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LncRNA MEG3 inhibits the inflammatory response of ankylosing
spondylitis by targeting miR-146a
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Abstract

Ankylosing spondylitis (AS) is a progressive systemic disease characterized by chronic inflammation response of the sac-
roiliac joint and spine. Long non-coding RNAs (IncRNAs) are widely involved in the regulation of various diseases. How-
ever, the role of IncRNA maternally expressed gene 3 (MEG3) in the inflammatory response of AS has not been studied.
Enzyme-linked immunosorbent assay (ELISA) was used to detect the levels of inflammatory cytokines interleukin-1f
(IL-1p) and interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in tissues and cells. The expression levels of MEG3,
microRNA-146a (miR-146a), and inflammatory cytokines were measured by quantitative real-time PCR (qQRT-PCR). Cor-
relation between MEG3 or miR-146a and inflammatory cytokines was analyzed by Pearson analysis. Dual-luciferase reporter
and RNA immunoprecipitation (RIP) assays were used to clarify the interaction between MEG3 and miR-146a. MEG3 was
downregulated in AS patients, negatively correlated with the levels of IL-1f, IL-6, and TNF-a, and blocked the inflamma-
tory response of AS. MiR-146a was upregulated in AS patients and could interact with MEG3. The expression of miR-146a
was positively correlated with IL-1f, IL-6, and TNF-a levels. Overexpression of miR-146a reversed the inhibitory effect of
abnormal MEG3 expression on inflammatory cytokines. LncRNA MEG3 plays an anti-inflammatory role in AS partially

through targeting miR-146a, which provides a potential new means for the treatment of AS patients.
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Introduction

Ankylosing spondylitis (AS) is a common chronic inflam-
matory disease, which belongs to the category of rheumatoid
arthritis [1, 2]. It could lead to damage of the structure and
function of patients’ joints and reduce the quality of life in
patients [3]. The early stage treatment of AS mainly focuses
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on controlling inflammation and preventing the malforma-
tion of the lesion site, and surgical correction can be carried
out in the later stage [4, 5]. Although considerable progress
has been made in the treatment of AS, the mortality rate of
AS is still very high [6]. Therefore, it is urgent to explore
new treatment strategies for AS.

Long non-coding RNAs (IncRNAs, > 200 nucleotides)
have been proved to regulate gene expression at multiple
levels and are considered as crucial regulatory factors for
the development and progress of human diseases [7, 8]. It
mainly acts as a competitive endogenous RNA (ceRNAs)
interacting with microRNAs (miRNAs) to inhibit the expres-
sion of target genes [9]. Microarray analysis showed that
520 IncRNAs were differentially expressed after osteogenic
induction of mesenchymal stem cells in AS patients [10].
Researches indicated that IncRNA AK001085 could func-
tion as an independent marker in the diagnosis of AS [11].
LncRNA LINCO00311 was associated with predicted out-
comes and recurrence of AS [12]. Besides, IncRNA TUG1
was related to disease activity, course of treatment, and
rehospitalization rate [13]. Therefore, the functional analysis
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of IncRNAs may contribute to the treatment and prediction
of many diseases.

Maternally expressed gene 3 (MEG3) is an imprinted
gene located at 14q32, which was originally found to be
involved in the occurrence and development of meningi-
oma as a tumor suppressor gene [14, 15]. Later, with further
research, it was found that IncRNA MEG3 was expressed in
many diseases and widely involved in the regulation of vari-
ous cancers [16], including glioma migration and invasion
[17], vascular smooth muscle cells proliferation and apopto-
sis [18], proliferation and apoptosis of laryngeal cancer cells
[19], and so on. In AS, Liu et al. believed that the expres-
sion of MEG3 was related to disease activity, hospitalization
time, and the course of disease in patients [20]. However, so
far, there have been no reports on the influence of MEG3 in
the inflammatory response of AS.

This study aimed to explore the role and mechanism of
IncRNA MEGS3 in the inflammatory response of AS. The
finding indicated that MEG3 was downregulated in AS.
Through bioinformatics analysis and experimental verifica-
tion, we confirmed that miR-146a could interact with MEG3.
This study clarified that MEG3 suppressed the inflammatory
response caused by AS through sponging miR-146a, which
might provide an idea for the treatment of AS.

Materials and methods
Serum samples collection

Blood samples from 33 AS patients and 16 non-AS normal
peoples were collected from Jining No.1 People’s Hospital
(Jining First People’s Hospital Affiliated to Jining Medical
University), and serum was extracted for experimental study.
All subjects in this study signed informed consent, and this
experiment was approved by the Ethics Committee of Jin-
ing No.1 People’s Hospital (Jining First People’s Hospital
Affiliated to Jining Medical University).

Cell extraction and culture

Human fibroblast-like synovial (HFLS) cells were
extracted from AS patients for in vitro experiments. Syno-
vial tissues of AS patients were cleaned with PBS, cut into
pieces, and then collected into digestion bottles. Tissues
were digested with collagenase (Gibco, Waltham, MA,
USA) for 1 h, and the supernatant was discarded after cen-
trifugation. After re-suspended with Dulbecco’s Modified
Eagle’s Medium (DMEM, Gibco) containing 20% fetal
bovine serum (FBS, Gibco), the cells were placed in cul-
ture dishes at 37 °C and 5% CO, incubator for 24 h. After
the cells attachment, they were washed with PBS and then
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added into DMEM containing 10% FBS for further culture
to carry out the later experiment.

Cell transfection

MEGS3 overexpression plasmid and small interference (si-
MEGS3) or their negative control (pcDNA and si-con) and
miR-146a mimic and inhibitor (in-miR-146a) or their neg-
ative control (miR-con and in-miR-con) were provided by
Vigene Biosciences (Shandong, China). HFLS cell trans-
fection was executed by Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).

Enzyme-linked immunosorbent assay (ELISA)

The levels of inflammatory cytokines interleukin-1f (IL-
1B), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a) were detected by ELISA kit (Hengyuan, Shang-
hai, China). In short, the samples to be tested and the
standard samples were added to the corresponding enzyme
plate and cultured at 37 °C for 1 h. After washing with
PBS, the chromogenic antibody was added to the enzyme
plates and continued incubation for 30 min. Finally, the
termination solution was added to terminate the reaction.
OD value at 450 nm was measured by a microplate reader
(Thermo Fisher Scientific, Rockford, IL, USA).

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from serum and HFLS cells
using TRIzol reagent (Invitrogen) and reversely tran-
scribed into cDNA using PrimeScript RT reagent Kit
with gDNA Eraser (Takara, Dalian, China). QRT-PCR
was executed using SYBR Green (Takara). Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) and U6 were
expressed as internal controls. The primer sequences were
listed as follows: MEG3: F, 5'-CTGCCCATCTACACC
TCACG-3", R, 5'-CTCTCCGCCGTCTGCGCTAGGGGC
T-3". IL-1p: F, 5'-ATAAGCCCACTCTACACCTCTGA-
3", R, 5'-"ATTGGCCCTGAAAGGAGAGAGA-3'. IL-6:
F, 5'-GCTTCTTAGCGCTAGCCTCAATG-3', R, 5'-TGG
GGCTGATTGGAAACCTTATT-3". TNF-a: F, 5'-TCC
TGCATCCTGTCTGGAAG-3", R, 5'-GTCTTCTGGGCC
ACTGACTG-3'. GAPDH: F, 5'-ACCAGGTATCTGCTG
GTTG-3', R, 5'"TAACCATGATGTCAGCGTGGT-3'".
MiR-146a: 5'-GAACTGAATTCCATGGGTTGTGT-3', R,
5'-GCCCACGATGACAGAGAGATCC-3'. U6: F, 5'-GTA
GATACTGCAGTACG-3', R, 5'-ATCGCATGACGTACC
TGAGC-3'. The relative expression was processed using
2-AACr method.
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Dual-luciferase reporter assay

MEG3 containing miR-146a binding sites and mutant bind-
ing sites were cloned into the pmirGLO vector to gener-
ate MEG3-WT and MEG3-MUT reporters (General Bio-
systems, Anhui, China). Lipofectamine 2000 (Invitrogen)
was used to co-transfect luciferase reporters and miR-146a
mimic or inhibitor (in-miR-146a) into HFLS cells. Lucif-
erase activities were measured at 48 h post-transfection
using dual-luciferase reporter assay kit (Genomeditech,
Shanghai, China).

RNA immunoprecipitation (RIP) assay

Binding degree of MEG3 and miR-146a with argonaute2
antibody (Anti-Ago?2) protein was detected by Magna RIP
kit (Merck, Darmstadt, Germany). After HFLS cell lysis,
supernatant was obtained by centrifugation. Partial super-
natant was taken as Input, which did not participate in the
incubation of magnetic beads. Another part of supernatant
was incubated with magnetic beads conjugated with Anti-
Ago2 (1:50, Abcam, Cambridge, MA, USA) or IgG antibody
(Anti-IgG, 1:100, Abcam) at 4°C overnight. The enrichment
of MEG3 and miR-146a in Anti-Ago2, IgG, and Input was
detected by qRT-PCR.

Statistical analysis

All experiments were analyzed by SPSS 18.0 software
(SPSS Inc., Chicago, IL, USA), and the data were expressed
as mean =+ standard deviation (SD). Student’s ¢ test or one-
way ANOVA were used for comparison analysis between
different groups. Pearson analysis was used to reveal correla-
tions. P <0.05 was deemed statistically significant.

Results

Expression of inflammatory cytokines and MEG3
in AS

In AS, inflammatory response is an important indicator
to determine the course of disease. To assess the levels of
inflammatory and IncRNA MEG3 in AS patients, ELISA
and qRT-PCR analyses were performed in the study. ELISA
results showed that the levels of IL-1f, IL-6, and TNF-a
were significantly increased in the serum of AS patients
(n=33) when compared with non-AS normal people (n=16)
(Fig. la—c). Also, as qRT-PCR showed, the level of MEG3
in the serum of AS patients was markedly lower than that in
non-AS normal people (Fig. 1d). These results indicated that
inflammatory cytokines were highly expressed and MEG3
was poorly expressed in AS patients.
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Fig. 1 Detection of inflammatory cytokines and MEG3 levels in AS.
a—c The levels of IL-1f, IL-6, and TNF-a in the serum of AS patients
and healthy normal people (Normal) were measured by ELISA. d The
expression of IncRNA MEG3 in the serum of AS patients and healthy
normal people (Normal) was detected by gqRT-PCR. ***P < 0.001

MEG3 was negatively correlated with inflammatory
cytokine levels

Given the contrary relationship between inflammatory
cytokines and IncRNA MEG3 expression trend, we con-
ducted Pearson correlation analysis between them. The
results showed that the expression of MEG3 was remark-
ably negatively correlated with the contents of inflammatory
cytokine IL-1p, IL-6, and TNF-« (Fig. 2a—c), indicating that
MEG3 expression was related to the inflammatory response
in AS patients.

MEG3 inhibited the inflammatory response in HFLS
cells

To explore the influence of MEG3 expression on the inflam-
matory response, we verified it at the cellular level. The effi-
ciency of HLFS cells transfected with MEG3 overexpressed
plasmid and small interference (si-MEG3) was detected. As
gRT-PCR observed, compared to pcDNA or si-con group,
MEGS3 was highly expressed in the MEG3-overexpressed
plasmid group, while it was poorly expressed in the si-
MEG3 group (Fig. 3a). The expression levels of inflamma-
tory cytokines were detected by ELISA and qRT-PCR, and
the results showed that MEG3 overexpression obviously
reduced IL-1f, IL-6, and TNF-« levels, while silenced
MEG3 markedly promoted IL-1p, IL-6, and TNF-« levels
in HFLS cells (Fig. 3b—g). These suggested that IncRNA
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Fig.2 Correlation analysis of MEG3 and inflammatory cytokines. a—¢ The correlation analysis between MEG3 and IL-1f, IL-6, or TNF-a level

was determined by Pearson analysis
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Fig.3 Effect of MEG3 on inflammatory response in HFLS cells.
HFLS cells were transfected with MEG3 overexpression plasmid
(MEG3) and small interference (si-MEG3) or their negative control
pcDNA and si-con, respectively. a The level of MEG3 was performed

MEG3 could block the inflammatory response in HFLS
cells.

MiR-146a directly interacted with MEG3

To understand the anti-inflammatory mechanism of MEG3,
we used LncBase v.2 tool to make bioinformatics prediction,
and the results disclosed that miR-146a has a binding site
with MEG3. MEG3-WT and MEG3-MUT luciferase report-
ers were generated containing miR-146a binding sites and
mutant binding sites, respectively (Fig. 4a). Dual-luciferase
reporter assay showed that the overexpression of miR-146a
markedly decreased the luciferase activity of MEG3-WT
reporter, while miR-146a inhibitor (in-miR-146a) sig-
nificantly enhanced its luciferase activity, but they had no
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by qRT-PCR. b-d ELISA assay was used to assess the contents of
IL-1p, IL-6, and TNF-a in HFLS cells. e-g The levels of IL-1f, IL-6,
and TNF-a were measured by qRT-PCR. ***P <0.001

effect on MEG3-MUT reporter (Fig. 4b). Also, RIP assay
results indicated that MEG3 and miR-146a were remark-
ably enriched in Anti-Ago2 complex compared with IgG
(Fig. 4c). Finally, through qRT-PCR, we found that overex-
pression of MEG3 significantly inhibited the level of miR-
146a, and the expression of miR-146a obviously increased
after MEG3 knockdown (Fig. 4d). These results showed that
IncRNA MEGS3 could directly bind with miR-146a.

MiR-146a was highly expressed in AS patients
and positively correlated with inflammatory
cytokines

To confirm our results, we detected the expression of
miR-146a in the serum of AS patients and analyzed
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Fig.5 The expression of miR-146a and its correlation analysis with
inflammatory cytokines. a The expression of miR-146a in the serum
of AS patients and healthy normal people (Normal) was detected
by qRT-PCR. b—d The correlation analysis between miR-146a and
IL-1pB, IL-6, and TNF-a levels was determined by Pearson analysis.
*P<0.05, ##P<0.01, and ***P <0.001

the relationship between miR-146a and inflammatory
cytokines. The results showed that the expression of miR-
146a in AS patients was higher than that in the normal
group (Fig. 5a), and the level of miR-146a was positively
correlated with IL-1f, IL-6, and TNF-« levels (Fig. 5b—d).

MiR-146a promoted the inflammatory response
in HFLS cells

Besides, the effect of miR-146a expression on inflammatory
cytokines was detected. HFLS cells were treated with miR-
146a mimic and inhibitor (in-miR-146a) and their efficiency
was tested. The results showed that miR-146a mimic sig-
nificantly promoted the level of miR-146a, while miR-146a
inhibitor suppressed its expression (Fig. 6a). ELISA and
gRT-PCR results revealed that overexpression of miR-146a
obviously promoted the levels of IL-1p, IL-6, and TNF-a,
while the inhibition of miR-146a showed the opposite inhibi-
tory effect (Fig. 6b—g). It suggested that miR-146a had a
pro-inflammatory effect in AS.

MEGS3 suppressed inflammatory response
by regulating the expression of miR-146a

To investigate whether MEG3 was involved in the regula-
tion of inflammatory cytokines through miR-146a, we co-
transfected MEG3-overexpressed plasmid with miR-146a
mimic to detect the expression of miR-146a and inflamma-
tory cytokines. The results showed that MEG3 markedly
blocked the expression of miR-146a, while the addition of
miR-146a mimic restored its expression (Fig. 7a). ELISA
and qRT-PCR results indicated that aberrant expression of
miR-146a reversed the suppression effect of overexpressed
MEG3 on IL-1p, IL-6, and TNF-a levels in HFLS cells
(Fig. 7b—g). These results confirmed that the anti-inflamma-
tory effect of MEG3 was achieved by inhibiting the expres-
sion of miR-146a.
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Discussion

AS is characterized by a persistent inflammatory response.
Therefore, the elimination of inflammation is the primary
goal of the treatment of AS [21, 22]. Currently, inhibitors
of inflammatory cytokines TNF-a and IL-17A have been
used in the clinical treatment of AS [23-25]. Therefore,
exploring the mechanism which affects the inflammatory
response of AS may provide more evidences for finding
effective anti-inflammatory drugs.

The progression of AS usually changes the expression
patterns of many genes, including IncRNAs [10, 26]. In
this study, we found that the expression of IncRNA MEG3
was downregulated in AS patients, which was consistent
with the study by Liu et al. [20]. Moreover, we concluded
that MEG3 was negatively correlated with the level of
inflammatory cytokines, and its overexpression could
markedly reduce the level of IL-1f, IL-6, and TNF-a, sug-
gesting that MEG3 was expected to become a new anti-AS
drug.

To further understand the anti-inflammatory mechanism
of MEG3, we conducted bioinformatics prediction and spec-
ulated that it might interact with miR-146a. MiR-146a is a
key regulator of innate immune response which is related to
the regulation of inflammatory response [27, 28]. Early stud-
ies have shown that polymorphism of miR-146a was associ-
ated with the risk of AS [29]. Qian et al. found that miR-
146a has different expression in the AS group and control
group through sequencing and verification, and it could be
used as a biomarker to verify the occurrence of AS [30]. Di
et al. studies pointed out that miR-146a was improved in AS,
and its knockdown could inhibit the fibroblasts proliferation
and osteogenic potential of AS [31]. Similarly, our results
showed that miR-146a was significantly highly expressed
in the serum of AS patients, and was positively correlated
with the level of inflammatory cytokines. Loss- and gain-of-
function experimental results confirmed that miR-146a pro-
moted the expression of inflammatory cytokines. Besides,
through co-transfection with MEG3 overexpression plasmids
and miR-146a mimic, we also verified that MEG3 played
an anti-inflammatory role by inhibiting the expression of
miR-146a.

Of course, there is still much room for improvement in
our research. Due to the limited number of samples, we only
compared the samples of 33 AS patients and 16 non-AS nor-
mal people, which made our findings to have certain limi-
tations. However, it is certain that the correlation between
inflammatory cytokines and MEG3 or miR-146a expression
does exist, and the results of MEG3-targeting miR-146a are
also certain. In future studies, we will select a larger sample
size to confirm our conclusions, so as to verify the feasibility
of MEG3 as a target for the clinical treatment of AS.

Conclusion

In conclusion, our results indicated that MEG3, as a nega-
tive regulator, participated in regulating inflammatory
responses in AS, which suppressed the levels of inflamma-
tory cytokines by sponging miR-146a. Therefore, MEG3
could be used as a biomarker for AS, which is of great sig-
nificance for the exploration of targeted therapy for AS.

Funding None.

Compliance with ethical standards

Conflict of interests The authors declare that they have no conflict of
interest.

Ethical approval All authors have read the Journal’s position on issues
involved in ethical publication, and all authors have approved the final
version of the manuscript.

References

1. Braun J, Sieper J (2007) Ankylosing spondylitis. Lancet
369:1379-1390. https://doi.org/10.1016/S0140-6736(07)60635-7
2. Zochling J, Braun J (2008) Mortality in ankylosing spondylitis.
Clin Exp Rheumatol 26:S80-S84
3. SieperJ, Appel H, Braun J, Rudwaleit M (2008) Critical appraisal
of assessment of structural damage in ankylosing spondylitis:
implications for treatment outcomes. Arthritis Rheum 58:649—
656. https://doi.org/10.1002/art.23260
4. Raychaudhuri SP, Deodhar A (2014) The classification and
diagnostic criteria of ankylosing spondylitis. J Autoimmun
48-49:128-133. https://doi.org/10.1016/j.jaut.2014.01.015
5. Sampaio-Barros PD, Bertolo MB, Kraemer MH, Neto JF, Samara
AM (2001) Primary ankylosing spondylitis: patterns of disease in
a Brazilian population of 147 patients. J Rheumatol 28:560-565
6. Bakland G, Gran JT, Nossent JC (2011) Increased mortality in
ankylosing spondylitis is related to disease activity. Ann Rheum
Dis 70:1921-1925. https://doi.org/10.1136/ard.2011.151191
7. Lalevee S, Feil R (2015) Long noncoding RNAs in human disease:
emerging mechanisms and therapeutic strategies. Epigenomics
7:877-879. https://doi.org/10.2217/epi.15.55
8. Kwok ZH, Tay Y (2017) Long noncoding RNAs: lincs between
human health and disease. Biochem Soc Trans 45:805-812. https
://doi.org/10.1042/BST20160376
9. Tay Y, Rinn J, Pandolfi PP (2014) The multilayered complexity
of ceRNA crosstalk and competition. Nature 505:344-352. https
://doi.org/10.1038/nature12986
10. XieZ, LiJ, Wang P, Li Y, Wu X, Wang S, Su H, Deng W, Liu Z,
Cen S, Ouyang Y, Wu Y, Shen H (2016) Differential expression
profiles of long noncoding RNA and mRNA of osteogenically
differentiated mesenchymal stem cells in ankylosing spondylitis.
J Rheumatol 43:1523-1531. https://doi.org/10.3899/jrheum.15118
1
11. Li X, Chai W, Zhang G, Ni M, Chen J, Dong J, Zhou Y, Hao L,
Bai Y, Wang Y (2017) Down-regulation of IncRNA-AK001085
and its influences on the diagnosis of ankylosing spondylitis. Med
Sci Monit 23:11-16. https://doi.org/10.12659/msm.898915

@ Springer


https://doi.org/10.1016/S0140-6736(07)60635-7
https://doi.org/10.1002/art.23260
https://doi.org/10.1016/j.jaut.2014.01.015
https://doi.org/10.1136/ard.2011.151191
https://doi.org/10.2217/epi.15.55
https://doi.org/10.1042/BST20160376
https://doi.org/10.1042/BST20160376
https://doi.org/10.1038/nature12986
https://doi.org/10.1038/nature12986
https://doi.org/10.3899/jrheum.151181
https://doi.org/10.3899/jrheum.151181
https://doi.org/10.12659/msm.898915

Molecular and Cellular Biochemistry

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zhong H, Zhong M (2019) LINC00311 is overexpressed in anky-
losing spondylitis and predict treatment outcomes and recurrence.
BMC Musculoskelet Disord 20:278. https://doi.org/10.1186/
$12891-019-2647-4

Lan X, Ma H, Zhang Z, Ye D, Min J, Cai F, Luo J (2018) Down-
regulation of IncRNA TUGTI is involved in ankylosing spondylitis
and is related to disease activity and course of treatment. Biosci
Trends 12:389-394. https://doi.org/10.5582/bst.2018.01117
Zhang X, Gejman R, Mahta A, Zhong Y, Rice KA, Zhou Y,
Cheunsuchon P, Louis DN, Klibanski A (2010) Maternally
expressed gene 3, an imprinted noncoding RNA gene, is associ-
ated with meningioma pathogenesis and progression. Cancer Res
70:2350-2358. https://doi.org/10.1158/0008-5472.CAN-09-3885
Balik V, Srovnal J, Sulla I, Kalita O, Foltanova T, Vaverka M,
Hrabalek L, Hajduch M (2013) MEG3: a novel long noncoding
potentially tumour-suppressing RNA in meningiomas. J Neuroon-
col 112:1-8. https://doi.org/10.1007/s11060-012-1038-6
Ghafouri-Fard S, Taheri M (2019) Maternally expressed gene
3 (MEG3): A tumor suppressor long non coding RNA. Biomed
Pharmacother 118:109129. https://doi.org/10.1016/j.bioph
a.2019.109129

Wang D, Fu CW, Fan DQ (2019) Participation of tumor suppres-
sors long non-coding RNA MEG3, microRNA-377 and PTEN in
glioma cell invasion and migration. Pathol Res Pract. https://doi.
org/10.1016/j.prp.2019.152558

Wang M, Li C, Zhang Y, Zhou X, Liu Y, Lu C (2019) LncRNA
MEG3-derived miR-361-5p regulate vascular smooth muscle cells
proliferation and apoptosis by targeting ABCA1. Am J Transl Res
11:3600-3609

Zhang X, Wu N, Wang J, Li Z (2019) LncRNA MEG3 inhibits
cell proliferation and induces apoptosis in laryngeal cancer via
miR-23a/APAF-1 axis. J Cell Mol Med. https://doi.org/10.1111/
jemm. 14549

Liu W, Huang L, Zhang C, Liu Z (2019) IncRNA MEG3 is down-
regulated in ankylosing spondylitis and associated with disease
activity, hospitalization time and disease duration. Exp Ther Med
17:291-297. https://doi.org/10.3892/etm.2018.6921

Smolen JS, Braun J, Dougados M, Emery P, Fitzgerald O, Helli-
well P, Kavanaugh A, Kvien TK, Landewe R, Luger T, Mease
P, Olivieri I, Reveille J, Ritchlin C, Rudwaleit M, Schoels M,
Sieper J, Wit M, Baraliakos X, Betteridge N, Burgos-Vargas R,
Collantes-Estevez E, Deodhar A, Elewaut D, Gossec L, Jong-
kees M, Maccarone M, Redlich K, van den Bosch F, Wei JC,
Winthrop K, van der Heijde D (2014) Treating spondyloarthritis,
including ankylosing spondylitis and psoriatic arthritis, to target:
recommendations of an international task force. Ann Rheum Dis
73:6-16. https://doi.org/10.1136/annrheumdis-2013-203419
Dougados M, Baeten D (2011) Spondyloarthritis. Lancet
377:2127-2137. https://doi.org/10.1016/S0140-6736(11)60071-8
Maxwell LJ, Zochling J, Boonen A, Singh JA, Veras MM, Tanjong
Ghogomu E, Benkhalti Jandu M, Tugwell P, Wells GA (2015)

@ Springer

24.

25.

26.

217.

28.

29.

30.

31.

TNF-alpha inhibitors for ankylosing spondylitis. Cochrane Data-
base Syst Rev 4:CD005468. https://doi.org/10.1002/14651858.
CD005468.pub2

Molnar C, Scherer A, Baraliakos X, de Hooge M, Micheroli
R, Exer P, Kissling RO, Tamborrini G, Wildi LM, Nissen MJ,
Zufferey P, Bernhard J, Weber U, Landewe RBM, van der Hei-
jde D, Ciurea A, Rheumatologists of the Swiss Clinical Quality
Management P (2018) TNF blockers inhibit spinal radiographic
progression in ankylosing spondylitis by reducing disease activ-
ity: results from the Swiss Clinical Quality Management cohort.
Ann Rheum Dis 77:63-69. https://doi.org/10.1136/annrheumdi
s-2017-211544

Baeten D, Sieper J, Braun J, Baraliakos X, Dougados M, Emery P,
Deodhar A, Porter B, Martin R, Andersson M, Mpofu S, Richards
HB, Group MS, Group MS (2015) Secukinumab, an interleukin-
17A inhibitor, in ankylosing spondylitis. N Engl J Med 373:2534—
2548. https://doi.org/10.1056/NEJMoal505066

XuZ, Zhou X, Li H, Chen Q, Chen G (2019) Identification of the
key genes and long noncoding RNAs in ankylosing spondylitis
using RNA sequencing. Int ] Mol Med 43:1179-1192. https://doi.
org/10.3892/ijmm.2018.4038

Taganov KD, Boldin MP, Chang KJ, Baltimore D (2006) NF-
kappaB-dependent induction of microRNA miR-146, an inhibitor
targeted to signaling proteins of innate immune responses. Proc
Natl Acad Sci USA 103:12481-12486. https://doi.org/10.1073/
pnas.0605298103

Bitar A, Aung KM, Wai SN, Hammarstrom ML (2019) Vibrio
cholerae derived outer membrane vesicles modulate the inflam-
matory response of human intestinal epithelial cells by inducing
microRNA-146a. Sci Rep 9:7212. https://doi.org/10.1038/s4159
8-019-43691-9

Xu HY, Wang ZY, Chen JF, Wang TY, Wang LL, Tang LL, Lin
XY, Zhang CW, Chen BC (2015) Association between ankylos-
ing spondylitis and the miR-146a and miR-499 polymorphisms.
PLoS ONE ONE 10:e0122055. https://doi.org/10.1371/journ
al.pone.0122055

Qian BP, Ji ML, Qiu Y, Wang B, Yu Y, Shi W, Luo YF (2016)
Identification of serum miR-146a and miR-155 as novel noninva-
sive complementary biomarkers for ankylosing spondylitis. Spine
(Phila Pa 1976) 41:735-742. https://doi.org/10.1097/BRS.00000
00000001339

Di G, Kong L, Zhao Q, Ding T (2018) MicroRNA-146a knock-
down suppresses the progression of ankylosing spondylitis by
targeting dickkopf 1. Biomed Pharmacother 97:1243—-1249. https
://doi.org/10.1016/j.biopha.2017.11.067

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


https://doi.org/10.1186/s12891-019-2647-4
https://doi.org/10.1186/s12891-019-2647-4
https://doi.org/10.5582/bst.2018.01117
https://doi.org/10.1158/0008-5472.CAN-09-3885
https://doi.org/10.1007/s11060-012-1038-6
https://doi.org/10.1016/j.biopha.2019.109129
https://doi.org/10.1016/j.biopha.2019.109129
https://doi.org/10.1016/j.prp.2019.152558
https://doi.org/10.1016/j.prp.2019.152558
https://doi.org/10.1111/jcmm.14549
https://doi.org/10.1111/jcmm.14549
https://doi.org/10.3892/etm.2018.6921
https://doi.org/10.1136/annrheumdis-2013-203419
https://doi.org/10.1016/S0140-6736(11)60071-8
https://doi.org/10.1002/14651858.CD005468.pub2
https://doi.org/10.1002/14651858.CD005468.pub2
https://doi.org/10.1136/annrheumdis-2017-211544
https://doi.org/10.1136/annrheumdis-2017-211544
https://doi.org/10.1056/NEJMoa1505066
https://doi.org/10.3892/ijmm.2018.4038
https://doi.org/10.3892/ijmm.2018.4038
https://doi.org/10.1073/pnas.0605298103
https://doi.org/10.1073/pnas.0605298103
https://doi.org/10.1038/s41598-019-43691-9
https://doi.org/10.1038/s41598-019-43691-9
https://doi.org/10.1371/journal.pone.0122055
https://doi.org/10.1371/journal.pone.0122055
https://doi.org/10.1097/BRS.0000000000001339
https://doi.org/10.1097/BRS.0000000000001339
https://doi.org/10.1016/j.biopha.2017.11.067
https://doi.org/10.1016/j.biopha.2017.11.067

	LncRNA MEG3 inhibits the inflammatory response of ankylosing spondylitis by targeting miR-146a
	Abstract
	Introduction
	Materials and methods
	Serum samples collection
	Cell extraction and culture
	Cell transfection
	Enzyme-linked immunosorbent assay (ELISA)
	Quantitative real-time PCR (qRT-PCR)
	Dual-luciferase reporter assay
	RNA immunoprecipitation (RIP) assay
	Statistical analysis

	Results
	Expression of inflammatory cytokines and MEG3 in AS
	MEG3 was negatively correlated with inflammatory cytokine levels
	MEG3 inhibited the inflammatory response in HFLS cells
	MiR-146a directly interacted with MEG3
	MiR-146a was highly expressed in AS patients and positively correlated with inflammatory cytokines
	MiR-146a promoted the inflammatory response in HFLS cells
	MEG3 suppressed inflammatory response by regulating the expression of miR-146a

	Discussion
	Conclusion
	References




