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Abstract

NEAT1 levels.

has predictive values for RAS.

Background: LncRNA NEAT1 promotes inflammatory responses, which contribute to recurrent aphthous stomatitis
(RAS). This study focused on the involvement of NEATT in RAS.

Methods: RT-gPCR and ELISA were performed to determine the expression of NEATT and proinflammatory factors
(IL-2, IL-13, and TNF-a) in plasma from patients with a history of RAS and showing symptom (n =80, S-RAS group),
people with a history of RAS but showing no symptom (n =80, NS-RAS group), and controls without a history of
RAS (n =380, Control group). Correlation analysis was performed with Pearson’s correlation coefficient. S-RAS group
received treatmen,t and plasma levels of NEAT1 and proinflammatory factors were compared before and after treat-
ment. S-RAS group was followed up for 12 months, and the recurrence was recorded.

Results: Plasma NEAT1, IL-2, IL-1(3, and TNF-a levels were the highest in the S-RAS group, followed in turn by NS-RAS
and control groups. NEAT1 was positively and significantly correlated with IL-2, IL-1(3, and TNF-a across S-RAS and
NS-RAS samples, but not control samples. After treatment, plasma levels of NEATT, IL-2, IL-13, and TNF-a decreased
significantly. Moreover, a higher recurrence rate was observed during the follow-up in patients with high plasma

Conclusion: NEATT is upregulated in RAS and correlated with multiple proinflammatory factors. Moreover, NEAT 1
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Background

Recurrent aphthous stomatitis (RAS), presenting as shal-
low, painful round ulcer with yellowish-gray center and
erythematous margin (well-defined), is the most fre-
quently diagnosed oral mucosa ulcerative disease [1, 2].
The incidence of RAS varies a lot across different popu-
lations. Globally, about 2-66% of the population are
suffering from RAS [3]. RAS is closely correlated with
brushing habits, brushing time, other oral diseases, age,
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and exercise time, while its pathogenesis remains unclear
[4]. Multiple drugs have been used to control symptoms
of RAS, including colchicine, clofazimine, and pentoxi-
fylline [5-7]. However, the recurrence rate is high. It is
estimated that more than 50% of RAS will experience
recurrence with 3 months after treatment [5]. Therefore,
novel preventative and treatment approaches are still
needed.

RAS is an inflammatory condition in oral mucosa
with the involvement of multiple inflammatory factors,
such as IL-2, IL-1f, and TNF-a [8-10]. Therefore, con-
trolling the production of inflammatory responses is
critical in the treatment of RAS. Long non-coding RNAs
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(IncRNAs), which lack protein-coding capacity, affect the
downstream expression of other non-coding RNAs and
protein synthesis to participate in human diseases [11].
Especially, IncRNAs may interact with multiple inflam-
mation pathways to regulate inflammatory responses in
the human body [12, 13]. Therefore, IncRNAs may serve
as potential diagnostic markers and therapeutic tar-
gets for RAS. However, the involvement of IncRNAs in
RAS remains hardly known. LncRNA NEATT1 is a criti-
cal player in cancer biology [14, 15]. It is involved in the
development and progression of multiple cancers, such
as colorectal cancer and breast cancer. NEAT1 regulates
cell behaviors, such as proliferation, apoptosis, and inva-
sion to accelerate cancer growth and metastasis. Besides
cancers, NEAT1 also participates in other physiologi-
cal and pathological processes, such as inflammatory
response [16], which contributes to RAS. Therefore, in
this study, we explored its involvement in RAS.

Methods

Participants and plasma samples

To study the differential expression of NEATI1, IL-2,
IL-1B, and TNF-a in RAS, plasma samples were donated
by patients with a history of RAS and showing symp-
tom (n=80, S-RAS group, 40 females and 40 males,
44.446.1 years), people with a history of RAS but show-
ing no symptom (n=_80, NS-RAS group, 40 females and
40 males, 44.6 £ 6.0 years), and controls without a history
of RAS (n=80, Control group, 40 females and 40 males,
44.3+5.8 years). These three groups showed similar
distributions of age and gender. Changes in pH, TNF-a
level, and salivary nitric oxide contents were observed in
S-RAS patients, but not in NS-RAS patients were com-
pared to the controls. All participants were enrolled at
Henan Provincial People’s Hospital from May 2019 to
October 2020. This study excluded patients with other
severe inflammatory diseases, diabetes, malignancies,
heart diseases, and so on. This study did not include
pregnant women and patients who were taking medi-
cations. All participants signed informed consent. This
study was approved by the Ethics Committee of Henan
Provincial People’s Hospital (Approval No. H3#653) and
conducted following the guideline of the Declaration of
Helsinki.

Therapies, follow-up, and plasma preparations

All patients in the S-RAS group received 1.5 mg/day col-
chicine treatment. No obvious symptoms were observed
after 3 weeks of treatment. During the treatment, taking
medications or any beverages containing alcohol was not
allowed. Blood samples (about 5 ml) were extracted from
each participant in the S-RAS group, NS-RAS group,
and control group prior to the treatment on the day of
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admission. Blood samples were also extracted from each
patient in the S-RAS group after treatment. After treat-
ment, all 80 participants in the S-RAS group were fol-
lowed every month for a total of 12 months. Blood was
also extracted during the follow-up on the day of diagno-
sis. Blood samples were transferred to EDTA tubes and
centrifuged for 10 min at 1200 g to obtain plasma sam-
ples. About 3 ml of plasma was isolated from each blood
sample. All plasma samples were kept in liquid nitrogen
prior to the subsequent assays.

ELISA

Human IL-2 Quantikine ELISA Kit (D2050, R&D Sys-
tems), human IL-1 beta/IL-1F2 Quantikine ELISA Kit
(DLB50, R&D Systems), and human TNF-alpha Duo-
Set ELISA kit (DY210-05, R&D Systems) were used to
determine the levels of IL-2, IL-1f, and TNF-a in plasma
samples from each participant, respectively. All opera-
tions were performed following the manufacturer’s
instructions.

RNA sample preparations

Total RNAs were extracted from each participant using
Direct-zol reagent (ZYMO RESEARCH) and treated with
DNase I for a total of 120 min to remove DNA contami-
nations. RNA concentration and integrity were analyzed
using a 2100 Bioanalyzer. RNA samples with RIN values
higher than 8.5 were achieved in each sample. Otherwise,
RNA isolation and digestion were repeated.

RT-qPCR
With 3000 ng total RNA as template, cDNA synthesis
was performed through reverse transcriptions (RTs).
QPCRs were then performed with cDNA samples to
determine NEAT1 expression level with 185 rRNA as the
internal control. All Ct values were normalized using the
2724 method.

Statistical analysis

Data analysis and image preparation were performed
using GraphPad Prism 6 software (GraphPad, USA).
The paired test was performed to compare pre- and
post-treatment data. Correlations were performed using
Pearson’s correlation coefficient. Three independent
groups were compared by ANOVA Tukey’s test. The 80
participants in the S-RAS group were divided into high
and low NEAT1 level group median post-treatment
plasma NEAT]1 level as the cutoff (n=40 per group).
RAS-free curves were plotted using the follow-up data
and compared by log-rank test. P<0.05 was a significant
difference.
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Results

Analysis of plasma levels of NEAT1, IL-2, IL-1, and TNF-a

in three groups of participants

Plasma samples from the S-RAS, NS-RAS and control
groups were subjected to RT-qPCR and ELISA to deter-
mine the plasma levels of NEAT1, IL-2, IL-1p, and TNEF-
a. Our results illustrated that plasma levels of NEAT1
(Fig. 1a, p<0.01), IL-2 (Fig. 1b, p<0.01), IL-1p (Fig. 1c,
p<0.01), and TNF-a (Fig. 1d, p<0.01) were the highest
in the S-RAS group, followed in turn by the NS-RAS and
control groups. Therefore, increased plasma NEATI,
IL-2, IL-1B, and TNF-a levels may participate in RAS.

Correlations of NEAT1 with IL-2, IL-13, and TNF-a
Correlations of NEAT1 with IL-2, IL-1B, and TNF-a
across S-RAS (Fig. 2a), NS-RAS (Fig. 2b), and control
(Fig. 2¢) samples were analyzed using Pearson’s correla-
tion coefficient. It was observed that NEAT1 was posi-
tively and significantly correlated with IL-2, IL-1f3, and
TNF-a across the S-RAS and NS-RAS samples, but not
the control samples. Therefore, NEAT1 may be involved
in inflammatory responses in RAS.
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Comparison of plasma NEAT1, IL-2, IL-1B, and TNF-a levels
before and after treatment

In this study, plasma NEAT1, IL-2, IL-1B, and TNF-«a
levels were measured before (pre-treatment) and
after (post-treatment) treatment. It was observed that
plasma NEAT1 (Fig. 3a), IL-2 (Fig. 3b), IL-1p (Fig. 3c),
and TNF-a (Fig. 3d) levels decreased significantly after
treatment (p<0.01). Therefore, plasma NEAT1, IL-2,
IL-1B, and TNF-a levels may serve as indicators of the
treatment of RAS.

Analysis of the predictive value of plasma NEAT1 in RAS
The 80 participants in the S-RAS group were divided
into high and low NEAT1 level groups (n=40, cutoff
value =median post-treatment plasma NEAT1 level).
RAS-free curves were plotted using the follow-up
data and compared using the log-rank test. A higher
recurrence rate was observed during the follow-up in
patients with high plasma NEAT1 levels (Fig. 4).
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Fig. 1 Analysis of plasma levels of NEATT, IL-2, IL-13, and TNF-a in three groups of participants. Plasma samples from the S-RAS, NS-RAS, and control
groups were subjected to RT-gPCR and ELISA to determine the plasma levels of NEAT1 (a), IL-2 (b), IL-1( (c), and TNF-a (d). **p < 0.01
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Fig. 2 Correlations of NEAT1 with IL-2, IL-1(3, and TNF-a. Correlations of NEATT with IL-2, IL-13, and TNF-a across the S-RAS (a), NS-RAS (b), and
control (c) samples were analyzed using Pearson'’s correlation coefficient

Discussion
In this study, we explored the involvement of NEAT1 in
RAS and analyzed its diagnostic value. We showed that
NEAT1 was highly expressed in RAS and correlated
with multiple inflammatory factors. In addition, plasma
NEAT1 may serve as a predictive factor for RAS.
Besides the oncogenic role of NEAT1 in cancer biol-
ogy [17], it also participates in multiple inflammatory
diseases [16, 18]. It was reported that NEAT1 interacts
with the axis of Let-7a/TLR4 to promote inflammatory
responses, thereby accelerating the progression of liver
injury involved in sepsis [16]. NEAT1 can also activate
inflammasomes in macrophages, promoting the devel-
opment of peritonitis and pneumonia [18]. RAS is also
an inflammatory process, while the involvement of

NEAT1 in RAS is unknown. In this study, we observed
NEAT1 upregulation in RAS. After treatment, NEAT1
was significantly downregulated. Moreover, RAS
patients in the high NEAT1 group experienced a sig-
nificantly higher incidence rate of RAS during the
follow-up. Therefore, NEAT1 is involved in RAS, and
the changes in plasma NEAT1 may be used as a maker
to monitor the treatment outcomes of RAS and pre-
dict the recurrence of RAS. RAS patients with high
NEAT1 levels after treatment should be particularly
treated to avoidrecurrence. However, patients in the
present study were treated with colchicine, which has
been questioned by previous studies and also inter-
feres with inflammasomes [19, 20]. Therefore, whether
the changes in NEAT1 expression are caused by the
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recovery of RAS or the application of colchicine
remains to be further explored.

Interestingly, our study also observed the upregu-
lation of NEAT1 and multiple inflammatory factors,
including IL-2, IL-1B, and TNF-a, in the NS-RAS
group, which included RAS patients without appar-
ent symptoms. Therefore, people with a history of RAS

may experience continuously inflammatory responses.
Therefore, controlling inflammatory responses may be
applied to prevent the occurrence of RAS.

In this study, we showed that NEAT1 was closely cor-
related with IL-2, IL-1B, and TNF-« across the S-RAS
and NS-RAS samples, but not the control samples.
Therefore, NEAT1 may regulate the production of IL-2,
IL-1B, and TNF-«a to promote the occurrence of RAS.
This study was performed to analyze the involvement of
NEAT1 in RAS. We found that NEAT1 may be used as
a molecular marker to predict the treatment outcomes
and the recurrence of RAS. However, the reliability of
the prediction remains to be further tested by more
clinical studies with larger sample sizes. Moreover, this
study observed significant correlations of NEAT1 with
IL-6, IL-18, and TNF-a only in the S-RAS and NS-RAS
patients but not in the control participants. Therefore,
we speculate that some pathological mediators may
mediate the interaction of NEAT1 with IL-6, IL-18,
and TNF-a. However, the mechanisms underlying their
potential interactions are still unclear. Future studies
are needed to explore the possible mechanisms and the
role of immune status and stress levels in RAS.
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Conclusion

NEAT]1 was highly expressed in RAS, and it predicts the
treatment outcomes and recurrence of RAS after treat-
ment. Moreover, NEAT1 may promote the production of
multiple inflammatory factors to induce RAS.

Acknowledgements
The authors would like to express our gratitude to those who have critically
reviewed this manuscript and those who gave us help during the experiment.

Authors’ contributions

Guarantor of integrity of the entire study: XM. Study concepts: YH. Study
design: LW. Data analysis: QL. Artwork: HC. Experiment: YH. All authors read the
final version manuscript and approved it.

Funding
Not applicable.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available in https://www.jianguoyun.com/p/DaJm0gcQ58LcCRi4goUE.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Henan Provincial People’s
Hospital and conducted following the guideline of the Declaration of Helsinki.
Written consent was obtained from patients for participation.

Consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author reports no conflicts of interest in this work.

Received: 30 July 2021 Accepted: 18 October 2021
Published online: 31 December 2021

References

1. Preeti L, Magesh K, Rajkumar K, Karthik R. Recurrent aphthous stomatitis. J
Oral Maxillofac Pathol. 2011;15:252-6.

2. Akintoye SO, Greenberg MS. Recurrent aphthous stomatitis. Dent Clin
North Am. 2014;58:281-97.

3. Chavan M, Jain H, Diwan N, Khedkar S, Shete A, Durkar S. Recurrent
aphthous stomatitis: a review. J Oral Pathol Med. 2012;41:577-83.

4. Subramanyam RV. Occurrence of recurrent aphthous stomatitis only on
lining mucosa and its relationship to smoking-a possible hypothesis.
Med Hypotheses. 2011;77:185-7.

5. CuiRZ, Bruce AJ, Rogers RS 3rd. Recurrent aphthous stomatitis. Clin
Dermatol. 2016;34:475-81.

6. Belenguer-Guallar |, Jiménez-Soriano Y, Claramunt-Lozano A. Treatment
of recurrent aphthous stomatitis. A literature review. J Clin Exp Dent.
2014; 6:168-174.

7. Tarakji B, Gazal G, Al-Maweri SA, Azzeghaiby SN, Alaizari N. Guideline for
the diagnosis and treatment of recurrent aphthous stomatitis for dental
practitioners. J Int Oral Health. 2015,7:74-80.

8. Kalpana R, Thubashini M, Sundharam BS. Detection of salivary inter-
leukin-2 in recurrent aphthous stomatitis. J Oral Maxillofac Pathol.
2014;18:361-4.

9. Chaudhuri K, Nair KK, Ashok L. Salivary levels of TNF-a in patients with
recurrent aphthous stomatitis: a cross-sectional study. J Dent Res Dent
Clin Dent Prospects. 2018;12:45-8.

Page 6 of 6

10. Slebioda Z, Dorocka-Bobkowska B. Systemic and environmental risk
factors for recurrent aphthous stomatitis in a Polish cohort of patients.
Postepy Dermatol Alergol. 2019;36:196-201.

11. Wapinski O, Chang HY. Long noncoding RNAs and human disease. Trends
Cell Biol. 2011;21:354-61.

12. Liao K, Xu J,Yang W, You X, Zhong Q, Wang X. The research progress of
LncRNA involved in the regulation of inflammatory diseases. Mol Immu-
nol. 2018;101:182-8.

13. Mathy NW, Chen XM. Long non-coding RNAs (IncRNAs) and their
transcriptional control of inflammatory responses. J Biol Chem.
2017;292:12375-82.

14. Wen S, WeiY, Zen C, Xiong W, Niu Y, Zhao Y. Long non-coding RNA NEAT1
promotes bone metastasis of prostate cancer through N6-methyladeno-
sine. Mol Cancer. 2020;19:171.

15. Zhang M, Weng W, Zhang Q Wu'Y, Ni S, Tan C, et al. The IncRNA NEAT1
activates Wnt/beta-catenin signaling and promotes colorectal cancer
progression via interacting with DDX5. J Hematol Oncol. 2018;11:113.

16. Zhang CC, Niu F. LncRNA NEAT1 promotes inflammatory response in
sepsis-induced liver injury via the Let-7a/TLR4 axis. Int Immunopharma-
col. 2019; 75:105731.

17. Zhang M, Wu WB, Wang ZW, Wang XH. INcRNA NEATT is closely related
with progression of breast cancer via promoting proliferation and EMT.
Eur Rev Med Pharmacol Sci. 2017;21:1020-6.

18. Zhang P, Cao L, Zhou R, Yang X, Wu M. The IncRNA Neat1 promotes acti-
vation of inflammasomes in macrophages. Nat Commun. 2019;10:1495.

19. Pakfetrat A, Mansourian A, Momen-Heravi F, Delavarian Z, Momen-Beitol-
lahi J, Khalilzadeh O, et al. Comparison of colchicine versus prednisolone
in recurrent aphthous stomatitis: a double-blind randomized clinical trial.
Clin Invest Med. 2010;33:E189-195.

20. Toader MP, Esanu IM, Taranu T, Mocanu M, Toader S. Colchicine in the
treatment of refractory aphthous ulcerations: Review of the literature and
two case reports. Exp Ther Med. 2021;21:281.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.jianguoyun.com/p/DaJm0gcQ58LcCRi4goUE

	LncRNA NEAT1 is upregulated in recurrent aphthous stomatitis (RAS) and has predictive values
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants and plasma samples
	Therapies, follow-up, and plasma preparations
	ELISA
	RNA sample preparations
	RT-qPCR
	Statistical analysis

	Results
	Analysis of plasma levels of NEAT1, IL-2, IL-1β, and TNF-α in three groups of participants
	Correlations of NEAT1 with IL-2, IL-1β, and TNF-α
	Comparison of plasma NEAT1, IL-2, IL-1β, and TNF-α levels before and after treatment
	Analysis of the predictive value of plasma NEAT1 in RAS

	Discussion
	Conclusion
	Acknowledgements
	References


