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A B S T R A C T   

This study aimed to investigate correlation between mitochondrial reactive oxygen species and 
Porphyromonas gingivalis in the process of cementoblast pyroptosis. Lactate dehydrogenase ac-
tivity assay, enzyme-linked immunosorbent assay, western blotting and flow cytometry analysis 
were utilized to explore whether Porphyromonas gingivalis triggered pyroptosis in cementoblasts. 
Reactive oxygen species and mitochondrial reactive oxygen species were detected using flow 
cytometry and fluorescence staining. The effect of mitochondrial reactive oxygen species on the 
Porphyromonas gingivalis-induced pyroptosis of cementoblasts was assessed by Mito-Tempo, 
mitochondrion-targeted superoxide dismutase mimetic. Phosphorylation levels of p65 were 
measured by western blotting. SC75741, a nuclear factor-kappa B inhibitor, was added to block 
the nuclear factor-kappa B in the Porphyromonas gingivalis-infected cementoblasts. Porphyromonas 
gingivalis triggered pyroptosis of cementoblasts, and an elevation in reactive oxygen species 
generation in the mitochondria was observed. Inhibition of mitochondrial reactive oxygen species 
reduced pyroptosis and nuclear factor-kappa B signaling pathway mediated the pyroptotic cell 
death in Porphyromonas gingivalis-infected cementoblasts. Together, our findings demonstrate that 
mitochondrial reactive oxygen species increased by Porphyromonas gingivalis participated in the 
pyroptosis of cementoblasts. Targeting mitochondrial reactive oxygen species may offer thera-
peutic strategies for root surface remodeling or periodontal regeneration.   

1. Introduction 

Cementum, covering the root surface, serves as a protective shield from bacteria and acids. It links the tooth to the alveolar bone, 

Abbreviations: LPS, lipopolysaccharide; TLR, Toll-like receptor; RANKL, receptor activator of nuclear factor-kappa B ligand; ROS, reactive oxygen 
species; P. gingivalis, Porphyromonas gingivalis; NLRs, nod-like receptors; NLRP3, nod-like receptor family pyrin domain-containing 3; ASC, 
apoptosis-associated speck-like protein; GSDMD, gasdermin D; pro-IL-1β, pro-interleukin 1 beta; mtROS, mitochondrial reactive oxygen species; OD, 
optical density; NF-κB, nuclear factor-kappa B; LDH, Lactate Dehydrogenase Activity; ELISA, enzyme-linked immunosorbent assay; MOI, multi-
plicity of infection; MT, Mito-Tempo; p-p65, phospho-p65; NOXs, NADPH oxidase; MMP, mitochondrial membrane potential; IRAK3, interleukin 1 
receptor-associated kinase 3; SOD, superoxide dismutase; PRXs, peroxiredoxins; UCP2, uncoupling protein 2. 

* Corresponding author. Nanjing Stomatological Hospital, Affiliated Hospital of Medical School, Research Institute of Stomatology, Nanjing 
University, #30 Zhongyang Road, Nanjing, 210018, China. 

E-mail addresses: weimsun1022@163.com (W. Sun), yyyouthrr@163.com (T. Yang), wcx1451110408@163.com (C. Wang), lihouxuan3435_0@ 
163.com (H. Li), leilangdental@163.com (L. Lei).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e30814 
Received 26 June 2023; Received in revised form 2 April 2024; Accepted 6 May 2024   

mailto:weimsun1022@163.com
mailto:yyyouthrr@163.com
mailto:wcx1451110408@163.com
mailto:lihouxuan3435_0@163.com
mailto:lihouxuan3435_0@163.com
mailto:leilangdental@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e30814
https://doi.org/10.1016/j.heliyon.2024.e30814
https://doi.org/10.1016/j.heliyon.2024.e30814
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e30814

2

maintains the tooth’s structural integrity, and ensures homeostasis of periodontal tissues [1]. Cementoblasts, lining on the root, secrete 
organic components of the cementum, such as bone sialoprotein, osteopontin and so on [2,3]. Such cementum-forming capacity is 
essential for the physiological root formation and in the pathological root repair during orthodontic tooth movement; therefore, a pool 
of viable cementoblasts is vital to balance the gain and loss in the periodontal niche in both physiologic and pathologic conditions [4]. 
In addition, cementoblasts contribute to the periodontal regeneration process by producing the newborn cementum that anchors the 
periodontal ligament, connecting the tooth with the alveolar bone [5,6]. 

As a type of vital resident cells within the periodontal membranes lining the root surfaces, cementoblasts are constantly irritated by 
bacterial stimuli from the biofilms in the periodontal pockets. After ligation with lipopolysaccharide (LPS), fimbriae and lipoteichoic 
acid, cementoblasts release inflammatory substances and osteoclastogenesis-associated molecule, such as interleukin 6 (IL-6) and 
matrix metalloproteinases [7–9]. Such inflammatory events not only inhibit the mineralization ability of cementoblasts, but also 
promote inflammatory resorption and enhance cellular oxidative stress [10–13]. 

Despite a host of literature regarding inflammatory responses of cementoblasts following bacterial stimuli, loss of cementoblasts by 
various regulated cell deaths, including apoptosis and pyroptosis, has been seldomly addressed. Cementoblasts have been observed to 
undergo reactive oxygen species (ROS)-related intrinsic apoptotic pathway following sodium fluoride stimulation [14]; in addition, it 
can also occur as the result of interleukin 1 beta (IL-1β) and compressive force [15,16]. Moreover, Porphyromonas gingivalis 
(P. gingivalis), crucial for the onset and advancement of periodontitis, promotes pyroptosis of cementoblasts by tet methylcytosine 
dioxygenase 1 and glycolysis [17–19]. Nevertheless, the process through which P. gingivalis triggers pyroptotic cell death remains 
incompletely understood. 

In the classical pyroptotic pathway, activated nod-like receptors (NLRs), such as NLR family pyrin domain containing 3 (NLRP3), 
interact with apoptosis-associated speck-like protein containing a CARD (ASC), facilitating the recruitment and activation of pro- 
caspase 1. Subsequently, the NLRP3-ASC-caspase 1 complex, termed the inflammasome complex, further cleaves the gasdermin D 
(GSDMD) into C-terminal and N-terminal, causing pores formation, leading to ultimate cell lysis and leakage [20]. Furthermore, 
caspase 1 activation leads to the cleavage of pro-IL-1β and pro-IL-18, aiding in the development of the inflammatory cytokines IL-1β 
and IL-18 [21]. 

Mitochondria serve as a hub not only for energy production, but also for the generation of ROS during the energy generation 
process of oxidative phosphorylation [22]. Oxidative stress is a driving force in the onset of various cell death. Moreover, mito-
chondrial ROS (mtROS) may act as a priming signal for inflammasome activation [23]. Therefore, we hypothesized that mtROS 
induced by P. gingivalis promotes pyroptosis in cementoblasts. 

2. Materials and methods 

2.1. Cell culture and treatment 

For this research, cementoblast cell line called OCCM-30 (RRID CVCL_D4XK) derived from mice was obtained from a biotechnology 
company named Mingzhoubio in China. As described by Xu et al., Cell culture was in Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, USA), and the culture medium was supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin and 10 % (v/v) fetal 
bovine serum (FBS, Gibco, USA) [24]. . 

2.2. Bacterial culture and drugs treatment 

P. gingivalis, strain ATCC 33277, was maintained in the brain heart infusion broth, with supplement of yeast extract (1 mg/ml), 
hemin (5 mg/ml) and menadione (1 mg/ml) in an anaerobic condition (85 % N2, 5 % H2, and 10 % CO2) at 37 ◦C. Bacterial levels were 
normalized using a spectrophotometer (SpectraMax M3, USA) to an optical density (OD) of 1 at 600 nm, equivalent to 109 CFU/ml 
[25]. P. gingivalis infected OCCM-30 cells at the exponential growth phase with varying multiplicity of infection (MOI = 30, 100 and 
300) as detailed in the figure captions. 

Mito-Tempo (MedChemExpress, USA), the mtROS scavenger, MCC950 (MedChemExpress, USA), the selective NLRP3 inhibitor, 
and SC75741 (Selleck, USA), the nuclear factor-kappa B (NF-κB) inhibitor were used at the concentration of 100 μM or 5 μM 
respectively for 2 h before the experiment. 

2.3. Lactate dehydrogenase activity (LDH) assay 

New medium with 1 % FBS was added after cementoblasts were cultured for 24 h. Apart from the experimental group, the culture 
wells were also divided into blank control, sample control, and lysis control (maximum enzyme activity). According to the experi-
mental requirements, the corresponding treatments were applied. Cell lysis solution was added for 1 h before the assay. To assess the 
membrane integrity, culture medium of OCCM-30 cells was collected after treatment and assessed for LDH release using the assay kit 
from Beyotime in China as instructions. The relative quantification of LDH release levels were calculated as Peng et al. performed [17]. 

2.4. Annexin V-FITC/PI assay 

2 × 105 cementoblasts were placed into 6-well plates. As described by Peng et al. [17], cells, digested with trypsin (without EDTA), 
along with culture supernatant, were collected in polypropylene FACS tubes. Following centrifugation, the cells were treated with PI 
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and Annexin V (Multisciences, China) following the protocols. Stained cells were quantified using FACS Calibur (BD Biosciences, USA) 
and analyzed with FlowJo software version 10.10.0 from Tree Star in the United States. 

2.5. Enzyme-linked immunosorbent assay (ELISA) 

Culture medium of OCCM-30 cells after treatment was collected, and sandwich ELISA (IL-1β, MultiSciences, China; IL-18, JYB, 
China) was used for quantification following the instruction of the manufacturer. The OD was read using a Spectra Max M3 (Molecular 

Fig. 1. P. gingivalis induced pyroptosis in OCCM-30 cells. 
OCCM-30 cells were treated by MOI = 0, 30, 100 and 300 of P. gingivalis for 24 h. (a) Relative LDH release in the culture supernatants from OCCM- 
30 cells was measured. (b) IL-1β and IL-18 release in the culture medium were detected by ELISA. (c) Protein expression was analyzed by Western 
blot after bacterial infection. Data are expressed as relative ratios of specific proteins to β-actin (n = 3). More details were shown in the Supple-
mental Information S1. (d) OCCM-30 cells treated with P. gingivalis as indicated were measured by flow cytometry using an annexin V-FITC/PI 
detecting kit. Annexin V+/PI+ indicated the pyroptotic cells. Bar chart indicates the percentage of pyroptotic cells. Data were shown as mean ±
standard deviation from three experiments independently. ***, P ＜ 0.001; **, P ＜ 0.01; *, P ＜ 0.05. Ctr: control; MOI: multiplicity of infection; C- 
caspase 1: cleaved caspase 1; GSDMD-Full, gasdermin D-full length; GSDMD-N, gasdermin D-N terminal. 

W. Sun et al.                                                                                                                                                                                                            



Heliyon 10 (2024) e30814

4

Devices, USA). 

2.6. Western blot 

OCCM-30 cells after treatment were collected with RIPA buffer (Beyotime, China) on the ice. Proteins were isolated using SDS- 
PAGE (SmartLifesciences, China), then moved to a PVDF membrane from Millipore in the USA. Following the use of QuickBlock™ 
blocking buffer (Beyotime, China) to block the PVDF membrane, the primary antibody specific to the target protein was added for 

Fig. 2. P. gingivalis induced NLRP3 inflammasome-mediated pyroptosis of cementoblasts 
OCCM-30 cells were preincubated with 5 μM MCC950 for 2 h and treated with P. gingivalis (MOI = 100) for 24 h. (a) Relative LDH release in OCCM- 
30 cells. (b) IL-1β and IL-18 release in the culture medium were detected by ELISA. (c) Protein expression was analyzed by Western blot after 
bacterial infection. Data are expressed as relative ratios of specific proteins toβ-actin (n = 3). More details were shown in the Supplemental In-
formation S1. (d) OCCM-30 cells treated as indicated were measured by flow cytometry using an annexin V-FITC/PI apoptotic detecting kit. Annexin 
V+/PI+ indicated the pyroptotic cells. Bar chart indicates the percentage of pyroptotic cells. Data were shown as mean ± standard deviation from 
three experiments independently. ***, P ＜0.001; **, P ＜0.01; *, P ＜ 0.05. Ctr: control; P.g: Porphyromonas gingivalis; C-caspase 1: cleaved caspase 
1; GSDMD-Full, gasdermin D-full length; GSDMD-N, gasdermin D-N terminal. 
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Fig. 3. P. gingivalis induced Mitochondrial ROS and ROS production in OCCM-30 cells 
OCCM-30 cells were treated with P. gingivalis (MOI = 100) for 8 h. Mitochondrial ROS and ROS production were examined by flow cytometry (a, b) 
and immunofluorescence (c) by MitoSOX Deep Red and DCFH-DA. More details were shown in the Supplemental Information S2. ***, P ＜0.001; **, 
P ＜0.01; *, P ＜ 0.05. Ctr: control; P.g: Porphyromonas gingivalis; ROS: reactive oxygen species; mtROS: mitochondrial ROS. 
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incubation. Rabbit anti-β-actin (CST, USA), rabbit anti-caspase 1 (CST, USA), anti-NLRP3 (Affinity, China), anti-GSDMD (Proteintech, 
China), anti-ASC (Abcam, UK), anti-phospho-p65 (CST, USA), and anti-p65 (CST, USA) were used in our experiment. The intact OD for 
the protein band was analyzed by the Image-J software (V1.8.0, National Institutes of Health, USA). 

2.7. Mitochondrial ROS (mtROS) and ROS detection 

MitoSOX Deep Red from DOJINDO in Japan and a kit from Beyotime Biotechnology in China were utilized for the measurement of 

Fig. 4. MtROS participates in the pyroptosis induced by P. gingivalis in OCCM-30 cells 
OCCM-30 cells were preincubated with 100 μM Mito-Tempo for 2 h and treated with P. gingivalis (MOI = 100) for 24 h. (a) Relative LDH release in 
OCCM-30 cells. (b) IL-1β and IL-18 release in the culture medium were detected by ELISA. (c) Protein expression was analyzed by Western blot after 
bacterial infection. Data are expressed as relative ratios of specific proteins to β-actin (n = 3). More details were shown in the Supplemental In-
formation S1. (d) OCCM-30 cells treated as indicated were measured by flow cytometry using an annexin V-FITC/PI apoptotic detecting kit. Annexin 
V+/PI+ indicated the pyroptotic cells. Bar chart indicates the percentage of pyroptotic cells. Data were shown as mean ± standard deviation from 
three experiments independently. ***, P ＜ 0.001; **, P ＜ 0.01; *, P ＜ 0.05. Ctr: control; MT: Mito-Tempo; P.g: Porphyromonas gingivalis; C-caspase 
1: cleaved caspase 1; GSDMD-Full, gasdermin D-full length; GSDMD-N, gasdermin D-N terminal. 
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Fig. 5. Mitochondrial ROS induced pyroptosis through phospho-p65 in P. gingivalis-infected cementoblasts 
(a) OCCM-30 cells time-dependently infected with P. gingivalis (MOI = 100). Protein expression was analyzed by Western blot after P. gingivalis 
infection (n = 3). (b) After preincubated with 100 μM Mito-Tempo, protein expression in OCCM-30 cells treated by P. gingivalis was analyzed by 
Western blot (n = 3). More details were shown in the Supplemental Information S1. After preincubated with 5 μM SC75741, protein expression (c) 
and Annexin V+/PI+ (d) of OCCM-30 cells treated by P. gingivalis were analyzed by Western blot and flow cytometry. Bar chart indicates the 
percentage of pyroptotic cells. Data were shown as mean ± standard deviation from three experiments independently. ***, P ＜0.001; **, P ＜0.01; 
*, P ＜ 0.05. Ctr: control; MT: Mito-Tempo; P.g & P. gingivalis: Porphyromonas gingivalis. 
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mtROS and ROS accumulation. 
Following an 8-h exposure to P. gingivalis, trypsin-digested cells washed with PBS were gathered in polypropylene FACS tubes. 

Incubation with 10 μM MitoSOX Deep Red and DCFH-DA reagent at 37 ◦C for 30 min. Detection of mtROS and ROS was performed on 
FACS Calibur (BD Biosciences, USA), and both the procedures and result analysis followed previous literature guidelines [26]. 

Confocal microscopy was used to analyze OCCM-30 cells, which were placed on a confocal dish and exposed to P. gingivalis for 8 h. 
Following a PBS wash, the cells were then exposed to 10 μM MitoSOX Deep Red and DCFH-DA reagent as above. Confocal microscopy 
(Nikon A1, Japan) was used to observe the production of mtROS and ROS. 

2.8. Statistical analysis 

The data were analyzed and graphed in the GraphPad Prism (V9.0, GraphPad Software Inc, USA). All data showed a normal 
contribution in the Shapiro-Wilk test. In addition, one-way ANOVA was used to explore the statistical difference, followed by the post- 
hoc multiple comparisons (Tukey). Values of p < 0.05 were considered statistically significant. 

3. Results 

3.1. Pyroptosis was triggered by P. gingivalis in OCCM-30 cells 

P. gingivalis was used to stimulate cementoblasts at various MOI values (30, 100 and 300) for 24 h. We initially examined the 
amount of LDH released from the treated OCCM-30 cells, which revealed that P. gingivalis significantly increased the LDH release levels 
(P＜0.001, Fig. 1a). Moreover, we also detected elevated levels of IL-1β and IL-18 in the supernatant after P. gingivalis treatment, which 
were proportionate to the dosage (Fig. 1b). Meanwhile, P. gingivalis upregulated the protein expression of pyroptosis-associated 
molecules. As demonstrated in Fig. 1c and Supplemental Information S1, pyroptosis-related protein was increased in the cemento-
blasts. In addition, a notable rise of cells in the proportion of both positive of annexin V and PI after treatment, indicating that 
P. gingivalis promotes cell death in OCCM-30 cells (P＜0.001, Fig. 1d). 

3.2. P. gingivalis induced NLRP3 inflammasome-mediated pyroptosis of cementoblasts 

To further investigate whether P. gingivalis infection affects NLRP3 expression in cementoblasts, the specific NLRP3 inhibitor, 
MCC950, was used. The MCC950 administration significantly inhibited the P. gingivalis-induced release of LDH in OCCM-30 cells 
(Fig. 2a). MCC950 pretreatment significantly reduced IL-1β and IL-18 levels (Fig. 2b) and proteins expression (Fig. 2c & Supplemental 
Information S1) (P＜0.05). Moreover, it also revealed a reduction in the double positive (annexin V+/PI +) cell rate after treatment of 
MCC950 (P＜0.001) (Fig. 2d). Thus, we conclude that P. gingivalis induces pyroptosis by activating the NLRP3. 

3.3. Mitochondrial ROS participates in P. gingivalis-induced pyroptosis in cementoblasts 

After 8 h of stimulation with P. gingivalis, OCCM-30 cells exhibited a notable rise (P＜0.001) in ROS and mtROS expression as 
detected by fluorescence staining and flow cytometry (Fig. 3a, b, c and Supplemental Information S2), suggesting the induction of 
oxidative stress by P. gingivalis. 

To confirm the involvement of mtROS in P. gingivalis-triggered pyroptosis, cementoblasts were pretreated with 100 μM Mito-Tempo 
(MT) for 2 h. Compared to the group only exposed to P. gingivalis, cells treated with Mito-Tempo prior to P. gingivalis had significantly 
decreased the LDH release levels (Fig. 4a). In addition, inhibition of mtROS suppressed IL-1β and IL-18 in cementoblasts (P＜0.05, 
Fig. 4b). Pyroptosis-related protein was decreased following treatment with Mito-Tempo (Fig. 4c & Supplemental Information S1). 
Furthermore, flow cytometric analysis showed that double positive cell rate was decreased after pretreatment of Mito-Tempo (P＜ 
0.001, Fig. 4d). Together, it indicates that inhibition of mtROS reduces P. gingivalis-induced pyroptosis. 

3.4. Mitochondrial ROS induced pyroptosis through phospho-p65 in P. gingivalis-infected cementoblasts 

After treatment of P. gingivalis, phospho-p65 (p-p65) levels were significantly upregulated compared to non-phosphorylated levels 
in a time-dependent manner (Fig. 5a & Supplemental Information S1). Preincubation with 100 μM Mito-Tempo was found to inhibit 
levels of p-p65 (P＜0.001, Fig. 5b & Supplemental Information S1). Furthermore, after using 5 μM SC75741, the NF-κB inhibitor, the 
expression of NLRP3 (Fig. 5c & Supplemental Information S1) and cell rate of both annexin V+and PI+(Fig. 5d) were decreased (P＜ 
0.01). Thus, we conclude that mtROS induced pyroptosis by activating the NF-κB pathway. 

4. Discussion 

Life or death is a critical fate in host cells during the combat against microbes. P. gingivalis may induce pro-inflammatory events in 
osteoblasts, including cytokine release and RANKL production. In our study, P. gingivalis induced pyroptosis in cementoblasts. The 
upregulation of mtROS contribute to the onset pyroptosis in cementoblasts. Targeting mtROS-related pyroptosis offers a possible 
strategy for the viability of cementoblasts and the integrity of the cementum. 

Cementoblasts, with the capacity of matrix deposition and mineralization, are essential for root resorption repairs and periodontal 
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regeneration [5,27]. P. gingivalis and its LPS inhibited cementoblasts mineralization and induced inflammatory responses and the 
up-regulation of oxidative stress [9,28]. OCCM-30 cells are murine-derived immortalized cementoblast cell line containing toll-like 
receptors 2/4(TLR2/4) [7,8]. Some virulence factors present in P. gingivalis, such as LPS and fimbriae are recognized by TLRs dur-
ing infection, and subsequently trigger the NF-κB to upregulate the expression of NLRs [29–32]. In our present experiment, cemen-
toblasts treated with P. gingivalis were showed dose-dependent increases in the double positive cell rate and the amount of LDH 
released, suggesting lytic cell death. Further, the expression levels of actived-caspase 1 and GSDMD-N increased, indicating that 
pyroptosis occurs. Moreover, by using NLRP3 inhibitor MCC950, pyroptosis related index were reversed. It showed that P. gingivalis 
may induce pyroptosis by activating NLRP3 inflammasome. 

Mitochondria are main sites of intracellular oxidative phosphorylation to produce ATP and are major sources of intracellular ROS 
[33]. Currently, there is a belief that the electron transport chain in mitochondria is crucial in generating intracellular ROS, which in 
turn can activate NOXs and elevate levels of ROS within cells [34]. Extensive evidence suggests that P. gingivalis or LPS causes oxidative 
stress and mitochondrial dysfunction, finally leading to inevitable damage [35,36]. In gingival fibroblasts and periodontal ligament 
cells, P. gingivalis-LPS infection leads to mtROS generation, mitochondrial membrane potential (MMP) loss, and mitochondrial 
biogenesis [37–40]. Similarly, increases in mtROS and ROS generation were observed in cementoblasts after treatment with 
P. gingivalis, indicating that P. gingivalis may cause mitochondrial disorder and oxidative stress in OCCM-30 cells. 

Mitochondria in regulating the pyroptosis has attracted wide attention. Studies have shown that mitochondria have the ability to 
regulate NLRP3 inflammasome activation through multiple mechanisms [41]. As byproducts of mitochondrial energy metabolism, 
mtROS have also been thought as an intermediate in triggering the inflammatory signalling cascade and activating the NLRP3 to 
enhance the pyroptosis [42,43]. In our study, inhibition of mtROS by Mito-Tempo reduced pyroptosis in cementoblasts. It demon-
strated that mtROS may partly participate in P. gingivalis-induced pyroptosis in cementoblasts. Moreover, it should be noted that NOX, 
eNOS uncoupling and xanthine oxidase can also regulate its production [44]. Liu et al. found that hyperhomocysteinemia (HHcy) 
promoted the NOX complex production, which increases ROS levels, inflammasome activation, and pyroptosis [45]. It has been re-
ported that NOX/ROS signalling pathways are able to trigger oxygen sensitivity in the inflammasome, leading to pyroptosis in he-
matopoietic stem cells [46]. Cellular ROS was thoughted to induce pyroptosis via triggering NLRP3 inflammasome activation by two 
steps: related gene transcription and translation [47], and the activation of inflammasome through TXNIP [48]. Further investigation 
may be needed to performed to explore the role of other sources of ROS in cementoblasts. 

NF-κB is crucial in regulating inflammatory responses and the activation of p65 has been implicated in the onset of pyroptosis [43, 
49]. Our research found that P. gingivalis triggered the activation of p-p65. Meanwhile, suppression of mtROS inhibited activation of 
p-p65 and cell death, indicating that NF-κB pathway activation may be the downstream point of mtROS. However, the process by 
which mtROS regulates NF-κB signalling is not totally clarified. Some researchers have proposed that interleukin 1 receptor-associated 
kinase 3 (IRAK3) acts in the upstream of NF-κB, blocking IRAK1 and IRAK4 separation from MyD88 [50,51]. In addition, Jin et al. 
reported that Ginsenoside Rh1 suppresses NF-κB by deactivating STAT3 through mtROS [52]. Further investigation may be necessary 
to determine whether overproduced mtROS or ROS can act on this key enzyme or upstream pathway, thereby activating NF-κB 
signaling. 

Although we have observed that inhibiting mtROS reduces pyroptosis in cementoblasts, further studies are still needed to explore 
how P. gingivalis increase the production of mtROS, and how to reduce pyroptosis of cementoblasts. P. gingivalis induces mitochondrial 
fragmentation and raises the mtROS production in vascular endothelial cells [53]. Mitophagy which removes damaged mitochondria 
can reduce the production of mtROS in periodontitis [26]. Moreover, to maintain the balance of mtROS, mitochondria are equipped 
with scavenging systems, such as superoxide dismutase (SOD), peroxiredoxins (PRXs), uncoupling protein 2 (UCP2) and so on. 
Reduced activity of these scavenging systems has been implicated in the increase of mtROS and pathological injury observed in 
diabetic, liver, kidney and cardiovascular diseases [54–57]. Whether such regulations of mtROS occur in the pathological role of 
P. gingivalis in cementoblasts deserves to be investigated. Additionally, certain newly developed substances have shown to have a 
notable impact on the oral ecosystem [58]. Lysates and postbiotics have the potential to alter clinical and microbiological factors in 
patients with periodontal disease. Therefore, these products should be included as adjuvants in future clinical studies, especially in 
situations involving P. gingivalis-induced pyroptosis [59,60]. 

4.1. Limitation 

However, our study still has several limitations. Given that P. gingivalis contains multiple virulence factors, including LPS, gingi-
pains and outer membrane vesicles, their respective effects on mtROS and pyroptosis are still needed to be further revealed. The 
establishment of animal model is necessary to better unveil the pathological role of mtROS on the cementum destruction or formation 
during P. gingivalis infection. 

5. Conclusion 

In conclusion, the findings of this study suggest that mtROS participates in the NLRP3 inflammasome-dependent pyroptosis and the 
activation of p65. Targeting mtROS may hold promise for cementum regeneration and reconstruction. 
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