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Effects of nuclear factor-kB signaling pathway on periodontal ligament stem
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ABSTRACT

Lipopolysaccharide (LPS) induces inflammatory stress and apoptosis. This study focused on the
effect of nuclear factor kappa B (NF-kB) signaling pathway on proliferation and osteogenic
differentiation of human periodontal ligament stem cells (hPDLSCs) after LPS induction and its
mechanism. We first isolated hPDLSCs from human tooth root samples in vitro. Then, flow
cytometry detected positive expression of cell surface antigens CD146 and STRO-1 and negative
expression of CD45, suggesting the hPDLSCs were successfully isolated. LPS significantly induced
increased apoptosis and diminished proliferation of hPDLSCs. The NF-kB pathway agonist phorbol
12-myristate 13-acetate (PMA) or p65 overexpression inhibited the proliferation of LPS-treated
hPDLSCs and promoted apoptosis. PMA also promoted LPS-induced up-regulation of the expres-
sion of inflammatory factors TNF-a and IL-6 and down-regulation of the expression of anti-
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inflammatory factor IL-10. Additionally, LPS was confirmed to lead to a reduction of alkaline
phosphatase (ALP) activity, calcium nodules, and expression of osteogenic markers Runt-related
transcription factor 2 (Runx2) and osteopontin. This reduction could be promoted by PMA.
Western blotting further indicated that PMA could promote LPS-induced decrease of expression
of p65 (cytoplasm), and total cellular proteins IKKa and IKKB in hPDLSCs, while protein expression
of p-IkBa (cytoplasm) and p65 (nucleus), and p-lkBa/IkBa ratio was elevated. By contrast, inhibi-
tion of the NF-kB pathway (PDTC) or small-interfering RNA targeting NF-kB/p65 (p65 siRNA)
showed the opposite results. In conclusion, activation of NF-kB signaling in LPS-induced inflam-
matory environment can inhibit the proliferation and osteogenic differentiation of hPDLSCs. This
study provides a theory foundation for the clinical treatment of periodontitis.
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Introduction

Periodontitis, in modern society, is increasingly com-
mon in the adult population due to life and work
stresses. According to the reports, the prevalence of
periodontitis is more than 65% in adults over 40 years
old, while it is as high as 85% in those over 60 years old
[1]. Among the many factors leading to this oral
inflammatory disease, the main cause is the destruc-
tion of immune response of the body, which resulting
in the excessive reproduction of specific bacteria or
pathogens and consequently destruction of periodon-
tium [2]. Bacteria in the oral cavity and the host are in
a dynamic balance in normal subjects. But once the
balanced is destroyed, periodontal pathogens become
the predominant bacteria, triggering the immune
response and inflammatory response of the host and
the production of a large number of inflammatory
mediators [3]. These inflammatory mediators not
only further destroy periodontium but also induce
a systemic inflammatory response in the body through
blood circulation [4]. It has been pointed out that
excessive inflammatory factors are inducers of many
systemic diseases and seriously threaten systemic
health [5].

Lipopolysaccharide (LPS) is a crucial virulence fac-
tor participating in the pathogenesis of periodontitis
[6]. LPS can be recognized by pattern recognition
receptor such as TLR4 in the body, which can activate
the body’s immune response to induce the infiltration
of a lot of inflammatory cells in periodontium.
Meanwhile, LPS promotes the release of pro-
inflammatory cytokines such as IL-1 and IL-6 while
inhibiting the production of anti-inflammatory cyto-
kines such as IL-10 [7]. Thus, LPS induction can
destroy local periodontium and accelerate the progres-
sion of periodontitis.

It has been demonstrated that the inflammatory
microenvironment in patients with periodontitis inhi-
bits the proliferation and osteogenesis of human per-
iodontal ligament stem cells (hPDLSCs), thereby
affecting the regeneration and remodeling of period-
ontal tissue, gingiva, and alveolar bone [8]. hPDLSCs
are a class of mesenchymal stem cells derived from the
periodontal membrane with high proliferative, self-
regenerative and regenerative capacities [9]. As early
as 2004, studies have reported that there are stress
sensors on the surface of PDLSCs, which can differ-
entiate into specific adult cells when stimulated and

are important seed cells for periodontium reconstruc-
tion and regeneration [10]. For example, hPDLSCs
can be induced to differentiate into adipocytes,
cementoblast-like cells, and osteoblasts in vitro [11].
Additionally, they have more growth potential than
bone marrow mesenchymal stem cells [12]. Therefore,
hPDLSCs often serve as seed cells for tissue engineer-
ing [13]. In treatment of periodontitis, the implanted
cells will face a complex inflammatory microenviron-
ment, which hinders the biological functions of
hPDLSCs. Studies have shown that PDLSCs derived
from the inflammatory environment have reduced
osteogenic differentiation and adipogenic differentia-
tion ability and impaired immunoregulation [14].
Another study has speculated that the inhibition of
hPDLSCs biological characteristics by inflammatory
environment is related to nuclear factor kappa B (NF-
kB) [15], but this speculation is still undecided. In this
study, we induced an inflammatory microenviron-
ment by LPS to explore the effects of NF-kB signaling
pathway on hPDLSCs proliferation and osteogenic
differentiation. This study aims to provide effective
information of molecular relationship and theoretical
basis for the clinical treatment of periodontitis or for
the clinical translation of periodontal tissue
engineering.

Materials and methods
Tooth sample collection

Tooth samples were collected from healthy patients
who underwent orthodontic extraction in
Maxillofacial Surgery in our hospital. All patients
have no tooth decay, apical periodontitis, periodon-
titis, and no systemic diseases. hPDLSCs were iso-
lated from the obtained tooth samples. In addition to
the patients’ informed consent forms, an approval
for this study was obtained from the Ethics
Committee of Taihe Hospital, Hubei University of
Medicine (Approval number: 2020KS002).

Isolation of hPDLSCs

The collected tooth root samples were rinsed three
times with sterile PBS buffer. Then, periodontal
ligament tissues at the one-third part of the root
were scraped using a scalpel blade, and the
obtained periodontal tissues were cut into 1 mm’



tissue  blocks  with  ophthalmic  scissors.
Subsequently, 1-h digestion of the tissues was per-
formed with 3 mg/mL type I collagenase at 37°C
and terminated using DMEM complete medium.
Next, after centrifugation for 5 min at 4°C and
800 r/min, the supernatant was aspirated. On com-
pletion of addition of complete medium, the tissue
blocks were transferred to the bottom of a culture
flask with an area of 25 cm?, and then placed in an
incubator for culture. The culture flask was
inverted 4 h later and the migration of cells around
the tissue block was observed every 3 days. When
the cell density reached 80%-90%, 0.25% trypsin
was used for digestion and passage to obtain the
first passage of hPDLSCs.

Culture and treatment of hPDLSCs

The above-obtained first passage of hPDLSCs in
logarithmic growth phase was digested using tryp-
sin. By using a limiting dilution analysis, the cells
in the cell suspension were counted and then were
plated in 96-well plate (5 x 10° cells/well) for the
following 5-day culture at 37°C in 5% CO, incu-
bator (Thermo, USA). After that, the wells con-
taining single-cell clones were added 0.1 mL of
complete culture medium for continuous culture.
When one-half of the bottom of the wells was
covered with the cells, routine passage was carried
out and third passage cells were taken for subse-
quent experiments.

According to different treatments, hPDLSCs
were split into Control group, LPS group (1 ug/
mL LPS) [16], LPS+PMA group (1 pg/mL LPS +
100 nM NF-xB agonist phorbol-12-myristate-13-
acetate) [17], and LPS+PDTC group (1 pg/mL LPS
+ 10 uM NF-«B inhibitor pyrrolidine dithiocarba-
mate) [18]. LPS (from Escherichia coli) [19], PMA,
and PDTC were obtained from Sigma-Aldrich
(St. Louis, MO, USA). In the latter two groups,
hPDLSCs were pretreated with PMA or PDTC for
30 min, followed by stimulation with LPS.

Osteoblast differentiation of hPDLSCs

The hPDLSCs in each group were treated for 24 h
and then plated in 6-well plates (2 x 10* cells/mL),
respectively. With 80% confluency, the original
culture medium was aspirated, followed by with
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PBS wash. Subsequently, osteogenic induction
medium supplemented with 10 mmol/L (-
glycerophosphate, 50 pg/mL ascorbic acid, and
10 nM dexamethasone was added, and the med-
ium was replaced every 3 days. After 2 weeks, the
cells were fixed with 4% paraformaldehyde and
then stained with alkaline phosphatase or alizarin-
red to determine whether osteogenic differentia-
tion was successful.

Flow cytometry

First passage of isolated hPDLSCs were digested
with 0.25% trypsin and then counted to adjust the
density to 1 x 10° cells/mL. The antibodies to
hPDLSCs surface antigens were diluted with pre-
cooled PBS buffer according to the instructions,
including CD146 (eBioscience, USA), STRO-1
(eBioscience, USA), and CD45 (eBioscience,
USA). The antibodies were added to the cells for
1 h incubation in the dark. Finally, precooled PBS
buffer was used to rinse the cells for three times
and then a flow cytometer for detection of
hPDLSCs surface antigen markers.

For cell apoptosis detection, cells after 48 h of
treatment in each group were digested using tryp-
sin, followed by centrifugation (800 r/min,
5 min, 4°C) and concentration adjustment to
5 x 10° cells/mL by PBS. Then, 200 uL of cell
suspension were taken to add 10 uL of AnnexinV-
FITC, and 10 pL of 20 mg/L PI solution, and
subsequently 10 min incubation was performed
in the dark at ambient temperature. After that,
500 pL of PBS was added, and finally apoptosis
was detected by the flow cytometer.

Cell counting kit-8 assay

Each group of hPDLSCs were seeded in 96-well
plates at a density of 5 x 10> cells/well. After an
incubation for 24, 48, and 72 h, respectively, 10
uL of cell counting kit-8 (CCKS8) reagent
(Beyotime Biotechnology, China) was added
into each well, and incubated for 4 h. With
a microplate reader for measurement of the
absorbance (450 nm), cell proliferation rate was
finally calculated.
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Enzyme-linked immunosorbent assay

The cell culture medium of each group was col-
lected for centrifugation (1000 r/min, 10 min, 4°C)
so as to remove cells or cell debris. After that, new
sterile centrifuge tubes were utilized to collect the
supernatant. Evaluation of TNF-q, IL-6, and IL-10
expression in the medium was completed on the
basis of the enzyme-linked immunosorbent assay
(ELISA) kit instructions (Nanjing Jiancheng
Bioengineering Institute, China).

Alkaline phosphatase staining

The culture medium of hPDLSCs in each group
was removed at 7 days of inducing osteogenic
differentiation. Then, PBS solution was adopted
for rinsing the cells three times at 37°C, followed
by 30 min fixation step using 4% paraformalde-
hyde. Then, the fixative was removed and the cells
were rinsed three times with PBS again. On com-
pletion of preparation of the staining solution
using BCIP/NBT alkaline phosphatase (ALP)
staining  reagent (Beyotime Biotechnology,
China), the cells were stained and incubated in
the dark for 30 min. Following the removal of
the staining solution, PBS was utilized to rinse
the cells three times. Eventually, the images were
obtained with a Canon camera.

Alizarin-red staining

hPDLSCs were cultured in 6-well plates to achieve
80% confluency. Then, osteogenic differentiation
induction medium was added and culture was
continued for 21 days. After cell culture, PBS solu-
tion was adopted for rinsing the cells three times,
followed by 15 min fixation step using 4% paraf-
ormaldehyde. Subsequently, each well was added
with an appropriate amount of 2% alizarin-red
staining solution (Nanjing Jiancheng
Bioengineering Institute, China). Following the
removal of the staining solution, PBS was utilized
to rinse three times. Finally, the images were
obtained with a Canon camera. For quantification,
the alizarin red staining solution was extracted
with 10% cetylpyridinium chloride (Sigma-
Aldrich, USA) for 10 min and the absorbance

value at 550 nm was determined using an enzyme
marker [20].

Western blotting

Cells were seeded in 6-well plates. After various
treatment, the nucleus and cytoplasm were
extracted using nuclear protein extraction Kit,
and the total protein was extracted with RIPA
buffer. The concentration of proteins was deter-
mined using BCA assay kit (Abcam, UK). Equal
proteins were separated by 12% SDS-PAGE, and
then transferred to PVDF membranes. After
blocked with 5% nonfat milk for 1 h at room
temperature, the membranes were incubated with
primary antibodies Runx2 (Abcam, UK),
Osteopontin (Abcam, UK) at 4°C overnight.
Next, secondary antibodies were added for another
1 h incubation and then the membranes were
rinsed for another three times. After that, protein
bands were identified with enhanced chemilumi-
nescence reagent (ECL, Thermo, USA) and were
visualized using the ChemiScope Western Blot
Imaging System. The gray value analysis was per-
formed by using Image] software. The relative
expression of extracted proteins was calculated,
with B-actin as the internal reference for extracted
whole cell or cytoplasmic proteins and H3 as the
internal reference for extracted nuclear proteins.

Statistical analysis

By using SPSS 25.0, one-way analysis of variance
and independent sample t-test were performed.
Experimental results were all expressed in the
form of mean =+ standard deviation (SD).
P < 0.05 was the criterion for significance of
differences.

Results
Identification of hPDLSCs

Flow cytometry showed the positive results of
hPDLSCs surface antigens CD146 (Figure 1(a))
and STRO-1 (Figure 1(b)), and the negative result
of CD45 (Figure 1(c)). Taken together, it was
proved that the cells isolated in this study were
hPDLSCs.
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Figure 1. Detection of surface markers of hPDLSCs. CD146 antigen expression (a), STRO-1 antigen expression (b), CD45 antigen
expression (c) on the hPDLSCs surface. hPDLSCs, human periodontal ligament stem cells.

Effect of NF-kB pathway on LPS-induced
proliferation and apoptosis of hPDLSCs

As shown in the CCK-8 and flow cytometry
results (Figure 2(a-c)), LPS resulted in signifi-
cant inhibition of proliferation and promotion
of apoptosis of hPDLSCs. NF-kB agonist PMA
promoted the above-described effects of LPS.
That is, a further decrease of proliferation rate
and an increase of apoptosis rate were found in
the LPS+PMA group, while opposite changes

suppressed apoptosis in hPDLSCs treated with
LPS were shown as a result of the inhibition of
NF-kB signaling pathway activation.

Effect of NF-kB pathway on cytokines in LPS-
induced hPDLSCs

As shown in the ELISA results (Figure 3(a-c)),
LPS caused a marked increase of TNF-a and
IL-6 expression and decrease of IL-10 expres-

were found in the LPS+PDTC group. sion. In comparison with the LPS group, sig-
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Figure 2. Effect of NF-kB pathway on proliferation and apoptosis of LPS-induced hPDLSCs. A: Detection of proliferation of hPDLSCs
by CCK-8 assay; B-C: Detection of apoptosis of hPDLSCs by flow cytometry. hPDLSCs, human periodontal ligament stem cells; LPS,
Lipopolysaccharide; PMA, NF-kB pathway agonist; PDTC, NF-kB pathway inhibitor. *P < 0.05 and **P < 0.01 vs. control group,

*p < 0.05 vs. LPS group.
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Figure 3. Effect of NF-kB pathway on cytokines in hPDLSCs after LPS induction. Expression of TNF-a (a), IL-6 (b), IL-10 (c) in LPS-
treated hPDLSCs. hPDLSCs, human periodontal ligament stem cells; LPS, Lipopolysaccharide; PMA, NF-kB pathway agonist; PDTC, NF-
kB pathway inhibitor; *P < 0.05 and **P < 0.01 vs. control group, *P < 0.05 vs. LPS group.

expression and down-regulation of IL-10 were
found in the LPS+PMA group, while opposite
changes were found in the LPS+PDTC group.
Collectively, lower TNF-a and IL-6 expression
and higher IL-10 expression in hPDLSCs trea-
ted with LPS were shown as a result of the
inhibition ~of NF-kB signaling
activation.
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As shown in ALP staining (Figure 4(a)) and ali-
zarin-red staining (Figure 4(b,c)), LPS caused sig-
nificant decreases of ALP activity, degree of
ossification, and calcium nodules. Co-treatment
of LPS and PMA further promoted the above-
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Figure 4. Effect of NF-kB signaling pathway on osteogenic differentiation of hPDLSCs after LPS induction. a: ALP staining of hPDLSCs;
b-c: Alizarin-red staining of hPDLSCs and its quantitative analysis; d: Western blotting-based detection of the expression of Runx2
and osteopontin in hPDLSCs. hPDLSCs, human periodontal ligament stem cells; LPS, Lipopolysaccharide; PMA, NF-kB pathway
agonist; PDTC, NF-kB pathway inhibitor. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. control group; *P < 0.05 vs. LPS group.



changes were found in the LPS+PDTC group. In
addition, western blotting (Figure 4(d)) revealed
a reduction of the expression of osteogenic differ-
entiation-related proteins Runx2 and osteopontin
after LPS induction; PMA promoted this reduction
while PDTC had the opposite effect. These results
confirmed that the ability of osteogenic differen-
tiation of hPDLSCs was inhibited by LPS, while it
could be increased after inhibition of NF-kB
pathway.

Expression of NF-kB pathway-related proteins in
LPS-induced hPDLSCs

LPS significantly induced the expression of p-IxBa
(cytoplasm) and p65 (nucleus) and inhibited the
expression of p65 (cytoplasm) and total cellular
proteins IKKa and IKKP in hPDLSCs, and the
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ratio of p-IkBa/IkBa was significantly higher
(Figure 5(a-c)). PMA activated NF-«kB signaling
pathway and enhanced the LPS-caused promotion
or inhibition of NF-kB pathway-related proteins in
hPDLSCs. And PDTC, an inhibitor of NF-kB sig-
naling pathway, reversed the effects of LPS on
expression of the above proteins (Figure 5(a-c)).

Effect of interfering with p65 expression on the
proliferation and osteogenic differentiation of
LPS-induced hPDLSCs

Moreover, we directly and specifically regulate NF-
kB expression by interfering with or overexpres-
sing p65, thus further validating the role of NF-kB
signaling pathway in LPS-induced hPDLSCs. As
shown in Figure 6(ab), interfering with p65
expression significantly upregulated proliferation
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Figure 5. Expression of NF-kB signaling pathway-related proteins in hPDLSCs after LPS induction. Proteins expression of p-IkBa and
p65 in the cytoplasm (a), p65 in the nucleus (b), and IKKa, IKKB, p-IkBa, IkBa and p65 in human periodontal ligament stem cells (c)
were detected with Western blot. hPDLSCs, human periodontal ligament stem cells; LPS, Lipopolysaccharide; PMA, NF-kB pathway
agonist. PDTC, NF-kB pathway inhibitor. *P < 0.05 and **P < 0.01 vs. control group, *P < 0.05 vs. LPS group.
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of LPS-treated hPDLSCs and inhibited their apop-
tosis. In contrast, after overexpression of p65,
hPDLSCs proliferation was inhibited and apopto-
sis was increased. ELISA results showed that inter-
ference with p65 expression caused significantly
decreased levels of TNF-a and IL-6, and increased

hPDLSCs, while overexpression of p65 showed the
opposite trend (Figure 6(c)).

Furthermore, the results in Figure 7(a-c)
revealed that interference with p65 expression sig-
nificantly promoted ALP activity and mineraliza-
tion in LPS-induced hPDLSCs, and Runx2 and
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Figure 7. Effect of intervention of p65 expression on osteogenic differentiation of hPDLSCs after LPS induction. a: ALP staining of
hPDLSCs; b-c: Alizarin-red staining of hPDLSCs and its quantitative analysis; d: Western blotting-based detection of the expression of
Runx2 and osteopontin in hPDLSCs. hPDLSCs, human periodontal ligament stem cells. **P < 0.01 vs. LPS group.



upregulated. The above results showed the oppo-
site trend after overexpression of p65.

Discussion

Studies have shown that the NF-«B signaling path-
way regulates osteogenic differentiation of PDLSCs
in the inflammatory microenvironment [21,22].
Liu et al. [23] also demonstrated that downregula-
tion of the TRIM52 gene attenuated LPS-induced
inflammatory damage in hPDLSCs through the
TLR4/NF-kB signaling pathway. Although the
important role of NF-«kB signaling pathway in
periodontitis has been clarified, the specific studies
on the involvement of NF-«B signaling pathway in
apoptosis and osteogenic differentiation of
hPDLSCs after LPS induction need to be further
explored. LPS can induce an inflammatory
response in hPDLSCs to mimics periodontal dis-
ease [24]. Therefore, in this study, with LPS-
treated hPDLSCs in vitro, the effects and mechan-
isms of LPS-induced inflammation on hPDLSCs
were explored by using NF-«kB agonist PMA and
inhibitor PDTC, or by direct intervention of NF-
kB/p65 expression.

First, hPDLSCs were isolated from tooth root
samples, and flow cytometery-based detection of
stem cell markers was performed. The results
showed that hPDLSCs surface antigens CDI146
and STRO-1 were positive, while CD45 expression
was negative. CD146 and STRO-1 are two early
markers for identification of hPDLSCs, with posi-
tive results as judgment criteria [10]. And CD45,
a pan-leukocyte marker, is deficient in hPDLSCs,
with a negative result as a judgment criterion [25].
Thus, it is suggested that hPDLSCs are successfully
isolated from the tooth root samples in our study.

It is well known that NF-«xB pathway is considered
as a typical pro-inflammatory signaling pathway,
mainly based on the activation of NF-kB by pro-
inflammatory genes including cytokines, chemo-
kines and adhesion molecules [26]. After identifica-
tion of hPDLSCs, we then confirmed a significant
reduction of proliferation and an increase of apop-
tosis of hPDLSCs by LPS; inhibition of NF-«B path-
way activity or interfering with p65 expression
caused suppression of these LPS-induced effects,
while activation of this pathway or overexpression
of p65 had the opposite effect. Another study have
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also proved that suppression of NF-kB activity has
the inhibitory role in the decrease of proliferation
rate and increase of apoptosis rate of hPDLSCs
induced by high glucose, and the suppression is
also associated with the decreased expression of
inflammatory cytokines such as TNF-a and IL-6
[27]. Meng et al. have found that azithromycin inhi-
bits the activation of NF-kB pathway and thereby
suppressed apoptosis in hPDLSCs with TNF-a sti-
mulation [28]. Through in vitro experiments, we
found that inhibition of NF-kB signaling pathway
decreased the levels of TNF-a and IL-6 and increased
the levels of IL-10 in LPS-induced hPDLSCs.
Osteogenic differentiation of hPDLSCs is
diminished in an inflammatory environment
[29]. According to the study by Wei et al. [30],
Strontium ion reduced expression of pro-
inflammatory molecules (TNF-a, IL-1B, and IL-
6) in LPS-induced hPDLCs, thereby inhibiting
their early osteogenic differentiation. In this
study, ALP and alizarin-red staining revealed
that inhibition of NF-xB pathway activity or p65
down-regulation was then able to reduce the inhi-
bitory effect of the inflammatory environment on
the osteogenic differentiation of hPDLSCs. In
addition, inhibition of this pathway could restore
LPS-induced down-regulation of Runx2 and
osteopontin expression in hPDLSCs. High expres-
sion of ALP, Runx2, and osteopontin and high
degree of calcium nodules are the markers of
osteogenic differentiation [31]. However, some
studies have reported that low concentrations of
LPS can promote osteogenic differentiation of
hPDLSCs [32], and LPS from different bacterial
sources has different effects on hPDLSCs [33]. So
we speculated that the reason for the discrepancy
between the above study and our results may be
due to different LPS sources. p65 in the nucleus is
an important factor in initiating the inflammatory
response and apoptosis program [34]. In this
study, we found that LPS resulted in the up-
regulation of p-IkBa level in the cytoplasm and
the down-regulation of IKKa and IKKp expression
in cell, which in turn promoted the transfer of p65
from the cytoplasm to the nucleus, thereby acti-
vating the NF-kB signaling pathway. However,
inhibition of NF-kB activation significantly
reduced the level of p65 in the nucleus. Yan et al
have proved that salvianolic acid C can reduce the
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nuclear p65, thus inhibiting NF-kB signaling
activity [16]. Wang et al. have pointed out that up-
regulation of p65 in the nucleus resulted in
increased miR-182 expression, which causes
damage to hPDLSCs [35]. Collectively, it is sug-
gested that the NF-xB pathway is critical for the
inflammation-induced destruction in hPDLSCs.
However, the present study also has limitations.
Because of the complex inflammatory environ-
ment of periodontitis, how NF-kB pathway affects
hPDLSCs differentiation ability has not been stu-
died in detail, and the mechanism of its effect on
periodontitis in vivo needs to be investigated in

depth.

Conclusion

In summary, activation of NF-kB pathway activity
inhibits the proliferation and differentiation ability
of LPS-treated hPDLSCs, and leads to increased
release of TNF-a and IL-6 and reduced production
of IL-10. Therefore, avoiding the over-activation
response of this pathway can improve the efficacy of
clinical application or implantation of bioengineered
hPDLSCs.

Highlights

(1) LPS induces apoptosis of hPDLSCs and
inhibits osteogenic differentiation.

(2) LPS activates NF-xB signaling pathway in
hPDLSCs.

(3) NF-kB pathway inhibitor PDTC inhibits
LPS-induced apoptosis of hPDLSCs and
promoted osteogenic differentiation.

(4) PDTC inhibits LPS-induced inflammatory
response.
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