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Abstract
Aim

Neuroin�ammation is an explanation why obesity or high-fat diet induce central nervous system
disorders. MiR-124, as a highly expressed microRNA in brain, might alleviate neuroin�ammation through
regulating microglial M1/M2 polarization, but its mechanism is unclear. The aim of the study was to
explore whether miR-124 exerted its effect mentioned above through TLR4/MyD88/NF-κB p65/NLRP3
signaling in palmitic acid treated-microglia.

Methods

Prepared BV2 cells were treated with palmitic acid to establish an in vitro model of high-fat diet. MiR-124
mimic and inhibitor were adopted to up-regulate and down-regulate the expression of miR-124. TAK-242
and NLRP3 siRNA were used to down-regulate the expression of TLR4 and NLRP3. Expression of miR-
124, signaling proteins (TLR4, MyD88, NF-κB p65), in�ammasome markers (NLRP3, IL-1β) and microglial
polarization markers (CD206, Arg-1, CD86, iNOS) was measured by qPCR and western blotting.
Pyroptosis rate was assessed using �ow cytometry.

Results

First, palmitic acid up-regulated the TLR4/MyD88/NF-κB p65 signaling, increased the NLRP3 expression,
elevated the pyroptosis rate and inhibited the M2 polarization in BV2 cells. Second, miR-124 mimic and
inhibitor separately alleviated and aggravated the effect of palmitic acid on microglial polarization and
NLRP3 expression. MiR-124 mimic also down-regulated the TLR4/MyD88/NF-κB p65 signaling. Third,
TAK-242 did not affect the expression of miR-124, but can simulate the protective effect of miR-124
mimic on microglial polarization and NLRP3 expression. Fourth, NLRP3 siRNA can also promoted M2
polarization in BV2 cells.

Conclusion

MiR-124 promoted microglial M2 polarization through TLR4/MyD88/NF-κB p65/NLRP3 signaling in
palmitic acid treated-BV2 cells

Introduction
An increasing number of evidence suggest that obesity or high-fat diet cause cognitive impairment, and
neuroin�ammation is involved in such pathogenic process [1–4]. However, regulatory mechanism of
neuroin�ammation in high-fat model has not been fully clari�ed. But, academics agree that microglia
play an irreplaceable role in it [5, 6]. Microglia are one kind of nerve cells which are distributed in central
nervous system, and the main function is to regulate immune in�ammatory response and to protect brain
tissue from diseases and infections [7, 8]. Normally, the cells are dormant, but can be activated by
in�ammatory response. Activated microglia polarize to one functional state: M1 or M2 phenotype. The
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former promotes the in�ammation, while the latter exerts an anti-in�ammatory effect [9]. So, promoting
M2 polarization is a theoretically feasible strategy against neuroin�ammation under high-fat diet
condition.

In addition to microglia, NLRP3 in�ammasome is also related to regulation of neuroin�ammation
induced by obesity and high-fat diet [10, 11]. In�ammasomes are a class of multi-component protein
complexes which play a crucial role in natural immune response, and NLRP3 in�ammasome is one
important member of them [12]. Brie�y, in�ammasome is able to identify endogenous and exogenous risk
molecules, and leads to release of in�ammatory cytokines (i.e. IL-1β and IL-18) and development of
pyroptosis [12]. The process promotes strong neuroin�ammation, which protects brain tissue against the
risk molecules in initial stage and begins to play a harmful role when the in�ammatory response gets out
of control [12]. Interestingly, Cui et al. suggest that inhibition of NLRP3 signaling promotes microglial M2
polarization in Alzheimer’s disease [13]. The �ndings might shed light on functional relationship between
microglia and NLRP3 in�ammasome, but further research is needed to draw a �nal conclusion, especially
in high-fat diet model.

MicroRNA-124 (miR-124) is an important member of microRNA family, and is highly expressed in central
nervous system [14]. Previous studies reveal that miR-124 might promote anti-in�amed microglial M2
polarization and inhibit NLRP3 in�ammasome expression in other acute and chronic brain events [15,
16]. And, TLR4 is one kind of conserved natural pattern recognition receptor, and is involved in regulation
of M2 polarization and NLRP3 in�ammasome activation in microglia [17, 18]. More importantly, miR-124
has been proved to regulate the activity of TLR4, and the latter seems to be a bridge between the former
and microglia [17, 19]. Therefore, miR-124/TLR4 signaling pathway may be a potential regulatory
mechanism of neuroin�ammation in high-fat diet condition, which should be fully verify.

Therefore, we conducted an in vitro experiment using a high-fat treated-BV2 cell line. The aim of the study
was to reveal the potential effect and regulatory mechanism of miR-124/TL4/NLRP3 signaling pathway
on microglial M2 polarization, and to provide the therapeutic strategy against neuroin�ammation and
cognitive impairment induced by obesity and high-fat diet.

Materials And Methods
2.1 Cell culture

A mouse BV2 microglial cell line was purchased from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). All reagents and materials in the process were obtained from Life Technologies (CA,
USA). The cells were cultured in minimum Eagle’s medium (MEM) containing 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin at 37℃ in a humidi�ed environment with 5% carbon dioxide (CO2).
The medium was renewed every 48 hours. In addition, the cells were regularly treated with 0.25% trypsin
to transfer and place them in more culture bottles until enough cells were obtained. Finally, monolayers of
the BV2 microglial cells were cultured on 24-well plates (1×105 cells/well) for further experiments.
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2.2 Reagents and preliminary experiments
Palmitic acid (PA, one type of saturated fatty acids) was obtained from Sigma-Aldrich (USA), and was
dissolved using 0.1 mmol/l sodium hydroxide at 70℃ for 5 minutes. Then, the solution is mixed using
10% bovine serum albumin at 55℃ for another 10 minutes, and was adjusted to a series of
concentrations (0, 400, 800, 1200, 1600 µmol/l) using speci�c neuronal medium (NM, Cat. #1521).

TAK-242 (one type of TLR4 blocker) was purchased from MedChemExpress (USA), and was dissolved
using 0.1% dimethylsulfoxide (DMSO) to produce several concentrations of the reagent (0, 50, 100, 200,
400, 800 nmol/l).

After that, as shown in Fig. 1, the prepared cells were separately treated with different concentrations of
PA and TAK-242 for 12 hours. Cell activity was determined using CCK8 assay to assess the safety of the
reagents. Expression of miR-124 and TLR4 was measured separately using qPCR and western blotting to
evaluate the effectiveness of the reagents. As a result, 800 µmol/l of PA and 200 nmol/l of TAK-242 were
determined to be the optimal concentrations for further experiments.

2.3 Grouping and cell transfection

The BV2 cells were divided into control group, PA group, PA + mir_mimic group, PA + mir_inhibitor group,
PA + mir_ctl group, PA + TAK group, PA + nlrp_siR group and PA + nlrp_ctl group. Each group contained ten
wells.

MiR-124 mimic, miR-124 inhibitor and negative control were mixed with Lipofectamine 2000 transfection
reagent (RiboBio, Guangzhou, China), and were adopted for cell transfection separately in the PA + 
mir_mimic, PA + mir_inhibitor and PA + mir_ctl groups [20]. Speci�c experimental steps referred to the
speci�cation of the commercial kit. Cell transfection was performed in in 37℃, 5% CO2 incubator for 48
hours.

The cells in the PA + nlrp_siR and PA + nlrp_ctl groups were separately transfected with NLRP3 siRNA and
control siRNA using Lipofectamine LTX transfection reagent (RiboBio, Guangzhou, China) according to
the manufacturer’s protocols. [21]. Sense and anti-sense of NLRP3 siRNA were 5’-
GCUUCAGCCACAUGACUUUTT-3’ and 5’-AAAGUCAUGUGGCUGAAGCTT-3’. Sense and anti-sense of control
siRNA were 5’-UUCUCCGAACGUGUCACGUTT-3’ and 5’-ACGUGACACGUUCGGAG -AATT-3’. The cells were
also incubated for 48 hours before further measurement.

2.4 Modeling and intervention

After cell transfection, all the BV2 cells except those in the control group were treated with 800 µmol/l PA
for 12 hours to construct an in vitro model of high-fat diet [22]. Meanwhile, the BV2 cells in the PA + TAK
group were treated with 200 nmol/l TAK-242 for 12 hours to inhibit the expression of TLR4.

2.5 Cell viability assay
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After the intervention, cell viability was measured using a commercial CCK8 assay kit (#ab228554,
Abcam, UK). Brie�y, all of the wells to be tested were incubated with CCK-8 solution (10 µl) at 37℃ for 2
hours. Then, the absorbance of the specimens at 450 nm was determined using a Thermo Scienti�c
microplate reader (Waltham, MA, US).

2.6 qPCR assay

After the intervention, expression of miR-124 was measured using qPCR assay. First, total RNA extraction
was adopted using a commercial RNAeasy™ animal RNA isolation kit (centrifugal column type)
(Beyotime, Shanghai, China). Second, the obtained RNA was reverse-transcribed into complementary DNA
using a commercial PrimeScript™ RT Master Mix (Perfect Real Time) (Takara Bio, JPN). Third, the qPCR
process was performed using TB Green™ Premix Ex Taq™ II (Tli RNaseH Plus) (Takara Bio, JPN) and
Applied Biosystems 7500 Real-Time PCR System (Thermo Scienti�c, Waltham, MA, US). The PCR cycling
stages (parameters) were listed as followed: denaturation (95˚C, 30 seconds), annealing (60˚C, 30
seconds) and elongation (72˚C, 30 seconds). Expression of mRNA was normalized by U6, and the latter
was adopted as an endogenous control. Primer sequences of miR-124 were 5′-GCTAAGGCACGCGGTG-3′
and 5′-GTGCAGGGTCCGAGGT-3′. Primer sequences of U6 were: 5′-ATTGGAACGATACAGAGAAGATT-3′ and
5′-GGAAC -GCTTCACGAATTTG-3′.

2.7 Western blotting

Expression of several proteins was analyzed using western blotting. First, the cells were treated with RIPA
Lysis buffer containing protease and phosphatase inhibitors. Second, the lysates were incubated at 0℃
for 12 minutes and centrifuged at 10,000 rpm for 5 minutes. Third, protein amounts of the obtained
supernatants were measured using a commercial BCA assay kit (Abcam, Cambridge, UK). Fourth, 50 µg
of proteins were separated using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then moved to polyvinylidene �uoride (PVDF) membranes for 60 minutes. Fifth, the
membranes were blocked using 5% non-fat milk for 2 hours, and were incubated at 4℃ for 16 hours with
TLR4 (#14358, 1:1000), MyD88 (#4283, 1:1000), NF-κB p65 (#8242, 1:1000), NLRP3 (#15101, 1:1000),
IL-1β (#31202, 1:1000), CD206 (#24595, 1:1000), Arg-1 (#93668, 1:1000), CD86 (#19589, 1:1000), iNOS
(#13120, 1:1000) primary antibodies (Cell Signaling, USA). Sixth, the membrane were washed three times
using PBS, and were incubated with anti-rabbit HRP-conjugated IgG secondary antibodies for 60 minutes
(Cell Signaling, USA). Seventh, protein bands were visualized using enhanced chemiluminescence
(Immolilon Western, USA), and the intensities of them were measured using image J software.

2.8 Flow cytometry

Pyroptosis rate was determined by a FAM-FLICA in vitro caspase-1 detection kit (ImmunoChemistry, USA)
[23]. First, the cells were mixed with trypsin. Second, the cells were washed several times using phosphate
buffer saline. Third, the cells were stained with 10 µl FAM-FLICA and 5 µl PI for 20 minutes in a dark
environment at room temperature. Fourth, �uorescence intensity was measured using a Coulter Epics XL
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�ow cytometer. Pyroptosis rate was calculated using a formula: number of double-positive cells / number
of total cells × 100%.

2.9 Statistical analysis

Continuous variables in the study were expressed in the form of mean ± standard deviation. Difference of
two continuous variables was measured using independent sample t test, and difference of more than
two continuous variables was measured using ANOVA with LSD test. If P value was less than 0.05, the
difference was statistically signi�cant.

Results
3.1 Determination of concentrations for PA and TAK-242

In Figure 1, prepared BV2 cells were treated with different concentrations of PA or TAK-242. As a results,
the study did not �nd any abnormality in cell activity when the cells were treated with 800 μmol/l of PA or
200 nmol/l of TAK-242 (P = 0.344, P = 0.237, respectively). However, when the concentration of PA or
TAK-242 exceed the boundary, the cell activity began to decline (P = 0.023, P = 0.005, respectively). The
study also revealed that 800 μmol/l of PA and 200 nmol/l of TAK-242 can separately affect the
expression of miR-21 and TLR4 (P   0.001, P   0.001, respectively), which proved that the reagents at
these concentrations can play an effective biological role. Therefore, 800 μmol/l of PA and 200 nmol/l of
TAK-242 were adopted to conduct following experiments.

3.2 Effect of miR-124 on TLR4/MyD88/NF-κB p65 signaling in BV2 cells

In Figure 2, PA treatment signi�cantly increased the expression of miR-124 and TLR4/MyD88/NF-κB p65
proteins (P   0.001, P   0.001, P   0.001, P = 0.010, respectively). Meanwhile, up-regulation of miR-124
signi�cantly inhibited the expression of TLR4/MyD88/NF-κB p65 proteins (P   0.001, P = 0.001, P =
0.030, respectively), and down-regulation of miR-124 may re-increased the expression of these three
signaling proteins (P   0.001, P = 0.016, P = 0.018, respectively). These �ndings indicated that miR-124
can inhibit the up-regulation of TLR4/MyD88/NF-κB p65 signaling induced by PA.

3.3 Effect of miR-124 on NLRP3 in�ammasome and pyroptosis in BV2 cells

In Figure 3, compared with the control group, PA treatment in the PA group elevated the expression of
NLRP3 and IL-1β (P = 0.001, P   0.001, respectively), and also increased the rate of pyroptosis (P =
0.003). Meanwhile, up-regulation and down-regulation of miR-124 separately inhibited and re-elevated the
expression of the proteins and the rate of pyroptosis (up-regulation: P = 0.011, P   0.001, P = 0.015,
respectively; down-regulation: P   0.001, P   0.001, P = 0.011, respectively). These �ndings indicated that
miR-124 inhibited the activity of NLRP3 in�ammasome and rate of pyroptosis in the PA-treated model.

3.4 Effect of miR-124 on microglial M2 polarization in BV2 cells



Page 7/17

In Figure 4, PA treatment decreased the expression of CD206 and Arg-1 (P = 0.022, P = 0.020,
respectively), and increased the expression of CD86 and iNOS (P   0.001, P   0.001, respectively). More
importantly, up-regulation of miR-124 reversed the effect of PA on the expression of CD206, Arg-1, CD86
and iNOS (P   0.001, P   0.001, P   0.001, P = 0.001, respectively). And, down-regulation of miR-124
aggravated the effect of PA on such proteins (P   0.001, P = 0.003, P = 0.003, P   0.001, respectively).
These �ndings indicated that miR-124 inhibited the microglial M1 polarization and promoted the
microglial M2 polarization in the PA-treated model.

3.5 Effect of TLR4 on MyD88/NF-κB p65 signaling, NLRP3 in�ammasome and pyroptosis in BV2 cells

In Figure 5, TLR-4 blocker TAK-242 signi�cantly inhibited the expression of TLR4/MyD88/NF-κB p65
proteins (P   0.05, P   0.05, P   0.05, respectively), but can not affect the level of miR-124 (P   0.05).
Meanwhile, the blocker inhibited the expression of NLRP3 and IL-1β (P   0.05, P   0.05, respectively), and
also decreased the rate of pyroptosis (P = 0.014). These �ndings indicated that inactivity of
TLR4/MyD88/NF-κB p65 signaling inhibited the activity of NLRP3 in�ammasome and rate of pyroptosis
in PA-treated BV2 cells.

3.6 Effect of TLR4 on microglial M2 polarization in BV2 cells

In Figure 6, TAK-242 was able to increase the expression of CD206 and Arg-1 (P   0.05, P   0.05,
respectively), and decrease the expression of CD86 and iNOS in the PA-treated cells (P   0.05, P   0.05,
respectively). These �ndings indicated that down-regulation of TLR4 expression inhibited the microglial
M1 polarization and promoted the microglial M2 polarization in PA-treated BV2 cells.

3.7 Relationship between NLRP3 in�ammasome activation and microglial M2 polarization in BV2 cells

In Figure 7, down-regulation of NLRP3 elevated the expression of CD206 and Arg-1 (P  0.001, P  0.001,
respectively), and inhibited the expression of CD86 and iNOS (P = 0.001, P  0.001, respectively). These
�ndings indicated that down-regulation of NLRP3 expression inhibited the microglial M1 polarization and
promoted the microglial M2 polarization.

Discussion
High-fat diet and obesity contributed to cognitive impairment, which was related to in�ammation in
central nervous system. PA was one type of saturated fatty acids. High level of PA in peripheral
circulation not only triggered in�ammation in brain, but also enhanced susceptibility to develop a
neurodegenerative disease [24]. So, in the present study, the BV2 cells were treated with the reagent to
establish an in vitro model of high-fat diet. In the process, we �rst con�rmed a optimal concentration of
PA (800 µmol/l) for 12-hour treatment, which was largely consistent with a previous study [25]. Second, in
the main part of the experiment, we discovered that PA treatment signi�cantly increased the activity of
NLPR3 in�ammasome and M1 polarization in microglia, and both promoted the development of
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neuroin�ammation. Therefore, we believed that such in vitro model can simulate the state of microglia
after high-fat diet.

Previous study revealed that miR-124 was an important regulator of triglycerides metabolism in liver
tissue [26]. Its expression can be up-regulated by high-fat diet, and its known function was to promote
cellular triglyceride accumulation through inhibition of triglyceride and fatty acid catabolism, in parallel
with decreased in�ammatory factors [26]. And, in vascular endothelial tissue, over-expression of miR-124
inhibited macrophage (one common in�ammatory cell) proliferation and promoted macrophage
apoptosis, which attenuated vascular local in�ammation and atherosclerosis [27]. As mentioned above,
miR-124 was highly expressed in brain tissue, and was involved in regulation of neuroin�ammation in
brain trauma and Parkinson's disease [15, 16]. Actually, high-fat diet or obesity also triggered
neuroin�ammation in brain tissue and caused diseases. However, regulative effect of miR-124 on
in�ammation in such condition has not been clari�ed. So, the present study focused this topic, and �rst
revealed that PA treatment was able to increase the expression of miR-124 in microglia, and up-regulated
miR-124 in turn exerted an anti-in�ammatory neuroprotective effect via promoting microglial M2
polarization and inhibiting NLRP3 in�ammasome activity.

TLR4 played an special role in both acquired and innate immunity. More importantly, TLR4 was highly
expressed in microglia, and the TLR4/MyD88/NF-κB p65 signaling pathway had been proved that it can
regulate the microglial polarization in other models [28, 29]. The present study also revealed that PA
treatment activated the signaling pathway and inhibited microglial M2 polarization, which can be
reversed by up-regulation of miR-124. In addition, the study con�rmed the regulatory effect of the
TLR4/MyD88/NF-κB p65 signaling pathway on NLRP3 in�ammasome. All of these �ndings may partly
explained the anti-in�ammatory mechanism of miR-124 in high-fat treated BV2 cells.

Both microglial polarization and NLRP3 in�ammasome were regarded as crucial mechanisms for
regulating neuroin�ammation. However, potential relationship between them were unclear. Only one study
from Cui et al. reported that inhibition of TLR4 might induce microglial M2 polarization and exert
neuroprotection through NLRP3 signaling in Alzheimer's disease [13]. The present study further explored
such relationship in high-fat model, and provided some evidences that NLRP3 may indeed be an
upstream signal molecule for microglial polarization. And, detailed mechanism of NLRP3 on regulating
microglial polarization should be fully explored in the future.

In conclusion, the study revealed that PA treatment induced signi�cant neuroin�ammation partly through
inhibiting microglial M2 polarization. The study also reported that up-regulation of miR-124 may reverse
the harmful effect of PA mentioned above through regulation of TLR4/MyD88/NF-κB p65/NLRP3
signaling pathway.

Declarations
Funding



Page 9/17

Not applicable.

Con�icts of interest

Not applicable.

Ethics approval

The study was approved by the ethics committees of Tianjin Medical University General Hospital and
Tianjin Anding Hospital (Tianjin, China).

Consent to participate

Not applicable.

Consent for publication

All authors have con�rmed and agreed with this article to submit to your journal.

Availability of data and material

The data can not be shared due to this is an ongoing study.

Code availability (software application or custom code)

All these analyses were performed using SPSS 18.0 software (US).

Acknowledgments

We want to thank Prof. JQ from TIANJIN UNIVERSITY (China) for the funding and laboratory support for
this project. 

References
1. Wang F, Zhao M, Han Z, Li D, Zhang S, Zhang Y, Kong X, Sun N, Zhang Q, Lei P (2017) Association of

body mass index with amnestic and non-amnestic mild cognitive impairment risk in elderly. BMC
Psychiatry 17:334

2. Wang F, Wang L, Wang Y, Li D, Hu T, Sun M, Lei P (2020) Exogenous IGF-1 improves cognitive
function in rats with high-fat diet consumption. J Mol Endocrinol 64:115–123

3. Cavaliere G, Trinchese G, Penna E, Cimmino F, Pirozzi C, Lama A, Annunziata C, Catapano A, Mattace
Raso G, Meli R, Monda M, Messina G, Zammit C, Crispino M, Mollica MP (2019) High-Fat Diet
Induces Neuroin�ammation and Mitochondrial Impairment in Mice Cerebral Cortex and Synaptic
Fraction. Front Cell Neurosci 13:509



Page 10/17

4. Duffy CM, Hofmeister JJ, Nixon JP, Butterick TA (2019) High fat diet increases cognitive decline and
neuroin�ammation in a model of orexin loss. Neurobiol Learn Mem 157:41–47

5. Sugiyama M, Banno R, Yaginuma H, Taki K, Mizoguchi A, Tsunekawa T, Onoue T, Takagi H, Ito Y,
Iwama S, Goto M, Suga H, Komine O, Yamanaka K, Arima H (2020) Hypothalamic glial cells isolated
by MACS reveal that microglia and astrocytes induce hypothalamic in�ammation via different
processes under high-fat diet conditions. Neurochem Int 136:104733

�. Mao L, Hochstetter D, Yao L, Zhao Y, Zhou J, Wang Y, Xu P (2019) Green Tea Polyphenol (-)-
Epigallocatechin Gallate (EGCG) Attenuates Neuroin�ammation in Palmitic Acid-Stimulated BV-2
Microglia and High-Fat Diet-Induced Obese Mice. Int J Mol Sci 20:5081

7. Subhramanyam CS, Wang C, Hu Q, Dheen ST (2019) Microglia-mediated neuroin�ammation in
neurodegenerative diseases. Semin Cell Dev Biol 94:112–120

�. Mattei D, Notter T (2020) Basic Concept of Microglia Biology and Neuroin�ammation in Relation to
Psychiatry. Curr Top Behav Neurosci 44:9–34

9. Du L, Zhang Y, Chen Y, Zhu J, Yang Y, Zhang HL (2017) Role of Microglia in Neurological Disorders
and Their Potentials as a Therapeutic Target. Mol Neurobiol 54:7567–7584

10. Mirzaei F, Khazaei M, Komaki A, Amiri I, Jalili C (2018) Virgin coconut oil (VCO) by normalizing
NLRP3 in�ammasome showed potential neuroprotective effects in Amyloid-beta induced toxicity
and high-fat diet fed rat. Food Chem Toxicol 118:68–83

11. Sobesky JL, D'Angelo HM, Weber MD, Anderson ND, Frank MG, Watkins LR, Maier SF, Barrientos RM
(2016) Glucocorticoids Mediate Short-Term High-Fat Diet Induction of Neuroin�ammatory Priming,
the NLRP3 In�ammasome, and the Danger Signal HMGB1. eNeuro 3:ENEURO.0113-16.2016

12. Kelley N, Jeltema D, Duan Y, He Y (2019) The NLRP3 In�ammasome: An Overview of Mechanisms of
Activation and Regulation. Int J Mol Sci 20:3328

13. Cui W, Sun C, Ma Y, Wang S, Wang X, Zhang Y (2020) Inhibition of TLR4 Induces M2 Microglial
Polarization and Provides Neuroprotection via the NLRP3 In�ammasome in Alzheimer's Disease.
Front Neurosci 14:444

14. Han D, Dong X, Zheng D, Nao J (2020) MiR-124 and the Underlying Therapeutic Promise of
Neurodegenerative Disorders. Front Pharmacol 10:1555

15. Huang S, Ge X, Yu J, Han Z, Yin Z, Li Y, Chen F, Wang H, Zhang J, Lei P (2018) Increased miR-124-3p
in microglial exosomes following traumatic brain injury inhibits neuronal in�ammation and
contributes to neurite outgrowth via their transfer into neurons. FASEB J 32:512–528

1�. Cao H, Han X, Jia Y, Zhang B (2021) Inhibition of long non-coding RNA HOXA11-AS against
neuroin�ammation in Parkinson's disease model via targeting miR-124-3p mediated FSTL1/NF-
kappaB axis. Aging 13:11455–11469

17. Zhang J, Zheng Y, Luo Y, Du Y, Zhang X, Fu J (2019) Curcumin inhibits LPS-induced
neuroin�ammation by promoting microglial M2 polarization via TREM2/ TLR4/ NF-kappaB
pathways in BV2 cells. Mol Immunol 116:29–37



Page 11/17

1�. Liu Y, Dai Y, Li Q, Chen C, Chen H, Song Y, Hua F, Zhang Z (2020) Beta-amyloid activates NLRP3
in�ammasome via TLR4 in mouse microglia. Neurosci Lett 736:135279

19. Yang Y, Ye Y, Kong C, Su X, Zhang X, Bai W, He X (2019) MiR-124 Enriched Exosomes Promoted the
M2 Polarization of Microglia and Enhanced Hippocampus Neurogenesis After Traumatic Brain Injury
by Inhibiting TLR4 Pathway. Neurochem Res 44:811–828

20. Kosti A, Du L, Shivram H, Qiao M, Burns S, Garcia JG, Pertsemlidis A, Iyer VR, Kokovay E, Penalva LOF
(2020) ELF4 Is a Target of miR-124 and Promotes Neuroblastoma Proliferation and Undifferentiated
State. Mol Cancer Res 18:68–78

21. He XM, Zhou YZ, Sheng S, Li JJ, Wang GQ, Zhang F (2020) Ellagic Acid Protects Dopamine Neurons
via Inhibition of NLRP3 In�ammasome Activation in Microglia. Oxid Med Cell Longev 2020:2963540

22. Yi P, Lu FE, Xu LJ, Chen G, Dong H, Wang KF (2008) Berberine reverses free-fatty-acid-induced insulin
resistance in 3T3-L1 adipocytes through targeting IKKbeta. World J Gastroenterol 14:876–883

23. Zeng R, Luo DX, Li HP, Zhang QS, Lei SS, Chen JH (2019) MicroRNA-135b alleviates MPP(+)-
mediated Parkinson's disease in in vitro model through suppressing FoxO1-induced NLRP3
in�ammasome and pyroptosis. J Clin Neurosci 65:125–133

24. Hidalgo-Lanussa O, Ávila-Rodriguez M, Baez-Jurado E, Zamudio J, Echeverria V, Garcia-Segura LM,
Barreto GE (2018) Tibolone Reduces Oxidative Damage and In�ammation in Microglia Stimulated
with Palmitic Acid through Mechanisms Involving Estrogen Receptor Beta. Mol Neurobiol 55:5462–
5477

25. Yao H, Tao X, Xu L, Qi Y, Yin L, Han X, Xu Y, Zheng L, Peng J (2018) Dioscin alleviates non-alcoholic
fatty liver disease through adjusting lipid metabolism via SIRT1/AMPK signaling pathway.
Pharmacol Res 131:51–60

2�. Wang G, Zou H, Lai C, Huang X, Yao Y, Xiang G (2020) Repression of MicroRNA-124-3p Alleviates
High-Fat Diet-Induced Hepatosteatosis by Targeting Pref-1. Front Endocrinol (Lausanne) 11:589994

27. Zhai C, Cong H, Hou K, Hu Y, Zhang J, Zhang Y, Zhang Y, Zhang H (2020) Effects of miR-124-3p
regulation of the p38MAPK signaling pathway via MEKK3 on apoptosis and proliferation of
macrophages in mice with coronary atherosclerosis. Adv Clin Exp Med 29:803–812

2�. Zhao J, Bi W, Zhang J, Xiao S, Zhou R, Tsang CK, Lu D, Zhu L (2020) USP8 protects against
lipopolysaccharide-induced cognitive and motor de�cits by modulating microglia phenotypes
through TLR4/MyD88/NF-kappaB signaling pathway in mice. Brain Behav Immun 88:582–596

29. Luo Y, Wang C, Li WH, Liu J, He HH, Long JH, Yang J, Sui X, Wang S, You Z, Wang YA (2018)
Madecassoside protects BV2 microglial cells from oxygen-glucose deprivation/reperfusion-induced
injury via inhibition of the toll-like receptor 4 signaling pathway. Brain Res 1679:144–154

Figures



Page 12/17

Figure 1

Determination of experimental concentrations for PA and TAK-242 Prepared BV-2 cells were treated with
different concentrations of PA or TAK-242. And, 800 μmol/l of PA and 200 nmol/l of TAK-242 were the
highest concentrations of the reagents, which did not affect the cell activity. Meanwhile, the reagents of
these concentrations were separately able to affect the expression of miR-124 and TLR4. So, 800 μmol/l
of PA and 200 nmol/l of TAK-242 were adopted to conduct following experiments. Difference of two
variables was measured using independent sample t test, and difference of more than two variables was
measured using ANOVA with LSD test. P 0.05 indicated statistically signi�cant.
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Figure 2

Effect of miR-124 on TLR4/MyD88/NF-κB p65 signaling pathway in BV2 cells Prepared BV-2 cells were
separately transfected with miR-124 mimic and inhibitor to up-regulate and down-regulate the expression
of the nucleic acid. Then, PA was adopted to establish an in vitro model of high-fat. After that, expression
of TLR4/MyD88/NF-κB p65 proteins was determined using western blotting. Difference of more than two
variables was measured using ANOVA with LSD test. P 0.05 indicated statistically signi�cant. “†”
indicated P  0.05 compared to control group; “‡” indicated P  0.05 compared to PA group.

Figure 3
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Effect of miR-124 on NLRP3 in�ammasome and pyroptosis in BV2 cells Prepared BV-2 cells were
separately transfected with miR-124 mimic and inhibitor to up-regulate and down-regulate the expression
of the nucleic acid. Then, PA was adopted to establish an in vitro model of high-fat. After that, expression
of NLRP3 and IL-1β proteins was determined using western blotting. Pyroptosis rate was determined
using �ow cytometry. Difference of more than two variables was measured using ANOVA with LSD test. P
0.05 indicated statistically signi�cant. “†” indicated P  0.05 compared to control group; “‡” indicated P 

0.05 compared to PA group.

Figure 4

Effect of miR-124 on microglial M2 polarization in BV2 cells Prepared BV-2 cells were separately
transfected with miR-124 mimic and inhibitor to up-regulate and down-regulate the expression of the
nucleic acid. Then, PA was adopted to establish an in vitro model of high-fat. After that, expression of
CD206, Arg-1, CD86 and iNOS proteins was determined using western blotting. Difference of more than
two variables was measured using ANOVA with LSD test. P 0.05 indicated statistically signi�cant. “†”
indicated P  0.05 compared to control group; “‡” indicated P  0.05 compared to PA group.
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Figure 5

Effect of TLR4 on TLR4/MyD88/NF-κB p65 signaling pathway and pyroptosis in BV2 cells PA was
adopted to establish an in vitro model of high-fat. Meanwhile, the BV-2 cells were treated with TAK-242 to
regulate the expression of TLR4. After that, expression of TLR4, MyD88, NF-κB, NLRP3 and IL-1β proteins
was determined using western blotting. Pyroptosis rate was determined using �ow cytometry. Difference
of more than two variables was measured using ANOVA with LSD test. “†” indicated P  0.05 compared
to control group; “‡” indicated P  0.05 compared to PA group. “†” indicated P  0.05 compared to control
group; “‡” indicated P  0.05 compared to PA group.
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Figure 6

Effect of TLR4 on microglial M2 polarization in BV2 cells PA was adopted to establish an in vitro model
of high-fat. Meanwhile, the BV-2 cells were treated with TAK-242 to regulate the expression of TLR4. After
that, expression of CD206, Arg-1, CD86 and iNOS proteins was determined using western blotting.
Pyroptosis rate was determined using �ow cytometry. Difference of more than two variables was
measured using ANOVA with LSD test. “†” indicated P  0.05 compared to control group; “‡” indicated P 
0.05 compared to PA group. “†” indicated P  0.05 compared to control group; “‡” indicated P  0.05
compared to PA group.
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Figure 7

Relationship between NLRP3 in�ammasome activation and microglial M2 polarization in BV2 cells
Prepared BV-2 cells were transfected with NLRP3 siRNA to down-regulate the expression of NLRP3. Then,
PA was adopted to establish an in vitro model of high-fat. After that, expression of NLRP3, CD206, Arg-1,
CD86 and iNOS proteins was determined using western blotting. Difference of more than two variables
was measured using ANOVA with LSD test. P 0.05 indicated statistically signi�cant. “†” indicated P 
0.05 compared to control group; “‡” indicated P  0.05 compared to PA group.


