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The Anti-inflammatory Effects of 4-((5-Bromo-3-chloro-
2-hydroxybenzyl) amino)-2-hydroxybenzoic Acid
in Lipopolysaccharide-Activated Primary Microglial Cells

Xiang Cao,1,2 Yuexinzi Jin,1,2 He Zhang,1,2 Linjie Yu,1,2 Xinyu Bao,1,2 Fei Li,3 and Yun Xu1,2,4

Abstract— Over-activated microglial cells are known to be implicated in various neuro-
logical diseases, such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and multiple
sclerosis. Our previous reports have shown that ZL006, a compound with a hydrophobic ring A
and a hydrophilic ring B with a carboxyl group, exhibited stronger neuroprotective activity
in vitro and in vivo. However, the directly anti-inflammatory effects of these compounds in the
central nervous system (CNS) have not been elucidated. In the present study, as a part of our
ongoing screening experiment to evaluate the anti-inflammatory effects of new compounds, a
newly synthesized 4-((5-bromo-3-chloro-2-hydroxybenzyl) amino)-2-hydroxybenzoic acid
(LX007) was used to examine whether it could reduce the inflammatory responses of activated
microglia. Our results indicated that LX007 inhibited lipopolysaccharide (LPS)-stimulated
nitric oxide (NO) and prostaglandin E2 (PGE2) expression, as well as their regulatory gene-
inducible NO syntheses (iNOS) and cyclooxygenase-2 (COX-2) in LPS-treated primary
microglia. LPS-induced production from microglia of interleukin (IL)-1β, IL-6, and tumor
necrosis factor (TNF-α) was also significantly attenuated by LX007. Mechanistically, LX007
potently suppressed phosphorylation of mitogen-activated protein kinases (MAPKs) and
nuclear factor-kappa B (NF-κB) p65 nuclear translocation in LPS-induced microglia. We
therefore conclude that LX007 exhibits anti-inflammatory effects in LPS-stimulated microglial
cells by inhibiting pro-inflammatory mediators corresponding to the downregulating of
MAPKs and NF-κB activation. Taken together, the present study indicated that LX007 may
have potential to be developed into an anti-inflammatory agent in the future.

KEYWORDS: 4-((5-bromo-3-chloro-2-hydroxybenzyl) amino)-2-hydroxybenzoic acid; microglia;
lipopolysaccharides; MAPK; NF-κB.

INTRODUCTION

Neuroinflammation plays a critical role in several
neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, and multiple sclerosis [1–3].
Microglia, the first and main immune cells in the central
nervous system (CNS), have been reported to control ho-
meostasis under normal conditions. By contrast, persistent
activated microglia in response to various stimuli can lead
to the overproduction ofmany pro-inflammatorymediators
and oxidative stress, including nitric oxide (NO),
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prostaglandin (PG) E2, tumor necrosis factor (TNF)-α,
interleukin (IL)-6, and reactive oxygen species (ROS)
[4, 5]. It has been reported that a number of intracellular
signaling pathways such as mitogen-activated protein
kinases (MAPKs) and nuclear factor-kappa B (NF-κB)
can upregulate these factors [6, 7]. Thus, pharmacolog-
ical interference of these pathways had the ability to
inhibit microglia activation and present as therapeutic
agents for neurodegenerative diseases.

Lipopolysaccharide (LPS), a bacterial endotoxin,
has been widely used as a potent inducer to elicit
inflammatory responses in the brain through binding
Toll-like receptor 4 (TLR4) and activates several intra-
cellular signaling pathways [8]. In vitro studies showed
that with the activation with LPS, microglial cells are
the source of a neurocytotoxic free radical and injure
neuronal cells via an NO-dependent mechanism [9].
Our laboratory has demonstrated that TL2, a natural
compound, protected neurons against indirect neuro-
toxicity that resulted from LPS-induced microglia
through suppressing p38/JNK and NF-κB activation
[10]. Previous articles had found that neurons co-
cultured with p38α MAPK-deficient microglia were
protected against LPS-induced neurite degeneration,
neuronal death, and synaptic loss [11]. Therefore,
LPS-stimulated microglia is a suitable model to inves-
tigate microglia activation.

In previous reports, we designed and synthesized
several compounds which can disrupt ischemia-induced
interaction of nNOS and PSD-95 [12]. All the com-
pounds contain a hydrophobic ring A and a hydrophilic
ring B with a carboxyl group. Besides, there is a linker
connecting rings A and B. Despite the fact that these
drugs possessed strong neuroprotective function, the
direct effects in activated microglial cells have not yet
been studied.

In the present study, 4-((5-bromo-3-chloro-2-
hydroxybenzyl) amino)-2-hydroxybenzoic acid, which
we used from our previous compounds and named
LX007, was a potential anti-inflammatory agent
(Fig. 1). We first examined whether LX007 attenuated
LPS-stimulated secretion of pro-inflammatory media-
tors including NO and PGE2 in primary microglia.
What’s more, we found that LX007 also suppressed
LPS-induced IL-1β, IL-6, and TNF-α expression at
both protein and mRNA levels. To explore the underly-
ing mechanism, the involvement of MAPKs and NF-κB
was examined. In light of the above, our results en-
hanced the potential of LX007 as a treating drug in the
prevention of microglia activation.

MATERIALS AND METHODS

Chemistry

A s o l u t i o n o f 5 - b r o m o - 3 - c h l o r o - 2 -
hydroxybenzaldehyde (2.35 g, 10.0 mmol) in ethanol
(25 mL) was added to 4-amino-2-hydroxybenzoic acid
(1.53 g, 10.0 mmol), and the mixture was stirred, refluxed
for 30 min, and then cooled to room temperature (22–25 °C).
The precipitated solid was isolated by filtering the reaction
mixture and dried under infrared light. The intermediate was
dissolved in ethanol (25 mL), and NaBH4 (0.8 g, 21.2 mmol)
was added into the mixture at 0–5 °C. Then the reaction
mixture was stirred at room temperature. After the disappear-
ance of the reactant (monitored by TLC), water (25 mL) was
added to the mixture to remove residual NaBH4. The reaction
mixture was adjusted to pH 3–4 with concentrated hydro-
chloric acid and concentrated to 25 mL under reduced pres-
sure. The precipitate was isolated by filtration and dried at
50 °C to give LX007 (2.8 g) as a white solid. 1HNMR
(300 MHz, DMSO-d6): 9.73(s, 1H), 8.92(s, 1H), 7.46(d,
1H, J = 2.1 Hz), 7.26(d, 1H, J = 2.1 Hz), 6.83(t, 1H, J =
7.8H), 6.03–5.94(m, 3H), 4.20(s, 2H). IR (KBr, cm−1):
3336, 1597, 1497, 1461, 838, 728, 684, 541. MS (ESI): m/
z= 371.9 [M+H]+

Regents

LPS (Escherichia coli 055:B5) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Primary antibodies
against iNOS, COX-2, ERK1/2, JNK, p38, phospho-
ERK1/2, phosphor-JNK, phosphor-p38, NF-κB p65,
IκBα, and phosphor-IκBα were purchased from Cell
Signaling Biotechnology (Hertfordshire, England).
Antibodies against GAPDH and Laminb, as well as the
horseradish peroxidase (HRP)-linked secondary antibod-
ies, were obtained from Bioworld Biotechnology
(Minneapolis, MN, USA). Polyclonal anti-Ibal-1 was from

Fig. 1. Chemical structure of 4-((5-bromo-3-chloro-2-hydroxybenzyl)
amino)-2-hydroxybenzoic acid (LX007).
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Abcam (Cambridge, UK). PCR primers were synthesized
at Invitrogen (Frederick, MD, USA).

Cell Culture

Primary microglial cells were prepared from the ce-
rebral cortices of 1–2-day-old C57/BL6J mice as described
previously [13]. About 10 days later, the microglial cells
were separated from astrocytes by shaking the flasks and
the floating microglia were replanted into 12- or 24-well
plates for another 1 day. The purity of the microglial cells
was greater than 95%, which was examined by immuno-
cytochemistry analysis using Iba-1 antibody. The cells
were maintained in DMEM (HyClone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS;
Biological Industries, Israel) and antibiotics (100 U/mL
penicillin and 100 μg/mL streptomycin) at 37 °C under a
humidified atmosphere of 5% CO2.

Cell Viability Assays

Microglial cells were plated at 1 × 104 cells/well in
96-well plates and treated with different concentrations of
LX007. After incubation for 24 h, the culture media were
removed. Microglia viability was detected by the Cell
Counting Kit-8 (CCK-8; Dojindo Laboratories, Tokyo,
Japan) according to the manufacturer’s instruction. The
optical density (OD) was measured at 450 nm using a
microplate reader (Bio-Rad, Hercules, CA). The analysis
was conducted in triplicate for each of the different treat-
ments. Cell survival rates were expressed as percentages of
the value of control cells without any treatment.

Nitrite Analysis and Measurement of Levels of PGE2

Primary microglial cells were seeded in 24-well cul-
ture plates and pre-incubated with LX007 for 1 h followed
by LPS treatment (0.1μg/mL). After 24 h, the supernatants
of the cultured cells were collected, and PGE2 levels were
determined using a commercial enzyme-linked immuno-
sorbent kit (R&D Systems, Minneapolis, MN) according
to the manufacturer’s specifications. The concentration of
NO in the medium was detected by using a Griess reaction
(Beyotime Biotech, Nantong, China).

Real-Time PCR

Primary microglial cells were treated with indicated
concentrations of LX007 for 1 h, and subsequently co-
treated with 0.1 μg/mL LPS for 6 h. The total RNA was
extracted using Trizol reagents (Invitrogen) and then
reverse-transcribed into cDNA with the PrimeScript RT

regent kit (Takara, Dalian, China) according to procedures.
Real-time PCR was performed on a Step One Plus PCR
system (Applied Biosystems, Foster City, CA, USA) using
a SYBR Green Kit (Applied Biosystems). The primer sets
used are shown in Table 1.

Preparation of Cytosolic and Nuclear Extracts and
Western Blot Analysis

Cytoplasmic and nuclear fractions from primary
microglial cells were extracted using NE-PER nuclear
and cytoplasmic extraction reagents (Thermo Fisher
Scientific, Rockford, IL) according to the manufacturer’s
instructions. The total protein was quantified by a BCA
protein assay kit (Pierce Biotechnology, Rockford, IL).

The proteins in each sample (20 μg per lane) were
separated with 10 or 12% sodium dodecyl sulfate poly-
acrylamide (SDS-PAGE), and transferred onto a PVDF
membrane (Millipore, Bedford, MA). After blocking with
5% skimmilk in TBST for 40min at room temperature, the
membranes were incubated with the appropriate primary
antibodies overnight at 4 °C. Thereafter, the protein bands
were incubated with secondary antibody for 1 h at room
temperature. The proteins were detected with an enhanced
chemiluminescence detection system (ECL; Bioworld
Biotechnology), and the images were scanned using the
Gel-Pro system (Tanon Technologies, Shanghai, China).
The intensity of the blots was quantified with scanning
densitometry.

Immunofluorescence Analysis

Primary microglial cells were prepared as described
above and then fixed with pre-cold 4% paraformaldehyde.
After 30 min incubation, the cells were permeabilized with
0.25% Triton X-100 in PBS for another 20 min and

Table 1. Primers used in real-time PCR

Gene Primer

iNOS SENS: CAGCTGGGCTGTACAAACCTT
REVS: CATTGGAAGTGAAGCGTTTCG

COX-2 SENS: TCTCCAACCTCTCCTACTAC
REVS: GCACGTAGTCTTCGATCACT

IL-1β SENS: AAGCCTCGTGCTGTCGGACC
REVS: TGAGGCCCAAGGCCACAGGT

IL-6 SENS: GCTGGTGACAACCACGGCCT
REVS: AGCCTCCGACTTGTGAAGTGGT

TNF-α SENS: CAAGGGACAAGGCTGCCCCG
REVS: GCAGGGGCTCTTGACGGCAG

GAPDH SENS: GCCAAGGCTGTGGGCAAGGT
REVS: TCTCCAGGCGGCACGTCAGA
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blocked for 1 h with 3%BSA. After washing with PBS, the
cells were probed with monoclonal antibodies against p65
or Ibal-1 overnight at 4 °C. The cells were then incubated
with secondary antibody conjugated with Alexa Fluor 488
(Invitrogen) for 1 h. Finally, the cells were counterstained
with DAPI (5 g/mL) for 20 min, washed three times with
PBS, and visualized using a fluorescence microscope
(Olympus BX51).

Statistical Analysis

The data are expressed as the mean ± standard devia-
tion (SD) of three independent experiments. The statistical
significance of the differences was evaluated by Student’s t
test among two groups or by one-way analysis of variance

(ANOVA) followed by Bonferroni’s post hoc test among
three groups using SPSS 18.0, a statistical software pack-
age. P values less than 0.05 were considered statistically
significant.

RESULTS

Cell Toxicity of LX007 on Primary Microglia

To assess the cytotoxic effect of LX007 on primary
microglia, the cells were treated with LX007 (0–50 μM) in
the presence or absence of LPS (0.1 μg/mL) for 24 h. The
results showed that treatment with LX007 at concentrations
of 5, 10, 20, and 30μMdid not affect cell viability (Fig. 2a).

Fig. 2. Effects of LX007 on primary microglial cell viability. a Microglial cells were treated with LX007 (0–50 μM) in the presence or absence of LPS
(0.1 μg/mL) for 24 h. The cell viability was detected by CCK8 assay. b Microglia were treated as described above and then examined by immunocyto-
chemistry analysis using Iba-1 antibody (bar = 50 μm). Results are expressed as the mean ± SD of three independent experiments. One asterisk P < 0.05 and
two asterisks P < 0.01 vs. control group. Two number signs P < 0.01 vs. group only treated with LPS.
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Nevertheless, there was a significant decrease in cell viabil-
ity for LX007 concentration ≥ 40 μM. In morphology, we
found that LX007 alone did not alter the change of
filopodia, but treatment with LPS led to the increase in
filopodia in primary microglia. Interestingly, pre-treatment
with 30 μM LX007 followed by stimulation with LPS
caused a reduction of filopodia formation (Fig. 2b).
Therefore, in order to explore the maximum effect of
LX007, 10–30 μM LX007 was selected for the following
experiments.

Effects of LX007 on the Production of NO and iNOS
Expression in Primary Microglia Stimulated with LPS

In our previous study, we found that compound-
ZL006 can suppress N-methyl-D-aspartate receptor
(NMDAR)-dependent NO synthesis in cultured neurons
[12]. To explore whether LX007 has anti-inflammatory
effects on LPS-induced primary microglia, we firstly

examined the NO production using a Griess reagent kit in
LPS treatment with or without LX007. NO production was
low in the control group and in the microglia treated with
LX007 alone. Treatment with LPS resulted in a significant
increase of NO production (22.96 ± 0.91 μM), whereas pre-
treatment with LX007 for 1 h suppressed LPS-stimulated
NO production in a dose-dependent fashion (19.32 ± 0.7,
10.32 ± 0.38, and 4.94 ± 1.8 μM at 10, 20, and 30 μM
LX007, respectively; Fig. 3a). Further, in order to assess
whether LX007 affects the gene and protein expression of
iNOS, real-time PCR and western blot were used. Results
showed that LPS treatment markedly increased iNOS ex-
pression of mRNA and protein levels at 6 and 24 h, respec-
tively. However, LX007 concentration gradually inhibited
the LPS-induced iNOS expression at both mRNA and
protein levels (Fig. 3b, c). The blot intensity of iNOS was
quantified with scanning densitometry (Fig. 3d). These
results indicated that LX007 downregulates LPS-induced
NO production via iNOS expression inhibition.

Fig. 3. Effects of LX007 on NO production, iNOSmRNA, and protein expression in LPS-treated microglial cells. aMicroglia were pre-treated with various
concentrations of LX007 (10, 20, 30μM) for 1 h and then treatedwith 0.1μg/mLLPS for 24 h. The amount of nitrite in the culture supernatants was assessed
by Griess reaction. b Expression of iNOSmRNA levels was measured using real-time PCR after LPS treatment for 6 h with or without LX007. c Expression
of iNOS proteins was examined by western blotting. GAPDH was used as a loading control. d Quantification of the western blotting with densitometric
analysis of iNOS protein is normalized to GAPDH and represented as fold change. Results are of three independent experiments. Two asterisks P < 0.01 vs.
control group. One number sign P < 0.05 and two number signs P < 0.01 vs. group only treated with LPS.
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Effects of LX007 on LPS-Induced PGE2 and COX-2
Expression

ELISA was performed to measure the inhibitory
effects of LX007 on LPS-induced PGE2 secretion in
primary microglia. Consistent with the results of NO
production, LPS stimulation significantly increased
PGE2 production (615.7 ± 26.77 pg/mL) compared
to untreated control cells (91.33 ± 24.59 pg/mL).
However, pre-treatment with LX007 before LPS re-
sulted in a significant inhibition of PGE2 production
(421.0 ± 36.76 pg/mL at 20 μM, 256.3 ± 17.48 pg/mL
at 30 μM; Fig. 4a). In order to explore the molecular
mechanisms of PGE2 production, the expression of
COX-2 at gene and protein levels was measured. As
shown in Fig. 4b, c, LPS-induced COX-2 mRNA and
protein expressions were also attenuated by pre-
treatment with LX007. Quantification of the western
blotting with densitometric analysis of COX-2 protein
is normalized to GAPDH and represented as fold

change (Fig. 4d). Hence, these data indicated that
LX007-mediated suppression of PGE2 production
was due to the inhibition of COX-2 expression.

Effects of LX007 on LPS-Induced Cytokine Expression

To assess LX007’s role in cytokine expression, pri-
mary microglia were treated with 10, 20, and 30 μM
LX007 in the presence or absence of LPS for 6 h.
Stimulation of microglia with LPS led to an increase of
IL-1β, IL-6, and TNF-α at mRNA levels; however, the
responses were significantly attenuated following LX007
pre-treatment (Fig. 5a–c). Moreover, the protein levels of
IL-1β, IL-6, and TNF-α of LPS-stimulatedmicroglial cells
were detected by western blot. As shown in Fig. 5d, IL-1β,
IL-6, and TNF-α protein expressions in microglia were
increased at 24 h after LPS addition. LX007 pre-treatment
reversed these trends in a dose-dependent manner. The blot
intensities of IL-1β, IL-6, and TNF-αwere quantified with
densitometry (Fig. 5e–g). These findings suggested that

Fig. 4. Effects of LX007 on PGE2 production and gene and protein expression of COX-2 in LPS-induced microglial cells. aMicroglia were incubated with
indicated concentrations of LX007 for 1 h and subsequently stimulated with 0.1 μg/mL LPS for 24 h. PGE2 expression was measured by an ELISA kit. b
COX-2 mRNA expression was detected using real-time PCR after LPS treatment for 6 h with or without LX007. c Cell extracts were prepared for western
blotting of COX-2. GAPDH was used as an internal control. d Quantification of the western blotting with densitometric analysis of COX-2 protein is
normalized to GAPDH and represented as fold change. Results are of three independent experiments. Two asterisks, P < 0.01 vs. control group. One number
sign P < 0.05 and two number signs P < 0.01 vs. group only treated with LPS.
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LX007 may reduce the expression of pro-inflammatory
cytokines in LPS-induced microglial cells.

LX007 Suppressed MAPK Phosphorylation in LPS-
Induced Primary Microglia

It is well known that MAPK pathways are major
intracellular signal transduction factors that control
the expression of pro-inflammatory cytokines [14].
Thus, we explored whether the inhibitory effect of
LX007 observed above on the production of various
cytokines might have occurred through MAPK path-
ways. Microglial cells were pre-incubated with 10–
30 μM LX007 for 1 h and then by stimulation with
LPS for another 1 h. The results showed that LPS-
induced phosphorylation of ERK1/2, JNK, and p38
was decreased by LX007 (Fig. 6). Therefore, LX007
effectively inhibits MAPK signaling in response to
LPS-induced activation of microglia.

LX007 Inhibits LPS-Induced Degradation of IκBα and
NF-κB Nuclear Translocation

Since transcription factor NF-κB is activated in cere-
bral ischemia [15], we next explored whether LX007 could
prevent LPS-induced degradation of IκBα and the subse-
quent nuclear translocation of NF-κB from the cytosol to
the nucleus. As shown in Fig. 7a–c, IκBα was

phosphorylated and degraded at 1 h after LPS exposure.
Furthermore, a significant increase in the nuclear translo-
cation of the NF-κB p65 was observed in microglial cells
treated with LPS (Fig. 7d–f). Pre-treatment with LX007 for
1 h decreased the phosphorylation and degradation of
IκBα and the levels of p65 in nuclei. The quantification
of relative band intensities was determined by densitome-
try. Besides, the results from microscopy also showed that
LPS-induced accumulation of p65 in nuclei was notably
controlled by LX007 (Fig. 7g). Taken together, these find-
ings indicated that LX007 regulates LPS-induced IκBα-
NF-κB circuit in activated microglial cells.

DISCUSSION

Inflammation is a common characteristic of neurode-
generative disease of the CNS. Increasing evidence sug-
gests that inflammation contributes to AD progression and
severity, besides its classical histopathological features
such as deposition of fibrillogenic beta-amyloid (Aβ) pep-
tides and neurofibrillary tangles [3, 16]. Pro-inflammatory
mediates released by activated microglia are well known to
contribute to Aβ production and accumulation [17].
Microglia activation also plays an important role in PD
from clinical and experimental studies. Banati et al. found
higher microglia activation in the substantia nigra of

Fig. 5. Effects of LX007 on LPS-induced production of IL-1β, IL-6, and TNF-α in microglial cells. Primarymicroglia were pre-incubatedwith LX007 at 10,
20, and 30μM for 1 h and then stimulated with 0.1μg/mL LPS for 6 h. The mRNA levels of IL-1β (a), IL-6 (b), and TNF-α (c) were determined by real-time
PCR. d Cells were pre-treated with various concentrations of LX007 (10, 20, 30 μM) for 1 h and then treated with 0.1 μg/mL LPS for 24 h. Total proteins
were collected and measured by western blotting. The blot intensity of IL-1β (e), IL-6 (f), and TNF-α (g) was quantified with densitometry. Results are of
three independent experiments. Two asterisks P < 0.01 vs. control group. One number sign P < 0.05 and two number signs P < 0.01 vs. group only treated
with LPS.
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patients with PD [18]. The presence of activated microglia
expressing the inflammatory cytokines was also detected
by immunohistochemistry assays in post-mortem brain
tissue from PD patients [19, 20]. Thus, intervention of
microglia activation is an effective treatment for neurode-
generative diseases.

NO is a signaling molecule reported to be involved in
many pathological and physiological disorders including
AD. NO is synthesized by the oxidation of L-arginine by
nitric oxide synthase (NOS). Two constitutive enzymes
(nNOS and eNOS) and one inducible enzyme of NOS
(iNOS) have been identified so far. Among them, the
expression of eNOS and iNOS was upregulated in AD
patients and APP23 transgenic mice [21]. In our previous
study, we found that compound-ZL006 can suppress
NMDAR-dependent NO synthesis [12]. Besides, many
studies reported that LPS-treated microglia could result in
an increase of iNOS and NO expression. So, we firstly
examined whether LX007 influences LPS-induced NO
production through downregulating iNOS expression
(Fig. 3). As expected, LX007 was found to attenuate the
expression of NO and its regulatory gene iNOS in LPS-
treated microglia. PGE2 is another important mediator
which can mediate various chronic inflammatory diseases
and produced by COX-2. High expressions of COX-2 are
found in inflammation process. Our results demonstrated
that treatment with LX007 also suppressed PGE2 release
and COX-2 expression (Fig. 4).

IL-1β, IL-6, and TNF-α are key inflammatory cyto-
kines which were produced by activated microglia and

reported to be associated with neurodegenerative diseases
[22, 23]. These pro-inflammatory mediators can be detect-
ed at all stages of AD [24]. The inhibition of IL-1β secre-
tion with its neutralizing antibodies reduces neuronal dam-
age [25]. Animal experiments showed that intracellular
expressions of IL-1β, IL-6, and TNF-α were upregulated
after Aβ injection. Atorvastatin administration reverses
this phenomenon and subsequently attenuates damage of
nerve cells and improves learning ability [26]. In recent
years, many studies explore the potential of curcumin, a
diarylheptanoid polyphenol, for AD prevention and treat-
ment. They found that dietary supplementation with
curcumin can decrease Aβ levels and plaque load in
Tg2576 mice (a transgenic mouse model of AD) partly
through inhibiting inflammatory factors, such as IL-1β
[27, 28]. Therefore, inhibition of IL-1β, IL-6, and TNF-α
may be a promising strategy in treating AD and other
related degenerative disorders. In this study, the results
showed that LX007 suppressed LPS-induced mRNA and
protein levels of these pro-inflammatory cytokines in mi-
croglia (Fig. 5).

MAPK signaling pathways (ERK1/2, p38, and JNK)
are one of the important signal transduction systems in
organisms and control cellular responses to cytokines and
external stress. In a transgenic mice model of AD, an
inhibitor of p38 MAPK decreased microglia activation
and protected the mice against ischemic injury [29]. CEP-
1347 was proved to protect dopaminergic neurons through
blocking the activation of the c-Jun/JNK pathway in ani-
mal models of PD [30]. Besides, CEP-1347 was shown to

Fig. 6. Effects of LX007 on regulation ofMAPKs in LPS-treatedmicroglial cells. Microglia were pre-incubatedwith LX007 for 1 h, followed by stimulation
with 0.1 μg/mL LPS for another 1 h. The protein expressions of p-ERK1/2 (a), p-JNK (b), and p-p38 (c) were analyzed by western blotting. The
quantification of relative band intensities was determined by densitometry. Results are of three independent experiments. Two asterisks P < 0.01 vs. control
group. One number sign P < 0.05 and two number signs P < 0.01 vs. group only treated with LPS.
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reduce inflammatory cytokine production in primary
cultures of human and murine microglia stimulated
with various endotoxins. Moreover, CEP-1347 can in-
hibit TNF-α release induced by LPS injection in mice
also through dampening the activity of c-Jun/JNK [31].
Inhibition of phosphorylation of ERK1/2 reduced LPS-
stimulated microglia activation and subsequently the
release of pro-inflammatory factors [32]. These data
imply that inhibiting MAPKs may be a promising

therapeutic intervention against inflammatory diseases.
Our findings in this study indicated that the phosphor-
ylation of ERK1/2, p38, and JNK followed by LPS
induction in primary microglia was significantly
inhibited by LX007 pre-treatment (Fig. 6), implying
that LX007 exerts anti-inflammatory effects at least
partly by the modulation of three MAPK pathways.

NF-κB is a major transcription factor with a role
in inflammatory responses by promoting the

Fig. 7. Effects of LX007 on LPS-stimulated degradation of IκBα and nuclear translocation of NF-κB inmicroglial cells. Cells were treated similar to those in
Fig. 6. a Total cell lysates were collected and subjected to western blotting to detect b p-IκBα and c IκBα expression. d–f The cytosolic and nuclear fractions
of NF-κB p65were analyzed using western blotting. The quantification of relative band intensities was determined by densitometry. g The location of NF-κB
p65 in microglial cells was also observed under a fluorescence microscope (bar = 50 μm). Results are of three independent experiments. Two asterisks
P < 0.01 vs. control group. One number sign P < 0.05 and two number signs P < 0.01 vs. group only treated with LPS.
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expression of various pro-inflammatory mediators and
cytokines such as iNOS, COX-2, IL-1β, IL-6, and
TNF-α [33]. A number of reports have demonstrated
that LPS can upregulate NF-κB activity through the
MAPK signaling pathway and MAPK signaling could
play a critical role in the modulation of NF-κB [34,
35]. Thus, we detected the regulatory effects of LX007
in the last part of the present study. Our studies indi-
cated that LX007 could reduce the degradation of
IκBα and the subsequent nuclear translocation of NF-
κB from the cytosol to the nucleus in microglia
(Fig. 7), indicating that NF-κB is involved in the
inhibitory effects of LX007 on the overexpression of
pro-inflammatory mediators in LPS-treated primary
microglial cells.

CONCLUSION

To summarize, we sought to explore the anti-
inflammatory potential of a newly synthesized
compound—LX007, a similar chemical structure
from our previous study. We observed that pre-
treatment with non-toxic concentrations of LX007
significantly suppressed microglia activation through
decreasing NO, PGE2, IL-1β, IL-6, and TNF-α pro-
duction. Mechanistically, LX007 inhibited LPS-
induced MAPK phosphorylation and NF-κB activa-
tion. These results indicated that LX007 exhibits an
anti-inflammatory role on LPS-stimulated inflamma-
tory responses in primary microglia. Further experi-
ments will study the effect of LX007 on inflamma-
tory diseases in an in vivo mice model.
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