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Abstract Advanced glycation end products (AGEs)
enhance microglial activation and intensify the inflamma-
tory response and oxidative stress in the brain. This process
may occur due to direct cytotoxicity or interacting with
AGE:s receptors (RAGE), which are expressed on the sur-
face of microglia. FPS-ZM1 is a high-affinity but nontoxic
RAGE-specific inhibitor that has been recently shown to
attenuate the Ap-induced inflammatory response by block-
ing the ligation of AP to RAGE. In this study, we further
investigated the effect of FPS-ZM1 on the AGEs/RAGE
interaction and downstream elevation of neuroinflamma-
tion and oxidative stress in primary microglia cells. The
results suggested that FPS-ZM1 significantly suppressed
AGEs-induced RAGE overexpression, RAGE-dependent
microglial activation, nuclear translocation of nuclear fac-
tor kappaB p65 (NF-xB p65), and the expression of down-
stream inflammatory mediators such as tumor necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1p), cyclooxy-
genase 2 (COX-2)/prostaglandin E2 (PGE2) and inducible
nitric oxide synthase (iNOS)/nitric oxide (NO). Further-
more, FPS-ZM1 attenuated AGEs-stimulated NADPH
oxidase (NOX) activation and reactive oxygen species
(ROS) expression. Finally, FPS-ZM1 elevated the levels
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of transcription factors nuclear-factor (erythroid-derived
2)-like 2 (Nrf2) and heme oxygenase-1 (HO-1), as well as
decreased antioxidant capacity and increased production of
oxidative species. Our results suggest that FPS-ZM1 may
be neuroprotective through attenuating microglial activa-
tion, oxidative stress and inflammation by blocking RAGE.

Keywords Advanced glycation end products - Receptor
for advanced glycation end products - FPS-ZM1 -
Oxidative stress - Inflammation

Introduction

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disease characterized by the formation of senile plaques
and neurofibrillary tangles (NFTs), activation of microglia,
elevation of oxidative stress and neuroinflammation [1-3].
Microglial activation, which leads to an inflammatory cas-
cade and subsequently causes oxidative stress and cytokine-
induced neuron damage, has been demonstrated to play
an important role in the pathologic process of AD [4, 5].
Activated microglia have been found to surround amyloid
deposits at an early stage and release a broad spectrum of
highly cytotoxic substances, including oxygen free radicals,
nitric oxide, proteinase and inflammatory mediators [6-9].
Advanced glycation end products (AGEs) are formed via
non-enzymatic reactions between glucose or other carbo-
hydrates and stable protein deposits [10]. The formation of
AGEs is widely regarded as an important contributor to the
progression of AD by activating microglia and astrocyte to
induce oxidative stress and inflammation, as evidence has
shown that AGEs are not only elevated in AD brains but
also accelerate A deposition and hyperphosphorylation of
tau and increase cytotoxicity of glycated proteins [11-14].
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AGEs not only promote protein or lipid cross-link-
ing through direct toxicity, but also through activation of
many pathological processes mediated by AGEs receptor
(RAGE) [15]. RAGE is a member of the immunoglobu-
lin superfamily, and can bind multiple ligands, includ-
ing AGEs and p-amyloid peptide (AP) [16]. The ligand-
receptor interaction activates several signal transduction
pathways and regulates cell functions through oxidative
stress [13, 17]. AGEs/RAGE interaction induces proinflam-
matory cytokines such as TNF-a, IL-6, IL-1 and iNOS in
N-11 microglia cells [18, 19]. Our previous study found
that AGEs induce cell death via oxidative stress and endo-
plasmic reticulum stress in SH-SY5Y cells and rat cortical
neurons [20]. Also, intrahippocampal injection of AGEs
induced upregulation of Af and amyloid precursor pro-
tein (APP) production, inflammation, oxidative stress and
cognitive dysfunction in rats [21]. Furthermore, AGEs and
RAGE interactions may increase neuroinflammation and
oxidative stress via the activation of nuclear factor kap-
paB (NF-xB) and the production of reactive oxygen species
(ROS) [22]. Targeted pharmacological interventions using
inhibitors of AGEs, anti-RAGE-antibodies or antagonists
of RAGE may be promising therapeutic strategies to slow
the progression of cognitive decline in AD.

Previous studies have shown that anti-RAGE treat-
ment using soluble RAGE or anti-RAGE antibodies can-
not modify disease progression effectively because they
do not cross the blood—brain barrier (BBB) and only block
peripheral RAGEs [23, 24]. In a more recent study, FPS-
ZM1, a high-affinity but nontoxic RAGE-specific inhibitor,
was shown to cross the BBB readily. Further, it blocked
RAGE-mediated influx of peripheral AB,_,, and AB;_4,,
B-secretase activity, AP generation, microglial activation
and neuroinflammation [25]. Since the production of AGEs
is irreversible and contributes to the pathogenesis of AD
[26], it may be more effective to block AGEs simultane-
ously with Ap.

In the present study, we explored whether FPS-ZM1
affects the interaction of AGEs-RAGE in primary micro-
glia and investigated the molecular mechanism of AGEs-
induced microglial activation, neuroinflammation and oxi-
dative stress in vitro.

Materials and Methods
Materials

Bovine serum albumin (BSA), and AGEs-bovine serum
albumin (AGEs-BSA) were purchased from BioVision
(CA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-
nyl-tetrazolium bromide (MTT), Triton X-100, poly-
L-lysine and 2',7'-dichlorodihydrofluorescin  diacetate

(H,DCFH-DA) we\Je purchased from Sigma-Aldrich (Mo,
USA). Fetal bovine serum (FBS), Ham F-12 medium, Dul-
becco’s modified Eagle’s medium (DMEM), glutamine,
penicillin, streptomycin, amphotericin B were obtained
from Invitrogen (Carlsbad, Calif). FPS-ZM1 was purchased
from Millipore (MA, USA). Rabbit polyclonal antibody
against nuclear-factor (erythroid-derived 2)-like 2 (Nrf2)
and mouse antibody against inducible NO synthase (iNOS)
were purchased from Abcam (CA, USA). Mouse antibody
against CD11b, mouse antibody against RAGE, rabbit anti-
body against heme oxygenase 1 (HO-1), NADPH oxidase
2 (NOX2), p47phox and p67phox were purchased from
Santa Cruz Biotechnology (CA, USA). Rabbit polyclonal
antibody against NF-kB p65 was purchased from Millipore
(MA, USA). Antibody against p-actin, histone H3 and sec-
ondary antibodies were purchased from Zhongshan Jingiao
Biotechnology (Beijing, China). The BCA-Protein Assay
Kit was obtained from Biocolor BioScience and Technol-
ogy Company (Shanghai, China). Polyvinylidene difluoride
(PVDF) membranes and the enhanced chemiluminescence
kit were from Millipore (MA, USA). TNF-a, IL-1f, PGE2
and NO ELISA kits were obtained from R&D Systems
(Minneapolis, MN, USA). The COX-2 ELISA kit was from
Fitzgerald Industries International (MA, USA).

Primary Microglia Cultures and Treatment

Pregnant Wistar rats were obtained from the Research
Center of Experimental Animals of Shandong Univer-
sity. The rats were cared according to the Provisions and
General Recommendation of Chinese Experimental Ani-
mals Administration Legislation. Primary microglia cul-
tures were prepared from one-day-old newborn Wistar
rats according to the procedure described previously [27].
The rat cortical cortices were dissected and digested with
0.25% trypsin for 10 min at 37 °C. After digestion, the cells
were plated onto 20 pg/mL poly-L-lysine-coated incuba-
tion bottles and cultured in DMEM and Ham F12 mixed
medium (1:1), containing 10% FBS, 4 mM glutamine,
100 pg/mL streptomycin, 100 U/mL penicillin and 0.25 pg/
mL amphotericin B, in a 37°C humidified incubator con-
taining 5% CO, and 20% O,. Media was replaced every 3
days. Fourteen days later, microglia were removed by shak-
ing at 200 revolutions per minute for 3 h. After isolation,
microglia were plated onto 6-well plates in culture medium
(4x10° cells/mL, 1 mL per well). Cells were divided into
five groups: (1) Control group (300 pg/mL BSA for 24 h),
(2) AGEs group (300 pg/mL AGEs-BSA for 24 h), (3)
AGEs+F1 group (25 nM FPS-ZM1 for 1 h, then 300 pg/
mL AGEs-BSA for 24 h), (4) AGEs+F2 group (50 nM
FPS-ZM1 for 1 h, then 300 pg/mL AGEs-BSA for 24 h),
(5) AGEs+F3 group (100 nM FPS-ZM1 for 1 h, then
300 pg/mL AGEs-BSA for 24 h). Cells were treated with or
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without AGEs-BSA (300 pg/mL) in the absence and pres-
ence of FPS-ZM1 (25, 50 or 100 nM) for 24 h. After treat-
ment, cells were collected for immunocytochemistry and
ELISA.

Cell Viability Assay

Cell viability was assessed by the MTT assay. Primary
microglia cells were plated in 96-well culture plates and
exposed to 0, 50, 100, 200, 300, 400 pg/mL BSA or AGEs-
BSA for 24 h. The culture medium was replaced by 0.5 mg/
mL MTT for another 4 h at 37 °C. The formazan crystals in
the cells were solubilized with 150 pL dimethyl sulfoxide

(DMSO). The absorbance was detected at 570 nm on a
Synergy HT Multi-Mode Microplate Reader (Bio-Teck,
USA). The absorbance of normal control group cells was
set to 100%, and other groups are expressed as the percent-
age of MTT reduction.

Immunocytochemistry

Antibody against CD11b was used for microglia staining.
Cells were fixed in 0.1 M phosphate-buffered saline (PBS
pH 7.4) with 4% paraformaldehyde for 30 min, washed
with PBS three times, and then incubated in 0.2% Triton
X-100 for 20 min. After three washes, cells were incubated
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Fig. 1 FPS-ZM1 inhibits AGEs-induced cytotoxicity and microglial
activation. Cells were treated with different concentrations of AGEs
for 24 h. BSA was used as the control. AGEs-induced cytotoxicity
was measured by MTT assay (a). Cells were treated with or with-
out AGEs-BSA (300 pg/mL) for 24 h in the absence or presence of
pretreatment with FPS-ZM1 (25, 50 or 100 nM, indicated as F1, F2,
F3 respectively) for 1 h. The control group received BSA treatment.
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Cell viability (b), immuohistochemical staining of CD11b (x400
magnification) (c¢), and RAGE expression (d, e) in primary cultured
microglia. The protein expression was analyzed by western blot-
ting and normalized to f-actin. ***P <0.001 versus control group.
##P <0.001 versus AGEs group. 24P <0.01, 222P<0.001 versus
AGEs +F2 group
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with 3% hydrogen peroxide and blocked with 5% BSA for
30 min. The cells were then incubated overnight at 4°C
with the anti-CD11b antibody (1:100). Rabbit anti-mouse
IgG was used as secondary antibody, followed by staining
with DAB and hematoxylin. Images were collected under a
light microscope at magnifications of x400.

ELISA

The level of inflammatory mediators tumor necrosis factor-
alpha (TNF-a), interleukin-1 beta (IL-1f), cyclooxygenase
2 (COX-2), prostaglandin E2 (PGE2) and nitric oxide (NO)
were quantified using specific ELISA kits for rats according
to the manufacturer’s instructions.
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Fig. 2 FPS-ZM1 alleviates AGEs-induced oxidative stress. Pri-
mary cultured microglia were treated with or without AGEs-BSA
(300 pg/mL) for 24 h in the absence or presence of pretreatment
with FPS-ZM1 at three concentrations (25, 50 and 100 nM) for 1 h.
ROS production (a), expression of NOX2, p67phox and p47phox
(b, ¢), MDA content (d), GSH content (e), and SOD activity (f).

Protein Measurement and Western Blotting

After treatment, cells were washed with ice-cold 0.1 M PBS
(pH 7.4) and lysed in the lysing buffer (500 mM Tris—HCl,
pH 7.4, 150 nM NaCl, 1 mM benzamiden, 5 mM EDTA,
1 pg/mL trypsin inhibitor) containing a protease inhibitor
cocktail (5 pL/mL) for 40 min at 4 °C. The lysate was cen-
trifuged at 12,000g for 30 min at 4 °C, and the supernatant
was collected. Membrane proteins were extracted using a
membrane protein extraction kit (BioVision, Mountain
View, CA, USA) for detecting the expression of NOX2,
p47phox, and p67phox. Protein extraction for Nrf2 and
NF-kB p65 was performed using a nuclear extraction kit
per the manufacturer’s instructions. Protein concentrations
were detected using a BCA kit. Equal amounts of protein
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The protein expression was analyzed by western blotting and nor-
malized to f-actin. All data are presented as mean+SEM from
three independent experiments. ***P <0.001 versus control group.
#p <0.01, ¥ P <0.001 versus AGEs group. 2P <0.05, 24P <0.01,
AAAP <0001 versus AGEs +F2 group
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(60 pg per lane) were separated on 10% SDS-PAGE gels
and then transferred to PVDF membranes. After incubation
with primary antibodies overnight at 4 °C, secondary anti-
bodies (1:5000) were incubated for 1 h at room tempera-
ture. The enhanced chemiluminescence reagents and an
image analyzer (Alpha Innotech, San Leandro, CA, USA)
were used for detecting protein bands.

Measurement of Intracellular ROS

The content of intracellular ROS was assessed by fluores-
cence with H,DCF-DA staining. Cells were stained with
10 pM H,DCF-DA at 37 °C for 30 min. Cells were isolated
and washed twice with PBS, and then analyzed by a FACS
Vantage flow cytometer. The blue laser with excitation
wave length of 488 nm and emission wavelength of 530 nm
was used to determine dichlorofluorescein fluorescence.
Fluorescent signal intensity was detected by CellQuest
software, and the level of ROS was determined using the
mean fluorescence intensity (MFT).

Measurement of Intracellular MDA, SOD, and GSH

The cells were washed by ice-cold 0.1 M PBS (pH 7.4)
and then lysed in PBS containing 5 pM EDTA, and 0.1%
SDS. After homogenization, the homogenate was centri-
fuged at 1000g for 30 min. The supernatant was used for
detection. Malondialdehyde (MDA) content was measured
by thiobarbituric acid reactive method. The inhibition of

Fig. 3 FPS-ZMI1 increases the
expression of Nrf-2 and HO-1
in AGEs-induced primary
cultured microglia. Cells were
treated with or without AGEs-
BSA (300 pg/mL) for 24 h

in the absence or presence of
pretreatment with FPS-ZM1
(25, 50 and 100 nM) for 1 h.
The protein expression was
normalized to f-actin or histone
H3. All data are presented as
mean +SEM from three inde-
pendent experiments. *P <0.05,
**P <0.01 versus control
group. *P<0.05, #P <0.01,
##p <0.001 versus AGEs
group. 2P <0.05, 24P <0.01
versus AGEs +F2 group
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nitro blue tetrazolium reduction represents superoxide dis-
mutase (SOD) activity. GSH content was determined with a
5,5'-dithiobis(2-nitrobenzoic acid) assay.

Statistical Analysis

All data are shown as mean + standard error of the mean
(SEM). Statistical analysis of the results was performed
using one-way ANOVA followed by a Tukey—Kramer test
for multiple comparisons. The acceptable statistical signifi-
cance was considered P <0.05. All statistical analyses were
performed using SPSS software, version 21.0 (SPSS, Chi-
cago, IL, USA).

Results

FPS-ZM1 Ameliorated AGEs-BSA-Induced Injury
of Primary Microglia Cells

Primary microglia cells were exposed to 0, 50, 100, 200,
300, 400 pg/mL BSA or AGEs-BSA for 24 h. BSA showed
almost no effect on cell viability, while 200400 pg/mL
AGEs-BSA decreased cell viability significantly. At a con-
centration of 300 pg/mL, cell viability showed a reduction
of about 50%, so treatment for 300 pg/mL AGEs-BSA was
used for cell damage model (Fig. 1a). Pretreatment with
FPS-ZM1 for 1 h showed that AGEs-BSA-induced cell
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damage was alleviated by FPS-ZM1 in a dose-dependent
manner (P <0.01) (Fig. 1b).

FPS-ZM1 Suppresses AGEs-Induced Glial Activation
and RAGE Expression in Primary Microglia Cultures

In order to further examine the effects of FPS-ZM1 on
AGEs-RAGE ligation, we investigated the effects of FPS-
ZM1 on AGEs-induced microglial activation and RAGE
expression. Primary microglia were treated with AGEs-
BSA (300 pg/mL) for 24 h with or without the pretreatment
of FPS-ZM1 for 1 h. Increased CD11b expression is a spe-
cific marker for microglial activation. As shown in Fig. lc,
in comparison with the control group, AGEs significantly
enhanced the expression of CD11b in microglia and FPS-
ZM1 significantly attenuated this elevation. AGEs inter-
vention resulted in significant increase in RAGE expression
(P<0.001), which was attenuated by FPS-ZM1 in a dose-
dependent manner (Fig. 1d, e). The above results indicated
that microglial activation and RAGE expression stimulated
by AGEs were significantly reduced by FPS-ZM1.

FPS-ZM1 Alleviates AGEs-Induced Intracellular ROS
Production and NOX Activation In Vitro

AGEs-BSA has been demonstrated to induce ROS genera-
tion via NOX in SH-SYSY cells and rat cortical neurons
[20]. NOX activation, especially NOX2 induced by micro-
glia, is an important pathological mechanism to induce
oxidative stress-related and neuroinflammation-related
neurodegeneration. We tested the activation of NOX2 and
its two cytosolic subunits, p47phox and p67phox, in pri-
mary microglia treated with AGEs. We found that AGEs
not only significantly promoted ROS production in primary
microglia compared with the control group (P<0.001)
(Fig. 2a), but also significantly increased NOX2, p67phox
and p47phox expression via Western blotting (P <0.001)
(Fig. 2b, c). The presence of FPS-ZM1 at concentrations of
25, 50 and 100 nM attenuated the effect of AGEs on ROS
production (P<0.01) and expression of NOX2, p47phox
and p67phox (P <0.05) (Fig. 2).

FPS-ZM1 Alleviates AGEs-Induced MDA, GSH
Content and SOD Activity In Vitro

The effects of FPS-ZM1 on AGEs-induced oxidative dam-
age was determined by MDA, GSH content and SOD
activity. More specifically, GSH content and SOD activity
represent antioxidant capacity. As shown in Fig. 2, AGEs
significantly increased MDA production (P <0.001), which
was attenuated by FPS-ZM1 (P <0.001) (Fig. 2d). Moreo-
ver, FPS-ZM1 reversed AGEs-induced attenuation of GSH
content and SOD activity (P <0.01) (Fig. 2e, 1).

FPS-ZM1 Elevates Antioxidative Nrf2 and HO-1
Production

To further investigate the antioxidant effects of FPS-
ZM1, we examined the protein levels of Nrf2 and HO-1
by Western blotting. Nrf2 is a pivotal regulator for pre-
venting oxidative stress by regulating Nrf2-related
antioxidants, including HO-1. In this study, AGEs sig-
nificantly increased the expression of Nrf2 and HO-1
(P <0.05), which was further increased following FPS-
ZMI1 treatment in a dose-dependent manner (Fig. 3).
These results suggested that AGEs stimulated the antioxi-
dant system, and FPS-ZM1 further increased antioxidant
levels through Nrf2 and HO-1, which could be the pro-
tective mechanism of FPS-ZM1.
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Fig.4 FPS-ZM1 decreases nuclear translocation of NF-kB p65
induced by AGEs in primary cultured microglia. Cells were treated
with or without AGEs-BSA (300 pg/mL) for 24 h in the absence or
presence of pretreatment with FPS-ZM1 (25, 50 and 100 nM) for 1 h.
The control group received BSA treatment. The protein expression
was normalized to f-actin or histone H3. All data are presented as
mean + SEM from three independent experiments. ***P <0.01 versus
control group. *P <0.05, #P <0.01, ¥ P <0.001 versus AGEs group.
AP <0.05 versus 24P <0.01, #44P <0.001 versus AGEs 4+ F2 group

@ Springer



2908

Neurochem Res (2017) 42:2902-2911

FPS-ZM1 Attenuates AGEs-Induced Activation
of NF-xB p65 and Inflammatory Markers in Primary
Microglia

By comparing proteins extracted from cytoplasm and the
nucleus, we found that AGEs treatment increased NF-kB
p65 nuclear translocation from cytoplasm (P <0.001)
(Fig. 4). However, this effect was markedly decreased by
FPS-ZM1 in a dose dependent manner (Fig. 4). NF-xB
p65 nuclear translocation usually results in upregulation
in transcription of genes coding for downstream proin-
flammatory cytokines. TNF-a, IL-1p, COX-2/PGE, and
iNOS/NO are pivotal biomarkers in inflammatory path-
ways, which can lead to neurodegeneration. AGEs treat-
ment significantly elevated expressions of TNF-a, IL-1f,
COX-2/PGE, and iNOS/NO in primary microglia com-
pared with the control group (P <0.001) (Fig. 5). Simi-
larly, the presence of FPS-ZM1 significantly attenuated
the upregulation of these pro-inflammatory biomarkers
induced by AGEs (P <0.05) (Fig. 5).

Fig. 5 FPS-ZM1 alleviates A
the expression of inflammatory
biomarkers induced by AGEs in
primary cultured microglia. a
Representative immunoblots for
iNOS in all the treated groups.
b Relative density analysis of
iNOS protein bands. Quantita-
tive ELISA analysis of TNF-a
(@), IL-1p (d), COX-2 (),
PGE?2 (e) and NO (c) levels

in primary microglia. Cells C
were treated with or without

AGEs-BSA (300 pg/mL) for

24 h in the absence or presence

of pretreatment with FPS-ZM1

(25, 50 and 100 nM) for 1 h.

The protein expressions by

western blotting were normal-
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Role of NOX, iNOS, Nrf2 and ROS in AGEs-Induced
Primary Microglia Oxidative and Inflammatory
Damage

Cells were pretreated with the NOX inhibitor apocynin
(API), iNOS inhibitor SMT, the activator of Nrf2 sul-
foraphane (SFP) or the ROS inhibitor NAC, respectively,
1 h prior to the addition of AGEs-BSA. API significantly
inhibited the content of ROS (P<0.001) (Fig. 6a). More-
over, pretreatment with SMT prior to AGEs attenuated
production of NO significantly (P <0.001) (Fig. 6e). Sul-
foraphane (SFP) significantly increased the activity of
SOD (P<0.001) (Fig. 6g) and HO-1 expression (P <0.01)
(Fig. 6b, f). NAC reduced AGEs-stimulated NF-kB trans-
location from cytoplasm to nucleus (P <0.05) (Fig. 6c, d).

Discussion
In the present study, we investigated the effects of FPS-

ZM1 on AGEs-induced activation of primary microglia
in vitro by measuring the levels of oxidative stress and
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proinflammatory markers. Our results demonstrated that
primary microglia were significantly activated by incuba-
tion with AGEs, with increased expression of RAGE, oxi-
dative stress levels and inflammation. FPS-ZM1 blocked
the above effects of AGEs.

Oxidative stress is involved in the progression of AD
[28]. Activation of microglia induces oxidative stress via
NOX2 activation, resulting in apoptosis of surrounding
neurons [29]. Microglia produce ROS through NOX, espe-
cially NOX2 [30]. NOX2 activation can be regulated by
its two cytoplasm subunits: p47phox and p67phox [30]. In
the present study, FPS-ZM1 inhibited the AGEs-induced
production of NOX2 and ROS, as well as cytosolic trans-
location of p47phox and p67phox to the membrane. Our
findings demonstrated that NOX was an effector protein of
RAGE during AGEs-induced ROS production in primary
microglia cultures, and FPS-ZM1 effectively attenuated
AGEs-induced RAGE dependent oxidative stress. Consist-
ent with our study, AGEs have been found to induce oxida-
tive stress of murine hepatic stellate cells, SH-SY5Y cells,
vascular endothelial cells, and rat cortical neurons by mod-
ulating the RAGE-NADPH oxidase pathway [20, 31, 32].
In order to determine the role of NOX in AGEs stimulated

primary microglia, we pretreated cells with a NOX inhibi-
tor prior to AGEs treatment. Our results showed that API
significantly inhibited the content of ROS, suggesting that
AGE:s interact with RAGE and subsequently induce NOX
activation to promote ROS production.

Nrf2 is a pivotal redox regulator that integrates with
antioxidant response elements (ARE) in promotor regions
of the antioxidant target genes, including HO-1 [33].
Nrf2 and HO-1 can protect cells from oxidative stress
[34]. Previous research has found that AGEs lead to Nrf2
mediated HO-1 induction in endothelial cells [35]. In the
present study, AGEs increased the production of Nrf2 and
HO-1 in primary microglia, indicating that AGEs could
activate the compensatory protective effects of Nrf2 and
HO-1. However, MDA content, which represents the
products of lipid peroxidation, increased. In addition,
GSH content and SOD activity, which are antioxidant
markers, decreased significantly in AGEs-stimulated
microglia. The presence of FPS-ZM1 decreased the oxi-
dative stress state by elevating the production of Nrf2 and
HO-1 while decreasing MDA content and elevating GSH
content and SOD activity. Our findings suggest that inhi-
bition of RAGE by FPS-ZMI1 decrease AGEs-induced
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microglia-mediated oxidative stress through elevating the
expression of Nrf2 and HO-1. Pretreatment with a Nrf2
activator prior to AGEs treatment significantly enhanced
SOD activity and protein expression of HO-1, indicat-
ing that Nrf2 was a pivotal upstream regulatory factor of
SOD and HO-1.

Microglial ~activation mediates the inflammatory
response in AD [36]. Stimulation of N-11 microglia by
AGEs activated the transcription factor NF-kB, result-
ing in transcription of genes coding downstream inflam-
matory markers such as IL-1, TNF-a and IL-6 [18, 19].
A previous report has shown that AGEs-induced COX-2
and iNOS overexpression induces the expression of PGE2
and NO in human osteoarthritic chondrocytes [37]. In the
hippocampus of an AD brain, increased amounts of these
inflammatory mediators have been detected in association
with plaques and tangles [38, 39]. Further, high levels of
iNOS and NO from activated microglia may result in neu-
rodegeneration [40]. Similarly, COX-2 and PGE, contrib-
ute to the initiation and progression of AD [41]. Thus, anti-
neuroinflammatory agents have been considered to play a
neuroprotective role in AD. A previous study has shown
that FPS-ZM1 substantially suppresses microglial activa-
tion and NF-kB-related expression of microglia-induced
proinflammatory cytokines, including TNF-a and IL-1f,
in the hippocampus and cortex of APP transgenic mice
[25]. Our results showed that AGEs augmented inflamma-
tory responses in primary microglia by inducing nuclear
translocation of NF-kB p65 and subsequently increasing
expression of TNF-a, IL-1p, COX-2/PGE2 and iNOS/NO
levels. FPS-ZM1 attenuated the expression of all these
inflammatory mediators. Our results demonstrated that
AGEs-induced RAGE dependent microglial activation and
inflammatory response were blocked by FPS-ZM1. Thus,
strategies such as blocking AGEs-RAGE ligation might
exert neuroprotective effects against microglia-induced
neuroinflammation. Other evidence showed that ROS could
directly activate NF-xB [42]. Adding ROS inhibitor prior
to AGEs treatment significantly inhibited nuclear transloca-
tion of NF-kB, indicating that ROS might induce an inflam-
matory release in AGEs-stimulated primary microglia.

In summary, our results suggest that FPS-ZMI, a
new RAGE inhibitor, apart from downregulating RAGE
expression, can also protect primary microglia from
AGEs-induced RAGE/NF-kB-related oxidative stress and
inflammatory cell injury by blocking the AGEs-RAGE
interaction. Such a multifunctional agent may be a promis-
ing therapeutic approach for the treatment of AD. Further
investigation should be conducted to explore the therapeu-
tic effect of FPS-ZM1 on AGE:s in vivo in AD mice.
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