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Background: β-Amyloid (Aβ) induces oxidative stress and inflammation of microglial

cells, thus leading to Alzheimer’s disease. Methyl jasmonate (MeJA) is reported to have anti-

inflammatory and anti-oxidant effects. However, the potential roles of MeJA in Aβ-induced

cell activities and the underlying mechanism are unclear.

Methods: Microglial cell line BV-2 was stimulated by 20 μM Aβ and/or 20 μM MeJA and

then divided into four groups (control, Aβ, MeJA, and Aβ+MeJA). Cell viability was

detected by MTT assay. MDA, SOD activity, and ROS were detected by fluorescence

spectrophotometry and immunofluorescence assay. Nrf2 and HO-1 were detected by qRT-

PCR and Western blot. Furthermore, inflammatory cytokines (p-NFκB, TLR4, TNF-α, IL-1β,

and IL-6) and apoptosis factors (Bcl-2, Bax, and cl-casp-3) were detected by Western blot.

TUNEL assay was applied to investigate apoptosis rate. Moreover, the mechanism of how

MeJA played anti-oxidative stress and anti-inflammatory roles was investigated by silencing

of Nrf2 via siRNA.

Results: The result of MTT assay showed that MeJA improved the decreased viability of

BV-2 cells induced by Aβ. The detection of MDA, SOD activity, and ROS showed the

oxidative stress levels were decreased in Aβ+MeJA group compared with Aβ group. Nrf2,

HO-1, and SOD were significantly up-regulated in Aβ+MeJA group compared with Aβ

group (p<0.01). In contrast, inflammatory cytokines were significantly down-regulated in Aβ

+MeJA group compared with Aβ group (p<0.05). Similarly, the expressions of apoptosis

cytokines and TUNEL assay suggested a decreased apoptosis rate in Aβ+MeJA group

compared to Aβ group (p<0.01). Finally, results of Nrf2 knockdown experiment showed

down-regulations of anti-oxidative stress factors (Nrf2, HO-1 and SOD), up-regulations of

inflammatory cytokines, and increased ratio of Bax to Bcl in Aβ+MeJA+si-Nrf2 group

compared with Aβ+MeJA group (p<0.01).

Conclusion: MeJA could relieve Aβ-induced oxidative stress and inflammatory response in

microglial cells by activating Nrf2/HO-1 pathway.

Keywords: methyl jasmonate, Nrf2-dependent HO-1 pathway, β-amyloid, oxidative stress,

inflammatory cytokines

Introduction
β-Amyloid protein (Aβ) is formed by hydrolysis of amyloid precursor protein

(APP). The accumulation of Aβ can significantly increase the level of reactive

oxygen species (ROS) and decrease the level of superoxide dismutase (SOD)

leading to oxidative stress.1 Oxidative stress is an early and prominent feature of

Alzheimer’s disease (AD). It has been reported that oxidative stress plays an
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important role in the pathogenesis and progression

of AD.2,3 Besides that, Aβ can bind to CD36, Toll-like

receptor 4 (TLR4) and TLR6 on the surface of microglial

cells, which causes production and accumulation of pro-

inflammatory cytokines in microglial cells, subsequently

contributing to AD.4 Aβ-induced oxidative stress can

cause accumulation of phosphorylated NF-κB (p-NFκB)
in cell nucleus, followed by up-regulation of TNF-α and

overproduction of inflammatory cytokines such as IL-6

and IL-1β.5,6 Previous studies have proved that AD was

associated with local inflammation, and the inflammatory

response in the brain caused by Aβ was a characteristic

of AD as well.7–9 Furthermore, oxidative stress is consid-

ered to be closely related to inflammatory response and

apoptotic signaling, and the molecular pathways which

strengthen their interactions can aggravate immune disor-

ders and accelerate the progression of AD.1,5–7,10,11

Jasmonate is a kind of phytoestrogen and its methyl form

(MeJA) is the main bioactive constituent. McKenzie et al

have demonstrated that Methyl jasmonate at the appropriate

concentration can regulate the inflammatory response of BV-

2 cells by reducing the overproduction of ROS and enhan-

cing the phagocytic activity of cells.12Meanwhile, jasmonate

has anti-inflammatory and antioxidant effects by reducing

the phosphorylation level of NF-κB.13 Other phytoestrogens
including farrerol and resveratrol are reported to have abil-

ities to reduce oxidant stress and inflammation by regulating

several molecular signaling pathways such as Nrf2/HO-1,

NF-κB, and MAPK.14–17 Primarily, nuclear factor-erythroid

2-related factor 2 (Nrf2), an antioxidant transcription factor,

induces the expression of SOD and HO-1 to maintain the

intracellular redox equilibrium.18–21 Besides, Nrf2 is

reported to inhibit lipopolysaccharides (LPS)-induced

expression of pro-inflammatory cytokines through Nrf2/

HO-1 signaling pathway.16,23 Deficiency of Nrf2 causes

decreased defense capability of neurocytes against oxidative

stress injury.24 Therefore, the number of studies related to

Nrf2-targeted therapeutic methods against diseases asso-

ciated with oxidative stress and inflammation are rapidly

increasing.14,17,21,23,24 However, it remains unclear whether

MeJA plays anti-inflammatory and antioxidant roles in BV-2

cells through Nrf2/HO-1 signaling pathway.

Hence, we simulated the pathophysiological processes

of microglial cells BV-2 and investigated the Aβ-induced
inflammatory response in vitro, while the anti-oxidative

stress and anti-inflammatory effects of MeJA were studied

as well. Meanwhile, the expressions of oxidative stress

proteins, inflammatory cytokines and apoptosis factors

were studied after silencing Nrf2 gene to explore the

underlying action mechanism of MeJA on Aβ-induced
BV-2 cells.

Materials and Methods
Cell Culture and Treatment
Mouse microglial cell line BV-2 (immortalized microglia that

were retrovirus-transfected with oncogene v-raf/v-myc25) was

purchased from Chinese Academy of Medical Sciences

(CAMS) and cultured in Dulbecco’s modified Eagle’s med-

ium (DMEM, ThermoFisher, USA) supplemented with 10%

fetal bovine serum (FBS) and 0.1% penicillin/streptomycin at

37°C in a humidified atmosphere with 5% CO2. Cells were

grown in adherent conditions. When the confluence reached

80%, the cells were subcultured.

The cells were cultured with different treatments.

Briefly, 1 mM stock solutions of Aβ (Aβ1-42, ≥95%
purity, HPLC, Sigma-Aldrich, USA) and MeJA (≥95%
purity, HPLC, Sigma-Aldrich, USA) were dissolved in

ddH2O. Firstly, BV-2 cells were seeded into 96-well plates

(ThermoFisher, USA) with a density of 1×104 cells/well.

200 μL serum-free DMEM was added into each well and

the cells were incubated at 37°C in an incubator with 5%

CO2 for 24 hr. Then the supernatant of media was dis-

carded and 1×PBS was applied to wash the cells. Next, the

new media with different concentrations of Aβ (0, 2, 5, 10,

20, 30, 40 μM) or MeJA (0, 1, 10, 20, 30, 40, 50 μM) were

added and the cells were incubated for another 48 hr.

MTT Assay
The viability of BV-2 cells was detected by MTT assay

based on previous descriptions.14,16 First, the effects of

different concentrations of Aβ and MeJA on cell viability

were tested. 50 μL of 5 mg/mL MTT solution was added

into each well and the cells were incubated at 37°C in the

dark for 4 hr. The cells mentioned previously had already

been incubated with Aβ/MeJA media for 48 hr (in the

description of cell culture and treatment). After removing

the media from the incubator, 200 μL of DMSO was added

into each well to dissolve formazan in cells. The absor-

bance was measured at OD570 in microplate reader

(ThermoFisher Multiskan FC, USA). Second, based on

previously mentioned MTT results, four groups were set

up (normal DMEM for control group, DMEM containing

20 μM Aβ for Aβ group, DMEM containing 20 μM MeJA

for MeJA group, DMEM containing both 20 μM Aβ and

20 μM MeJA for Aβ+MeJA group) after the first 24 hr,
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then incubation was continued for another time period (2,

6, 10, 12, 24, 48 hr). Then, the remaining steps of MTT

were repeated. Parallel experiments were performed in

triplicate for each group.

Immunofluorescence Assay
The ROS level of BV-2 cells (1×106/well) was detected by

ROS assay kit (Beyotime Biotechnology, Shanghai, China)

according to the manufacturer’s instructions. Briefly, BV-2

cells were cultured in DMEM containing 20 μM Aβ and/or

20 μMMeJA for 48 hr. Then, the medium was replaced by

serum-free DMEM containing 10 μM DCFH-DA probe and

after that, the BV-2 cells were cultured for another 30 min in

darkness. The cells were washed with 1×PBS and stained

with 1 μg/mL DAPI (Sigma-Aldrich, USA) for 2 min. Then,

the cells were photographed by LCX100 Imaging System

(Olympus, Japan) with wavelength of 488 nm. Parallel

experiments were performed in triplicate for each group.

Fluorescence Spectrophotometry
According to the information in cell culture and treatment

section, four groups of BV-2 cells (control, Aβ, MeJA, and

Aβ+MeJA) were setup. The cells were collected and

homogenized when the monolayer was formed. Lipid

Peroxidation MDA Assay Kit (Sigma-Aldrich, USA) was

used to detect MDA according to the manufacturer’s

instructions. Briefly, the related reagents were added into

the homogenates in order, followed by incubation at 95°C

for 40 min. The mixture was cooled on ice and centrifuged

at 4000 rpm for 10 min. 200 μL of supernatant was

transferred to 96-well plates and the absorbance was

detected at 535 nm. Total Superoxide Dismutase Assay

Kit (Beyotime Biotechnology, China) was used to deter-

mine the SOD activity according to the manufacturer’s

instructions. Briefly, test reagents were added to the homo-

genate and then incubated at 37°C for 20 min. After

centrifugation at 4000 rpm for 10 min, the supernatant

was transferred into a 96-well plate and the absorbance

was detected at 450 nm by LCX100 Imaging System

(Olympus, Japan).

Quantitative RT-PCR
Total RNAs were extracted from BV-2 cells by RNeasy

Mini Kit (Qiagen, Germany), and reverse transcribed into

cDNA by cDNA Reverse Transcriptase Kit (Takara, Japan).

The qRT-PCR analysis was performed using ABI 7500

system (Applied Biosystems, USA) with SYBR Green

PCR Master Mix (Takara, Japan). The primers were

synthetized from Sangon Biotech (Shanghai, China) and

shown as follows: Nrf2 forward: 5′ -TCTCCTCGCTGGA

AAAAGAA-3′; Nrf2 reverse: 5′-AATGTGCTGGCTGTG

CTTTA-3′; HO-1 forward: 5′-CCTCACTGGCAGGAAA

TCATC-3′; HO-1 reverse: 5′-CCTCGTGGAGACGCTT

TACATA-3′; β-actin forward: 5′-GCATTGTAACCAACT

GGGAC-3′; β-actin reverse: 5′-TGTTGGCATAGAGGTC

TTT-3′. The 2-ΔΔCt method was used to perform the rela-

tive quantification.

Western Blot
Total proteins were extracted from BV-2 cells by RIPA

lysis buffer and quantified by BCA Protein Assay kit

(ThermoFisher, USA). 20 μg of each sample was separated

by 12% SDS-PAGE and then transferred onto polyvinyli-

dene difluoride (PVDF) membranes (Millipore, USA). The

membranes were then blocked with 5% (w/v) fat-free milk

for 1 hr, followed by incubation overnight at 4°C with

primary antibodies including anti-Nrf2 (65 kDa, rabbit,

1:1000), anti-HO-1 (30 kDa, rabbit, 1:500), anti-SOD (25

kDa, rabbit, 1:2000), anti-TLR4 (95 kDa, rabbit, 1:150),

anti-IL-6 (24 kDa, rabbit, 1:1000), anti-IL-1β (31 kDa,

rabbit, 1:1000), anti-TNF-α (17 kDa, rabbit, 1:1000),

anti-p-NFκB (69 kDa, rabbit, 1:500), anti-Bax (22 kDa,

rabbit, 1:1000), anti-Bcl-2 (26 kDa, rabbit, 1:1000), anti-cl

-casp-3 (17 kDa, rabbit, 1:1000), which were all purchased

from ThermoFisher (USA). Next, the primary antibodies

were washed away by 1×PBS). The membranes were then

incubated with HRP-labeled anti-rabbit secondary antibo-

dies (1:10,000) for 1 hr at room temperature. After another

washing step by 1×PBS, the membranes were rinsed in the

Western Lighting Plus-ECL solutions (Perkin Elmer,

USA), and finally the immunoreactive bands were detected

using CL-XPosure™ Film (ThermoFisher, USA).

TUNEL Detection
Cell apoptosis was evaluated using TUNEL Cell Death

Detection Kit (Roche, Switzerland) according to the man-

ufacturer’s instructions. Briefly, four groups of BV-2 cells

(control, Aβ, MeJA, and Aβ+MeJA) were setup according

to the description in cell culture and treatment section,

when the cell confluence reached 70%−80%, the cells

were fixed with 70% ethanol and washed with 1×PBS

and then incubated with 50 μL of TUNEL assay solution

for 1 hr at 37°C. The cells were then washed with 1×PBS.

After that, the fluorescein isothiocyanate (FITC) was

added (for apoptotic nuclei dUTP labeling) and the cells

were incubated for 1 hr in darkness at 37°C. Subsequently,
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DAPI solution (Sigma-Aldrich, USA) was added (for

nuclear staining) to the cells and co-incubated for 10 min

in darkness. At last, the fluorescence was detected with the

wavelength of 488 nm.

Silencing of Nrf2 by siRNA
The siRNA of Nrf2 and control siRNA were purchased

from Santa Cruze, and the siRNA transfection kit

(ThermoFisher, USA) was used for transfection. Briefly,

the BV-2 cells were seeded into 24-well plates (1×104/

well) and cultured in antibiotic-free DMEM. When the

confluence reached 60%, the cells were transfected with

siRNA of Nrf2 or control siRNA by oligomer-

Lipofectamine™ 2000 (ThermoFisher, USA). The cells

were cultured in DMEM containing 20 μM Aβ and 20

μM MeJA for 48 hr. Cells were then divided into control

group (without transfection and with normal DMEM), Aβ

+MeJA+si-Nrf2 group and Aβ+MeJA+si-con group. The

transfection efficiency of siRNA of Nrf2 was tested by

qRT-PCR and Western blot.

Statistical Analysis
All experiments were repeated at least three times and the

data were presented as mean ± SD. Image J was used for

obtaining the fluorescence intensity of ROS images, as

well as the gray value of Western blot bands. In addition,

statistical analysis was conducted using GraphPad Prism

version 6.0 (GraphPad Prism Software Inc., San Diego,

CA, USA). One-way ANOVA with post hoc Tukey’s test

were used to analyze the experimental data. p<0.05 was

considered as statistically significant.

Results
MeJA Attenuated Aβ-Induced Toxicity on

the Microglial Cells
To evaluate the effects of MeJA on Aβ-treated microglial

cells, we first tested the cell viability of BV-2 cells in the

presence of Aβ or MeJA. The MTT result showed that Aβ

inhibited the cell viability in a dose-dependent manner and

the viability decreased to about 50% when BV-2 cells were

exposed to 20 μM of Aβ (Figure 1A). In addition, MeJA

did not significantly affect the cell viability below 20 μM

(Figure 1B). Based on these results, we chose 20 μM as

the appropriate concentration for the usage of both Aβ and

MeJA, and set up four groups (control, Aβ, MeJA, and Aβ

+MeJA groups). The result of MTT assay (Figure 1C)

showed that there was no significant difference in the

cell viability between MeJA group and control group,

while the cell viability was decreased in Aβ group and

Aβ+MeJA group. It is worth noting that the cell viability

of Aβ+MeJA group was much higher than that of Aβ

group at each time point. The results indicated that

MeJA attenuated Aβ-induced toxicity on the viability of

BV-2 cells.

MeJA Relieved Aβ-Induced Oxidative

Stress of Microglial Cells
Next, we tested the level of oxidative stress of these four

groups by measuring oxidative stress indicators including

ROS, MDA, and SOD. The levels of ROS and MDAwere

the highest in Aβ group, intermediate in Aβ+MeJA group,

and the lowest in MeJA and control groups (Figure 2A–C),

which indicated that Aβ stimulated the generation of ROS

Figure 1 Relative viability of BV-2 cells under different treatments. BV-2 cells were treated with gradient concentration of Aβ (A) and MeJA (B) for 48 hr. (C) BV-2 cells

were treated with 20 μM of MeJA and/or 20 μM Aβ or not.
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and MDA, while MeJA suppressed this oxidative stress

induced by Aβ. Then, we detected the SOD activity among

these four groups (Figure 2D) by fluorescence spectro-

photometry and the result showed that SOD activity in

Aβ group was significantly lower than control group

(p<0.05), while the SOD activity in Aβ+MeJA group

was higher than Aβ group (p<0.05) and lower than control

group. The result indicated that Aβ induced the inactiva-

tion of SOD, while MeJA relieved the influence caused by

Aβ. Hence, MeJA inhibited Aβ-induced REDOX imbal-

ance in BV-2 cells.

Furthermore, to further test the antioxidant activity of

MeJA, we detected the expressions of Nrf2 and HO-1 by

qRT-PCR (Figure 2E) and Western blot (Figure 2F and G).

The result of qRT-PCR showed that the mRNA levels of

Nrf2 and HO-1 were significantly decreased in Aβ group

compared with those in control group (p< 0.01), while

those in Aβ+MeJA group were higher than Aβ group

(p< 0.01) but still lower than control group. The result of

Western blot was consistent with that of qRT-PCR. These

findings indicated that MeJA prevented Aβ-induced down-

regulation of Nrf2 and HO-1, and subsequently relieved

the oxidative stress in BV-2 cells.

MeJA Reduced Aβ-Induced Expression of

Inflammatory Cytokines
In general, oxidative stress accompanies inflammatory

reaction. Thus, we investigated the expression of inflam-

matory cytokines via Western blot. The result (Figure 3)

showed that the expression levels of IL-1β, IL-6, TNF-α,
TLR4 and p-NF-κB in Aβ group were significantly up-

regulated compared with control group (p<0.05), and those

expression levels in Aβ+MeJA group were close to control

group, while the expressions of these cytokines were sig-

nificantly down-regulated in Aβ+MeJA group compared

with Aβ group (p<0.05). The result suggested that MeJA

inhibited the expression of inflammatory cytokines in BV-

2cells induced by Aβ.

MeJA Inhibited Aβ-Induced Apoptosis of

Microglial Cells
Excessive oxidative stress and inflammatory response can

affect cell metabolism and lead to cell apoptosis. Besides,

the ratio of Bax to Bcl-2 has been reported to up-regulate

the expression of cl-casp-3 thus leading to cell apoptosis.26

In this study, the levels of apoptosis-related markers includ-

ing Bax, cl-casp-3 and Bcl-2 in four groups were

determined through Western blot (Figure 4A–D). In Aβ
group, the expressions of Bax and cl-casp-3 were up-

regulated, while the expression of Bcl-2 was down-

regulated, compared with that in control group (p<0.01),

which suggested that Aβ accelerated BV-2 cells’ apoptosis

via regulating the expression levels of apoptosis-related

markers. Meanwhile, the marker expressions in Aβ+MeJA

group showed no significant difference compared with con-

trol group. In detail, both Bax/Bcl-2 value (Figure 4E) and

cl-casp-3 expression level in Aβ+MeJA group were much

lower than those of Aβ group, which suggested that MeJA

had inhibitive effects on Aβ-induced apoptosis. Besides, the
result of TUNEL assay of BV-2 cells in Aβ group showed

a higher number of apoptotic cells than control, Aβ+MeJA

and MeJA groups (Figure 4F and G). These findings sug-

gested that Aβ stimulated BV-2 cell apoptosis and MeJA

inhibited Aβ-induced apoptosis.

MeJA Protected Microglial Cells Against

Aβ-Induced Oxidative Stress,

Inflammation and Apoptosis via Nrf2/

HO-1 Pathway
To investigate whether MeJA protects BV-2 cells against

oxidative stress and inflammation and apoptosis via Nrf2/

HO-1 pathway, we knocked down Nrf2 in BV-2 cells by

siRNA and performed a series of evaluations. First, the

transfection efficiency was determined by qRT-PCR and

Western blot (Figure 5A and B). The results showed that in

Aβ+MeJA+si-Nrf2 group, the level of Nrf2 reduced about

70% compared with control group (p<0.01), and there was

no significant difference between Aβ+MeJA+si-con group

and control group, which indicated the RNA interference

was successful. Subsequently, the expressions of the anti-

oxidant-related factors, inflammatory cytokines and apop-

tosis factors were detected by Western blot to explore the

critical effect of Nrf2-dependent HO-1 pathway on Aβ-
induced BV-2 cells.

The results of Western blot (Figure 5C) showed that the

expressions of antioxidant-related factors (Nrf2, HO-1 and

SOD) in Aβ+MeJA+si-Nrf2 group were significantly

down-regulated compared with control group (p<0.01).

There was no significant difference between Aβ+MeJA

group and control group, whereas the expressions of anti-

oxidant-related factors were significantly up-regulated

compared with Aβ+MeJA+si-Nrf2 group. These findings

indicated that MeJA protected BV-2 cells against Aβ-
induced oxidative stress via regulating the expression of
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Figure 2 Relative production and activity of intracellular oxidation index in BV-2 cells under different treatments. The comparison of immunofluorescence images with the

scale bar of 25 µm (A) and relative fluorescence intensity (B) of ROS measurement. The MDA relative level (C) and SOD activity (D) were measured by fluorescence

spectrophotometry. qRT-PCR (E) and Western blot (F and G) were applied to analyze the mRNA and protein expressions of Nrf2 and HO-1. *p< 0.05; **p< 0.01.

Abbreviation: ns, no significant difference.
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Nrf2. Furthermore, significant up-regulation (p<0.01) of

inflammatory cytokines (IL-1β, IL-6, TNF-α, TLR4 and

p-NF-κB) was observed in Aβ+MeJA+si-Nrf2 group and

Aβ group compared with those in control group

(Figure 5D), while there was little difference between Aβ

+MeJA group and control group. Meanwhile, the expres-

sions of inflammatory cytokines in Aβ+MeJA+si-Nrf2

group were significantly up-regulated compared with the

wild-type Aβ+MeJA group (p<0.01). These findings sug-

gested that MeJA protected BV-2 cells against Aβ-induced

inflammation via Nrf2/HO-1 pathway. Moreover, the

expressions of apoptosis markers Bax and cl-casp-3 in Aβ

+MeJA+si-Nrf2 group were much higher than control

group (p<0.01), whereas there was no significant difference

between Aβ+MeJA group and control group (Figure 5E).

Conversely, the level of Bcl-2 in Aβ+MeJA+si-Nrf2 group

was significantly down-regulated compared with control

group, and similar levels of Bcl-2 were found in Aβ

+MeJA group and control group. The Bax to Bcl-2 ratio

in Aβ+MeJA si-Nrf2 group was about twice that in wild-

type Aβ+MeJA group. These findings indicated that MeJA

protected BV-2 cells against Aβ-induced apoptosis via

Nrf2/HO-1 pathway.

Discussion
In the present study, we demonstrated that MeJA was

crucial for Aβ-induced toxicity in BV-2 cells, inflamma-

tory response and apoptosis. MeJA up-regulated the

expressions of Nrf2 and HO-1, which inhibited the pro-

duction of ROS and MDA. Meanwhile, our study also

verified that the activated Nrf2/HO-1 pathway down-

regulated the inflammatory cytokines (TLR4, p-NFκB,

TNF-α, IL-1β and IL-6) and apoptosis factors (Bax and cl-

casp-3). Thus, MeJA attenuated Aβ-induced toxicity on

the viability of BV-2 cells, and relieved Aβ-induced oxi-

dative stress, inflammation and apoptosis.

Aβ, a key factor leading to AD, incurs excessive ROS

production and LPS-stimulated peroxidation.16,27 Christen has

demonstrated that Aβ produces free radicals associated with

inflammation and induces the development of age-related

Figure 3 The production of inflammatory cytokines in BV-2 cells under different treatments. The expressions were evaluated by Western blot (A) and the relative contents

of the IL-1β (B), IL-6 (C), p-NF-κB (D), TNF-α (E) and TLR4 (F) were organized into histograms. *p<0.05; **p<0.01.
Abbreviation: ns, no significant difference.
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Figure 4 Apoptosis in BV-2 cells under different treatments. The expressions of Bcl-2, Bax, cl-casp-3 and β-actin were evaluated by Western blot (A) and the relative levels

of cl-casp-3 (B), Bax (C), Bcl-2 (D) and the ratio of Bax to Bcl-2 (E) were organized into histograms. TUNEL assay for apoptosis with the scale bar of 50 µm, the images (G)

and relative TUNEL level were organized (F). *p<0.05; **p< 0.01.

Abbreviation: ns, no significant difference.
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Figure 5 The expressions of downstream proteins under different treatments. The transfection efficiency of siRNA was detected by qRT-PCR (A) and Western blot (B).
The expressions were evaluated by Western blot and the relative contents of antioxidant-related factors (Nrf2, HO-1 and SOD) (C), inflammatory cytokines (IL-1β, IL-6,
p-NFκB, TNF-α, TLR4) (D) and apoptosis-related factors (Bcl-2, Bax, cl-casp-3) (E) were organized into histograms. *p<0.05; **p<0.01.
Abbreviation: ns, no significant difference.
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pathologies including AD.28 McDonald et al have proposed

that local inflammatory response of microglia may be the

cause of the neuropathological process in the brain of AD

patients.29 The ongoing inflammatory processes have been

proven in AD patients and NF-kB plays an important role in

neurodegenerative disorders.29 ROS generation, inflammatory

responses, and apoptosis have been reported to contribute to

the process of neurodegenerative diseases.4,30,31

Oxidative stress and inflammation are two main patho-

genesis factors of central nervous system diseases, which

lead to injury and apoptosis of nerve cells, especially

microglia.12,32,33 TLR4, one of the most important types of

TLR families, is a transmembrane glycoprotein that plays

a key role in the innate immune system and it is related to the

secretion of multiple inflammatory cytokines.34,35 Briefly,

LPS attaches to the TLR4-MD2 complex and triggers the

phosphorylation of NFκB, and p-NFκB leads to the up-

regulation of pro-inflammatory cytokines. In the present

study, Aβ-induced BV-2 cells showed up-regulation of

ROS, MDA, and pro-inflammatory cytokines, which are

consistent with the previous studies.14,15,18

Nrf2 is a critical regulator of pro-inflammatory cytokines

and intracellular REDOX equilibrium and it is involved in

innate immune system.23,36 As a signal transductionmedium,

MeJA protects the body against oxidative stress by inducing

Nrf2 to activate the transcriptional activities of downstream

antioxidant genes.37 Besides, MeJA activates the cellular

defense mechanism by inducing the expression and activa-

tion of related anti-pathogenic factors, which inhibits

inflammation.38 Consequently, Solomon et al confirmed the

inhibitory effects of MeJA on pro-inflammatory cytokines

and Aβ in vivo (mice).39

Blasko et al have reported high level of Aβ in the brain

tissue of AD patients and overexpression of pro-

inflammatory cytokines.40 MeJA can selectively kill can-

cer cells without affecting normal cells and it has been

proven to have anti-inflammatory and anti-forgetting

effects.41 However, the anti-oxidative stress, anti-

inflammatory and anti-apoptosis effects of MeJA on BV-

2 cells through mediating Nrf2 expression should be ver-

ified. For this reason, this research was designed to ana-

lyze the expression levels of antioxidant-related factors in

BV-2 cells treated with MeJA and/or Aβ, as well as in

Nrf2-knockdown and wild groups. The findings of our

research verified the results of previous reports, which

showed that MeJA down-regulated immunocytokines

including TLR4, p-NFκB, TNF-α, IL-1β, IL-6, Bax and cl-

casp-3 while it up-regulated Nrf2, HO-1, SOD and Bcl-2

induced by Aβ.6,11,42 Thus, a potential cellular mechanism

between MeJA and Nrf2/HO-1 signaling pathway was

found in this study (Figure 6).

In conclusion, MeJA protected microglial cells against

Aβ-induced oxidative stress and inflammation via Nrf2/

HO-1 pathway. The present results might explain the

Figure 6 Schematic representation of cellular mechanism through which MeJA protected BV-2 cells via Nrf2/HO-1 pathway. Two action mechanisms of MeJA on Aβ-treated
BV-2 cells were illustrated as antioxidant (inhibition of apoptosis) and anti-inflammatory (maintenance of cell activity) mechanisms.
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underlying molecular mechanism of how MeJA attenuated

Aβ-induced toxicity on the viability of BV-2 cells. In fact,

environmental conditions and receptor-mediated effects in

different tissues have significant effects on the immune

activation of microglia, so we need more repetitive experi-

ments in vivo. Besides that, the safety of using MeJA

in vivo should be further tested in the animal model and

more data related to the drug resistance are also needed.
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