDLCs). Overexpression of circ_0081572 reversed the effects of

lipopolysaccharide (LPS), which caused decreased viability and stimulated apoptosis and caspase 3 activity of PDLCs, by

targeting miR-378h and retinoid acid-related orphan receptor A (RORA). This suggests that circ_0081572 inhibits the

progression of periodontitis through regulation of the miR-378h/RORA axis.

Using RNA sequencing, Li et al.  found that a total of some 1,304 circRNAs were significantly expressed in the gingival

tissues of periodontitis patients (n = 4). The authors selected six altered circRNAs and validated their presence using RT-

qPCR. In total, in periodontitis gingival tissues, the levels of four circRNAs were increased (circ_0099630, circ_0138960,

circ_0138959, and circ_0107783), while the level of the other two decreased (circ_0062490 and circ_0085289) when

compared to healthy controls. In periodontitis tissues, circ_0062491 was significantly decreased, while circ_0095812 was

significantly increased (n = 30) when compared to control tissues (n = 30).

In summary, circMAP3K11, circCDK8, circCDR1as, circ_0081572, circ_0062491, and circ_0095812 are potentially

associated with periodontitis; however, further studies are required to confirm these findings. The literature on the role of

circRNAs in disease pathogenesis is limited, and this is an area that clearly requires further investigation.
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