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Abstract

Introduction: Transcriptional regulation of autophagy depends on the tran-

scription factors coordinated inflammatory feedback mechanism. Here, we

provide a comprehensive functional characterization of periodontal ligament

fibroblasts (PDLFs) treated with Porphyromonas gingivalis lipopolysaccharide

(LPS), aiming to reveal previously unappreciated biological changes and to

investigate how a transcription factor differentiated embryonic chondrocytes

2 (Dec2)‐deficient environment influences the function of autophagy in

nflamed human PDLFs.

Methods: A Dec2‐deficient (Dec2KO) experimental periodontal inflammation

mouse model and treatment with P. gingivalis LPS were employed to examine

the role of autophagy in PDLFs using hematoxylin and eosin staining and

immunohistochemistry in vivo. A Dec2 small interfering RNA (siRNA) was

used to modulate autophagy, and the effect of autophagy on the Dec2 pathway

was explored using real‐time polymerase chain reaction and western blot

analysis in vitro.

Results: LPS‐treated human PDLFs (HPDLFs) induced autophagy, as

demonstrated by the enhanced levels of microtubule‐associated protein 1 light
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chain 3‐II (LC3‐II) and the induction of ATG5, Beclin1, and Dec2. Compared

with a scrambled siRNA, a Dec2 siRNA triggered the detrimental influences of

LPS and markedly enhanced autophagy expression in inflamed HPDLFs. The

expression of phosphorylated ERK was increased and levels of phosphorylated

mammalian target of rapamycin (mTOR) were decreased after exposure to

LPS in Dec2 siRNA transfected HPDLFs. The Dec2KO model exhibited that P.

gingivalis in Dec2 deficient conditions increases the inflammation of PDLFs by

regulating autophagy.

Conclusions: These results demonstrate that a Dec2 deficiency can alleviate

LPS‐induced inflammation via the ERK/mTOR signaling pathway by reg-

ulating autophagy, conceivably delivering a novel approach for the detection

of periodontal treatments.
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1 | INTRODUCTION

Autophagy is a molecular process integral to the main-
tenance of intracellular homeostasis1 that is usually
triggered under conditions of physiological or patholo-
gical stress and acts as an important adaptation for sur-
vival. Autophagy can initiate cell protective and survival
mechanisms or can cause cell death depending on the
severity of stress.2 Autophagy can be due to stimuli such
as starvation, infection, hypoxia, or an adverse environ-
ment, which can further initiate various molecular
pathways (mTOR, PI3K‐III/Beclin1, etc.). The role of the
autophagy pathway has also been established in the
health‐related balance of immunity and inflammation.3

Autophagy‐related genes (ATGs) such as Beclin1,
microtubule‐associated protein 1 (MAP‐1), and light
chain 3 (LC3) play significant roles in these biological
processes.4 LC3‐II has been shown to influence the au-
tophagy substrate selection and the generation of au-
tophagosomes. Due to this essential role, LC3‐II has been
widely used as a marker of autophagosomes.5

The tooth is supported by an assembly of tissues
called the periodontium, which is composed of the al-
veolar bone proper, the cementum, and the periodontal
ligament (PDL). Among those structures, the PDL is the
only nonmineralized connective tissue that lies between
the tooth's root (cementum) and the bone.6 Periodontal
disease is characterized by a chronic inflammation in-
itiated by the colonization of micro‐organisms that re-
sults in progressive cellular damage, which manifests
clinically as gingival recession, attachment loss, and loss
of the tooth/teeth.7,8 Bacteria and their products such as

lipopolysaccharide (LPS) have been found to promote the
secretion of inflammatory cytokines and to reduce cell
survival. Those cytokines are known to cause the im-
mune cell‐mediated destruction of collagen fibers and the
resorption of alveolar bone.9

A role of inflammation promotors in PDL cells has
also been implicated in the pathogenesis of periodontitis,
which can be influenced by their autophagy.10,11 The
ubiquitous role of autophagy has also been researched
and established in the innate and adaptive immune sys-
tem along with the pathogenesis of several inflammatory
diseases including periodontitis.12,13 The increased ex-
pression of molecular markers related to ATGs, such as
LC3, has been observed in mononuclear cells of periph-
eral blood from patients with periodontal disease. This
further suggests the involvement of autophagy in peri-
odontitis.11,14 Clinical studies have shown that the pro-
tection of PDL stem cells against apoptosis in an
inflammatory microenvironment is related to autop-
hagy.11 High levels of autophagy markers have been de-
tected in resorption lacunae of alveolar bones from
animal models of periodontitis.15 This was also seen to
facilitate osteoclastogenesis and osteoclastic bone re-
sorption in RAW264.7 cells.16

The role of the transcription factor differentiated
embryonic chondrocytes 2 (Dec2) in immune regulation
is significant. Th2 cells have been shown to secrete in-
terleukins such as interleukin‐4 (IL‐4), IL‐5, IL‐10, and
IL‐13, which have a protective role by inhibiting Th1 cell
responses. An immune regulatory ability of Dec2 has also
been established based on its preferential expression in
Th2 cells, especially in the late phase of the
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differentiation of helper T cells to Th2 cells. This has also
been found to promote the production of Th2‐type
cytokines.17

Since autophagy mechanisms are seen in most of the
cellular stress‐response pathways and since PDL fibroblasts
(PDLFs) comprise the majority of cells in PDL connective
tissues with a role in maintaining the normal function,
protection, and repair,1 we speculated that Dec2 may affect
the pathogenesis of the inflammation of PDL tissues by
altering the normal biological behavior of PDLFs. In this
study, we developed a Dec2‐deficient mouse strain on a
C57BL/6J background and refer to it as Dec2KO. We fur-
ther demonstrate that PDLFs cultured in the presence of
LPS show higher levels of autophagy and proinflammatory
cytokines than the controls. An experimental mouse peri-
odontitis model further confirmed that a Dec2 deficiency
triggers inflammation and autophagy in PDLFs, thus
resulting in the destruction of periodontal tissue.

2 | METHODS

2.1 | Cell culture

Human PDL fibroblasts (HPDLFs) were obtained from
Lonza and were cultured with SingleQuots Supplements
(CC‐4181, Insulin, hFGF‐β, GA‐1000, and fetal bovine
serum) at 37°C. HPDLFs were subcultured when they
became 70%–80% confluent and cells at passages 8–9
were used for these experiments. The cells were in-
cubated in the presence or absence of 1 µg/ml Porphyr-
omonas gingivalis LPS (LPS‐PG Ultrapure; InvivoGen) to
induce an inflammatory response for 24 h.

2.2 | Small interfering RNA (siRNA)
transfection

A scrambled siRNA (negative control) or a Dec2 siRNA
were transfected into 1.0 × 105 HPDLFs using RNAiMAX
(Thermo Fisher Scientific). The HPDLFs were harvested
48 h after transfection and were analyzed by real‐time
polymerase chain reaction (RT‐PCR) and western blot
analysis.

2.3 | RT‐PCR

Total RNAs of HPDLFs were extracted using a miRNeasy
Mini Kit (Qiagen). One microgram of each RNA was
transcribed to complementary DNA and TaqMan probes
(IL‐1β, Dec2, ATG5, Beclin1, LC3‐I, LC3‐II, and ACTB;
Thermo Fisher Scientific) were used.

2.4 | Western blot

Twenty micrograms of each protein extract were elec-
trophoresed per lane on 10% or 15% gels (Wako) and
were then transferred to polyvinylidene difluoride
membranes. The membranes were blocked with 5% skim
milk or 5% bovine serum albumin for 1 h and were
then incubated with antibodies to Dec2 (Hiroshima
University), IL‐1β, p‐ERK1/2, ERK1/2, p‐mTOR, mTOR,
p70s6K, p‐4EBP1, glyceraldehyde 3‐phosphate dehy-
drogenase (Cell Signaling Technology), and ATG5,
Beclin1, LC3‐I/II, p62 (Abcam) overnight at 4°C. The
bound antibodies were anticipated using an enhanced
chemiluminescence system (GE Healthcare) and ImageJ
software was used to measure band intensities.

2.5 | Animals

Dec2KO mice were generated like Dec1KO mice as
described previously.18 The entire coding region was
replaced with a Neo cassette. The resulting chimeric
mice were backcrossed to a C57BL/6J (wild‐type [WT])
background for three generations. The breeding and
animal care were carried out by trained professionals
at Oriental Yeast Co., according to the standard pro-
tocols until arrival at our animal facility. WT (n = 12)
and Dec2 knockout (Dec2KO, n = 12) male mice aged
12 weeks old were maintained in a pathogen‐free en-
vironment and were used as a periodontitis model as
previously described.18 The mice were killed after 30
days and 4% paraformaldehyde (Wako) was used to fix
the jaws for immunohistochemistry. A mixture of
midazolam at a dose of 4 mg/kg, butorphanol tartrate
at a dose of 5 mg/kg (0.1 ml/10 g body weight), and
medetomidine hydrochloride at a dose of 0.3 mg/kg
was used to sacrifice the mice by cervical dislocation
under deep anesthesia. All the animal experiments
were conducted under the approval of the Animal
Ethics Committee of Kanagawa Dental University and
appliance with guidelines.

2.6 | Immunohistochemistry

Antigen retrieval and peroxidase blocking of speci-
mens were performed according to standard protocols,
followed by incubation with antibodies to ATG5,
Beclin1, HIF‐1α (Abcam), and 8‐OHdG (JaICA) over-
night at 4°C. The specimens were subjected to incuba-
tion with secondary antibodies (Nichirei Bioscience)
for 30 min followed by the 3,3’‐diaminobenzidine
staining.
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2.7 | Statistical analysis

Independent two‐tailed Student's t test or analysis of
variance were used for the analysis of results via SPSS
16.0. A p< .05 is considered significant.

3 | RESULTS

3.1 | Dec2 is involved in LPS‐induced
autophagy

To understand the interaction between autophagy and
the transcription factor Dec2, we treated HPDLFs with
1 µg/ml P. gingivalis LPS for 24 h. RT‐PCR analysis
showed that LPS dramatically induced the expression of
IL‐1β (Figure 1A). Interestingly, the increased expression
of IL‐1β was accompanied by the elevated expression
level of Dec2 (Figure 1B, p< .05). The autophagy mar-
kers, ATG5 (Figure 1C, p< .01), Beclin1 (Figure 1D,

p< .05), LC3‐I (Figure 1E, p< .05), and LC3‐II
(Figure 1F, p< .01) were also significantly upregulated
by treatment with 1 µg/ml P. gingivalis LPS.

3.2 | A Dec2 deficiency facilitates
inflammation by upregulating autophagy

To verify the regulatory effect of Dec2 on autophagy‐
mediated inflammation, HPDLFs were transfected with
a Dec2 siRNA. RT‐PCR analysis showed that levels of
Dec2 were significantly suppressed after transfection
with the Dec2 siRNA (Figure 2A, p< .01). These results
revealed that the Dec2 deficiency dramatically induced
the expression of IL‐1β, and moreover, treatment with
1 µg/ml P. gingivalis LPS facilitated the inflammatory
activity (Figure 2B, **p< .01, ***p< .001). The expres-
sion levels of ATG5 (Figure 2C, p< .05), Beclin1
(Figure 2D, *p< .05, **p< .01), LC3‐I (Figure 2E,
*p< .05, **p< .01), and LC3‐II (Figure 2F, *p< .05,

FIGURE 1 Dec2 is involved in LPS‐induced autophagy. RT‐PCR analysis showing that: (A) IL‐1β is induced by treatment with 1 µg/ml
Porphyromonas gingivalis LPS. (B) The high expression level of IL‐1β is consistent with the elevated expression level of Dec2. (C–F) The
autophagy markers, ATG5, Beclin1, LC3‐I, and LC3‐II, were upregulated by treatment with 1 µg/ml P. gingivalis LPS. *p< .05, **p< .01 are
represented means ± SD. Three independent experiments are performed for all the results. Dec2, differentiated embryonic chondrocytes 2;
IL, interleukin; LC3, light chain 3; LPS, lipopolysaccharide; RT‐PCR, real‐time polymerase chain reaction; SD, standard deviation
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**p< .01) were also significantly increased by the Dec2
deficiency, and treatment with LPS magnified the
impact of the Dec2 knockdown.

3.3 | A Dec2 deficiency activated
autophagy‐mediated inflammation via the
ERK/mTOR pathway

Consistent with the results above, western blots con-
firmed that the Dec2 deficiency (Figure 3A,B, p< .05)
significantly inhibited the expression of p62
(Figure 3A,B, p< .05), and induced expression of the
autophagy markers, ATG5 (Figure 3A,B, p< .05), Beclin1
(Figure 3A,B, *p< .05, **p< .01), and LC3‐I/II
(Figure 3A,B, p< .05). Treatment with P. gingivalis LPS
amplified that effect. Furthermore, the lack of Dec2 en-
hanced the phosphorylation of ERK1/2 (Figure 3C,D,
*p< .05, **p< .01). The phosphorylated ERK1/2 sup-
pressed the phosphorylation of mTOR (Figure 3C,D,

p< .05), which inhibited the mTOR pathway by down-
regulating p70s60K (Figure 3C,D, p< .05) and p‐4EBP1
(Figure 3C,D, p< .05). The inactivated mTOR led to an
induction of autophagy with the Dec2 deficiency and
treatment with P. gingivalis LPS.

3.4 | Dec2 suppresses autophagy in
periodontitis

To confirm the effect of Dec2 on autophagy during in-
flammation, we used two periodontitis models. The ex-
pression of ATG5 and Beclin1 were highly upregulated in
Dec2KO mice compared with WT mice after treatment
with P. gingivalis (Figure 4). The induced autophagy led
to an overexpression of IL‐1β in Dec2KO mice compared
with WT mice. The expression level of the hypoxia
marker HIF‐1α and the oxidative stress marker 8‐OHdG
were both increased with the Dec2 deficiency during
periodontitis (Figure S1).

FIGURE 2 A Dec2 deficiency facilitates inflammation by upregulating autophagy. RT‐PCR analysis showing that: (A) Dec2 was
suppressed after transfection with a Dec2 siRNA. (B) The Dec2 deficiency‐induced IL‐1β, moreover, treatment with 1 µg/ml
Porphyromonas gingivalis LPS facilitated inflammatory activity. (C–F) The expression levels of ATG5, Beclin1, LC3‐I, and LC3‐II were also
increased with the Dec2 deficiency, and treatment with LPS magnified the impact of Dec2 knockdown. *p< .05, **p< .01, ***p< .001 are
represented means ± SD. Three independent experiments are performed for all the results. Dec2, differentiated embryonic chondrocytes 2;
IL, interleukin; LC3, light chain 3; LPS, lipopolysaccharide; RT‐PCR, real‐time polymerase chain reaction; siRNA, small interfering
RNA; SD, standard deviation
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4 | DISCUSSION

The present study determined the functions and me-
chanisms of Dec2 on the behavior of PDLFs using in vitro
experiments. The results demonstrate that transfection
with a Dec2 siRNA significantly increased the autophagy
of HPDLFs induced by P. gingivalis LPS. Further, Dec2
siRNA knockdown stimulated the LPS‐induced produc-
tion of IL‐1β and treatment with P. gingivalis LPS com-
bined with a Dec2 deficiency activated cell autophagy and
the autophagy‐related marker mTOR‐4EBP1, which are
hallmarks of the cellular autophagy signaling pathway.
Finally, we demonstrated that Dec2 plays an essential role
in PDLF inflammation that depends on cell autophagy.
Thus, these findings implicate a Dec2 deficiency in cell
homeostasis through modulation of the autophagy path-
ways and the production of proinflammatory cytokines.
Additionally, these results may suggest new approaches
for the management of the periodontal disease.

Autophagy has been shown to be a protective me-
chanism in eukaryotic cells and to be closely related to

the fate of cells in periodontitis19 and several other in-
flammatory diseases. Autophagy has beneficial effects on
PDLFs by protecting them from inflammation‐induced
apoptosis, which is causally related to the presence of
excessive environmental stresses.11,20 Disturbances in
this balance have been found to be associated with in-
fective stimuli, neuromuscular disorders, hepatic dis-
eases, and neoplasia.21 The survival of cells is adversely
affected by an excess of autophagic stimuli as well. The
present study was aimed to explore and identify potential
molecular targets of autophagy in PDLFs so that future
research can be directed towards developing a better
understanding of its effects on periodontal health. Simi-
larly, there has been little or no work relating autophagy
and Dec2 with the etiopathogenesis of periodontal dis-
eases. We observed that the autophagy‐related proteins
LC3‐II/I, ATG5, and Beclin1 had a significantly increased
expression after the PDLFs were subjected to challenge
with P. gingivalis LPS. We used 1 μg/ml P. gingivalis LPS
to stimulate HPDLF inflammation in this study since
CellTiter 96 AQueous assay showed no cell toxicity

FIGURE 3 A Dec2 deficiency activates autophagy‐mediated inflammation via the ERK/mTOR pathway. (A,B) Western blot confirming
that the Dec2 deficiency significantly inhibited p62 expression, induced the expression of autophagy markers, and treatment with 1 µg/ml
Porphyromonas gingivalis LPS amplified this effect. (C,D) Western blot showing that the lack of Dec2 enhanced the phosphorylation of
ERK1/2. Phosphorylated ERK1/2 suppressed mTOR phosphorylation and the expression of p70s60K and p‐4EBP1. *p< .05, **p< .01,
***p< .001 are represented means ± SD. Three independent experiments are performed for all the results. Dec2, differentiated embryonic
chondrocytes 2; GAPDH, glyceraldehyde 3‐phosphate dehydrogenase; LC3, light chain 3; LPS, lipopolysaccharide; siRNA, small interfering
RNA; SD, standard deviation
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present in LPS‐treated cells (data not shown). Dec2 ex-
pression increased significantly in response to P. gingi-
valis LPS over a period of 24 h. Inhibiting Dec2 worsened
the autophagy as reflected by an unusual increase in the
Beclin1 expression and the ratio of LC3‐II/LC3‐I in the
LPS‐treated group compared with the controls. However,
a decreased level of p62 was observed in these cells.
These findings prove that a Dec2 deficiency promotes
autophagy in P. gingivalis LPS‐treated HPDLFs. The Dec2
deficiency‐induced autophagy and signaling pathways
also exhibited an increased expression in the LPS‐treated
group. Hence, a regulatory role for Dec2 in the im-
provement of inflammation‐induced PDLF autophagy, as
seen in periodontitis, has been strongly established.
However, there was no significant difference between
control and P. gingivalis LPS‐treated group in human
gingival fibroblasts (HGFs) (data not shown).

The pivotal contributions of autophagy in immunity
are related to the autonomous control of cell viability,
tissue/organ damage, and the increased production of
proinflammatory mediators.22,23 Changes in the expres-
sion of factors associated with autophagy due to in-
flammatory and microbial insults have also been
established. Similarly, IL‐1β stimulated the engagement
of inflammatory cells, and the production of enzymes has
been implicated in the pathogenesis of periodontal

diseases.24,25 A Dec2 deficiency was also found to in-
crease the P. gingivalis LPS‐induced upregulation of the
inflammatory cytokine IL‐1β. In the Dec2KO mouse
model, an increased accumulation of dental plaque due
to P. gingivalis caused substantial periodontal in-
flammation and bone loss. Interestingly, our results
highlight that the initiation of periodontitis resulted in
the increased expression level of IL‐1β protein in the
30 days study period. The elevated production of tumor
necrosis factor‐α, IL‐1β, and IL‐6 have also been observed
in patients with periodontal disease, which further leads
to PDL destruction and attachment loss.26,27 We failed to
detect the functional binding sites between Dec2 and
IL‐1β, suggesting an indirect response (data not shown).
In the future, this experimental periodontitis model can
be used to evaluate the regulation of Dec2 with other
cytokines.

The MEK/ERK signaling pathway has been made a
significant contribution to cellular autophagy via the
modulation of LC3 expression.28 We observed that LC3‐II
accumulation and p62 reduction can be related to the
activity of this signaling pathway. Treatment with P.
gingivalis LPS significantly increased the expression of
p‐ERK1/2, the conversion of LC3 and the decrease in p62
expression in HPDLFs. Moreover, the Dec2 siRNA
knockdown caused a substantial increase of LC3‐II and

FIGURE 4 Dec2 suppresses autophagy in periodontitis. The expression of ATG5 and Beclin1 were highly upregulated in the PDL of
Dec2KO mice compared with WT mice after treatment with Porphyromonas gingivalis. The induced autophagy led to an overexpression of
IL‐1β in Dec2KO mice compared with WT mice. Original magnification: ×60, scale bars = 20 μm. All results are representative of at least
three independent experiments. Dec2, differentiated embryonic chondrocytes 2; IL, interleukin; PDL, periodontal ligament; SD, standard
deviation; WT, wild‐type
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the decreased p62 expression in P. gingivalis LPS‐treated
HPDLFs. Our findings indicate that the autophagy in
P. gingivalis LPS‐treated HPDLFs is related to activation
of the ERK signaling pathway.

mTOR is another crucial target in the induction of
autophagy. Inflammation enhanced autophagy levels of
HPDLFs in periodontitis, which accordingly regulated
mTOR and ERK, the two important signaling pathways.
A heart failure model showed explicitly a balance in the
mechanism of apoptosis/autophagy via mTOR.29 In this
study, Dec2 inhibited autophagy, first by phosphorylating
mTOR and then by activating 4EBP1. Therefore, the
downregulation of mTOR by Dec2 siRNA and treatment
with P. gingivalis LPS stimulation demonstrates a tran-
scriptional regulation of autophagy. Therefore, these data
reveal that Dec2 regulates cell inflammation mediating
the autophagy pathway, possibly providing a new per-
spective for the periodontal treatment.

LC3 plays a pivotal role in the fusion step of autop-
hagy. The autophagy proteins LC3I/II and Beclin1 are
imperative in the formation of autophagosome. An ex-
perimental periodontitis mouse model exhibited increased
LC3‐II and Beclin1 expression.15 Furthermore, period-
ontitis patients also showed a similar trend in inflamed
PDL.11 The ratio of LC3‐II/LC3‐I and the number of au-
tophagic HGFs were increased after treatment with LPS.30

Our study also showed a notable increase in ATG5,
Beclin1, and LC3‐II/LC3‐I expression in inflammatory
HPDLFs compared with their minimal expression in
control HPDLFs. After 24 h of LPS stimulation in Dec2
deficient cells, the changes in gene expression are mainly
in support of autophagy upregulation in HPDLFs, except
for the downregulation of p62. These data also indicate
that PDLFs responding to LPS stimulation were able to
significantly increase autophagy and a Dec2 deficiency
leads to substantial changes, showing a tendency towards
the robust induction of autophagy.

PDLFs select and attract inflammatory cells, causing
them to migrate to the bone surface in the pathological
process of periodontitis.7 Periodontal patients revealed
the increased expression of autophagy markers in the
peripheral blood and also the increased autophagosome
production in PDL.11,14 Our results are in line with these
studies suggesting the involvement of autophagy in per-
iodontal inflammation.

5 | CONCLUSION

Activation of transcription factors and thereby the
changes in gene expression is necessary to maintain or
restore homeostasis to neutralize uncertain modifications
in the environment. Thus, an established in vivo animal

model is imperative to acclaim in vitro cell culture ex-
periments to improve the perception of cellular and
molecular regulation of autophagy. Dec2 might relate to
host immune defense response against microbial patho-
gens in the periodontium, and thus our results also em-
phasize the importance of autophagy in periodontal
inflammation. A limitation of this study is that we stu-
died only the phenomena of P. gingivalis, autophagy and
Dec2 in PDLFs and thus the molecular function involved
and whether Dec2 is also expressed by other periodontal
tissue‐resident cells should be explored in future studies.
Our approach exemplifies a unique target for Dec2 reg-
ulation in periodontitis. Suppressing autophagy by ad-
dressing Dec2 might debilitate the aberrant inflammation
that occurs in PDLFs.

ACKNOWLEDGEMENTS
We would like to thank Professor Yukio Kato for pro-
viding Dec2KO mice. We would like to thank Professor
Hamada, Drs. Toyama, and Sato (Kanagawa Dental
University) for the P. gingivalis treatment and the staff of
the animal facility for care of the mice. This study was
supported by Grants‐in‐Aid from the Ministry of Education,
Culture, Sports, Science and Technology of Japan and by a
Nihon University Multidisciplinary Research Grant for
2018. The authors are solely responsible for writing the
manuscript based on the concept, study design, and
collection, analysis, and interpretation of the data. The
work has been done without the influence of the funding
body. Grants‐in‐Aid from the Ministry of Education,
Culture, Sports, Science and Technology of Japan
(Grant/Award Number: 18K09921); Nihon University
Multidisciplinary Research Grant for 2018 (Grant/
Award Number: 18‐017).

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS
Contributed to the study design and conceive: Shunichi
Oka. Contributed to the experiment performance and
manuscript writing: Xiaoyan Li. Contributed to the animal
experiments and data analyze: Fengzhu Zhang and
Chongchong Chen. Contributed to the manuscript and
data critical review: FuyukiSato, Nitesh Tewari, Makoto
Makishima, Liangjun Zhong, and Yi Liu. Contributed to
the study conceive, animal experiments, data analyze, and
manuscript writing: Ujjal K. Bhawal. The final manu-
script was approved by all the authors.

DATA AVAILABILITY STATEMENT
The data supporting the findings of this study are avail-
able at https://doi.org/10.6084/m9.figshare.13109969.v1.

272 | OKA ET AL.

https://doi.org/10.6084/m9.figshare.13109969.v1


ORCID
Xiaoyan Li http://orcid.org/0000-0001-7166-0135
Ujjal K. Bhawal http://orcid.org/0000-0002-3746-009X

REFERENCES

1. Somerman MJ, Archer SY, Imm GR, Foster RA. A compara-
tive study of human periodontal ligament cells and gingival
fibroblasts in vitro. J Dent Res. 1988;67:66‐70.

2. Mariño G, Niso‐Santano M, Baehrecke EH, Kroemer G. Self‐
consumption: the interplay of autophagy and apoptosis. Nat
Rev Mol Cell Biol. 2014;15:81‐94.

3. Levine B, Mizushima N, Virgin HW. Autophagy in immunity
and inflammation. Nature. 2011;469:323‐335.

4. Mizushima N, Komatsu M. Autophagy: renovation of cells and
tissues. Cell. 2011;147:728‐741.

5. Klionsky DJ, Abdelmohsen K, Abe A, et al. Guidelines for the
use and interpretation of assays for monitoring autophagy (3rd
edition). Autophagy. 2016;12:1‐222.

6. El‐Awady AR, Messer RL, Gamal AY, Sharawy MM,
Wenger KH, Lapp CA. Periodontal ligament fibroblasts sus-
tain destructive immune modulators of chronic periodontitis.
J Periodontol. 2010;81:1324‐1335.

7. Zhang J, Wang CM, Zhang P, et al. Expression of programmed
death 1 ligand 1 on periodontal tissue cells as a possible
protective feedback mechanism against periodontal tissue
destruction. Mol Med Rep. 2016;13:2423‐2430.

8. Tonetti MS, Van Dyke TE. Periodontitis and atherosclerotic
cardiovascular disease: consensus report of the Joint EFP/AAP
Workshop on Periodontitis and Systemic Diseases.
J Periodontol. 2013;84:S24‐S29.

9. Onizuka S, Iwata T. Application of periodontal ligament‐
derived multipotent mesenchymal stromal cell sheets for
periodontal regeneration. Int J Mol Sci. 2019;20:2796.

10. Seo BM, Miura M, Gronthos S, et al. Investigation of multi-
potent postnatal stem cells from human periodontal ligament.
Lancet. 2004;364:149‐155.

11. An Y, Liu W, Xue P, Zhang Y, Wang Q, Jin Y. Increased
autophagy is required to protect periodontal ligament stem
cells from apoptosis in inflammatory microenvironment.
J Clin Periodontol. 2016;43:618‐625.

12. Wei W, An Y, An Y, Fei D, Wang Q. Activation of autophagy
in periodontal ligament mesenchymal stem cells promotes
angiogenesis in periodontitis. J Periodontol. 2018;89:718‐727.

13. Song B, Zhou T, Yang WL, Liu J, Shao LQ. Programmed cell
death in periodontitis: recent advances and future perspec-
tives. Oral Dis. 2017;23:609‐619.

14. Bullon P, Cordero MD, Quiles JL, et al. Autophagy in peri-
odontitis patients and gingival fibroblasts: unraveling the link
between chronic diseases and inflammation. BMC Med. 2012;
10:122.

15. Arai A, Kim S, Goldshteyn V, et al. Beclin1 modulates bone
homeostasis by regulating osteoclast and chondrocyte differ-
entiation. J Bone Miner Res. 2019;34:1753‐1766.

16. Li RF, Chen G, Ren JG, et al. The adaptor protein p62 is
involved in RANKL‐induced autophagy and osteoclastogen-
esis. J Histochem Cytochem. 2014;62:879‐888.

17. Liu Z, Li Z, Mao K, et al. Dec2 promotes Th2 cell differ-
entiation by enhancing IL‐2R signaling. J Immunol. 2009;183:
6320‐6329.

18. Zhang F, Suzuki M, Kim IS, et al. Transcription factor DEC1 is
required for maximal experimentally induced periodontal in-
flammation. J Periodontal Res. 2018;53:883‐893.

19. Liu C, Mo L, Niu Y, Li X, Zhou X, Xu X. The role of reactive
oxygen species and autophagy in periodontitis and their po-
tential linkage. Front Physiol. 2017;8:439.

20. Madeo F, Zimmermann A, Maiuri MC, Kroemer G. Essential
role for autophagy in life span extension. J Clin Invest. 2015;
125:85‐93.

21. Mazure NM, Pouysségur J. Hypoxia‐induced autophagy: cell
death or cell survival? Curr Opin Cell Biol. 2010;22:177‐180.

22. Deretic V, Levine B. Autophagy balances inflammation in
innate immunity. Autophagy. 2018;14:243‐251.

23. Zhong Z, Sanchez‐Lopez E, Karin M. Autophagy, inflamma-
tion, and immunity: a troika governing cancer and its treat-
ment. Cell. 2016;166:288‐298.

24. Stashenko P, Dewhirst FE, Rooney ML, Desjardins LA,
Heeley JD. Interleukin‐1β is a potent inhibitor of bone for-
mation in vitro. J Bone Miner Res. 1987;2:559‐565.

25. Deschner J, Arnold B, Kage A, Zimmermann B, Kanitz V,
Bernimoulin JP. Suppression of interleukin‐10 release from
human periodontal ligament cells by interleukin‐1β in vitro.
Arch Oral Biol. 2001;45:179‐183.

26. Murakami S, Mealey BL, Mariott A, Chapple LLC. Dental
plaque‐induced gingival conditions. J Periodontol. 2018;89:
S17‐S27.

27. Yoshihara‐Hirata C, Yamashiro K, Yamamoto T, et al. Anti‐
HMGB1 neutralizing antibody attenuates periodontal in-
flammation and bone resorption in a murine periodontitis
model. Infect Immun. 2018;86:e00111‐18.

28. Kim JH, Hong SK, Wu PK, Richards AL, Jackson WT, Park JI.
Raf/MEK/ERK can regulate cellular levels of LC3B and
SQSTM1/p62 at expression levels. Exp Cell Res. 2014;327:340‐352.

29. Zhang X, Wang Q, Wang X, et al. Tanshinone IIA protects
against heart failure post‐myocardial infarction via AMPKs/
mTOR‐dependent autophagy pathway. Biomed Pharmacother.
2019;112:108599.

30. Liu L, Li S, Zhang S, Cao X, Zhang Y. Lipopolysaccharide of
Porphyromonas gingivalis promotes the autophagy of human
gingival fibroblasts. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi.
2017;33:315‐319.

SUPPORTING INFORMATION
Additional Supporting Information may be found online
in the supporting information tab for this article.

How to cite this article: Oka S, Li X, Sato F, et al.
Dec2 attenuates autophagy in inflamed periodontal
tissues. Immun Inflamm Dis. 2021;9:265–273.
https://doi.org/10.1002/iid3.389

OKA ET AL. | 273

http://orcid.org/0000-0001-7166-0135
http://orcid.org/0000-0002-3746-009X
https://doi.org/10.1002/iid3.389



