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Objectives: Intracerebral hemorrhage (ICH) represents a serious central nervous system

emergency with high morbidity andmortality, and the basal ganglia is the most commonly

affected brain region. Differentially expressed microRNAs (miRs) have recently been

highlighted to serve as potential diagnostic biomarkers and therapeutic targets for

ICH. This study investigated the mechanism of miR-124-3p in microglial secondary

inflammation after ICH.

Methods: In this study, 48 patients with primary basal ganglia ICH and 48 healthy

volunteers were selected and venous blood was collected from all patients on the second

morning of admission (within 24 h of stroke onset). The expression of miR-124-3p in

serum was detected by RT-qPCR. Three months after ICH, the patients were assessed

by modified Rankin Scale (mRS), and the correlation between miR-124-3p expression

and mRS score was analyzed by Pearson. The inflammatory response of microglia was

induced by lipopolysaccharide (LPS) to establish the cell model of microglial inflammation.

miR-124-3p expression patterns were detected in the serum of ICH patients and healthy

volunteers, normal microglia, and LPS-induced microglia. The miR-124-3p mimic was

transfected into LPS-induced microglia, followed by measurement of the inflammatory

factors, apoptosis rate, and cell viability. The target gene of miR-124-3p was predicted

and verified. The expression patterns of tumor necrosis factor receptor-associated

factor 6 (TRAF6) were detected. pcDNA3.1 and pcDNA3.1-TRAF6 were transfected into

LPS-induced HMC3 cells, and nucleotide-binding oligomerization domain-like receptor

(NLR) pyrin domain-containing 3 (NLRP3) expression patterns were determined. Lastly,

the effects of TRAF6 overexpression on apoptosis, cell viability, and inflammation in

HMC3 cells were measured.

Results: miR-124-3p was downregulated in the serum of basal ganglia ICH patients

and LPS-induced microglia, and miR-124-3p expression was negatively correlated with

mRS. Overexpression of miR-124-3p reduced the inflammatory factors and apoptosis

rate and promoted cell activity in LPS-inducedmicroglia. miR-124-3p was found to target
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FIGURE 3 | miR-124-3p-targeted TRAF6. (A) The binding site between miR-124-3p and TRAF6 was predicted by Starbase; (B) The relative luciferase activity of

miR-124-3p mimic group and mimic NC group in dual-luciferase reporter gene assay; (C) The relative expression of TRAF6 was detected using Western blotting. The

cell experiments were repeated three times. Data are expressed as mean ± standard deviation and analyzed using one-way ANOVA, followed by Tukey’s

multiple-comparison test, **p < 0.05.

overexpression of TRAF6 also upregulated inflammatory factors
in cells, while inhibition of TRAF6 brought about the opposite
effects (p < 0.05, Figures 5B,C). In addition, cell viability
was noted to be reduced after overexpression of TRAF6 and
promoted after inhibition of TRAF6 (p < 0.05, Figure 5D).
The results further demonstrated that the proportion of
apoptotic cells in the p-TRAF6 group was higher than that
in the control group, while the proportion of apoptotic cells
in the si-TRAF6 group was slightly lower than that in the
control group (p < 0.05, Figure 5E). Moreover, overexpression

of miR-124-3p significantly decreased the expression of
NLRP3, downregulated the expressions of inflammatory
factors, enhanced cell viability, and reduced apoptosis (p <

0.05, Figures 5B–E). On the other hand, overexpression of
TRAF6 significantly alleviated the aforementioned effects of
miR-124-3p overexpression on microglia. Compared with
the LPS + miR-124-3p mimic group, the LPS + p-TRAF6 +

miR-124-3p mimic presented with upregulated expressions of
NLRP3 and inflammatory factors, reduced cell viability, and
increased apoptosis (p < 0.05, Figures 5B–E). Taken together,
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FIGURE 4 | miR-124-3p reduced inflammatory response by targeting TRAF6. (A) TRAF6 expression in untreated HMC3 cells, pcDNA3.1- or p-TRAF6-treated HMC3

cells was detected using Western blotting; (B) Inflammatory factors IL-1β, IL-6, and TNF-α in p-TRAF6- or miR-124-3p mimic-transfected HMC3 cells induced by LPS

were detected using ELISA; (C) Cell viability was detected using MTT; (D) Cell apoptosis was measured using flow cytometry. The cell experiment was repeated three

times independently. Data are expressed as mean ± standard deviation and analyzed using one-way ANOVA, followed by Tukey’s multiple-comparison test,

**p < 0.05.

Frontiers in Neurology | www.frontiersin.org 8 August 2021 | Volume 12 | Article 653321

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Fang and Hong Role of miR-124-3p/TRAF6 in ICH

FIGURE 5 | TRAF6 promoted microglial secondary inflammation by mediating the NLRP3 inflammatory pathway. LPS-induced HMC3 cells were transfected with

pcDNA3.1, p-TRAF6, si-NC, si-TRAF6, and miR-124-3p mimic. (A) Transfection efficiency of TRAF6 was confirmed using RT-qPCR; (B) The relative expression of

NLRP3 was detected using RT-qPCR; (C) The levels of inflammatory factors were detected using ELISA; (D) Cell viability was detected using MTT assay; (E) Cell

apoptosis was measured using flow cytometry. The cell experiment was repeated three times independently. Data are expressed as mean ± standard deviation and

analyzed using one-way ANOVA, followed by Tukey’s multiple-comparison test, *P < 0.05, **P < 0.01.

miR-124-3p targeted TRAF6 to regulate the NLRP3 expression,
thereby modulating the secondary inflammation of microglia
after ICH.

DISCUSSION

ICH is a life-threatening emergency with poor prognosis and
limited treatment protocols (21). The critical role of microglia-
mediated inflammation in the manifestation and development
of brain injury after ICH has been identified by a team of

researchers (22). miR-124 can facilitate the polarization of
activated microglia and stimulate migration of macrophages to
the anti-inflammatory M2 phenotype, thereby functioning as
a protective barrier for neurons after brain injury (23). Our
study elucidated the mechanism of miR-124-3p/TRAF6 in the
regulation of microglial secondary inflammatory response after
basal ganglia hemorrhage.

The brain-specific miR-124 serves as a potential biomarker
for the early diagnosis of ICH (24). To identify the role of
miR-124-3p in ICH, we detected the miR-124-3p expression
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in the serum of ICH patients and LPS-treated microglia.
The results presented with a notably downregulated miR-
124-3p expression in the serum of ICH patients and LPS-
treated microglia. Additionally, a negative correlation has been
identified between miR-124-3p expression and the mRS score
in ICH patients. He et al. suggested that an increase in
miR-124-3p expression is associated with the prognosis of
patients with acute ischemic stroke receiving thrombolysis
(25). Our initial findings elicited that the downregulated miR-
124-3p expression might be associated with microglial injury
after ICH. Neuroinflammation is a vital factor for analysis of
nerve injury caused by ICH; the manifestation pathological
or physiological injury by the brain initiates activation of
inflammatory cells (26). Activated microglia can principally
be categorized into two main subtypes: classical activated M1
phenotype and the alternative activated M2 phenotype. The M1
phenotype elicits pro-inflammatory activity with the release of
pro-inflammatory factors such as IL-6 and TNF-α, while the
M2 phenotype is characteristic of anti-inflammatory activity
induced by the release of several anti-inflammatory factors
such as IL-10 and TGF-β (27, 28). LPS induces activation of
M1 microglia (28), facilitates the apoptosis of microglia, and
decreases the cell survival rate (29). Our results demonstrated
that overexpression of miR-124-3p could alleviate the damage
of LPS to microglia. Moreover, overexpression of miR-124-
3p improved the cell survival, inhibited the pro-inflammatory
activity of microglia, and induced anti-inflammatory activity.
Also, our results elicited the ability of an overexpression of
miR-124-3p to significantly reduce LPS-induced inflammation.
An existing study has exhibited that increasing the miR-124-
3p expression in microglia can facilitate the anti-inflammatory
M2 polarization to consequently suppress the inflammatory
response of neurons in mice with traumatic brain injury
(14). Next, we transfected the miR-124-3p mimic into LPS-
induced microglia, where the results indicated the ability of
an overexpression of miR-124-3p to markedly reduce the
levels of inflammatory factors and apoptosis rate and facilitate
cell activity. Consistently, miR-124-3p mimic can repress the
levels of inflammation cytokines in rats induced by chronic
sciatic nerve injury (30). The miR-124 inhibitors are capable
of improving neuronal apoptosis via the Bcl-2/Bcl-xl pathway
in ICH (12). Briefly, miR-124-3p inhibited the inflammatory
response and cell apoptosis after basal ganglia hemorrhage
in vitro.

Thereafter, we aimed at identifying the target genes of miR-
124-3p in the regulation of microglial secondary inflammation
after ICH. Essentially, the miR-124-3p/TRAF6 axis can evidently
regulate the inflammatory response and apoptosis induced
by ischemia–reperfusion injury in human cardiac myocytes
(31). TRAF is a vital binding protein of the TNF and TLR
superfamily, with notable involvement in innate immunity and
acquired immunity (32). Intriguingly, TRAF6 is implicated in
the manifestation of hemorrhagic stroke corresponding to its E3
ubiquitin ligase activity (32). In the current study, the targeting
relationship between miR-124-3p and TRAF6 was validated
using dual-luciferase reporter gene assay. Upon transfection
of pcDNA3.1 and pcDNA3.1-TRAF6 into the LPS-induced

HMC3 cells, the effects of TRAF6 overexpression on the
apoptosis, cell viability, and inflammatory response of HMC3
cells were thoroughly evaluated. TRAF6 overexpression can
improve the levels of inflammatory factors and apoptosis rate
and inhibit cell activity. Previous research has documented the
protective effects of TRAF6 inhibition on ICH by restraining
the degree of inflammation and oxidative stress (33). Yang
et al. have also revealed that luteolin binds to TRAF6 and
represses the ubiquitination of TRAF6 to function as a
neuroprotective marker in ICH (34). Conjointly, miR-124-3p
reduced LPS-induced inflammation in HMC3 cells by targeting
TRAF6 expression.

TRAF6 has been documented to critically function in the
TLR/IL-1R-initiated activation of NLRP3 inflammasome (20).
As a pivotal regulator of the innate immune system, NLRP3
is activated after ICH (35), which can boost the inflammatory
response by the release of IL-1β and facilitate neutrophil
infiltration, thus radically exacerbating brain edema (36). The
speculation regarding whether TRAF6 regulated the secondary
inflammation of microglia after ICH by activating NLRP3
inflammasome was uncertain. Hence, the HMC3 cells were
transfected with p-TRAF6 or si-TRAF6 to determine the
mechanism of TRAF6 in secondary inflammation of microglia.
Upon inhibition of TRAF6, the NLRP3 expression would
decrease; however, upon overexpression of TRAF6, the NLRP3
expression would increase. Song et al. have demonstrated that the
ability of repressing the activation of the NLRP3 inflammasome
can weaken secondary brain injury and inflammatory reaction
and protect the integrity and permeability of the blood–brain
barrier after ICH (37). Our results verified that TRAF6 promoted
microglial secondary inflammation after ICH by enhancing the
NLRP3 inflammasome.

To conclude, miR-124-3p inhibits microglial secondary
inflammation after basal ganglia hemorrhage by targeting the
TRAF6 expression and repressing the activation of the NLRP3
inflammasome. Our study may speculate the functionality of
miR-124-3p as a potential target for ICH patients. Our future
researches shall focus on a comprehensive investigation of the
extensive regulatory mechanism of the NLRP3 inflammasome,
as well as the feasibility and safety of miR-124-3p in the clinical
treatment of ICH.
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