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Abstract

Background
Periodontitis is a serious threat to oral quality of life and overall health. Although our previous studies
con�rmed that long intergenic non-coding RNA 01126 (LINC01126) is aberrantly expressed in
periodontitis tissues, there are few reports on the pathogenesis of LINC01126 in periodontitis. Our study
investigated the biological functions of LINC01126 in periodontitis and the potential mechanism.

Results
An in�ammatory model of human gingival �broblasts (HGFs) was successfully established. LINC01126
silencing can alleviate lipopolysaccharide (LPS) induced cell in�ammation, reduce cell apoptosis, and
promote cell migration. As a "sponge" for miR-655-3p, LINC01126 inhibits its binding to mRNA of IL-6,
thereby promoting in�ammation progression and JAK2/STAT3 pathway activation. qRT- PCR, WB, and
IHC results of clinical tissue samples further con�rmed that miR-655-3p expression was down-regulated
and IL-6/JAK/STAT3 was abnormally activated in periodontitis tissues.

Conclusions
Our results indicate that LINC01126, as an endogenous competitive RNA (ceRNA) of miR-655-3p, can
promote IL-6/JAK3/STAT3 pathway activation, thereby promoting periodontitis pathogenesis. And this is
the �rst study of miR-655-3p in in�ammatory periodontal diseases. Our study reveales a new
pathogenesis of periodontitis, and provides a new strategy for preventing and treating periodontitis.

Background
Periodontitis is a chronic infectious disease with high incidence in the population, which seriously harms
the oral health-related quality of life1. Porphyromonas gingivalis (Pg) and Actinobacillus
actinomycetemcomitans (Aa) are the most dominant bacteria in the lesion or active site during
periodontitis development2. Most periodontitis patients have a chronic, long-term disease process,
accompanied by bleeding gums, loose teeth, weak bite, and other symptoms3. Clinically, basic
periodontal treatment (including supragingival scaling and root planning) is the key measure for
controlling dental plaque and delaying periodontitis progression3, 4. However, there is currently no cure for
periodontitis that results in complete physiological healing of periodontal tissues. At present, studies on
periodontitis pathogenesis mainly focus on dental plaque5, immune regulation6, and genetic
susceptibility7. Numerous studies have demonstrated a close association between general health and
periodontitis, including heart diseases, diabetes, Alzheimer's disease, and adverse pregnancy8–12. As a
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result, elucidating the pathogenic mechanism of periodontitis is critical for preventing and treating
periodontitis and systemic diseases.

Gingival tissue, an important part of periodontal tissue, is involved in the earliest periodontal
in�ammatory response and maintains an in�ammatory state throughout the whole process of
periodontitis occurrence and development. In�ammatory gums are often associated with changes in
color and texture, and the in�ltration of in�ammatory cells is signi�cantly increased. Human gingival
�broblasts (HGFs) are the main cells in gingival tissue, and their physiological function determines the
health condition of periodontal tissues13. Healthy HGFs can participate in connective tissue matrix
synthesis, promote the healing of in�ammatory periodontal tissues, and play a crucial role in the
reconstruction, regeneration, and physiological function of periodontal support tissue14–16. Toll-like
receptors (TLRs) on the surface of HGFs are activated in response to the invasion of periodontal
pathogens and are involved in immune regulation17.

Long non-coding RNAs (lncRNAs), with a length of more than 200 ribonucleotides and lacking a complete
open reading frame (ORF), have great potential for maintaining stem cell differentiation and pluripotency,
and their involvement in various biological processes has been extensively reported, including epigenetic
processes, transcriptional regulation, gene silencing, and chromatin modi�cation18, 19. MicroRNA,
encoded by endogenous genes, often target to the mRNA sequence of the target gene or are sponged by
lncRNAs, thereby regulating the target gene's expression and forming “lncRNAs-microRNAs-mRNAs”
network20. By increasing researches on lncRNAs, some have been gradually introduced into oral diseases.
Researches have demonstrated that lncRNAs regulate osteogenic differentiation, cell apoptosis, and
alveolar bone metabolism of periodontal cells. Jia et al. found that lncRNA-ANCR down-regulation could
promote the proliferation of periodontal ligament stem cells (PDLSCs) and osteogenic differentiation of
PDLSCs by upregulation of osteogenic differentiation-related genes21. LncRNA PCAT1 acts as a
molecular sponge during PDLSCs osteogenic induction, thereby regulating BMP2 expression22. In
addition, cell apoptosis can be regulated by lncRNA-POIR/miR-182/FoxO1 regulatory network in
in�ammatory microenvironment23. These results all suggest that lncRNAs may regulate periodontitis
progression by regulating bone metabolism, cell proliferation, and apoptosis of periodontal tissues.

Previous microarray analysis has revealed that long intergenic non-coding RNA 01126 (LINC01126,
located on 2p21) is a discrepant expressed lncRNA between gingival tissues of periodontitis patients and
healthy controls. Additionally, the results con�rmed that LINC01126 promotes periodontitis progression
through miR-518a-5p/HIF-1α/MAPK pathway24. However, the biological role of LINC01126 in the
in�ammatory process of gingival tissue remains unknown. Therefore, the biological roles of LINC01126
in human HGFs under in�ammation microenvironment were studied. As expected, the results showed that
IL-6 expression was closely related to LINC01126. Additional studies con�rmed that LINC01126 could act
as a miR-655-3p sponge, thus regulating IL-6/JAK2/STAT3 signaling pathway in periodontitis
progression.
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Results
Proin�ammatory genes were up-regulated in in�ammatory model in vitro, while LINC01126 silencing
signi�cantly alleviates LPS-induced cellular in�ammation

HGFs were cultured with in�ammatory medium containing LPS with a concentration of 1 ng/mL. All
proin�ammatory genes were signi�cantly up-regulated with statistical signi�cance (Fig. 1A-D). IL-6
expression increased tenfold in LPS-stimulated HGFs than in the control group. IL-4 expression, an anti-
in�ammatory cytokine, decreased after in�ammatory stimulation (Fig. 1E). Meanwhile, it was con�rmed
that LINC01126 expression increased under in�ammatory microenvironment (Fig. 1F). These results
indicated a successful establishment of a cellular in�ammatory model of HGFs.

Further, we screened the siRNA sequences of LINC01126. As depicted in Fig. 1G, si-LINC01126_002 had
the best silencing effect and thus was used in our experiments. Then, the expression of proin�ammatory
genes following LINC01126 silencing was veri�ed. The results indicated that expressions of IL-1β, IL-6
and MMP-1 were statistically decreased after silencing, particularly on the second day (Fig. 1H-J).
However, expression of TNF-α in HGFs with LPS stimulation was not affected by LINC01126 silencing
(Fig. 1K). Among all proin�ammatory genes, it was found that IL-6 expression decreased most
signi�cantly. However, LINC01126 silencing had no obvious effect on IL-4 in in�ammatory
microenvironment (Fig. 1L). These �ndings imply that silencing LINC01126 can reduce the expression
level of proin�ammatory genes, particularly IL-6.

LINC01126 silencing has no signi�cant effect on cell proliferation, but promotes cell migration and
reduces LPS-induced apoptosis

To further elucidate the biological function of LINC01126 in HGFs, Cell viability assay manifested that
LINC01126 silencing had no statistical signi�cance on HGFs proliferation (Fig. 2A). However, wound
healing experiments and �ow cytometry showed that silencing LINC01126 could increase the migration
of HGFs and inhibited LPS-induced cell apoptosis (Fig. 2B-D).

LINC01126 silencing inhibits the activation of IL-6/JAK2/STAT3 pathway by down-regulating IL-6
expression under in�ammatory microenvironment

Given that silencing LINC01126 can signi�cantly decreased IL-6 expression under in�ammatory
stimulation, additional studies were conducted to determine whether LINC01126 can affect IL-6-related
signaling pathway, called IL-6/JAK2/STAT3 pathway. RT-qPCR results manifested that expression of IL-6,
JAK2, and STAT3 in HGFs under in�ammatory stimulation were decreased with statistical signi�cance
after LINC01126 silencing (Fig. 3A-C). Figure 3D demonstrated that LINC01126 was successfully
silenced. In addition, WB further con�rmed that protein expressions of IL-6, p-JAK2, and p-STAT3 were
dramatically down-regulated in the silencing groups (Fig. 3E). These results indicated that silencing
LINC01126 inhibited the activation of JAK2/STAT3 pathway by reducing IL-6 expression.

LINC01126 acts as a sponge for miR-655-3p
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It was predicted that miR-655-3p contains a binding site of LINC01126 (Fig. 4A). Therefore, LINC01126
was predicted to be a "sponge" for miR-655-3p. FISH manifested that LINC01126 was expressed in the
cytoplasm and nucleus of HGFs (Fig. 4B). LINC01126 expression in cytoplasm provided additional
support for our hypothesis. Dual-luciferin reporter assay was used to further con�rm the direct binding of
miR-655-3p to LINC01126. The data indicated that miR-655-3p mimics transfection decreased the relative
luciferase activity of the LINC01126-WT groups, but had no signi�cant difference in LINC01126-MUT
group (Fig. 4C). In addition, as the duration of in�ammatory culture increased, miR-655-3p expression
was signi�cantly down-regulated in HGFs (Fig. 4D). After LINC01126 silencing, miR-655-3p expression
returned to the level of the control group (Fig. 4E). Meanwhile, LINC01126 expression decreased after
miR-655-3p overexpression (Fig. 4F). The successful miR-655-3p mimics transfection was further
con�rmed (Fig. 4G). All these results indicate that miR-655-3p could be sponged by LINC01126.

MiR-655-3p targets to mRNA of IL-6 and inhibits IL-6/JAK2/STAT3 signaling pathway under
in�ammatory stimulation

IL-6 expression was signi�cantly down-regulated in HGFs following LINC01126 silencing. Consequently, it
was hypothesized that miR-655-3p could target mRNA of IL-6 and thus regulate its expression.
Additionally, the binding ability of miR-655-3p and IL-6 mRNA was con�rmed by searching online
database (Fig. 5A). The dual luciferase reporter assay con�rmed that �uorescence intensity in the IL-6-WT
group was markedly decreased after being co-transfected with miR-655-3p mimics, but no statistical
difference was observed in IL-6-MUT group (Fig. 5B). Besides, IL-6 expression was signi�cantly decreased
in miR-655-3p mimics transfection group (Fig. 5C). These results con�rmed the direct targeting ability of
miR-655-3p to IL-6. Meanwhile, miR-655-3p overexpression could inhibit mRNA expression of JAK2 and
STAT3 and protein expression of IL-6, p-STAT3, and p-JAK2 (Fig. 5D-F). The above results manifested
that miR-655-3p could inhibit IL-6/JAK2/STAT3 signaling pathway in in�ammatory microenvironment via
targeting mRNA of IL-6.

MiR-655-3p is down-regulated in in�ammatory gingival tissues, while IL-6/JAK2/STAT3 pathway is
abnormally activated

Clinical gingival tissue samples were collected (n = 12). As expected, miR-655-3p expression was
markedly down-regulated in in�ammatory periodontal tissues than that of normal periodontal tissues
(Fig. 6A). LINC01126, IL-6, JAK2, and STAT3 expressions were statistically up-regulated (Fig. 6B-E).
LINC01126 expression was consistent with previous lncRNA microarray analysis. WB further con�rmed
that protein expressions in in�ammatory periodontal tissues were markedly up-regulated (Fig. 6F). H&E
staining revealed that in�ammatory gingival tissues were in�ltrated by a mass of in�ammatory cells,
which were rarely seen in healthy controls (Fig. 6G). IHC staining of gingival tissues also con�rmed that
expression levels of IL-6, T-STAT3, p-STAT, T-JAK2, and p-JAK2 in in�ammatory gingival tissues were
much higher than those in healthy tissues (Fig. 6H-L). Combined with previous results, it was manifested
that miR-655-3p has anti-in�ammatory effect in periodontitis, whereas IL-6/JAK2/STAT3 pathway is
abnormally activated during periodontitis progression.
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Discussion
In recent years, increasing studies have focused on long non-coding RNAs, which may be aberrantly
expressed in many diseases and are involved in epigenetic and transcriptional regulation25, 26. According
to the 4th National Oral Health Survey of China, the periodontal health rate of Chinese adults is less than
10%, and the prevalence of periodontitis is signi�cantly correlated with age groups27. Due to severe
situation of periodontitis in the population, it is urgent to reveal pathogenic mechanisms underlying
lncRNAs in periodontal diseases. Existing researches indicate that lncRNA-ANCR, PCAT1, and POIR may
regulate periodontal cell proliferation, osteogenic differentiation, and bone metabolism21–23. In previous
studies, clinical tissue samples were obtained for lncRNA microarray analysis, which identi�ed a long
non-coding RNA with the most signi�cant expression difference between in�ammatory periodontal tissue
and healthy controls, namely LINC01126. It has demonstrated that LINC0116 is critical in promoting
periodontitis pathogenesis under hypoxia24. However, whether LINC01126 regulates proin�ammatory
gene expression and its speci�c mechanism has not been investigated.

Periodontitis aggravated gingival tissue disorder and cellular function impairment28. The biological
function of HGFs is an important indicator of physical condition of gingival tissues, and their migration is
critical for gingival tissue restoration under in�ammation microenvironment29, 30. CCK-8 assay and
wound healing experiments revealed that LINC01126 silencing had no obvious effect on cell viability of
HGFs. However, cell migration results indicated that LINC01126 expression inhibited the migration of
HGFs in the in�ammatory microenvironment, thus reducing its resistance to in�ammation and tissue
repair ability. In addition, numerous studies have demonstrated that lncRNAs, such as lncRNA ATB31,
MALAT132, and GAS533, have regulatory effects on apoptosis, promoting apoptosis by activating
apoptosis-related signaling pathways. Generally, the greater the number of apoptotic cells, the fewer cells
can perform normal biological functions, disrupting the body's self-repair and immune defenses34. In
terms of apoptosis detection, it was found that LINC01126 silencing could reduce LPS-induced apoptosis
of HGFs, implying that lncRNAs play a role in apoptosis.

LncRNAs have been shown to regulate the occurrence and development of in�ammatory diseases35, 36.
Maninjay K et al. found that LINC-EPS regulated in�ammatory response at the transcriptional level,
inhibiting in�ammation progression37. LncRNA-Mirt2 inhibits the NF-κB and MAPK pathways activation
and limits the production of pro-in�ammatory cytokines through negative feedback38. In addition,
lncRNAs can participate in in�ammatory progression by regulating macrophage oxidative stress and
metabolism39, 40. Our study found that LINC01126 silencing signi�cantly reduced expression of
proin�ammatory cytokines in LPS-induced HGFs, particularly IL-6. As a result, additional studies on IL-6
were conducted to elucidate the role of LINC01126 in in�ammation. Through online database
comparison, it was found that miR-655-3p contains binding sites for LINC01126 and IL-6, which is an
important premise for our study on "endogenous competitive RNA". According to current reports, miR-655-
3p has primarily focused on cancer-related �elds, where miR-655-3p plays an anti-tumor role by targeting
related genes41, 42. To our knowledge, miR-655-3p has not been reported in mechanistic studies of
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in�ammation-related diseases. Through dual luciferin report assay, it was con�rmed that miR-655-3p had
a targeted effect with LINC01126 and IL-6. Moreover, it was con�rmed that miR-655-3p expression in
in�ammatory group was dramatically lower than that of controls and was negatively correlated with
LINC01126. Additionally, these �ndings indicate that there exists a mechanism of "competing
endogenous RNAs" between LINC01126/miR-655-3p/IL-6, which is an important pathway for
in�ammation regulation in periodontitis.

IL-6 is mainly expressed in �broblasts and activated T cells, and has received extensive attention,
especially in the study of chronic in�ammation, autoimmune disease, and tumors43–45. During
periodontitis progression, HGFs are stimulated by bacteria-derived LPS, resulting in increased expression
of various proin�ammatory genes, particularly IL-6. Increased IL-6 leads to IL-6 receptor activation, which
then activates IL-6-related cell signaling pathways, especially IL-6/JAK2/STAT3 pathway46. According to
most current studies, aberrant activation of JAK2/STAT3 signaling pathway promotes disease
progression and is detrimental to the control of diseases, including liver cancer47, in�ammation48 and
neurological disease49. In our study, it was observed that the expressions of IL-6, p-JAK2, and p-STAT3
were abnormal up-regulated in HGFs after LPS induction, and the effect of LPS stimulation was partially
reversed following transfection with miR-655-3p mimics. In addition, IL-6, p-JAK2, and p-STAT3
expression levels in periodontitis tissues were far higher than those in normal tissues through IHC and
WB. These data indicate that IL-6/JAK2/STAT3 signaling pathway is abnormally activated in
in�ammatory periodontal tissues, thus exerting a pro-in�ammatory effect and regulating various cell
biological behaviors as previous reports50.

Our results revealed an important mechanism of LINC01126 in periodontitis regulation. As a "sponge" of
miR-655-3p, LINC01126 obstructs the binding between miR-655-3p and IL-6, thus promoting the
activation of IL-6/JAK2/STST3 pathway (Fig. 7). It is worth mentioning that the regulatory mechanism of
LINC01126 in the nucleus of HGFs remains unclear. Recently, Chen et al. are the �rst to identify that
lncRNA-SLERT regulates protein conformation and polymer state through RNA chaperone mechanism,
thus maintaining normal nucleolus morphology and function51. For further speculation, LINC01126 may
directly or indirectly serve as a molecular chaperone to regulate target genes through a whole new
mechanism, in addition to performing its biological function in the nucleus. Moreover, studies in vivo
should be conducted to corroborate our current �ndings. In conclusion, our study proposes a new
mechanism of LINC01126 in regulating periodontitis, which is also the �rst report on the biological role of
miR-655-3p in in�ammatory periodontal diseases and may provide a new strategy for preventing and
treating periodontitis.

Conclusions
In conclusion, LINC01126, as an endogenous competitive RNA (ceRNA) of miR-655-3p, can promote IL-
6/JAK3/STAT3 pathway activation, thereby promoting periodontitis pathogenesis.
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Methods
Gingival tissues collection and cell culture

Gingival tissues were obtained from patients in the clinic. HGFs were isolated from healthy gingival
tissues collected from teeth during tooth extraction. The obtained gingival tissue was rinsed with PBS
solution at least three times. After cutting up the tissues in EP tubes, they were digested with Type I
collagenase (Sigma, USA) in a 37 ℃ water bath for 30 min and were shaken every �ve minutes. Followed
by centrifugation, precipitated tissue blocks were evenly spread on Petri dish for 12 h before adding
culture medium. Cell culture medium of HGFs was composed of 89% (v/v) α-MEM (Gbico, Shanghai,
China), 10% (v/v) fetal bovine serum (FBS, VivaCell, ShangHai, China), and 1% (v/v)
penicillin/streptomycin (Hyclone, USA). Human embryonic kidney (293T) were cultured in DMEM (Gbico,
Shanghai, China) with 10% (v/v) FBS (VivaCell, Shanghai, China) and 1% (v/v) penicillin/streptomycin
(Hyclone, USA). Both 293T cells and HGFs were cultured at 37 ℃ with 21% O2.

The establishment of cell in�ammation model

For establishing a model of in�ammatory HGFs, a complete culture medium containing a 1 ng/mL
concentration of lipopolysaccharide (LPS) (Sigma, USA) was used as the in�ammatory medium. The
in�ammatory medium was added to the 6-well plate when cell density reaches about 60%. Before
harvesting, HGFs were cultured with in�ammatory medium for 1, 2, and 3 days.

The silencing of LINC01126 in HGFs

Three di�erent siRNAs (si–LINC01126_001, si–LINC01126_002 and si–LINC01126_003) of LINC01126
were designed and synthesized by Guangzhou RiboBio Co.,LTD (Table S1). Transfection experiments
were performed in 6-well plate when cell density reached 80%. HGFs were transfected with siRNA or si-NC
at a concentration of 50 nM using lipo3000 (Thermo Fisher Scienti�c, USA). HGFs were harvested 24 h
later after transfection of synthesized sequences. LINC01126 silencing was veri�ed using quantitative
real-time PCR.

Cell transfection

HGFs were seeded in 6-well plates with 2×105 cells per well. HGFs were transfected with small interfering
RNA from negative control (si-NC) or screened small interfering RNA from LINC01126 (si-LINC01126).
MiR-655-3p mimics or mimics-NC (RiboBio, Shanghai, China) were transfected in the same manner with a
concentration of 50 nM. And complete medium was substituted by an in�ammatory medium 24 h later
after cell transfection. Cell samples were harvested at the appointed time.

Cell viability assay

Cell Counting Kit-8 (CCK-8) kit (Bioss, Beijing, China) was utilized to perform cell viability assay. HGFs
were seeded in 96-well plates with 103 cells per well. Following cell attachment, the selected si-LINC01126
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sequence was utilized to transfect HGFs with a concentration of 50 nM. Cell viability was measured at 0,
1, 3, and 5 days after transfection, and OD values were measured at 450 nm using a SpectraMax ID5
Multi-Mode Microplate Reader (Molecular Devices, USA).

Wound healing assay

2×105 cells were seeded in 6-well plates. Brie�y, simulated wounds were created with a 200 µ sterile tip on
a single layer of HGFs when cells reached approximately 90% con�uency. Following that, HGFs were
rinsed with sterile PBS three times to rinse off the scraped cells. Finally, HGFs were cultured with fresh
opti-MEM medium (Gbico, Shanghai, China). After 24 h, the healing of scratches was observed and
photographed for analysis.

Flow cytometry

When the density reached approximately 80%, cell transfection was performed as before. After 24 h of si-
LINC01126 transfection, HGFs were cultured with in�ammatory medium for 48 h. HGFs were then
collected for apoptosis detection through �ow cytometry. All operations were performed following
manufacturer’s instructions.

Western blot (WB) assay

For the cell samples, the cells were lysed on ice by RIPA containing 1% PMSF (Beyotime, Shanghai,
China). For the tissue samples, the tissues were grinded in Freezer Mixer (Jingxin, Shanghai, China) with
RIPA. After protein transmembrane and blocking, the PVDF membranes were incubated with primary
antibodies overnight, including GAPDH (Zenbio, Chengdu, China, #200306-7E4), IL-6 (Zenbio, Chengdu,
China, #347023), STAT3 (ABclonal, Wuhan, China, #A1192), phospho-STAT3 (Zenbio, Chengdu, China,
#310019), JAK2 (ABclonal, Wuhan, China, #A11497), and phospho-JAK2 (ABclonal, Wuhan, China,
#AP0631). The immunoblots were detected by chemiluminescence (Beyotime, Shanghai, China).

Quantitative real-time PCR (qRT-PCR) analysis

The purity and concentration of total RNA were detected by NanoDrop-2000 after the extraction of total
RNA using RNAiso plus (Takara, Japan). Then, reverse transcription of mRNA and microRNA was
performed by using PrimeScript™ Master Mix (Takara, Japan) and miRNA First Strand cDNA Synthesis
(Tailing Reaction) (Sangon biotech, China), respectively. GoTaq® qPCR Master Mix (Promega, America)
was used for qPCR according to the experiment instruction. The expression level was evaluated using a
method of 2−ΔΔCT. The primers of the target genes were shown in Table S2.

Fluorescence in situ hybridization (FISH)

Fluorescence in situ hybridization Kit speci�c for LINC01126 was designed and synthesized by
Guangzhou RiboBio Co., LTD. HGFs were washed with PBS for 5 min and �xed in 4% paraformaldehyde
for 10 min when their cell density reached about 60–70%. HGFs were then permeabilized by sterile PBS
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containing 0.25% Triton X-100 for 10 min under 4 ℃, and rinsed with sterile PBS at room temperature.
Following that, pre-hybridization was performed under 37 ℃ for 30 min. After that, the probes for
LINC01126, U6, and 18S were added into a hybridization solution, and the cells were cultured under 37 ℃
overnight in the dark. Finally, the nuclei were stained with DAPI, and photographs were taken using a
�uorescence microscope. U6 and 18S were acted as internal references for nucleus and cytoplasm,
respectively.

Dual-luciferase reporter assay

293T cells were used in this experiment. The wide or mutant type of 3’-UTR of LINC01126 and IL-6 was
cloned into pmiR-RB-Report™ vector (Figure S1) (Ribo, China), a vector speci�cally designed for detecting
the combining capacity of miRNA. The plasmids, mimics NC or miR-655-3p mimics, were transfected into
293T cells using Lipo3000 reagent (Thermo Fisher Scienti�c, USA). Plasmids and mimics NC or miR-655-
3p mimics were transfected at 2.5 µg/mL and 50 nM, respectively. The luciferase activity was measured
by using Dual-Luciferase Reporter Assay System (Promega, USA) after 48 h. Finally, the activity of �re�y
luciferase gene (hRluc) and renilla luciferase (hLuc+) was detected. The ratio of hRluc activity to hLuc + 
activity is the relative luciferase activity.

H&E staining and Immunohistochemistry staining

Periodontitis tissues and healthy controls were obtained from department of oral and maxillofacial
surgery of Stomatological Hospital a�liated to Chongqing Medical University. After �xed in 4%
paraformaldehyde for 24 h, gradient dehydration and para�n embedding were performed. Following that,
serial sections were performed and used for H&E and IHC staining. Hematoxylin-Eosin/HE Staining Kit
(Solarbio, Beijing, China) was utilized for H&E staining. Immunohistochemistry (IHC) staining was
conducted with antibodies speci�c for IL-6 (1:200, Zenbio, Chengdu, China, #347023), phospho-STAT3
(1:100, Zenbio, Chengdu, China, #310019), STAT3 (1:200, ABclonal, Wuhan, China, #A11497), phospho-
JAK2 (1:200, ABclonal, Wuhan, China, #AP0631), and JAK2 (1:100, ABclonal, Wuhan, China, #A11497).
H&E and IHC staining were performed according to the protocol.

Statistical analysis
Experimental results were analyzed and processed using CytExpert, Image Lab, GraphPad Prism (8.0),
Adobe Photoshop and Image J. One-way ANOVA or the independent-sample T-test was used to compare
the differences between groups. Data were presented as mean ± SEM compared with the control groups.
And p < 0.05 was regarded as statistically signi�cant. All experiments were repeated at least three times.
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LncRNAs
long non-coding RNAs
HGFs
human gingival �broblasts
PDLSCs
periodontal ligament stem cells
LPS
lipopolysaccharide
TLRs
toll-like receptors
ORF
complete open reading frame
FBS
fetal bovine serum

References
1. Haag D, Peres K, Balasubramanian M, Brennan D. Oral Conditions and Health-Related Quality of Life:

A Systematic Review. Journal of dental research 2017, 96 (8), 864–874.

2. Kim E, Kim S, Kim H, Jeong H, Lee J, Jang J, Joo J, Shin Y, Kang J, Park A, Lee J, Lee S. Prediction of
Chronic Periodontitis Severity Using Machine Learning Models Based On Salivary Bacterial Copy
Number. Front Cell Infect Microbiol. 2020;10:571515.

3. Kinane D, Stathopoulou P, Papapanou P. Periodontal diseases. Nature reviews. Disease primers 2017,
3, 17038.

4. Slots J. Periodontitis: facts, fallacies and the future. Periodontology 2000 2017, 75 (1), 7–23.

5. Murakami S, Mealey B, Mariotti A, Chapple I. Dental plaque-induced gingival conditions. Journal of
periodontology 2018, S17-S27.

�. Harvey J, Microbiology P. Dental clinics of North America 2017, 61 (2), 253–269.

7. Loos B, Van Dyke T. The role of in�ammation and genetics in periodontal disease. Periodontology
2000 2020, 83 (1), 26–39.

�. Bui F, Almeida-da-Silva C, Huynh B, Trinh A, Liu J, Woodward J, Asadi H, Ojcius D. Association
between periodontal pathogens and systemic disease. Biomedical journal. 2019;42(1):27–35.

9. Kamer A, Craig R, Niederman R, Fortea J, de Leon M. Periodontal disease as a possible cause for
Alzheimer's disease. Periodontology 2000 2020, 83 (1), 242–271.

10. Polak D, Shapira L. An update on the evidence for pathogenic mechanisms that may link
periodontitis and diabetes. Journal of clinical periodontology 2018, 45 (2), 150–166.



Page 14/24

11. Sanz M, Marco Del Castillo, A, Jepsen S, Gonzalez-Juanatey J, D'Aiuto F, Bouchard P, Chapple I,
Dietrich T, Gotsman I, Graziani F, Herrera D, Loos B, Madianos P, Michel J, Perel P, Pieske B, Shapira L,
Shechter M, Tonetti M, Vlachopoulos C, Wimmer G. Periodontitis and cardiovascular diseases:
Consensus report. Journal of clinical periodontology 2020, 47 (3), 268–288.

12. Figuero E, Han Y, Furuichi Y. Periodontal diseases and adverse pregnancy outcomes: Mechanisms.
Periodontology 2000 2020, 83 (1), 175–188.

13. Naruishi K, Takashiba S, Chou H, Arai H, Nishimura F, Murayama Y. Role of soluble interleukin-6
receptor in in�amed gingiva for binding of interleukin-6 to gingival �broblasts. J Periodontal Res.
1999;34(6):296–300.

14. Chiquet M, Katsaros C, Kletsas D. Multiple functions of gingival and mucoperiosteal �broblasts in
oral wound healing and repair. Periodontology 2000 2015, 68 (1), 21–40.

15. Polimeni G, Xiropaidis A, Wikesjö U. Biology and principles of periodontal wound
healing/regeneration. Periodontol 2000. 2006;41:30–47.

1�. Xiao L, Okamura H, Kumazawa Y, Three-dimensional In�ammatory Human Tissue Equivalents of
Gingiva. Journal of visualized experiments: JoVE 2018, (134).

17. Mahanonda R, Pichyangkul S. Toll-like receptors and their role in periodontal health and disease.
Periodontology 2000 2007, 43, 41–55.

1�. Shi X, Sun M, Liu H, Yao Y, Song Y. Long non-coding RNAs: a new frontier in the study of human
diseases. Cancer letters 2013, 339 (2), 159–66.

19. Zhao S, Meng J, Luan Y. LncRNA-Encoded Short Peptides Identi�cation Using Feature Subset
Recombination and Ensemble Learning. Interdisciplinary sciences, computational life sciences 2021.

20. Zhao Z, Sun W, Guo Z, Zhang J, Yu H, Liu B. Mechanisms of lncRNA/microRNA interactions in
angiogenesis. Life sciences. 2020;254:116900.

21. Jia Q, Jiang W, Ni L. Down-regulated non-coding RNA (lncRNA-ANCR) promotes osteogenic
differentiation of periodontal ligament stem cells. Archives of oral biology 2015, 60 (2), 234–41.

22. Jia B, Qiu X, Chen J, Sun X, Zheng X, Zhao J, Li Q, Wang Z. A feed-forward regulatory network
lncPCAT1/miR-106a-5p/E2F5 regulates the osteogenic differentiation of periodontal ligament stem
cells. Journal of cellular physiology 2019, 234 (11), 19523–19538.

23. Wang L, Wu F, Song Y, Li X, Wu Q, Duan Y, Jin Z. Long noncoding RNA related to periodontitis
interacts with miR-182 to upregulate osteogenic differentiation in periodontal mesenchymal stem
cells of periodontitis patients. Cell death disease. 2016;7(8):e2327.

24. Zhou M, Hu H, Han Y, Li J, Zhang Y, Tang S, Yuan Y, Zhang X. Long non-coding RNA 01126 promotes
periodontitis pathogenesis of human periodontal ligament cells via miR-518a-5p/HIF-1α/MAPK
pathway. Cell proliferation 2021, 54 (1), e12957.

25. Zhou Y, Sun W, Qin Z, Guo S, Kang Y, Zeng S, Yu L. LncRNA regulation: New frontiers in epigenetic
solutions to drug chemoresistance. Biochem Pharmacol. 2021;189:114228.



Page 15/24

2�. Long Y, Wang X, Youmans D, Cech T. How do lncRNAs regulate transcription? Science advances
2017, 3 (9), eaao2110.

27. Gao Y, Hu T, Zhou X, Shao R, Cheng R, Wang G, Yang Y, Li X, Yuan B, Xu T, Wang X, Feng X, Tai B, Hu
Y, Lin H, Wang B, Si Y, Wang C, Zheng S, Liu X, Rong W, Wang W, Yin W. How Root Caries Differs
between Middle-aged People and the Elderly: Findings from the 4th National Oral Health Survey of
China. The Chinese journal of dental research: the o�cial journal of the Scienti�c Section of the
Chinese Stomatological Association (CSA). 2018;21(3):221–9.

2�. Moutsopoulos N, Konkel J. Tissue-Speci�c Immunity at the Oral Mucosal Barrier. Trends Immunol.
2018;39(4):276–87.

29. Ahangar P, Mills S, Smith L, Gronthos S, Cowin A. Human gingival �broblast secretome accelerates
wound healing through anti-in�ammatory and pro-angiogenic mechanisms. NPJ Regenerative
medicine. 2020;5(1):24.

30. Pitzurra L, Jansen I, de Vries T, Hoogenkamp M, Loos B. Effects of L-PRF and A-PRF + on periodontal
�broblasts in in vitro wound healing experiments. Journal of periodontal research 2020, 55 (2), 287–
295.

31. Zhang Y, Wang Q, Xu Y, Sun J, Ding Y, Wang L, Chen B, Sun K, Chen J, Mitomycin C. Inhibits
Esophageal Fibrosis by Regulating Cell Apoptosis and Autophagy via lncRNA-ATB and miR-200b.
Frontiers in molecular biosciences. 2021;8:675757.

32. Hu Y, Lin J, Fang H, Fang J, Li C, Chen W, Liu S, Ondrejka S, Gong Z, Reu F, Maciejewski J, Yi Q, Zhao
J. Targeting the MALAT1/PARP1/LIG3 complex induces DNA damage and apoptosis in multiple
myeloma. Leukemia. 2018;32(10):2250–62.

33. He X, Wang S, Li M, Zhong L, Zheng H, Sun Y, Lai Y, Chen X, Wei G, Si X, Han Y, Huang S, Li X, Liao W,
Liao Y, Bin J. Long noncoding RNA GAS5 induces abdominal aortic aneurysm formation by
promoting smooth muscle apoptosis. Theranostics. 2019;9(19):5558–76.

34. Bedoui S, Herold M, Strasser A. Emerging connectivity of programmed cell death pathways and its
physiological implications. Nature reviews. Molecular cell biology 2020, 21 (11), 678–695.

35. Menon M, Hua K. The Long Non-coding RNAs: Paramount Regulators of the NLRP3 In�ammasome.
Frontiers in immunology. 2020;11:569524.

3�. Hu J, Wang D, Wu H, Yang Z, Yang N, Dong J. Long non-coding RNA ANRIL-mediated in�ammation
response is involved in protective effect of rhein in uric acid nephropathy rats. Cell Bioscience.
2019;9(1):11.

37. Atianand M, Hu W, Satpathy A, Shen Y, Ricci E, Alvarez-Dominguez J, Bhatta A, Schattgen S,
McGowan J, Blin J, Braun J, Gandhi P, Moore M, Chang H, Lodish H, Caffrey D, Fitzgerald K. A Long
Noncoding RNA lincRNA-EPS Acts as a Transcriptional Brake to Restrain In�ammation. Cell.
2016;165(7):1672–85.

3�. Du M, Yuan L, Tan X, Huang D, Wang X, Zheng Z, Mao X, Li X, Yang L, Huang K, Zhang F, Wang Y, Luo
X, Huang D, Huang K, The LPS-inducible lncRNA Mirt2 is a negative regulator of in�ammation.
Nature communications 2017, 8 (1), 2049.



Page 16/24

39. Ma X, Liu H, Chen F. Functioning of Long Noncoding RNAs Expressed in Macrophage in the
Development of Atherosclerosis. Front Pharmacol. 2020;11:567582.

40. Nakayama Y, Fujiu K, Yuki R, Oishi Y, Morioka M, Isagawa T, Matsuda J, Oshima T, Matsubara T,
Sugita J, Kudo F, Kaneda A, Endo Y, Nakayama T, Nagai R, Komuro I, Manabe I. A long noncoding
RNA regulates in�ammation resolution by mouse macrophages through fatty acid oxidation
activation. Proceedings of the National Academy of Sciences of the United States of America 2020,
117 (25), 14365–14375.

41. Xin J, Zhao Y, Zhang X, Tian L. LncRNA NFIA-AS2 promotes glioma progression through modulating
the miR-655-3p/ZFX axis. Human cell 2020, 33 (4), 1273–1280.

42. Zhao X, Liang B, Jiang K, Zhang H. Down-regulation of miR-655-3p predicts worse clinical outcome
in patients suffering from hepatocellular carcinoma. European review for medical and
pharmacological sciences 2017, 21 (4), 748–752.

43. Jones S, Jenkins B. Recent insights into targeting the IL-6 cytokine family in in�ammatory diseases
and cancer. Nature reviews. Immunology 2018, 18 (12), 773–789.

44. Tanaka T, Narazaki M, Kishimoto T. IL-6 in in�ammation, immunity, and disease. Cold Spring Harbor
perspectives in biology 2014, 6 (10), a016295.

45. Johnson D, O'Keefe R, Grandis J. Targeting the IL-6/JAK/STAT3 signalling axis in cancer. Nature
reviews. Clinical oncology 2018, 15 (4), 234–248.

4�. Naruishi K, Nagata T. Biological effects of interleukin-6 on Gingival Fibroblasts: Cytokine regulation
in periodontitis. Journal of cellular physiology. 2018;233(9):6393–400.

47. Zhao Z, Song J, Tang B, Fang S, Zhang D, Zheng L, Wu F, Gao Y, Chen C, Hu X, Weng Q, Yang Y, Tu J,
Ji J. CircSOD2 induced epigenetic alteration drives hepatocellular carcinoma progression through
activating JAK2/STAT3 signaling pathway. Journal of experimental clinical cancer research: CR.
2020;39(1):259.

4�. Yang N, Yang J, Ye Y, Huang J, Wang L, Wang Y, Su X, Lin Y, Yu F, Ma S, Qi L, Lin L, Wang L, Shi G, Li
H, Liu C. Electroacupuncture ameliorates intestinal in�ammation by activating α7nAChR-mediated
JAK2/STAT3 signaling pathway in postoperative ileus. Theranostics. 2021;11(9):4078–89.

49. Stechishin O, Luchman H, Ruan Y, Blough M, Nguyen S, Kelly J, Cairncross J, Weiss S. On-target
JAK2/STAT3 inhibition slows disease progression in orthotopic xenografts of human glioblastoma
brain tumor stem cells. Neurooncology. 2013;15(2):198–207.

50. Montero P, Milara J, Roger I, Cortijo J. Role of JAK/STAT in Interstitial Lung Diseases; Molecular and
Cellular Mechanisms. Int J Mol Sci. 2021;22(12):6211.

51. Wu, M.; Xu, G.; Han, C.; Luan, P.-F.; Xing, Y.-H.; Nan, F.; Yang, L.-Z.; Huang, Y.; Yang, Z.-H.; Shan, L.; Yang,
L.; Liu, J.; Chen, L.-L., lncRNA < em > SLERT</em > controls phase separation of FC/DFCs to facilitate
Pol I transcription. Science 2021, 373 (6554), 547–555.

Figures



Page 17/24

Figure 1

Proin�ammatory genes were up-regulated in in�ammatory model in vitro, while LINC01126 silencing
signi�cantly alleviates LPS-induced cellular in�ammation. All the experimental groups were cultured in
in�ammatory medium for 1,2,3 days, respectively (A-D) the mRNA expression of proin�ammatory
cytokines in LPS-inducd groups and the corresponding controls. (E) Expression of anti-in�ammatory
cytokine IL-4 under in�ammatory microenvironment and the corresponding controls. (F) Expression of
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LINC01126 in in�ammatory HGFs and the corresponding controls. After LINC01126 was silenced for 24h,
HGFs in the experimental groups were cultured under in�ammatory induction for 1, 2 and 3 days,
respectively. (G)Three different siRNAs of LINC01126 and corresponding silencing effects after
transfected for 24 h.(H-K) The expression of proin�ammatory cytokines after LINC01126 silencing. (L)
The expression of anti-in�ammatory cytokine IL-4 after LINC01126 silencing. Data were presented as
mean ±SEM (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).

Figure 2
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LINC01126 silencing has no signi�cant effect on cell proliferation, but promotes cell migration and
reduces LPS-induced apoptosis. (A) Cell vitality of HGFs after LINC01126 silencing was determined by
CCK-8 assay. (B) Cell migration ratio of HGFs. (C-D) Apoptosis ratio of HGFs cultured in in�ammatory
medium for 48 h after LINC01126 silencing. Data were presented as mean ±SEM (*p < 0.05, **p < 0.01).

Figure 3
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LINC01126 silencing inhibits the activation of IL-6/JAK2/STAT3 pathway by down-regulating IL-6
expression under in�ammatory microenvironment. After LINC01126 silencing, all samples were collected
after cultured with in�ammatory medium for 2 days. (A-C) The expressions of IL-6, JAK2 and STAT3 after
LINC01126 silencing and the corresponding controls. (D) The validation of successful LINC01126
silencing after si-LINC01126 transfection. (E) The protein expression level of IL-6/JAK2/STST3 pathway
after transfection with si-LINC01126 and the corresponding controls. Data were presented as mean ±SEM
(*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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Figure 4

LINC01126 acts as a sponge for miR-655-3p. (A) The predicted bonding site of LINC01126 and miR-655-
3p. (B) Probes for U6, 18S and LINC01126 were used for detecting the subcellular location of INC01126 in
HGFs (scale bar = 50 μm). (C) The validation of the binding between LINC01126 and miR-655-3p. (D) The
miR-655-3p expression of HGFs after cultured with in�ammatory medium for 1, 2, 3 days. (E) The miR-
655-3p expression of HGFs after si-LINC01126 transfection. (F-G) The LINC01126 and miR-655-3p
expression of HGFs after transfected with miR-655-3p mimics. Data were presented as mean ±SEM (**p <
0.01, ***p < 0.001, ****p < 0.0001).
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Figure 5

MiR-655-3p targets to mRNA of IL-6 and inhibits IL-6/JAK2/STAT3 signaling pathway under
in�ammatory stimulation. (A) The predicted bonding zone of LINC01126 and miR-655-3p. (B) Dual-
luciferase reporter assay validated the binding between miR-655-3p and mRNA of IL-6. (C-E) The mRNA
expression of IL-6, JAK2 and STAT3 in HGFs after transfected with miR-655-3p mimics and the
corresponding controls. (F) The protein expression of IL-6/JAK2/STAT3 pathway in HGF after miR-655-3p
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mimics transfection and the corresponding controls. Data were presented as mean ±SEM (*p < 0.05, ***p
< 0.001, ****p < 0.0001).

Figure 6

MiR-655-3p is down-regulated in in�ammatory gingival tissues, while IL-6/JAK2/STAT3 pathway is
abnormally activated. (A-E) The expressions of miR-655-3p, LINC01126, IL-6, JAK2 and STAT3 in
periodontitis tissues and healthy controls. (F) The protein expression of IL-6/JAK2/STAT3 pathway in
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periodontitis tissues and healthy controls. (G) H&E staining (the scale bar = 200 μm and 50 μm,
respectively) con�rmed the in�ammatory state of periodontitis tissues and the healthy controls. (H-L) The
protein expression of IL-6/JAK2/STAT3 pathway in gingival tissues was detected by IHC staining (the
scale bar = 200 μm).

Figure 7

A schematic diagram of the pathogenic mechanism of LINC01126 in periodontitis.
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