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Abstract
Background: The role of reactive oxygen species (ROS) in activation of the inflam-

matory response has been proven in previous study using human gingival fibroblasts

(HGFs) to lipopolysaccharide (LPS) from Porphyromonas gingivalis (Pg) stimula-

tion, but its exact mechanism has not been established. ROS can be generated through

increased oxidative phosphorylation. P53 originally identified as a tumor suppres-

sor, has been demonstrated to be associated with energy metabolism. We proposed

that LPS-induced inflammatory cytokines release in HGFs is mediated by interaction

between P53 and ROS levels.

Methods: HGFs were grown in medium with Pg LPS stimulation. Gene expres-

sion was performed by quantitative reverse transcription polymerase chain reaction

(qRT-PCR) and Western blot analysis. HGFs were also processed by immunofluo-

rescence to characterize the localization of P53. ROS was measured using a multi-

modal microplate reader and immunofluorescence microscopy. Cellular respiration

levels were performed with a high-resolution respirometer. Cytokines secretion was

confirmed by enzyme-linked immunosorbent assay.

Results: LPS-induced P53 activity and localization in mitochondria led to cellular

redox imbalance and mitochondrial dysfunction, thus triggered the cellular inflamma-

tory response with increased secretion of interleukin (IL)-1𝛽, IL-6 and tumor necrosis

factor (TNF)-𝛼. Furthermore, the cellular redox imbalance and inflammation induced

by LPS were reversed by inhibiting P53 activity. P53 expression followed by LPS-

induced inflammation was also be restricted by suppressing ROS generation.

Conclusions: The present study shows that LPS-induced inflammation in HGFs is

partially dependent on P53 modulating ROS and ROS stimulating P53, which suggests

that P53 and ROS may form a feedback loop. The identification of this mechanism

may provide potential new therapeutic strategies for periodontitis.
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Periodontitis is an inflammatory disease characterized by

alveolar bone destruction, which eventually contributes to

tooth loss.1 Evidence has shown that a majority of adults

suffer from mild to moderate periodontitis.2,3 Research on

the pathogenesis of periodontitis and development of the

new therapeutic approaches is therefore necessary. Peri-

odontitis is initially induced by the colonization of different

microorganisms in subgingival biofilm.4 In this process, soft

and hard tissue supporting the tooth is damaged. Human

gingival fibroblasts (HGFs) are the major components of

gingival connective tissue.5 They recognize infection and are

endowed with potent antimicrobial mechanisms. Meanwhile,
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they also participate in the human immune response, leading

to connective tissue destruction.5

Molecular mechanisms for the microorganism-mediated

pathogenesis of periodontitis have been proposed. In the

classical mechanism, lipopolysaccharide (LPS) from gram-

negative bacteria contributes to the release of proinflamma-

tory cytokines detected at lesion sites.6 Studies demonstrated

that bacterial stimuli induces periodontitis through reac-

tive oxygen species (ROS) production, especially mitochon-

drial (mt)ROS generation.7,8 In this mechanism, mtROS act

as cellular signaling molecules, activating proinflammatory

pathways.9–11 Furthermore, inhibiting ROS release is accom-

plished by preventing LPS-induced mitogen-activated pro-

tein kinase (MAPK) and nuclear factor (NF)-𝜅B activation,

which are both essential steps in mediating periodontitis.11

Therefore, mtROS play a supportive role in the initiation and

development of periodontitis. They also serve as bridge sig-

nals that enable mitochondrial functions to be associated with

periodontitis.12,13

A previous study demonstrated that ROS production is pro-

moted by increased oxidative phosphorylation (OXPHOS).14

P53 is involved in this mechanism through mediation of

glycolysis and OXPHOS.15–17 In this way, ROS production

is altered and contributes to distinct cellular responses. A

vital metabolic function of P53 is to augment mitochondrial

respiration.18 During this process, P53 is believed to directly

or indirectly influence the expression of several enzymes par-

ticipating in cellular respiration.19,20 One example is mito-

chondrial pyruvate dehydrogenase (PDH) kinase 2 (PDK2),

which is a negative regulator of PDH19 and can lead to PDH

activity inhibition. P53 inhibits PDK2 expression and pro-

motes conversion of pyruvate to acetyl-coenzyme A (CoA),19

which enhances cellular respiration. However, the mechanism

connecting P53 to ROS and inflammation in HGFs has not

been described.

Previous evidence has suggested that P53 is a vital mediator

of inflammatory processes in disease.21–24 The responses of

P53 are context-specific and partially dependent on its expres-

sion and localization. In this study, we proposed that LPS from

Porphyromonas gingivalis triggered inflammatory cytokine

generation in HGFs by promoting redox imbalance with P53

involvement. We aimed to demonstrate a novel P53-mediated

mechanism of LPS-induced inflammation, this may provide

additional insights into P53 and periodontitis.

1 MATERIALS AND METHODS

1.1 Human gingival fibroblast culture
Primary HGFs were obtained from 4 patients (2 male

and 2 female average age 35 years) without gingival or

periodontal disease during crown-lengthening surgery.

Sample collection was performed after receiving approval

from the Review Board and Ethics Committee of Peking

University Health Science Center (PKUSSIRB-2013017).

Written, informed consent for tissue use was provided for

the involved patients. HGFs were maintained in Dulbecco's

modified Eagle's medium (Hyclone Laboratories, Logan,

UT) (DMEM) supplemented with 10% fetal bovine serum

(Gibco, Thermo Fisher Scientific, USA) (FBS) and 1%

penicillin/streptomycin. They were cultured in the presence

of 5% CO2 at 37◦C. HGFs were used from passage 3 to 8.

1.2 LPS/pifithrin-𝜶/N-acetylcysteine
treatment of HGFs
Cells plated in 6-well or confocal dishes were incubated to

approximately 80% confluence. Cells were then stimulated

with or without a P53 inhibitor (Pifithrin-𝛼, Sigma-Aldrich,

St. Louis, MO) (pifithrin-𝛼) at a concentration of 20 𝜇M for

2 h. Meanwhile another group of cells were culturing in the

presence or absence of 1mM N-acetylcysteine (NAC) (Sigma-

Aldrich, St. Louis, MO) for 1h. After washing with phosphate-

buffered saline (PBS), 1 𝜇g/mL P. gingivalis LPS (ATCCs

33277, InvivoGen, France) was added into the medium spec-

ified above. Untreated cells were used as a control. After that,

cells and culture supernatants were collected for subsequent

experiments.

1.3 Transfection with P53 siRNA
Human P53 siRNA and scrambled control siRNA (Santa

Cruz Biotechnology) were used for transfection. HGFs were

transfected with 10 nM P53 siRNA or scrambled con-

trol siRNA using Lipofectamine RNAiMAX (Lipofectamine

RNAiMAX, Thermo Fisher Scientific) according to the man-

ufacturer's instructions. Cells were used 48 hours post-

transfection and then treated with 1 𝜇g/mL of LPS. The trans-

fection efficiency was determined through Western blots by

comparisons with control siRNA, and the efficiency exceeded

50%.

1.4 Quantitative reverse transcription
polymerase chain reaction (qRT-PCR)
Total RNA was extracted using TRIzol (TRIzol, Life

Technologies, Thermo Fisher Scientific), and cDNA was

synthesized by reverse transcription using qPCR RT Master

Mix (ReverTra Ace, Toyobo, Osaka, Japan). Real-time PCR

was performed using gene-specific primers and the qPCR

Mix (Toyobo THUNDERBIRD SYBR, Toyobo, Osaka,

Japan) on a PikoReal 96 real-time PCR system. Primers used

were as follows: P53 (TCCTCCCCAACATCTTATCC and

GCACAAACACGAACCTCAAA), PDK2 (ATGGCAGTC-

CTCCTCTCTGA and CACCCACCCTCTTCCTAACA),

and GAPDH (GGAGCGAGATCCCTCCAAAAT and



1144 LIU ET AL.

GGCTGTTGTCATACTTCTCATGG). All samples were

prepared in triplicate, and the relative mRNA expression in

each sample was normalized to that of glyceraldehyde-3-

phosphate dehydrogenase (GAPDH).

1.5 Western blots
Equal amounts of protein from each sample (15–30 𝜇g)

was denatured and loaded onto 12% sodium dodecyl sulfate-

polyacrylamide gels for electrophoresis (SDS-PAGE). The

proteins were then transferred to nitrocellulose membranes

(BD Biosciences, Franklin Lakes, NJ) and incubated block-

ing buffer containing 10% skim milk. Next, western blotting

was carried out with primary antibodies against human P53

(Cell Signaling Technology, Danvers, MA) and p-P53 (Cell

Signaling Technology) (at 1:1000 dilution), PDK2 (Abcam,

Cambridge, UK) (at 1:1000 dilution), and horseradish peroxi-

dase (HRP)-coupled anti-rabbit secondary antibody (Cell Sig-

naling Technology) (at 1:2000 dilution) for detection. Finally,

the bands were stained with an enhanced chemiluminescence

kit. Rabbit anti-GAPDH was used as a loading control (Cell

Signaling Technology).

1.6 ROS production
The level of cytoplasmic ROS production in HGFs was

assessed with 2′,7′-dichlorodihydrofluorescein diacetate

(Sigma-Aldrich, St. Louis, MO) (H2DCF-DA). Cells were

pre-incubated with H2DCF-DA (10 𝜇M) for 30 minute

at 37◦C in 5% CO2. H2DCF-DA diffuses into cells and

then is oxidized into the fluorescent compound 2′,7′-

dichlorofluorescin (DCF). The fluorescence intensity under

various conditions was measured as optical density (OD)

at 488 nm with a multimodal microplate reader (EnSpire,

PerkinElmer, Waltham, MA). Fluorescence was also mea-

sured by immunofluorescence microscopy (TCS-SP82;

Leica, Wetzlar, Germany) with excitation and emission

wavelengths of 488 nm and 535 nm, respectively

1.7 Mitochondrial ROS production
HGFs were pre-incubated with 5 𝜇M MitoSOX Red (Invit-

rogen, Carlsbad, CA) for 30 minute at 37◦C in 5% CO2.

MitoSOX Red is a superoxide-sensitive and mitochondria-

specific targeted fluorescent probe that detects superoxide

in the mitochondria of living cells. Once in mitochondria,

MitoSOX Red is oxidized into a red fluorescent compound

by superoxide. The fluorescence intensity of individual

cells was measured by a multimodal microplate reader

(EnSpire, PerkinElmer) at 510 nm and by immunofluo-

rescence microscopy (Leica) with excitation and emission

wavelengths of 510 nm and 580 nm, respectively.

1.8 Mitochondrial membrane potential
assessment
Mitochondrial membrane potential was measured with

tetramethylrhodamine methyl ester (Invitrogen) (TMRM).

Cells were plated onto confocal dishes in growth medium. A

loading solution with 200 nM TMRM dye was added for 15

minutes at 37◦C in 5% CO2. Afterwards, the dishes were gen-

tly washed twice with PBS. The fluorescence intensity of the

samples was analyzed by immunofluorescence microscopy

(TCS-SP82; Leica) with excitation and emission wavelengths

of 549 m, and 573 nm, respectively.

1.9 Cytokine measurements
Human IL-1𝛽, IL-6, and tumor necrosis factor (TNF)-𝛼

enzyme-linked immunosorbent assay (ELISA) kits (R&D

Systems, Minneapolis, MN) were used to measure the

amounts of IL-1𝛽, IL-6, and TNF-𝛼 secreted in culture super-

natants according to the manufacturer's instructions.

1.10 Respiration assays
Cellular respiration assays were performed with a high-

resolution respirometer (Oxygraph-2K; Oroboros Instruments

Corp, Innsbruck, Austria) to monitor basal respiration and

maximal respiration activity according to the manufacturer's

instructions. HGFs were pre-incubated with pifithrin-𝛼 for

2 hours. Afterwards, cells were cultured in growth medium

with or without LPS treatment. On termination, about 1.5 ×
106 HGFs were injected into each chamber of the respirom-

eter before the addition of oligomycin, carbonyl cyanide 4-

(trifluoromethoxy) phenylhydrazone (FCCP), rotenone, and

antimycin A at the listed concentrations (Figure 4) Cellular

basal respiration and maximal respiration activity were then

analyzed based on these parameters.

1.11 Immunofluorescence for colocalization
analysis
HGFs were plated on confocal dishes. After LPS stimula-

tion with or without pifithrin-𝛼 pre-incubation, cells were

treated with 200 nM MitoTracker Red (Invitrogen) for

30 minutes at 37◦C in 5% CO2, and then washed 3 times with

PBS. For P53 protein (Toyobo Thunderbird SYBR, Toyobo,

Osaka, Japan}staining, cells were fixed in 4% paraformalde-

hyde (PFA) for 15 minutes at 37◦C and permeabilized for

10 minutes at 37◦C in 0.2% Triton X-100 in PBS. Cells were

then treated with blocking buffer (5% BSA in PBS) for 30 min-

utes at 37◦C. Next, the samples were incubated with primary

antibody to P53 (1:1600) diluted in 1% BSA for 2 hours at

37◦C. Cells were washed 3 times with PBS, and then incu-

bated with goat anti-rabbit Andy Fluor 488 secondary anti-

body (GeneCopoeia, Rockville, MD) for 1.5 hours at 37◦C
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before mounting with 4′6-diamidino-2-phenylindole (DAPI).

The stained samples were evaluated under a 63 × 1.35 NA

oil-immersion lens using a spinning-disk confocal microscope

(Leica). P53 localization and mitochondrial colocalization

percentages were measured using the “colocalization rate” in

the LAS X software (Leica).

1.12 Statistical analysis
All data were analyzed using GraphPad Prism (GraphPad, Inc,

La Jolla, CA). Results are presented as means± SE. Statistical

significance between 2 samples was determined by Student's

t-test, whereas ANOVA followed by Student Knewman-Keuls

post hoc test were used to determine the difference among

multiple comparisons. Differences were considered signifi-

cant at P < 0.05.

2 RESULTS

2.1 LPS stimulation activated P53 and
suppressed PDK2 in HGFs
Our previous study demonstrated that HGFs responded to LPS

stimulation, which induced pro-inflammatory cytokine secre-

tion by activation of mtROS.8 We hypothesized that P53 reg-

ulates energy metabolism, resulting in ROS generation dur-

ing this process. To validate this hypothesis, we assessed the

expression of P53, p-P53, and PDK2, which is a negative reg-

ulator of PDH in cellular respiration. RT-PCR and western

blots revealed expression of P53 and PDK2 at the RNA and

protein levels respectively in LPS-treated HGFs. We observed

that LPS stimulation increased P53 and p-P53 expression but

decreased PDK2 expression (Figure 1).

We evaluated the function of P53 with a specific antag-

onist of P53 expression, pifithrin-𝛼, and with transfection

by P53 siRNA cultured with or without LPS. Consistently

with the aforementioned results, pifithrin-𝛼 application or P53

siRNA combined with LPS stimulation both decreased cellu-

lar P53 at the RNA and protein levels, however PDK2 was

observed slightly enhanced compared with that detected in

LPS stimulated HGFs (Figure 1). Therefore, our results sug-

gested that LPS stimulation of HGFs induced P53 activation

and PDK2 suppression; additionally, P53 activation inhibits

PDK2 expression.

2.2 LPS treatment induced P53 accumulation
in mitochondria and mitochondrial membrane
potential destruction
Previous studies have demonstrated that mitochondrial mem-

brane potential is destroyed by LPS stimulation and that P53

localization in cells on various stimuli plays an important role

in mediating cell fates.25 We therefore determined whether

LPS treatment contributed to P53 localization and variation

in mitochondrial membrane potential. To this end, HGFs were

pre-cultured in the presence or absence of pifithrin-𝛼, a spe-

cific inhibitor of P53, for 2 h, followed by stimulation with

LPS. We found that P53 markedly translocated into the mito-

chondria on LPS stimulation (Figure 2). Treatment with the

P53 inhibitor reversed P53 colocalization with mitochondria

even after LPS stimulation (Figure 2).

LPS stimulation significantly reduced mitochondrial mem-

brane potential in HGFs, and inhibition of P53 by Pifithrin-𝛼

pretreatment restored the potential to some extent (Figure 2).

These results suggested that substantial loss of mitochondrial

membrane potential by LPS treatment was possibly mediated

by interactions between P53 and mitochondria.

2.3 Activation of P53 regulated cellular
respiration thus increased ROS levels in HGFs;
ROS generation simultaneously enhanced P53
levels
To investigate the effects of P53 on ROS generation, we

measured the cytoplasmic and mitochondrial ROS levels and

cellular respiration in HGFs with LPS stimulation together

with or without P53 inhibition by pifithrin-𝛼/P53 siRNA

and in control cells. To assess the influence of ROS on P53,

we determined the levels of P53 expression on exposure

to antioxidants such as NAC. Consistent with our previous

results, levels of both forms of ROS were significantly

higher in LPS-treated groups than those in control groups

(Figure 3). Further, P53 inhibition combined with LPS

stimulation reduced ROS levels compared to levels measured

in LPS-stimulation alone (Figure 3). After suppressing ROS

generation associated with LPS stimulation, the expression

of P53 protein decreased significantly compared with that

from the LPS-treated group. (Figure 3).

We next evaluated the differences in cellular respiration

ability among LPS-treated, P53-inhibited with or without LPS

stimulation, and untreated HGFs. Cellular respiration was

amplified by LPS stimulation compared with that in the con-

trol group. As expected, we also found that cellular respiration

was apparently reduced by LPS stimulation combined with

P53 inhibition compared with that in cells treated with LPS

alone (Figure 4).

2.4 Proinflammatory cytokine secretion was
significantly upregulated by LPS stimulation
and downregulated by pifithrin-𝜶 (Pif-𝜶) or
NAC addition together with LPS stimulation in
HGFs
Because we demonstrated the involvement of P53 in ROS

signaling and mitochondrial function. Besides, ROS levels

can influence P53 expression. We next investigated if P53 and
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F I G U R E 1 LPS stimulation activated P53 and suppressed PDK2 in HGFs. Human gingival fibroblasts were pretreated with 20 𝜇M Pifithrin-𝛼

(Pif-𝛼) or (C) transfected with P53 or control siRNA as described in Methods and then treated with 1𝜇g/ml lipopolysaccharides (LPS) from

Porphyromonas gingivalis (P. gingivalis) for 12 hours. (A) P53 and PDK2 mRNA expression was determined by quantitative real-time polymerase

chain reaction (PCR) and normalized to GAPDH expression levels. (B and D) expression of P53, p-P53 and PDK2 protein was analyzed using

Western blotting. Results were further quantified by densitometric analysis, normalized by the level of GAPDH. Experiments were repeated 3 times

with human gingival fibroblasts. The presented data represented the mean±SE of results from 3 independent experiments performed on HGFs

(Statistical significance between 2 means was determined by Student's t-test, whereas multiple comparisons were analyzed by ANOVA). RQ: relative

quantity, *P < 0.05, †P < 0.01, ‡P < 0.001

F I G U R E 2 LPS treatment induced P53 accumulation in mitochondria and mitochondrial membrane potential destruction. (A) Distribution of

P53 (green), mitochondria (red), and nucleus (blue) in HGFs. The merged insets in HGFs stimulated with LPS evidenced strong colocalization

(yellow) of P53 with mitochondria in contrast with control group. Inhibition of P53 reduced this colocalization. The signal was detected using

fluorescence microscopy. Scale bar, 25 𝜇m. (B) LPS-treated HGFs reduced mitochondrial membrane potential compared with control group,

whereas inhibition P53 with Pif-𝛼 reversed the weak signal. Scale bar, 50 𝜇m. (C) counted at least 25 cells in each group. Compared the

colocalization rate and mitochondrial membrane potential with data expressed as mean ± SE of 3 independent experiments (multiple comparisons

were analyzed by ANOVA). †P < 0.01, ‡P < 0.001
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F I G U R E 3 Activation of P53 regulated ROS levels in HGFs. ROS generation simultaneously enhanced P53 levels. HGFs were stimulated with

LPS in the absence or presence of the inhibition of P53 inhibitor Pif-𝛼 or transfection with P53 and control siRNA and then incubated with cytoplastic

ROS indicator H2DCF-DA or mitochondrial ROS indicator MitoSOX Red, after which cytoplastic ROS and mitochondrial ROS levels were analyzed

by (A) immunofluorescence microscopy, cytoplastic ROS (Scale bar 75 𝜇m) mitochondrial ROS (Scale bar 25 𝜇m) graph represented the average of

MitoSOX-Red and H2DCF-DA staining intensity of 25 cells (B) using a multimode microplate reader. Data were presented as the mean±SE (n = 3).

(C) HGFs were stimulated with LPS in the absence or presence of NAC. The protein expression level of P53 was analyzed by Western blot with

GAPDH as the internal marker. Results were further quantified by densitometric analysis. All experiments were performed 3 times. Values were

presented as mean±SE (n = 3). Comparisons were analyzed by ANOVA, RFU: relative fluorescence unit, *P < 0.05, †P < 0.01, ‡P < 0.001

ROS both mediated proinflammatory cytokine generation

in HGFs. We performed an enzyme-linked immunosorbent

assay (ELISA) to detect TNF-𝛼, IL-1𝛽, and IL-6 levels. As

shown in Figure 5, these cytokines were upregulated when

HGFs were treated with LPS. Inhibition of P53 or ROS in

the presence of LPS markedly decreased the proinflamma-

tory cytokine levels in HGFs. Combined with the above

experiments, our results indicated that the inflammatory

state induced by LPS treatment was regulated through the

P53-ROS pathway in HGFs.

3 DISCUSSION

In this study, we report a novel role of P53 in LPS regulation

of inflammation. P53 is the key tumor suppressor that

promotes cell death and inhibits cell proliferation.26,27 Its

supportive role in inflammation by mediation of metabolic

pathways is also recognized.28,29 However, whether P53

regulates inflammatory responses in HGFs is still unclear.

Our earlier report on mtROS in HGFs regulating the LPS-

induced proinflammatory response8 prompted us to continue

investigating the relationship between P53 and ROS in HGFs.

The present study demonstrated that LPS induced redox

imbalance and proinflammatory cytokine release through

P53 activation in HGFs; P53 mediated cellular respiration.

And its interactions with mitochondria were followed by ROS

generation and mitochondrial dysfunction. Therefore, our

data strongly suggest that P53 acts as an important mediator

of LPS-induced inflammation.

In HGFs, LPS commonly initiates its effect through

pathogen-associated molecular patterns (PAMP). Most mem-

bers of the toll-like receptor (TLR) family are recognized by

LPS, leading to downstream inflammatory responses.30 P53

reportedly plays a role in inflammation and immunity.31,32

Recent evidence has demonstrated that P53 upregulates

most TLRs and enhances TLR-dependent, proinflamma-

tory cytokine production.33,34 However, P53 stimulation of
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F I G U R E 4 Activation of P53 regulated cell respiration. (A) LPS induced an increase of oxygen consumption rate in HGFs in contrast with

control cells. Pif-𝛼 reversed LPS-induced increase in oxygen consumption rate in HGFs. (B) based on A paragraph, basal cell respiration and

maximal respiration were calculated normalized to control groups. Oli: oligomycin, FCCP: carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazone.

R: rotenone, A: antimycin A. Values were mean±SE, n = 4. Data are representative of 4 independent experiments. Comparisons were analyzed by

ANOVA. *P < 0.05

TLRs is limited to human cells,31 indicating that P53-related

immune responses can only be detected in human cells. In

addition, Lowe et al35 illustrated that P53 and NF-𝜅B coregu-

late proinflammatory gene responses in human macrophages.

In the present study, we confirmed that P53 acts as an

upstream signaling molecule for proinflammatory cytokine

secretion and plays a pivotal role in the regulation of LPS-

induced inflammation in HGFs.

Various studies have demonstrated that ROS play a signif-

icant role in the inflammatory response.36,37 ROS overpro-

duction after LPS treatment induces secretion of cytokines,

including TNF-𝛼, IL-1𝛽, and IL-6, through the MAPK and

NF-𝜅B pathways in HGFs.8 P53 also increased the levels of

these three cytokines in our study. One possible mechanism

for this phenomenon is that P53 regulates ROS production;

our results suggested that P53 activation induced ROS pro-

duction and ROS generation enhanced P53. Specifically, P53

inhibition by pifithrin-𝛼 pretreatment or P53 siRNA transfec-

tion suppressed LPS-induced ROS generation and cytokines

expression in HGFs; and ROS suppression by NAC down-

regulated P53 expression and cytokine secretion, suggesting

a regulatory role between P53 and ROS activation.

To address the role of P53 on ROS production, we inves-

tigated mechanisms accounting for ROS generation. A main

source of ROS production is the respiratory chain in mito-

chondria, with increased OXPHOS resulting in increased

ROS production.14 Therefore, a new aspect of P53 as a reg-

ulator of energy metabolism has gained attention. P53 con-

trols numerous metabolic enzymes that regulate ROS. One

of its key functions is to augment cellular and mitochondrial

respiration.18 P53 promotes the conversion of pyruvate to

acetyl-CoA, which enters the tricarboxylic acid cycle (TCA

cycle) and enhances mitochondrial respiration via inhibiting

the expression of PDK2, a negative regulator of PDH.19 Our

results suggest that PDK2 was potentially involved in P53-

induced increased cellular respiration, because PDK2 signifi-

cantly decreased in spite of a minor variation after LPS treat-

ment and P53 activation. Moreover, in the presence of LPS

stimulation, P53 inhibition slightly increased PDK2 expres-

sion and remarkably decreased cellular respiration and ROS

generation, indicating the potential of P53 to modulate cel-

lular redox homeostasis. These conditions may reveal that

the LPS-induced, classical inflammatory response is partially

dependent on P53, cellular respiration, and ROS production.
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F I G U R E 5 Proinflammatory cytokines secretion was significantly upregulated by LPS stimulation and downregulated by Pif-𝛼 or NAC

addition together with LPS stimulation in HGFs. HGFs were treated with LPS in absence or presence of (A) inhibitor of P53 Pif-𝛼 or (B) transfection

with P53 and control siRNA or (C) in the addition of NAC. The abundances of interleukin (IL)-1𝛽, IL-6, and tumor necrosis factor (TNF)-𝛼 were

measured by enzyme-linked immunosorbent assay (ELISA). Data were presented as the mean±SE (n = 6). Comparisons were analyzed by ANOVA.
†P < 0.01, ‡P < 0.001

Future research is required to describe whether PDK2 or other

molecules are involved in this mechanisms of action.

In our initial experiments, we performed a P53-ROS

signaling study to identify the role of P53 in LPS-induced

inflammation. From an evolutionary perspective, ROS in

mitochondria are an indicator of mitochondrial function. In

addition to P53 expression, P53 localization in cells, and the

relationship between P53 and mitochondria need to be elu-

cidated. Under biologic conditions, P53 exhibits low activity

and is subjected to a wide range of post-transcriptional

modifications.38,39 Certain stress signals drive the accumula-

tion of P53 in the mitochondrial matrix,25 where P53 interacts

with cyclophilin D to initiate the mitochondrial permeability

transition, which leads to mitochondrial membrane potential

reduction and destruction.40,41 The membrane permeability

transition directly or indirectly enhances mitochondrial

dysfunction, resulting in further redox imbalance and an

inflammatory response in HGFs. LPS has been shown to

trigger P53 activation and translocation to the mitochondria.

Moreover, mitochondrial membrane potential destruction

relies on P53 activity. Interestingly, our work revealed that

mitochondrial dysfunction and cytokine release can be

reversed by inhibition of P53 by pifithrin-𝛼 or siRNA when

HGFs are stimulated by LPS.

4 CONCLUSIONS

Based on these findings, it is conceivable that LPS-induced

inflammation of HGFs, at least in part, occurs through the

P53-ROS signaling pathway. Moreover, our first demonstra-

tion of interaction between P53 and ROS associated with HGF

inflammation by LPS stimuli will provide additional therapeu-

tic targets for rational periodontal treatment design.
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