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LncRNA MEG3 expression in sepsis and its effect on LPS-induced macrophage function
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Abstract: Sepsis is a dangerous disease that is caused by an overreaction of the body's immune system to infection and gradually spreads throughout the body.

This experiment was carried out to explore the expression of LncRNA MEG3 in sepsis and its effect on LPS-induced macrophage function. Methods 60 sepsis
patients admitted to our hospital from February 2017 to September 2018 were selected as the sepsis group, and 50 non-septic patients diagnosed and treated in our
hospital during the same period were selected as the control group. qRT-PCR was used to detect the expression level of MEG3. ROC curve was used to analyze the
diagnostic value of serum MEGS3 in sepsis. The human macrophage cell line U937 was cultured in vitro and randomly divided into NC group, LPS group, LPS +
pcDNA group, and LPS + pcDNA-MEG3 group. Flow cytometry was applied to detect the apoptosis rate. The levels of IL-1 and TNF-o were detected by ELISA.
Western blot was used to detect the expression of Bax, Bcl-2 and NF-«B signaling pathway-related proteins p65 and p-p65. Results: The expression level of serum
MEGS3 in the sepsis group was significantly lower than that in the control group (P <0.05). ROC curve analysis showed that the AUC area was 0.856, the sensitivity
was 0.700, and the specificity was 0.883. Compared with the NC group, the macrophage apoptosis rate in the LPS group was increased (P <0.05), the levels of Bax
and p-p65 protein were significantly increased (P <0.05), and the level of Bcl-2 protein was decreased (P <0.05), the levels of IL-1f and TNF-o were increased (P
<0.05). Compared with the LPS + pcDNA group, the apoptosis rate of the LPS + pcDNA-MEG3 group was significantly reduced (P <0.05), the levels of Bax and
p-p65 protein were reduced (P <0.05), and the level of Bcl-2 protein was significantly increased (P <0.05), the levels of IL-1p and TNF-a were reduced (P <0.05).
Conclusion: The low expression of LncRNA MEG3 in the serum of patients with sepsis can predict the occurrence of sepsis. Overexpression of MEG3 can inhibit
LPS-induced macrophage apoptosis and secretion of inflammatory factors by inhibiting the activation of the NF-kB signaling pathway.
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Introduction sepsis has not been fully elucidated, thus it is helpful to
improve the diagnostic efficiency and reduce the mor-

Sepsis is one of the clinical common disease types, tality of patients by actively exploring the relevant dia-
mainly refers to the pathogenic bacteria that invade the gnostic indicators of sepsis. Lipopolysaccharide (LPS)
blood circulation after releasing a variety of toxins that can induce inflammatory responses in macrophages and
cause a systemic acute infection. It has a high fatality promote the occurrence and development of sepsis )5(.
rate and has been a serious threat to human life safety For 50 years, the term gene was synonymous with
(1-2). Sepsis occurs due to a severe reaction to the infec- areas of the genome that were encoded by mRNAs
tion. To counter the threat, the body sends large amounts and translated into proteins. However, recent extensive
of chemicals into the bloodstream. This causes severe studies of the genome have shown that in the human
inflammation that slows blood flow over time and da- genome, transcription and production are performed by
mages the organs. Sometimes people get severe sepsis thousands of non-coding regulatory RNAs, including
or septic shock, which can lead to death (2-4). People Micro RNA, Small Nucleolar RNA, and Small Inter-
who suffer from this disease have a serious infection. fering RNA, which are functional molecules. Which
Fever and feeling sick, fainting, weakness or confusion fall into the category of small non-encoded RNAs and
are the early signs of sepsis. In this case, the heart rate different categories of long non-encoded RNAs. These
and respiration become faster than usual. If left untrea- RNAs play vital roles in regulating transcription and
ted, it can damage the body's organs, make it difficult to post-transcription, gene silencing, and DNA demethy-
breathe, cause diarrhea and nausea, and cause mental lation. Evidence suggests that intergenic regions are
disorders (2-4). Currently, blood culture is mainly used associated with the expression of non-coding RNAs in
in the clinical diagnosis of sepsis, but the time of blood complex diseases and that the use of non-coded RNAs
culture needs a long time and the positive rate is low, as markers will be useful in diagnosing disease and the-
so it is of great significance to search for biomarkers rapeutic goals. These observations emphasize that it
of early sepsis infection )1-4(. At present, the molecu- is necessary to understand the range of protein coding
lar mechanism of the occurrence and development of genes and to continue the evolutionary research and
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function of non-encoded RNAs for a comprehensive
understanding of human disease (6-8).

Long-chain non-coding RNA (Long non-coding
RNA, LncRNA) belongs to the endogenous non-co-
ding RNA molecules, it does not have the function of
coding protein itself. However, it can regulate the ex-
pression of its target genes by regulating the expression
of downstream microRNA (miRNA), thus participating
in a variety of physiological and pathological processes
such as inflammatory diseases and tumors. Studies have
shown that the regulatory effect of LncRNA on the in-
flammatory response of macrophages has not been fully
elucidated )6,7(. Long non-coding RNA MEG3 (LncR-
NA MEG?3) inhibits the occurrence of rheumatoid ar-
thritis by regulating the mir-141 /AKT/mTOR signaling
pathway )8(. Silencing MEG3 expression can enhance
lung cell injury induced by lipopolysaccharide by regu-
lating the expression of mir-4262 )9(. Knockdown of
MEG3 expression can be involved in inflammatory da-
mage induced by lipopolysaccharide by regulating the
expression of mir-203 )10(. However, the expression of
MEGS3 in sepsis and its effect on LPS-induced macro-
phage function has not been fully elucidated. Therefore,
this study mainly discussed the expression of MEG3
in sepsis patients and its effect on LPS-induced macro-
phage apoptosis and inflammatory response, aiming to
provide a new direction for the diagnosis and treatment
of sepsis.

Materials and Methods

Materials and reagents

A total of 60 patients with sepsis admitted to our
hospital from February 2017 to September 2018 were
selected as the sepsis group. Meanwhile, 50 cases of
non-sepsis patients treated in our hospital were selected
as the control group. There was no statistically signi-
ficant difference in age and gender between the two
groups (P > 0.05), which was comparable (see table
1). This study was approved by the ethics committee
of our hospital, and all subjects were informed and sig-
ned the consent. Human macrophage cell system U937
was purchased from Nanjing Kaiji biotechnology deve-
lopment co., LTD. LPS purchased from Sigma-Aldrich
Company. Duchenne improved medium (DM EM) and
fetal bovine serum were purchased from Gibco. Lipo-
fectamine2000 and Trizol reagent were purchased from
Invitrogen Company. PcDNA3.1 purchased from Shan-
ghai Kray Biotechnology Company. The reverse trans-
cription kit and real-time fluorescence quantitative PCR
kit were purchased from TaKaRa Company (Japan).
Annexin V - FITC/propidium iodide cell apoptosis kit
was purchased from Sigma. Interleukin-1p (IL-1p) and
Tumor Necrosis Factor-o(TNF-a) ELISA kits were
purchased from Ebiosci Ence Company (USA). RIPA
lysate was purchased from Xi 'an Hutt Biotechnology
Co., LTD. Diquinoline formic acid (Bicinchonicacid,
BCA) protein quantitative detection kit, enhanced che-
miluminescence reagent (ECL), sodium dodecyl sulfate
(SDS) were purchased from Beijing Quanshi Gold Bio-
technology Company. Rabbit anti-human bcl-2-asso-
ciated X protein (Bcl-2-associated X protein, Bax) and
b-cell lymphoma 2 (B-cell lymphoma-2, Bcl-2) antibo-
dies were purchased from CST Company. Rabbit anti-

human nuclear factor - kappa B (NF-xB) signaling pa-
thway p65, p-p65 antibodies were purchased from Santa
Cruz. Horseradish peroxidase (HRP) -labeled goat anti-
rabbit secondary antibody was purchased from Wuhan
Emmett Technology Company.

Blood samples collection

Five mL of fasting venous blood was extracted from
the two groups in the morning, then stored at room tem-
perature for 30 min, centrifuged at a speed of 3000 r/
min for 10 min at 4 °C, and the separated serum was
stored in an ultra-low temperature refrigerator at -80 °C.

Experimental grouping

Macrophages (5 x 10° / mL) vaccination within 12
holes (1 mL) were randomly divided into NC group
(normal cultured macrophage), the LPS group (contain a
concentration of 100 ng/mL LPS cultured macrophage,
the incubation time of 24 h) )11(. LPS + pcDNA group
(macrophages cultured with LPS concentration of 100
ng/mL after transfection of pcDNA into macrophages,
culture time was 24 h), and LPS+ pcDNA-meg3 group
(macrophages cultured with LPS concentration of 100
ng/mL after transfection of pcDNA-meg3 into macro-
phages, culture time was 24 h). The transfection process
was operated according to the specification of Lipofec-
tamine2000 reagent.

The expression level of MEG3 was detected by quan-
titative real-time PCR (qQRT-PCR)

The frozen serum and macrophages in each group
were taken out and the total RNA in the serum or cells
was extracted by the Trizol method. RNA concentra-
tion and purity were determined by Nanodr op2000c
ultramicro spectrophotometer. The reaction system was
configured with reference to the reverse transcription
kit: RNA 2 alarm pL, 10xRT Buffer 2 alarm pL, dNTP
0.4 alarm pL, Multiscripe RT 1 alarm pL, 10xRandom
Primer 2 alarm pL, RNase-Free ddH20O supplement
system to 20 alarm pL. Reaction conditions: storage at
25 °C for 10 min, 37 °C for 60 min, 95 °C for 5 min, and
4 °C. Reverse transcription synthesizes the total RNA
into cDNA. MEG3 forward primer 5 '- GGGCTTCTG-
GAATGAGCA TGG-3', reverse primer 5 '- TCTATGC-
CAGATCCTGCCTG-3'. GAPDH forward primers 5 '-
AACGGATTTGGTCGT ATTG-3' and reverse primers
5 '-ggaagatggtgatggcontr-3' were designed and synthe-
sized by Shanghai Sangon Biological Engineering
(China). Reverse transcription was used to synthesize
cDNA, and cDNA was used as the template for the qRT-
PCR reaction. Reaction system: SYBR Green Master
Mix 10 pL/ well, positive and negative primers 0.8 pL./
well, cDNA 1 pL/ well, ddH20 supplement system to
20pL. Reaction conditions: pre-denaturation at 95°C for
Smin was performed once, denaturation at 95°C for 15s,
annealing at 60°C for the 60s, and extension at 72°C for
30s, with a total of 40 cycles. GAPDH is the internal
parameter of MEG3, the 2-**“ method was used to cal-
culate the relative expression of the MEG3.

Cell apoptosis rate was detected by flow cytometry
The macrophages in each group were collected in

the logarithmic phase and washed with pre-cooled PBS.

The cells were centrifuged at 3000 r/min at 4 °C for 6
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min. The supernatant was discarded. 500 L binding buf-
fer solution was added to re-suspend the cells, followed
by 5 uL Annexin v-fitc and 5 pL PI, and incubated at
room temperature for 10 min. FACS Calibur flow cy-
tometry was used to detect the apoptosis rate in each

group.

Enzyme-linked immunosorbent assay (ELISA) de-
tection

Cell culture supernatant was collected from each
group, and the levels of IL-1p and TNF-a were detected
by ELISA.

Bax, bcl-2, NF- kB signaling pathways p65 and p-p65
were detected by Western blot

The logarithmic macrophages in each group were
collected, 500 puL of RIPA lysate was added, the ice
cracked for 30 min, centrifuged for 10 min at 4 °C by
3000 r/min, and the supernatant was absorbed. Protein
concentration was detected by the BCA method. 50 pug
protein samples were added to 5xSDS loading buffer,
then were boiled for 10 min. The isolated protein was
transferred and sealed by SDS-PAGE, with primary an-
tibody diluent (1:1000) added, incubated overnight at 4
°C, washed at TBST, added with a secondary antibody
diluent (1:500), incubated at room temperature for 1
hour, added with ECL, exposed and developed in a dark
room, and analyzed the gray value of each strip with
Image J software.

Statistical treatment

SPSS21.0 statistical software was used to analyze
the data. The measurement data were expressed by (x+s)
and all accorded with a normal distribution. An inde-
pendent sample t-test was used for comparison between
the two groups, and a single factor analysis of variance
was used for comparison between multiple groups. The
diagnostic value of serum meg3 on sepsis was analyzed
by receiver operating characteristic (ROC) curve, and
the difference was statistically significant (P < 0.05).

Results

Comparison of clinical data

There was no statistically significant difference in
age and gender between the control group and the sep-
sis group, which was comparable (P > 0.05), as shown
in table 1.

Relative expression of serum MEG3 in sepsis pa-
tients

The results of qRT-PCR (figure 1) showed that
the relative expression levels of serum MEG3 in the
control group and the sepsis group were 2.67+0.65 and

Table 1. Comparison of clinical data (x+s).
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Figure 1. The relative expression of serum MEG3 in septicemia
patients (x4s). Note: compared with the control group, *P <0.05.
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Figure 2. ROC curve of serum MEGS3 in the diagnosis of sepsis.

1.4340.50 respectively. The expression levels of serum
MEG3 in the sepsis group were significantly lower than
those in the control group, with statistically significant
differences (P < 0.05).

Clinical diagnostic value of serum MEG3 in sepsis

The ROC curve analysis results (figure 2, table 2)
showed that the AUC of the ROC curve for the dia-
gnosis of sepsis of serum MEG3 was 0.856, the 95%
confidence interval (CI) was 0.786 ~ 0.926, the optimal
threshold value was 0.583, the sensitivity was 0.700,
and the specificity was 0.883.

Effects of overexpression of MEG3 on LPS-induced
macrophage apoptosis

Compared with the NC group, the apoptosis rate
of macrophages in the LPS group was significantly
increased (P < 0.05), the Bax protein level was signifi-
cantly increased (P < 0.05), and the bcl-2 protein level
was significantly decreased (P < 0.05).Compared with

Gend

Group Cases ender Age
Man Women (vears, xs)
Control 50 30 20 54.82+10.29
Septicemia 60 37 23 54.13+11.42

X/t -- 0.032 0.182

P -- 0.858 0.856
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Table 2. ROC curve analysis of serum MEGS3 in the diagnosis of sepsis.

Testindex AUC  Standard error 95% CI P Best boundary value Sensitivity Specificity

MEG3 0.856 0.036 0.786~0.926  <0.001 0.583 0.700 0.883
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significantly reduced (P < 0.05), as shown in figure 4.
Effect of MEG3 overexpression on LPS-induced
macrophage NF- kB signaling pathway
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inflammation response in sepsis, and play an important
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the occurrence of sepsis and other diseases )12,13(. Ln-
cRNA can participate in transcriptional regulation and
other processes to participate in the biological processes

'y 30073 NC B LPS of cell proliferation, differentiation, and apoptosis, as
E 250{E& LPS+pcDNA ES1 LPS+pcDNA-MEG3 well as the occurrence and development of inflamma-
ke tory response, sepsis and other diseases )14,15(. Howe-
E 200 ver, the mechanism of LncRNA in the pathogenesis and
E" 150+ development of sepsis has not been elucidated.

o MEGS3 alleviates hyperglycemia-induced inflamma-
E 1004 tion and apoptosis of retinal epithelial cells by regula-
E s50. ting the mir-34a/SIRT1 axis )16(. MEG3 inhibits the
= inflammatory response of ankylosing spondylitis by
= o targeting miR-146a )17(. However, some studies have

A shown that MEG3 promotes cerebral ischemia-reperfu-
sion injury by increasing cell apoptosis by targeting the
molecular axis of mir-485 / AIM2 )18(. MEG3 regu-
lates cse-induced apoptosis and inflammatory response
of 16HBE cells by regulating the expression of mir-218
)19(. MEG3 can also be used as a serum biomarker to

diagnose hepatitis b with liver fibrosis )20(. MEG3 can

A
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Figure 4. The effect of MEG3 overexpression on the secretion
of inflammatory factors by LPS-induced macrophages using the
ELISA method. Note: Compared with the NC group, *P<0.05;
LPS+pcDNA group, *P<0.05.
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also inhibit ox-ldl-induced inflammation and macro-
phage apoptosis )21(. The results of this study showed
that the expression level of serum MEGS3 in sepsis pa-
tients was significantly lower than that in the control
group, suggesting that MEG3 may play an important
regulatory role in the occurrence of sepsis. In this study,
ROC was used to analyze the diagnostic value of serum
MEGS3 in sepsis. The results showed that the AUC area
was 0.856, the 95% confidence interval (CI) was 0.786
~0.926, the optimal threshold value was 0.583, the sen-
sitivity was 0.700, and the specificity was 0.883, sug-
gesting that MEG3 may be an important auxiliary index
for the diagnosis of sepsis.

This study explores MEG3 in sepsis and possible
mechanism of action, in the process of development, the
LPS induced macrophage cell damage simulation was
conducted. In this study, MEG3 expression vector was
transfected into macrophages and then treated with LPS.
The results showed that after treatment, the apoptosis
rate of LPS macrophages was significantly increased,
the level of Bax protein was increased, and the level of
Bcl-2 protein was reduced, while After MEG3 expres-
sion, cell apoptosis was reduced. The Bax protein levels
decreased, Bcl-2 protein levels increased significantly.

Studies have shown that bcl-2 is an anti-apoptotic
protein, and it’s up-regulated expression in cells can
inhibit cell apoptosis, while Bax is a pro-apoptotic pro-
tein, and it’s up-regulated expression in cells can pro-
mote cell apoptosis )22(. It is suggested that overex-
pression of MEG3 can inhibit LPS-induced macrophage
apoptosis. Studies have shown that increased levels of
inflammatory cytokines IL-1f, TNF-a can promote
the occurrence of inflammatory reactions and promote
the occurrence of a variety of inflammatory diseases
)23,24(. The results of this study showed that the amount
of IL-1B, TNF-a produced by macrophages significant-
ly increased after LPS treatment, and the overexpres-
sion of MEG3 significantly reduced the levels of IL-1,
TNF-a, suggesting that overexpression of MEG3 could
inhibit the release of inflammatory factors by LPS-in-
duced macrophages. Studies have shown that urolithin
attenuates IL-1B-induced inflammatory response and
cartilage degradation by inhibiting the MAPK /NF-xkB
signaling pathway in the articular chondrocytes of rats
)25(. Inhibition of NF- B signaling pathway can reduce
OGD/r-induced HM cell inflammation and thus play a
protective role on nerve cells )26(. Inhibiting the expres-
sion of NF-kB signaling pathway-related proteins p65
and p-p65, and inhibiting the occurrence of the inflam-
matory response and oxidative stress, can improve pul-
monary ischemia-reperfusion injury )27(. Inhibition of
the NF-xB signaling pathway can reduce the inflamma-
tory response of pulp cells of lipopolysaccharide and du
'ao )28(. NF-xB signaling pathway plays an important
regulatory role in the inflammatory response )29-32(.
Vascular endothelial growth factor (VEGF) produced
by several cell types including fibroblasts, neutrophils,
endothelial cells, and peripheral blood mononuclear
cells, particularly T lymphocytes and macrophages has
been been linked with a number of vascular pathologies
including cardiovascular diseases such ischemic heart
disease, heart failure, stroke, and diabetes (33). The re-
sults of this study showed that the level of p-p65 protein
in macrophages significantly increased after LPS treat-

ment, while the level of p-p65 protein in macrophages
significantly decreased after overexpression of MEG3,
suggesting that overexpression of MEG3 may inhibit
LPS-induced macrophage apoptosis and secretion of
inflammatory factors by inhibiting the NF-xB signaling
pathway. In this regard, it is necessary to use new tech-
nologies such as genome editing (34).

In summary, the expression of MEG3 in the serum of
sepsis patients is down-regulated and may serve as a po-
tential biological marker for the diagnosis of sepsis. In
vitro cell experiments have demonstrated that overex-
pression of MEG3 can inhibit LPS-induced macrophage
apoptosis and secretion of inflammatory factors. The
mechanism is related to the inhibition of the activation
of the NF-kB signaling pathway, which may provide a
new direction for the treatment of sepsis.

References

1. Shangxun Z, Junjie L, Wei Z, Yutong W, Wenyuan J, Shanshou
L, Yanjun W, Qianmei W, Zhusheng F, Chaoping Y, Ran Z. ADAR1
Alleviates Inflammation in a Murine Sepsis Model via the ADAR1-
miR-30a-SOCS3 Axis. Mediators Inflamm 2020.

2. Kim JY, Joo YS, Lee S, Lee JY, Park JT, Han SH, Yoo TH, Kang
SW. Septicemia, necrotizing fasciitis, and peritonitis due to Vibrio
vulnificus treated with early use of polymyxin B hemoperfusion
in a patient undergoing CAPD: a case report. BMC Nephrol 2020;
21(1):1-6.

3. Bhalala US. Predictors of outcomes of severe sepsis in children
in the Indian subcontinent - What's the big picture. J Postgrad Med
2020; 66(2): 63-64.

4. Wooldridge G, Murthy S, Kissoon N. Core outcome set in paedia-
tric sepsis in low- and middle-income countries: a study protocol.
BMJ Open 2020; 10(4): ¢034960-¢034970.

5. Hung YL, Fang SH, Wang SC, Cheng WC, Liu PL, Su CC, Chen
CS, Huang MY, Hua KF, Shen KH, Wang YT. Corylin protects LPS-
induced sepsis and attenuates LPS-induced inflammatory response.
Sci Rep 2017; 7:46299.

6. Chen H, Wang X, Yan X, Cheng X, He X, Zheng W. LncRNA
MALAT]I regulates sepsis-induced cardiac inflammation and dys-
function via interaction with miR-125b and p38 MAPK/NF«B. Int
Immunopharmacol 2018; 55:69-76.

7. Obaid M, Udden SN, Deb P, Shihabeddin N, Zaki MH, Mandal
SS. LncRNA HOTAIR regulates lipopolysaccharide-induced cyto-
kine expression and inflammatory response in macrophages. Sci Rep
2018; 8(1):1-8.

8.LiG, LiuY, Meng F, Xia Z, Wu X, Fang Y, Zhang C, Zhang Y, Liu
D. LncRNA MEG3 inhibits rheumatoid arthritis through miR-141
and inactivation of AKT/mTOR signalling pathway. J Cell Mol Med
2019; 23(10):7116-20.

9. Li X, Zhang Q, Yang Z. Silence of MEG3 intensifies lipopolysac-
charide-stimulated damage of human lung cells through modulating
miR-4262. Artif Cells Nanomed Biotechnol 2019; 47(1): 2369-2378.
10. Wang Z, Chi X, Liu L, Wang Y, Mei X, Yang Y, Jia T. Long
noncoding RNA maternally expressed gene 3 knockdown alleviates
lipopolysaccharide-induced inflammatory injury by up-regulation of
miR-203 in ATDCS cells. Biomed Pharmacother 2018; 100:240-9.
11. Tessaro FH, Ayala TS, Nolasco EL, Bella LM, Martins JO. Insu-
lin influences LPS-Induced TNF-a and IL-6 release through distinct
pathways in mouse macrophages from different compartments. Cell
Physiol Biochem 2017; 42(5):2093-104.

12. Lou Y, Huang Z. microRNA-15a-5p participates in sepsis by
regulating the inflammatory response of macrophages and targeting
TNIP2. Exp Ther Med 2020; 19(4): 3060-3068.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 5

135



Xinrong Pan and Lingling He

LncRNA MEG3 expression in sepsis.

13. Jin K, Ma Y, Manrique-Caballero CL, Li H, Emlet DR, Li S,
Baty CJ, Wen X, Kim-Campbell N, Frank A, Menchikova EV. Acti-
vation of AMP-activated protein kinase during sepsis/inflammation
improves survival by preserving cellular metabolic fitness. FASEB
12020; 34(5):7036-57.

14. Wang HR, Guo XY, Liu XY, Song X. Down-regulation of IncR-
NA CASC9 aggravates sepsis-induced acute lung injury by regula-
ting miR-195-5p/PDK4 axis. Inflamm Res 2020.

15.L1Y, Song J, Xie Z, Liu M, Sun K. Long noncoding RNA colorec-
tal neoplasia differentially expressed alleviates sepsis-induced liver
injury via regulating miR-126-5p. IUBMB Life 2020; 72(3):440-51.
16. Tong P, Peng QH, Gu LM, Xie WW, Li WJ. LncRNA-MEG3
alleviates high glucose induced inflammation and apoptosis of retina
epithelial cells via regulating miR-34a/SIRT1 axis. Exp Mol Pathol
2019; 107:102-9.

17. LiY, Zhang S, Zhang C, Wang M. LncRNA MEG3 inhibits the
inflammatory response of ankylosing spondylitis by targeting miR-
146a. Mol Cell Biochem 2020; 1-8.

18. Liang J, Wang Q, Li JQ, Guo T, Yu D. Long non-coding RNA
MEG3 promotes cerebral ischemia-reperfusion injury through in-
creasing pyroptosis by targeting miR-485/AIM2 axis. Exp Neurol
2020; 325:113139.

19. Song B, Ye L, Wu S, Jing Z. Long non-coding RNA MEG3
regulates CSE-induced apoptosis and inflammation via regulating
miR-218 in 16HBE cells. Biochem Biophys Res Commun 2020;
521(2):368-74.

20. Chen MJ, Wang XG, Sun ZX, Liu XC. Diagnostic value of
LncRNA-MEG3 as a serum biomarker in patients with hepatitis B
complicated with liver fibrosis. Eur Rev Med Pharmacol Sci 2019;
23(10):4360-7.

21. Yan L, Liu Z, Yin H, Guo Z, Luo Q. Silencing of MEG3 inhi-
bited ox-LDL-induced inflammation and apoptosis in macrophages
via modulation of the MEG3/miR-204/CDKN2A regulatory axis.
Cell Biol Int 2019; 43(4):409-20.

22. Nadeem A, Alharbi NO, Vliagoftis H, Tyagi M, Ahmad SF,
Sayed-Ahmed MM. Proteinase activated receptor-2-mediated dual
oxidase-2 up-regulation is involved in enhanced airway reactivity
and inflammation in a mouse model of allergic asthma. Immunol
2015; 145(3):391-403.

23.Jia Y, He W, Zhang H, He L, Wang Y, Zhang T, Peng J, Sun P,
Qian Y. Morusin Ameliorates IL-13-Induced Chondrocyte Inflam-
mation and Osteoarthritis via NF-kB Signal Pathway. Drug Design,
Dev Ther 2020; 14:1227.

24.JiY, Fang QY, Wang SN, Zhang ZW, Hou ZJ, Li JN, Fu SQ. Lnc-
RNA BLACAT]1 regulates differentiation of bone marrow stromal
stem cells by targeting miR-142-5p in osteoarthritis. Eur Rev Med
Pharmacol Sci 2020; 24(6):2893-901.

25. Ding SL, Pang ZY, Chen XM, Li Z, Liu XX, Zhai QL, Huang
IJM, Ruan ZY. Urolithin a attenuates IL-1f-induced inflammatory
responses and cartilage degradation via inhibiting the MAPK/NF-
kB signaling pathways in rat articular chondrocytes. J Inflamm
2020; 17(1):1-3.

26. Song S, Pan Y, Li H, Zhen H. MiR-1202 Exerts Neuroprotective
Effects on OGD/R Induced Inflammation in HM Cell by Negatively
Regulating Rabla Involved in TLR4/NF-xB Signaling Pathway.
Neurochem Res 2020; 1-0.

27. Yang C, Yang W, He Z, He H, Yang X, Lu Y, Li H. Kaempferol
Improves Lung Ischemia-Reperfusion Injury via Antiinflammation
and Antioxidative Stress Regulated by SIRT1/HMGB1/NF-kB Axis.
Front Pharmacol 2020; 10:1635.

28. Wang F, Han Y, Xi S, Lu Y. Catechins reduce inflammation in
lipopolysaccharide-stimulated dental pulp cells by inhibiting activa-
tion of the NF-kB pathway. Oral Dis 2020; 26(4):815-21.

29. Hu F, Jiang J, Yu G, Zang H, Sun H. Propofol Pretreatment Pre-
vents Oxygen-Glucose Deprivation/Reoxygenation (OGD/R)-in-
duced Inflammation Through Nuclear Transcription Factor KB (NF-
KB) Pathway in Neuroblastoma Cells. Curr Neurovasc Res 2020;
17(1):27-34.

30. Hatipoglu OF, Yaykasli KO, Dogan M, Yaykasli E, Bender O,
Yasar T, Tapan S, Gunduz M. NF-xB and MAPKs are involved in
resistin caused ADAMTS-5 induction in Human Chondrocytes. Clin
Invest Med 2015; 38(4): E248-E254.

31. Yaykasli KO. Visfatin promotes a disintegrin and metallopro-
teinase with thrombospondin motifs-5 gene expression through p38
MAPK and NF-kappa B pathways in human chondrocytes, FEBS J
2016; 283:50-50.

32. LiuJ, Guo S, Jiang K, Zhang T, Zhiming W, Yaping Y, Jing Y,
Shaukat A, Deng G. miR-488 mediates negative regulation of the
AKT/NF-«B pathway by targeting Racl in LPS-induced inflamma-
tion. J Cell Physiol 2020; 235(5):4766-77.

33. Azimi-Nezhad M. Vascular endothelial growth factor from
embryonic status to cardiovascular pathology. Rep Biochem Mol
Biol 2014;2(2):59-69.

34. Bordbar M, Darvishzadeh R, Pazhouhandeh M, Kahrizi D. An
overview of genome editing methods based on endonucleases. Mo-
dern Genetics J 2020; 15(2): 75-92.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 5

136



