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Purpose: Periodontitis is the leading cause of tooth loss. The role of long non-coding RNA
(IncRNA) in periodontal inflammation remains unclear. The aim of this study was to
investigate the role of IncRNA H19 in periodontitis and its possible regulation of autophagy
in periodontitis.

Material and Methods: Inflammation level was determined by quantitative reverse-tran-
scription polymerase chain reaction (QRT-PCR) and enzyme-linked immunosorbent assay
(ELISA) in periodontal ligament cells (PDLCs). Western blotting, flow cytometric analysis,
and immunofluorescence staining were used to detect the autophagy flux. Overexpression or
knockdown of H19 was used to confirm its function. Ligature-induced periodontitis model in
mice and periodontitis-affected human gingival tissue were used in vivo. RNA sequencing
was performed to determine the differentially expressed genes.

Results: Autophagy was significantly increased in PDLCs after inflammatory stimulation as
well as in a ligature-induced periodontitis model in mice and periodontitis-affected human
gingival tissue. During the inflammatory process, H19 expression was also significantly
upregulated. Further, the levels of autophagic markers were significantly upregulated after
overexpressing H19 in PDLCs, and the increased autophagic activity induced by inflamma-
tory stimulation was reversed by H19 knockdown. RNA sequencing showed that the
expression profiles of mRNAs were significantly altered after H19 overexpression, and the
differentially expressed genes were enriched in the PI3K/AKT signaling pathway, which was
confirmed by the decreased p-AKT protein expression in the H19 overexpression group.
Conclusion: Periodontal inflammation activates autophagy flux, and H19 mediates the
activation of autophagy via AKT pathway in periodontitis. This study expands our under-
standing of molecular regulation in periodontitis.

Keywords: autophagy, periodontitis, long non-coding RNA

Introduction

Periodontitis is a chronic inflammatory disease characterized by gingival swelling,
bleeding, alveolar bone resorption, and tooth loosening." It is the leading cause of
tooth loss in adults.> Microbial infection is the main cause of periodontitis. The
subsequent inflammation caused by microbial infection triggers the host response,
and the excessive inflammation destroys the periodontal tissue.” The periodontal
ligament (PDL) is a connective tissue located between the alveolar bone and the
tooth root that supports the teeth, buffers masticatory force, and contributes to tooth
nutrition. Chronic inflammation leads to progressive damage of the PDL and
gradually results in tooth loss. Thus, further investigation of the response of period-
ontal ligament cells (PDLCs) to inflammatory stimulation and the mechanisms
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involved is essential to develop effective therapeutic stra-
tegies for oral periodontitis.

Autophagy is an important mechanism of the con-
served lysosomal degradation process, which maintains
intracellular homeostasis and integrity.® It is reported to
be involved in starvation, hypoxia, infection, tumorigen-
esis, and stimulation.* Appropriate autophagy removes
damaged or useless organelles and maintains cellular
energy and material levels. Previous studies have illu-
strated that autophagy is involved in inflammation and
host immunity, and the interaction between autophagy
and periodontitis has gradually attracted attention.””’
Recent studies found that autophagy protects PDL stem
cells from apoptosis and promotes angiogenesis in the
inflammatory microenvironment.** Autophagy helps elim-
inate periodontal pathogen infection and modulates the
immune inflammatory response in periodontitis.”
However, the precise mechanism by which autophagy is
regulated under inflammatory conditions remains unclear.

Long non-coding RNAs (IncRNAs), a class of non-
protein-coding transcribed RNAs greater than 200 nucleo-
tides in length, have been shown to regulate various cel-
lular functions and processes.'” Many studies have
demonstrated that IncRNAs participate in both biological
and pathological control via regulation of autophagy-
related DNA, RNA, and/or proteins.“*14 IncRNA H19 is
a maternally expressed and paternally imprinted gene.15
Recently, H19 has been shown to play an important role in
the regulation of autophagy in several kinds of diseases.-
1617 One study reported that H19 promotes autophagy via
the PI3K/AKT/mTOR pathway in insulin-like growth fac-
tor binding protein-associated protein-induced hepatic stel-
late cell activation,'® while another study showed that H19
inhibits autophagy by epigenetic silencing of DIRAS3 in
diabetic cardiomyopathy.'® Hence, H19 shows dual effects
on autophagy. At present, the role and function of H19 in
periodontitis and whether H19 regulates autophagy in the
inflammatory microenvironment remain unclear. Thus, this
study aimed to investigate the role of H19 and its possible
regulation of autophagy in periodontitis.

Materials and Methods

Cell Isolation and Culture

This study was approved by the Ethics Committee of the
Peking University School of Stomatology (PKUSSIRB-
2011007). First premolars extracted due to orthodontic
reasons were collected from 3 individuals aged 20-30

years at the Department of Oral Maxilla-facial Surgery,
Peking University School and Hospital of Stomatology.
All three patients have provided written informed con-
sents. The periodontal ligaments were gently scraped
from the middle third surface of the root and digested in
collagenase and trypsin (Gibco, Grand Island, NY, USA)
for 60 min, then the isolated cells were cultured in a-
modified Eagle’s medium (Gibco) supplemented with
10% fetal bovine serum (Gibco) in a humidified atmo-
sphere of 5% CO, at 37°C. When the cell confluence
reached 80% in 6-well culture dish, the cells were pas-
saged and passage 4 were used for subsequent experiment.

Inflammatory Treatment

Tumor necrosis factor o (TNFa) and Porphyromonas gin-
givalis-derived lipopolysaccharide (LPS; Sigma-Aldrich,
St. Louis, MO, USA) were used to create an inflammatory
microenvironment in vitro. PDLCs were treated with
TNFa (10 ng/mL and 50 ng/mL) or LPS (10 pg/mL) for
24 h according to previous study.>

Cell Transfection

The small interfering RNA (siRNA) against H19 (H19
siRNA: 5'-CCC ACA ACA UGA AAG AAA UTT AUU
UCU UUC AUG UUG UGG GTT-3') and the control
siRNA (siNC: 5-ACG UGA CAC GUU CGG AGA
ATT-3") were purchased from Gene Pharma (Suzhou,
China). The full-length H19 (Gene Bank accession num-
ber: NR_002196.1) cDNA was cloned into the pcDNA3.1
vector as described previously.?’ Lipofectamine 3000 was
used as the transfection reagent. When the cell confluence
reached 80%, the plasmids or siRNAs were transfected
into PDLCs for 48 h according to the manufacturer’s
instructions.

Quantitative Reverse-Transcription
Polymerase Chain Reaction (qRT-PCR)

RNA was extracted from cells and tissues using TRIzol
reagent according to the manufacturer’s instructions. Then,
the RNA was converted into cDNA using a cDNA Reverse
Transcription Kit (Takara, Tokyo, Japan) under the follow-
ing reaction conditions: 37°C for 15 min and 85°C for 5 s.
qRT-PCR was performed using a SYBR Green PCR
Master Mix in a quantitative PCR System (Applied
Biosystems, Foster City, CA, USA) under the following
conditions: 95°C for 10 min, followed by 40 cycles of
95°C for 15 s and 60°C for 1 min. Glyceraldehyde 3-
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phosphate dehydrogenase (GAPDH) was used as an endo-
genous normalization control for mRNAs and IncRNAs.
The primer sequences used in this study are listed in the
Supplementary Table.

Enzyme-Linked Immunosorbent Assay

(ELISA)

The protein level of TNFa and IL-6 in the cell-free super-
natants were detected using ELISA kits (Tiangen Biotech
Company, Beijing, China), according to the manufac-
turer’s instructions.

Western Blotting
extracted from PDLCs as described
previously.?! The concentration of protein was determined

Protein was

using a Bicinchoninic Acid Protein Assay Kit (Thermo
Fisher Scientific, Waltham, MA, USA). The protein sam-
ple was separated via 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and then electroblotted onto
a polyvinylidene fluoride membrane. After blocking, the
membranes were incubated with primary antibodies
against LC3 (1:1000; Abcam, Cambridge, UK), Beclin-1
(1:1000; Abcam), phosphorylated-AKT (p-AKT; 1:1000;
Abcam), AKT (AKT; 1:1000; Abcam), and GAPDH
(1:2000; Abcam) at 4°C overnight. Then, membranes
were washed and incubated with secondary antibodies
(1:10,000; Zhongshan Golden Bridge, Beijing, China) at
room temperature for 1 h. The protein strips were detected
using an enhanced chemiluminescence kit (Applygen,
Beijing, China). Image] software was used to quantify
the strip intensities.

Flow Cytometric Analysis

The PDLCs were fixed with 4% formaldehyde for 10 min,
permeabilized with 0.1% phosphate-buffered saline (PBS)-
Triton X-100 for 15min, and incubated in 10% normal
Goat serum followed by the antibody (Abcam), according
to the manufacturer’s instructions. The Beclin-1 expres-
sion was detected using flow cytometric analysis as
described previously.”

Immunofluorescence Staining

Cells seeded onto coverslips in 12-well plates were col-
lected and fixed in 4% paraformaldehyde for 15 min. After
blocking with goat serum, the fixed cells were incubated in
anti-Beclin-1 primary antibody (1:200; Abcam) and anti-
LC3 primary antibody (1:200; Abcam) at 4°C overnight,

then further incubated in secondary antibody (1:10,000;
Zhongshan Golden Bridge). The nuclei were stained with
4',6-diamidino-2-phenylindole. The fields in each group
were randomly selected and captured using a confocal
imaging system (Carl Zeiss, Jena, Germany).

RNA Sequencing

RNA (4 pg) extracted from PDLCs was treated with
DNase as described previously.”® After removing the ribo-
somal RNA, the RNA library was prepared. RNA sequen-
cing was performed on a HiSeq 2000 System (Illumina,
San Diego, CA, USA). After the raw data were trimmed
and filtered, the remaining data were then mapped to the
human genome (hgl9) using HISAT2. Differential gene
expression was evaluated using the EBSeq package of the
Bioconductor R program as previously described.?*
Among the EBSeq results, the false discovery rate (FDR)
was applied using the Benjamini-Hochberg algorithm
based on the P-value. The differentially expressed genes
were defined according to the following criteria: (1) fold
change >1.5 or fold change <0.6667; and (2) FDR < 0.05.
Kyoto Encyclopedia of Genes and Genomes (KEGQG)
pathway analysis was performed using the Database for
Annotation, Visualization and Integrated Discovery. The
RNA sequence data have been uploaded into NCBI
Sequence Read Archive with
GSE145112.

accession number

Ligature-Induced Periodontitis Model in
Mice

All animal experimental protocols following the ARRIVE
guidelines were approved by the Animal Care Committee
of the Peking University School and Dental Hospital
(LA2018305). Five BALB/c mice (male, 5-6 weeks old)
used for the in vivo experiments were purchased from the
Vital River Laboratory Animal Technology Company
(Beijing, China). Mice were anesthetized and ligated
with a 6—0 non-absorbable silk ligature around the neck
of the left maxillary second molar. The right maxillary
second molar was used as the control. The mice were
sacrificed, and periodontal tissue samples around maxil-
lary second molar from the inflammation side and the non-
inflammation side were collected 7 days after ligation. For
qRT-PCR analyses, the periodontal tissue samples were
washed in sterile PBS and prepared using TissueLyser 11
for RNA extraction. For immunohistochemical staining,
the tissues were fixed with 4% paraformaldehyde for 24
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h and decalcified in 10% ethylenediaminetetraacetic acid
buffer at room temperature for 5 weeks. All samples were
embedded in paraffin blocks, and 4-pm sections were
prepared.

Gingival Tissue with Periodontitis in

Humans

The human study was approved by the Ethics Committee
of the Peking University School of Stomatology
(PKUSSIRB-201950166). All patients signed written
informed consent forms. The gingival samples were col-
in the

Department of Periodontology, Peking University School

lected from periodontal surgery performed
and Hospital of Stomatology. The healthy periodontal
tissue was obtained from crown-lengthening surgery in
five patients without periodontitis (three females, two
males; mean age: 33.2 years, standard deviation: 3.1).
The inflammatory periodontal tissue was obtained from
periodontal flap surgery in five patients with periodontitis
(three females, two males; mean age: 35.7 years, standard
deviation: 2.8). For patients with periodontitis, the period-
ontal flap surgery was performed when probing pocket
depth > 5mm persisted 3 months after subgingival debri-
dement. All subjects included in this study had no history
of systematic disease, never smoke, and had no use of
antibiotics or hormones in the previous 3 months. For
gqRT-PCR analyses, the gingival tissue samples were
washed in sterile PBS, and prepared using TissueLyser 11
for RNA extraction. For immunohistochemical staining,
the gingival tissue was fixed with 4% paraformaldehyde
for 24 h, dehydrated, and cleared in xylene. Then, the
samples were embedded in paraffin blocks, and 4-pum
sections were prepared.

Immunohistochemistry

Immunohistochemical staining was performed as
described previously.?® Briefly, the sections were deparaf-
finized and rehydrated. The sections were incubated with
anti-LC3 antibody (1:200; Abcam) at 4°C overnight, then
incubated with biotinylated goat immunoglobulin G for 30
min. Finally, the immunoreactivity was visualized using
diaminobenzidine (Beyotime, Shanghai, China). The fields
in mouse periodontitis model were located at maxillary
second molar furcation. Regarding human gingival tissue,
the fields representing the epithelium and connective tissue
were randomly selected in each group. Images were taken
BX light

using an Olympus microscope with a

photographic attachment (Olympus Optical, Tokyo,
Japan). The integrated optical density (IOD) was measured
to quantificationally analyze the LC3 staining using

Imagel software.

Statistics

All statistical analyses were performed using SPSS soft-
ware (IBM, Armonk, NY, USA). All data are presented as
the mean + standard deviation. Student’s #-test was used to
analyze the differences between two groups. One-way
analysis of variance (ANOVA) was used for multiple
group testing. When the ANOVA was significant, LSD
Post Hoc test was further performed between groups. A
P-value <0.05 was considered to indicate statistical

significance.

Results
Inflammatory Stimulation Increased the

Level of Autophagy in PDLCs

The level of autophagy in PDLCs was determined by
Western blot analysis, flow cytometric analysis, and immu-
nofluorescence staining. The expression of Beclin-1 and
the ratio of LC3II/LC3I were selected as autophagic mar-
kers. In the both LPS and TNFa group, the protein expres-
sion of Beclin-1 and the ratio of LC3II/LC3I were both
significantly upregulated compared to the control group
(Figure 1A). These results were confirmed by flow cyto-
metric analysis and immunofluorescence staining. The
flow cytometric results of Beclin-1 demonstrated that
inflammatory stimulation increased the level of autophagy
in PDLCs (Figure 1B). After TNFo and LPS simulation,
the staining of Beclin-1 was more extensive, and the LC3
punctate dots were significantly enhanced (Figure 1C).

H19 Was Upregulated in an Inflammatory

Microenvironment in PDLCs

After 24 h treatment of PDLCs with 10 ng/mL and 50 ng/
mL TNFa, the levels of six IncRNAs (FER1L4, HIF1A-
AS1, MIR22HG, NEAT1, H19, and MIAT) supposed to be
involved in the inflammatory process were detected by
gqRT-PCR. Inflammatory simulation distinctly increased
H19 expression, which was more significant following
treatment with 50 ng/mL TNFa. The increased expression
of H19 under LPS simulation was further verified
(Figure 2A). To further investigate the role of H19 in
inflammation, we used the H19 plasmid to overexpress
H19 in PDLCs, which increased H19 expression by
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Figure | Infllmmation increased the level of autophagy in PDLCs. Cells were
treated with LPS or TNFa for 24 h. (A) Western blot analyses of Beclin-1 and
LC3II/LC3I. Histograms show quantification of the band intensities. (B) The flow
cytometric results of Beclin-1. (C) Images of Beclin-1 and LC3 immunofluorescence
staining. Scale bar, 100um. (Analysis of variance *P <0.05; n=9 replicates derived
from three donors).

~22,000 fold. The mRNA expression of the inflammatory
markers TNFa and IL-6 was increased significantly after
H19 overexpression (Figure 2B). Furthermore, H19
siRNA was used to knock down the level of H19 in
PDLCs. H19 expression decreased to ~20% after H19
knockdown. TNFa and IL-6 expression tended to decrease
after H19 knockdown in non-inflammatory or inflamma-
tory environment (Figure 2C and D). Then, we used
ELISA to further determine the protein level of TNFa
and IL-6 in the cell-free supernatants. The ELISA results
were consistent with the qRT-PCR results (Figure 2B-D).
The above results indicated a positive feedback loop
between H19 and inflammation in PDLCs.

H19 Promoted the Level of Autophagy in
PDLCs

To investigate whether H19 regulates autophagy, we trans-
fected the H19 plasmid into PDLCs. Beclin-1 and LC3II/
LC3I were increased markedly in the H19 overexpression
group (Figure 3A). Similar results were obtained using
immunofluorescence staining. The staining of Beclin-1
and the formation of LC3 puncta were enhanced after
overexpressing H19 in PDLCs (Figure 3B). To further
investigate whether H19 mediates the increased autophagy
induced by inflammation, we knocked down H19 expres-
sion in PDLCs under inflammatory stimulation. Western
blot analysis showed that the increased ratio of LC3II/
LC3I and Beclin-1 expression induced by inflammation
were reversed by H19 knockdown (Figure 3C). The flow
cytometric results of Beclin-1 further confirmed that H19
promoted the level of autophagy and H19 knockdown
reversed the induced autophagy in PDLCs under inflam-
matory stimulation (Figure 3D).

H19 Promoted the Level of Autophagy
via the PI3K/AKT Signaling Pathway

To preliminarily study the mechanism of H19 in the
regulation of autophagy, RNA sequencing after transfec-
tion with the H19 vector was performed. The RNA
sequencing data showed that 1120 mRNAs, including
431 upregulated and 689 downregulated mRNAs, were
differentially expressed in the H19 overexpression group
compared to the control group. The differential expres-
sion levels of mRNAs were visually expressed with a
volcano plot (Figure 4A). To evaluate the function of
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Figure 2 HI19 was upregulated under inflammation in PDLCs. Cells were transfected with H19 vector or HI9 siRNA for 48 h to overexpress or knock down HI9
expression. (A) Relative mRNA expression of six INcRNAs (FERIL4, HIFIA-ASI, MIR22HG, NEAT I, H19, and MIAT) after 24 h treatment of PDLCs with 10 ng/mL and 50
ng/mL TNFo, and relative RNA expression of HI9 following 24 h treatment of PDLCs with LPS. (B) Overexpression efficiency of HI9 vector and relative RNA and
supernatant protein expression of TNFa, and IL-6 following overexpression of HI9 in PDLCs. (C) Knockdown efficiency of HI9 siRNA and relative RNA and supernatant
protein expression of TNFa, and IL-6 after knocking down H19 in PDLCs. (D) Relative RNA and supernatant protein expression of TNFa and IL-6 in PDLCs under LPS
stimulation with or without H19 knockdown (Analysis of variance *P <0.05; NS: non-significance, P >0.05; n=9 replicates derived from three donors).

differentially expressed genes, KEGG pathway analyses
were performed. The data showed that the differentially
expressed mRNAs were enriched in the PI3K/AKT sig-

naling pathway, which is relevant to autophagy

regulation (Figure 4B). Western blot analysis further
showed that the p-AKT protein expression was signifi-
cantly decreased in the HI19 overexpression group
(Figure 4C).

submit your manuscript

640

Dove

Journal of Inflammation Research 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Guo et al
A NC H19
I NC A Volcanoplot
H19 T -_'
Beclin-1 DG .
c 4 ’
a B
LC31I g >
8 3
3 h
o s
Le3n E H
3 w3
E E 4 Style
GAPDH D S 5 5 e
Beclin-1 L3 0 e
B Beclin-1 Merge 2

100um

LC3

DAPI
DAPI

NC
H19 -
c TNFa+ TNFa+ B TNFa +siNC
siNC H19 siRNA TNFa+H19 siRNA

°

Beclin-1 WNEEG_—_E_G S—

]

c
S
I3
'3
2
o
3 o
LC3|  ,oumm i e
[
2
o 04
LC31l IO — g
o
E 0.2
GAPDH WD S 5
= 0.0
Beclin-1 Lcam
100 7] peclin- beclin+ 100 < peclin- beclin+
!
[ ne 0 = r\ [ TuFass NG
Hio - T —

Normalized To Mode

Normalized To Mode
]
\v

APC-CyT7-A:: beclin APC-Cy7-A :: beclin

Figure 3 HI9 promoted the level of autophagy in PDLCs. (A) Western blot
analyses of Beclin-1 and LC3II/LC3I after PDLCs transfected with a vector expres-
sing H19 for 48 h. Histograms show quantification of the band intensities. (B)
Images of Beclin-1 and LC3 immunofluorescence staining after PDLCs transfected
with a vector expressing HI9 for 48 h. Scale bar, 100pm. (C) Western blot analyses
of Beclin-1 and LC3I/LC3I in PDLCs treated with TNFo with or without HI9
knockdown for 48 h. Histograms show quantification of the band intensities. (D)
The flow cytometric results of Beclin-1 in HI9 overexpression group and in HI9
knockdown group with TNFa stimulation for 48 h. (Analysis of variance *P <0.05;
n=9 replicates derived from three donors).

Log;(FC)

Top 20 of Pathway enrichment

ECM-receptor interaction{ [ ]
Cell cycle] [ ]
Amoebiasis |
Focal adhesion{
Malaria{
Gap junction{ —~logs(P — Value)
Rheumatoid arthritis { 8
Cytokine-cytokine receptor interaction | ;
PI3K-Akt signaling pathway{ 5
| 4
Gocyte meiosis{ N
Pathways in cancer{

TNF signaling pathway { Gene number

Progesterone-mediated oocyte maturation{ ® 10
Pathogenic Escherichia coli infection{ @2
Homologous recombination | @

Chagas disease (American trypanosomiasis) {

NOD-like receptor signaling pathway{

Arrhythmogenic right ventricular cardiomyopathy (ARVC){
TGF-beta signaling pathway {

Fanconi anemia pathway{

010 015 020 025
Rich factor
NC H19 I NC
H19
NS
P-AKT s = = g T
g = *
£ 10
AKT s s— £
1
& o __
s
GAPDH s s 5
= 0.0 T T
AKT p-AKT

Figure 4 RNA sequencing following transfection with HI9 vector for 48 h. (A)
Volcano plot of differentially expressed mRNAs in the control and HI9 groups. Red
points: upregulated mRNAs; blue points: downregulated mRNAs. (B) The top 20
enrichments in the KEGG pathway analysis of differentially expressed genes. (C)
Western blot analyses of p-AKT and AKT after PDLCs transfected with H19 vector
for 48 h. Histograms show quantification of the band intensities (Analysis of
variance *P <0.05; NS: non-significance, P >0.05; n=9 replicates derived from
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The Levels of Autophagy and HI9 Were
Increased in the Mouse Periodontitis
Model

To further verify the participation of H19 in modulating
autophagy under inflammation, we conducted a ligature-
induced periodontitis model in mice. RNA was extracted
from inflamed and healthy periodontal tissue. The levels of
TNFa, IL-6, and H19 were increased in the inflammatory
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group compared to the healthy group (Figure 5A). The
immunohistochemistry showed an increase of autophagy
in the inflammatory group, as revealed by the enhanced
staining of LC3 in the periodontal ligament tissue of the
inflammatory group, whereas the area of staining was
relatively narrow and the level of staining was mild in
the healthy group. Quantitative analysis showed the LC3
staining in inflammatory group was significantly stronger
than the healthy group (Figure 5B).

The Levels of Autophagy and HI9 Were
Increased in Periodontitis-Affected

Human Gingival Tissue

The role of H19 was further determined in human gingival
tissue with periodontitis. Similar to the results of the
mouse model, the expression levels of TNFa, IL-6, and
H19 were increased in the inflamed gingival tissue

(Figure 6A). The level of autophagy in gingival tissue
was tested by immunohistochemistry. Compared to the
healthy group, the inflamed gingival tissue showed signif-
icantly enhanced staining of the LC3 in connective tissue
(Figure 6B).

Discussion
In this study, we found that autophagy was significantly
increased under inflammatory conditions in periodontal
cells and tissues. H19 mediated the autophagy induced
by inflammatory stimulation, indicating the importance of
H19 in the pathogenesis of periodontal disease.
Autophagy plays a distinct role in periodontitis.®’
Autophagy maintains cellular homeostasis, but aberrant autop-
hagy processes occur in certain diseases such as tumors and
inflammatory diseases.”® In the present study, we selected
Beclin-1 and LC3 as autophagy markers to monitor the
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Figure 5 The levels of autophagy and H19 were increased in a mouse periodontitis model. (A) Relative RNA expression of HI9, TNFq, and IL-6 in the mouse periodontitis
model. (B) Immunohistochemical staining of LC3 in the healthy and inflammatory groups. Black arrows identified the LC3 staining of periodontal ligament tissue of ligature-
induced periodontitis mice. Quantitative analysis showed the LC3 staining in inflammation group was significantly stronger than the control group. (Analysis of variance *P
<0.05; NS: non-significance, P >0.05; n=10 replicates derived from 5 mice in each group).
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autophagy process. Beclin-1 participates in autophagy as a
major component of the initial formation of the autophagoso-
mal membrane. Conversion of the soluble LC3 I to the vesicle-
associated LC3 1II is part of the late phase of autophagosomal
membrane formation.”” We used two cytokines (TNFa and
LPS) to induce inflammatory conditions in vitro, which were
successfully and commonly applied to simulate the period-
ontal inflammatory microenvironment in previous studies.”
Interestingly, we found that autophagy was more sensitive to
TNFa simulation compared to LPS. The highly expressed
Beclin-1, the increased ratio of LC3 II/I in PDLCs under
TNFa and LPS stimulation, and the enhanced staining of
LC3 in the periodontitis model all indicated that the autophagy
process was enhanced in periodontitis, which is consistent
with previous studies.”®*° However, the exact function of
autophagy in periodontitis remains controversial. In the early
stage of periodontitis, autophagy might play a protective role,
such as by protecting cells from apoptosis, promoting angio-
genesis, and modulating the immune inflammatory response
to suppress inflammation. However, this protective effect
might function only in the early stage. One study found that
inhibited
continued.® In addition, autophagy could provide certain bac-

autophagy was if inflammatory stimulation
teria, such as P, gingivalis, with a route toward shelter from the
immune system.’® Autophagy also induces the differentiation
and proliferation of osteoclasts and modulates their function,
resulting in alveolar bone resorption.'** The involvement of
autophagy in periodontitis should be further studied.

IncRNAs modulate autophagy via a variety of mechan-
isms. To determine the role of IncRNAs in autophagy, we
tested six candidate IncRNAs (FER1L4, HIF1A-ASI,
MIR22HG, NEATI1, H19, and MIAT) supposed to be
involved in the process of inflammation.'”*7 Among
them, H19, a conserved IncRNA, was the most differen-
tially expressed. H19 has been reported to regulate autop-
hagy in various types of cancer, and its aberrant expression
was associated with tumorigenesis.*®** The role of H19 in
periodontitis has not been investigated previously. In the
present study, we determined the expression of H19 in
PDLCs under TNFa and LPS stimulation as well as in
inflamed periodontal tissue. The expression of H19 was
upregulated under inflammatory stimulation in vivo and in
vitro, indicating that H19 is involved in the pathogenesis
of periodontitis. While, the vivo experiment of human
periodontal ligament would better connect with the cell
culture data. Unfortunately, the periodontal ligament tissue
of periodontitis patient is difficult to collect. Hence, we
used the human gingival tissue in our study.

To further explore the possible effect of H19 on autop-
hagy in PDLCs, we overexpressed and knocked down H19
in PDLCs under inflammatory conditions. Autophagy
increased after overexpressing H19 in PDLCs, and the
autophagy induced by inflammation was reversed by H19
knockdown. These results indicate that H19 participates in
periodontitis by activating autophagy, consistent with sev-
eral studies showing that H19 promotes the activation of
autophagy in ischemic stroke, breast cancer, and liver

. 18,4041
fibrosis.!840:

Through mRNA sequencing, our data
showed that the differentially expressed mRNAs were
enriched in the PI3K/AKT signaling pathway after over-
expressing H19 in PDLCs, which was further confirmed
by the decreased p-AKT protein expression in the H19
overexpression group. The PI3K/AKT signaling pathway
is a classic regulatory pathway for the autophagy process.
A previous study demonstrated that H19 promotes autop-
hagy in trophoblast cells via PI3K/AKT pathways.** Our
results indicated that H19 promote autophagy by inhibiting
the PI3K/AKT signaling pathway in PDLCs. However,
further studies are required to completely understand the
interaction of H19 and PI3K/AKT signaling pathways in
periodontitis.

Conclusion

Our study demonstrated that periodontal inflammation
activated autophagy in vivo and in vitro, and H19
mediated the activation of autophagy via AKT signaling
pathway in periodontitis (Figure 6C). These findings sug-
gest a mechanism of autophagy regulation by H19 in the
pathogenesis of periodontitis.
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