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Mitochonic acid 5 promotes the migration of mouse 
microglial BV‑2 cells in the presence of LPS‑induced 

inflammation via Mfn2‑associated mitophagy
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Effective strategies are needed to prevent the development of neuroinflammation, which is associated with nervous system disease, 
in patients. A previous study indicated that mitochonic acid 5 (MA‑5) may promote the survival of microglial cells via mitofusin 2 
(Mfn2)‑associated mitophagy in response to lipopolysaccharide (LPS)‑induced inflammation. The current study investigated the role 
and underlying mechanisms of MA‑5 in the migration of BV‑2 cells following LPS‑mediated inflammation. The results of the present 
study revealed that MA‑5 promoted migration and upregulated the expression of F‑actin, C‑X‑C motif chemokine receptor (CXCR) 
4 and CXCR7 in BV‑2 cells in response to LPS‑induced inflammation. The results also indicate that MA‑5 did not promote migration 
or upregulate the expression of F‑actin, CXCR4 or CXCR7 following the inhibition of Mfn2. Overall, the results of the present study 
suggest that MA‑5 may promote the migration of microglial cells via Mfn2‑associated mitophagy following LPS‑induced inflammation.
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INTRODUCTION

Neuroinflammation leads to oxidative/nitrosative 
stress, calcium overload, mitochondrial damage and 
energy disorders in neurons, which can lead to the col‑
lapse of the blood‑brain barrier, neuronal cell death 
and synaptic dysfunction (Calabrese et al., 2017; Das et 
al., 2017). Lipopolysaccharide (LPS), a  molecule found 
in the external membranes of Gram‑negative bacte‑
ria, regulates proinflammatory cytokines, initiates 
a strong immune response in mammalian cells and ac‑
tivates downstream inflammation‑associated signaling 
pathways (Kitazawa et al., 2005; Yu et al., 2017; Cochet 
and Peri, 2017; Kim et al., 2018). Treatment of microg‑

lial cells with LPS has been demonstrated to induce the 
production of neuroinflammatory cytokines and con‑
tribute to neuronal degeneration in vivo (Dulla et al., 
2016). Microglia serve an important role in neuroin‑
flammation, and migration of microglia to the lesion 
site is necessary for the propagation of this inflamma‑
tory response (Namekata et al., 2019).

Attempts have been made to target individual 
molecules that promote microglial cell migration via 
the induction of inflammation‑associated molecules 
to reduce the pathological effects of neuroinflamma‑
tion. Recent studies have reported that neuroinflam‑
mation may result from a  reduction in indole‑3‑ace‑
tic acid levels, leading to the synthesis of important 
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neurotransmitters and subsequently the preservation 
of microglial function (Rothhammer et al., 2016). Mi‑
tochonic acid 5 (MA‑5), which is an analogue of in‑
dole‑3‑acetic acid, can be isolated from plants and has 
been demonstrated to increase mitochondrial func‑
tion by reducing mitochondrial oxidative stress and 
accelerating mitochondrial energy metabolism (Suzu‑
ki et al., 2016; Matsuhashi et al., 2017). MA‑5 activates 
the MAPK‑ERK‑YAP signaling pathways to protect 
mouse microglial BV‑2 cells against tumor necrosis 
factor (TNF)‑α‑induced apoptosis that is caused by 
increased BCL2 interacting protein 3 (Bnip3)‑associat‑
ed mitophagy (Lei et al., 2018). MA‑5 has been shown 
to increase the survival of microglial cells via mito‑
fusin 2 (Mfn2)‑associated mitophagy, which occurs 
in response to LPS‑induced inflammation (Tan et al., 
2021). Furthermore, MA‑5 has been shown to atten‑
uate TNF‑α‑mediated neuronal inflammation by acti‑
vating Parkin‑related mitophagy via the AMPK‑sirtuin 
3 pathway (Huang et al., 2019).

Data has shown that MA‑5 serves an important role 
in the regulation of mitophagy during neuroinflamma‑
tory responses within the nervous system. Therefore, 
it was hypothesized that MA‑5 may exert a protective 
role in the migration of BV‑2 cells following LPS‑in‑
duced neuroinflammation. The current study aimed to 
investigate the protective role exerted by MA‑5 on mi‑
croglial migration and whether this protective effect 
occurs via Mfn2‑associated mitophagy.

METHODS

Cell experiments

Mouse BV‑2 cells were purchased from the Cell Bank 
of Type Culture Collection of The Chinese Academy of 
Sciences and were cultured in Dulbecco’s Modified Ea‑
gle’s medium (DMEM, Cat#11995065, Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (FBS, Cat#10099141, Thermo Fisher 
Scientific) and 1% penicillin/streptomycin (Cat#P1400, 
Solarbio Science & Technology Co., Beijing, China). 

Cells were cultured in 75 cm2 cell culture plates in a hu‑
midified 5% CO2 atmosphere at 37°C.

Mouse BV‑2 cells (5x106 cells/well) were added to 
culture plates and incubated with 10 μg/ml LPS for 
12 h. Subsequently, cells were co‑cultured with 5 μM 
MA‑5 following transfection with Mfn2 siRNA (Shang‑
hai GenePharma Co., China) listed in Table 1 using Li‑
pofectamine® 2000, which was performed according 
to the manufacturer’s protocol (Shi et al., 2018). The 
efficiency for transfection of Mfn2 siRNA was con‑
firmed by using western blot after being transfected 
for 72 h.

For the cell migration assay, Transwell units with 
an 8 μm pore size polycarbonate filter were used. Cells 
(1×105) were seeded into the upper chamber of Tran‑
swell units. The lower chamber was filled with 600 μl 
DMEM supplemented with 1% FBS. Following incuba‑
tion at 37°C for 12 h, the medium was removed and the 
cells were fixed with 3.7% paraformaldehyde (PFA) for 
10 min. The cells in the upper chamber were removed 
using a cotton swab. Subsequently, the migrated cells 
were stained using 0.1% crystal violet for 15  min at 
room temperature (RT). Images were captured using 
a digital microscope system (IX81; Olympus Corpora‑
tion) and the migrated cells were randomly recorded 
in at least five fields.

Immunofluorescence staining

Immunofluorescence staining was performed as 
previously described (Chen et al., 2015; Jiang et al., 
2016; Chen et al., 2019; Chen et al., 2020a; Chen et al., 
2020c). Samples were fixed in 3.7% PFA following wash‑
ing with phosphate buffered saline (PBS) three  times 
and subsequently incubated with the primary anti‑
body, mouse‑anti‑F‑actin (1:100; Cat#ab205; Abcam), 
at 4°C overnight. After washing with PBS three  times, 
the samples were incubated with donkey anti‑mouse 
secondary antibody conjugated to Dylight™488 (1:500; 
#715−545‑150, The Jackson Laboratory) at RT for 1.5 h. 
After washing with PBS, the samples were subsequently 
mounted. The samples were observed using a laser con‑
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Table 1. The primers against Mfn2.

Name Towards Sequences (5’‑3’)

Mfn2 siRNA
forward CCT GCA GTU ATA CAU UGU CAT

reverse CUA TCG ATG CAT ACA CAG GUT

Control siRNA
forward CTC CTC CAU GGU AGA UTC CAU

reverse AUG GUC AUT UCG UUT CAG TGA
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focal microscope (TCS SP5; Leica Microsystems, Inc., 
Buffalo Grove, IL, USA).

Western blot analysis

Western blot analysis was performed as previously 
described (Li et al., 2017; Xu et al., 2017; Chen et al., 
2020b; He et al., 2020). Following washing with PBS, 
cells were trypsinized and incubated with Radio‑Immu‑
noprecipitation Assay (RIPA) buffer at 4°C for 30  min. 
Following incubation, the samples were centrifuged 
at 10,000 x  g for 10  min at 4°C. Subsequently, the su‑
pernatant was collected, heated in loading buffer, sep‑
arated using sodium salt‑polyacrylamide gel electro‑
phoresis (SDS‑PAGE) and transferred to polyvinylidene 
fluoride (PVDF) membranes. After blocking with 5% 
non‑fat milk for 1  h at RT, primary antibodies: mouse 
anti‑CXCR4 (1:1000; Cat#ab181020; Abcam), rabbit an‑
ti‑CXCR7 (1:1000; Cat#ab72100, Abcam), β‑actin (1:2000; 
Cat# ab8227, Abcam), were diluted in 5% non‑fat milk 
in TBST and used to incubate the target proteins at 
4°C overnight. After washing three  times with TBST, 
the samples were incubated with horseradish peroxi‑
dase‑conjugated goat anti‑mouse secondary antibodies 
(1:1000; #BA1051, Boster) or anti‑rabbit secondary anti‑
bodies (1:1000; #BA1055, Boster) at RT for 1.5 h. The im‑
munoreactive bands were visualized using an enhanced 
chemiluminescence detection kit (Santa Cruz Biotech‑

nology, Inc. Nanterre, France). The signal intensities 
were quantified using ImageJ 5.0 software.

RESULTS

MA‑5 increased the number of migrated BV‑2 
cells following LPS‑induced inflammatory injury

To detect the influence of MA‑5 on the microglial 
cell migration, a  transwell cell migration assay was 
performed to measure the increase in the number of 
migrated cells in LPS‑induced BV‑2 cells.

The results of the transwell assay demonstrated 
that, in comparison with the control group, the num‑
ber of migrated cells decreased in response to LPS 
treatment, and, compared with the LPS‑induced group, 
the number of migrated cells increased following treat‑
ment with MA‑5. However, after inhibition of Mfn2 by 
siRNA interference, treatment with MA‑5 did not in‑
crease the number of migrated cells (Fig. 1).

MA‑5 promotes F‑actin expression in BV‑2 cells 
following LPS‑induced inflammatory injury

One of the key events during microglial migration is 
the rearrangement of the actin cytoskeleton (Nameka‑
ta et al., 2019). To detect the influence of MA‑5 on the 
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Fig. 1. MA‑5 increased BV‑2 migration via Mfn2‑associated mitophagy. A transwell assay was performed to evaluate the effect of MA‑5 treatment on BV‑2 
cells under LPS treatment following the treatment with Mfn2 siRNA. *P<0.05. (n=3).
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rearrangement of the actin cytoskeleton, immunoflu‑
orescence staining was performed to measure F‑actin 
expression in LPS‑induced BV‑2 cells.

Using F‑actin staining, the current study demon‑
strated that, in comparison with the control group, 
F‑actin expression was significantly decreased, an in‑
dicator of cytoskeletal breakdown, in response to LPS 
treatment. Compared with the LPS‑induced group, 
F‑actin expression was increased following treatment 
with MA‑5. However, after inhibition of Mfn2 by siR‑
NA interference, treatment with MA‑5 did not increase 
F‑actin expression (Fig. 2).

MA‑5 promotes BV‑2 cell C‑X‑C motif chemokine 
receptor (CXCR)4 and CXCR7 protein expression 
following LPS‑induced inflammatory injury

It has been previously reported that CXCR4 and 
CXCR7 are associated with the migration of immune 
cells (Konrad et al., 2017). To detect the influence of 
MA‑5 on the migration of immune cells, western blot‑
ting was performed to measure CXCR4 and CXCR7 ex‑
pression levels in LPS‑induced BV‑2 cells.

Western blot analysis revealed that, in comparison 
with the control group, CXCR4 and CXCR7 expression 
levels were significantly decreased in response to LPS 
treatment, but in comparison with the LPS‑induced 
group, CXCR4 and CXCR7 expression levels were in‑
creased following treatment with MA‑5. However, after 

inhibition of Mfn2 by siRNA interference, MA‑5 treat‑
ment was did not increase CXCR4 and CXCR7 expres‑
sion levels (Fig. 3).

DISCUSSION

In previous studies, it was reported that MA‑5 
may inhibit apoptosis of microglial cells via Bnip3 or 
Mfn2‑associated mitophagy during inflammation (Lei 
et al., 2021). In the present study, to the best of our 
knowledge, a protective role for MA‑5 in the migration 
of BV‑2 cells during LPS‑induced inflammation was 
demonstrated for the first time.

Accumulating evidence has demonstrated that mi‑
croglial activation can mediate neuroprotection by 
modifying the functional phenotype from detrimental 
to protective (Giunti et al., 2014; Franco and Fernán‑
dez‑Suárez, 2015). Data has also indicated that microg‑
lia that are induced by injured neurons reduce neuro‑
nal damage and promote tissue repair (Kitamura et al., 
2004; Lalancette‑Hebert et al., 2007). The regenerative 
potential of microglia and the importance of microglia 
for the recovery of neuronal connectivity and synap‑
tic repair has been clearly demonstrated (Batchelor et 
al., 1999). Furthermore, transplantation of microglia/
macrophages into a lesioned optic nerve or spinal cord 
has been revealed to significantly improve post trauma 
regeneration (Rabchevsky and Streit, 1997). Contribu‑
tions of microglia, and in particular certain phenotypes 
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Fig.  2. MA‑5 up‑regulated F‑actin expression via Mfn2‑associated mitophagy. Immunofluorescence staining of cytoplasmic F‑actin was performed to 
evaluate the effect of MA‑5 treatment on BV‑2 cells under LPS treatment following treatment with Mfn2 siRNA. *P<0.05. (n=3).
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of microglia, to the plasticity of the CNS may include 
supporting neurogenesis (McPherson et al., 2011). Ac‑
tivated microglial cells migrate toward an injury site, 
and morphological alteration is often accompanied by 
activation (Beynon and Walker, 2012). In this study, it 
was demonstrated that MA‑5 can promote the migra‑
tion of BV‑2 cells during inflammatory injury.

The current study hypothesized that MA‑5 may 
promote the activity of microglia via Mfn2‑associated 
mitophagy. The cumulative observations indicate that 
MA‑5 may be useful in treating neurological disorders 
that are associated with microglial migration.
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