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Rosiglitazone protects neuroblastoma cells against
advanced glycation end products-induced injury
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Aim: To investigate the protective effects of rosiglitazone (RGZ) against the neuronal toxicity induced by advanced glycation end
products (AGEs) and the underlying mechanisms.

Methods: Neuroblastoma cell line SH-SY5Y was used. Cell viability and apoptosis were assessed using MTT assay and flow cytometry,
respectively. Superoxide dismutase (SOD) and catalase activities were measured using biochemical methods. Intracellular reactive
oxygen species (ROS) were monitored using 2’,7’-dichlorodihydro-fluorescein diacetate (DCFH-DA). Secreted B-amyloid;_,, (AB1-40) level
was assessed by ELISA. The expression of mRNA of Bcl2, Bax, Caspase3, AP precursor protein (APP), B-site APP-cleaving enzyme 1
(BACE1), and insulin degrading enzyme (IDE) were measured using quantitative real-time PCR (Q-PCR), and their protein levels were
examined using Western blot.

Results: RGZ (0.1-10 umol/L) significantly increased the cell viability that was reduced by AGEs (1000 pg/mL). RGZ (10 ymol/L) sig-
nificantly ameliorated AGEs-triggered downregulation of SOD and catalase, and production of ROS. It also reversed Bcl2 downregula-
tion, Bax upregulation and Caspase3 expression caused by AGEs. Moreover, it significantly attenuated AGEs-induced AP secretion and
APP protein upregulation. RGZ did not affect BACE1 expression, but induced IDE expression, which promoted degradation of AB. All the
effects were blocked by the specific PPARy antagonist GW9662 (10 umol/L).

Conclusion: RGZ protects the euroblastoma cells against AGEs-induced injury via its anti-oxidative, anti-apoptotic and anti-inflammatory
properties that seems to be mediated by PPARYy activation. The results suggest a beneficial role for RGZ in the treatment of Alzheimer’s

disease.
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Introduction
Although the pathogenesis of sporadic Alzheimer’s disease
(AD) is not clearly understood, it is likely dependent on sev-

eral age-related factors"

. Diabetes is one of the most impor-
tant risk factors for AD, and the multiple mechanisms connect-
ing the two diseases have been proposed™. The pathological
complications of diabetes affect several organ systems includ-
ing the brain®, which undergoes changes that could increase
the risk of cognitive disorders including ADP. However,
details of the association between diabetes and dementia have
not yet been fully elucidated. Hyperglycemia is accompanied
by accelerated formation of advanced glycation end-products
(AGEs), which have been associated with increased amyloid
deposition and neurofibrillary tau tangle formation™. More-
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over, AGEs have been demonstrated to cause oxidative stress
and inflammatory responses as well as cytotoxicity in neu-
ronal cells®'”. An emerging body of evidence also suggests
that AGEs decrease mitochondrial activity and lead to energy
depletion™" ",

The central pathological event in AD is the progressive
accumulation of amyloid-p (Ap) in the brain. Ap derives
from sequential cleavage of the B-amyloid precursor protein
(APP) by - and y-secretase. [-secretase (B-site APP-cleaving
enzyme 1, BACE1) cleaves the ectodomain of APP, produc-
ing an APP C-terminal fragment. This fragment is further
cleaved within the transmembrane domain by y-secretase,
resulting in the release of a family of AP peptides with differ-
ent C-terminal variants, predominantly AR, and AR, In
addition, the level of AP is determined by the balance between
14 AB is degraded by endopepti-
dases, among which insulin-degrading enzyme (IDE) is pre-

its generation and turnover

dominant. IDE mediates much of the degradation of soluble
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monomeric A,

Peroxisome proliferator-activated receptors (PPARs) are
a family of three related nuclear receptors (a, y, and &) that
act as transcription factors in the regulation of genes respon-
sible for lipid and energy metabolism. PPARYy is of particular
importance for lipid and carbohydrate metabolism, and par-
ticipates in the regulation of serum glucose levels and insulin

[14]

sensitivity Two thiazolidinedione agonists of PPARY,

pioglitazone and rosiglitazone (RGZ), are widely prescribed

04 There is now

for the treatment of type 2 diabetes mellitus
an extensive body of evidence that has demonstrated the effi-
cacy of these agonists in reducing neuronal cell loss in in vitro
models of neurotoxicity, in vivo models of cerebral ischemia-
reperfusion injury, Parkinson’s disease, and amyotrophic
lateral sclerosis!>>!

trials of RGZ have shown significant improvement in memory

. In particular, recent animal and clinical

and cognition in animal models of AD, and AD patients,
respectively®!
therapeutic research target for the treatment of AD. How-

. Thus, PPARY represents an important new

ever, the mechanisms mediating this potential beneficial effect
remain to be fully elucidated.

AGEs may contribute to the etiology of many disease
processes, including AD"™, by accumulating on B-amyloid
plaques and exerting chronic oxidative stress via receptor-
mediated mechanisms. Accordingly, in this study AGEs were
used to induce neuronal toxicity in SH-SY5Y neuroblastoma
cells in vitro to investigate the protective effects of RGZ. The
antioxidative and anti-apoptotic properties of RGZ were
also evaluated. The investigation therefore provides further
insights into the mechanisms whereby RGZ exerts a beneficial
effect in AD.

Materials and methods

Chemicals

Fetal bovine serum (FBS), Dulbecco’s modified Eagle’s
medium (DMEM), trypsin-ethylenediaminetetracetic acid
(EDTA), and antibiotics for cell culture were from Gibco/BRL
Life Technologies (Grand Island, NY, USA). RGZ maleate
tablets were purchased from SmithKline Beecham Pharmaceu-
ticals (West Sussex, UK). GW9662, an inhibitor of PPARYy, was
purchased from Cayman Chemical (Ann Arbor, MI, USA). All
other chemicals and reagents, unless otherwise noted, were
obtained from Sigma Chemical (St Louis, MO, USA).

Preparation of AGE-BSA

AGE-bovine serum albumin (BSA) was prepared by incubat-
ing 20 g/L BSA with 0.5 mol/L glucose at 37 °C for 3 months
under sterile conditions, as described previously"*®.
non-glycated BSA was incubated under the same conditions

Control

except for the absence of glucose. At the end of the incubation
period, preparations were dialyzed against phosphate buff-
ered saline (PBS) for 48 h while stirring to remove unincorpo-
rated glucose. The protein concentration was determined by
Lowry assay. AGEs protein-specific fluorescence determina-
tions were performed by measuring emission at 440 nm and
excitation at 370 nm using a fluorescence spectrophotometer
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(F-3000, Hitachi, Japan).

Cell culture

The neuroblastoma cell line SH-SY5Y was grown in DMEM
and Ham’s F12 nutrient mixture (DMEM/F12; 1:1) routinely
supplemented with 10% FBS, 100 units/mL penicillin, and
100 pg/mL streptomycin, and incubated at 37 °C in a humidi-
fied atmosphere of 5% CO,. All experiments were carried out
24-36 h after cells were seeded. During AGEs studies, the
growth medium was treated with 1000 pg/mL AGE-BSA or
non-glycated BSA in the presence or absence of 10 pmol/L
RGZ or 10 umol/L of the PPARy antagonist GW9662 for 24 h.

Cell viability assay

Methylthiazoletetrazolium (MTT) was dissolved in PBS at a
concentration of 5 mg/mL. After 48 h incubation, 25 pL of the
MTT solution was added to each well of 96-well plates and
incubated for 4 h at 37 °C in a humidified atmosphere of 5%
CO,. At the end of the incubation period, the medium were
discarded using a suction pump. The extraction buffer of 20%
w/v sodium dodecyl sulfate (SDS) in 50% of N,N-dimethylfor-
mamide in demineralized water (50:50, v/v) was prepared at
pH 4.7. The absorbance was determined at 570 nm. The Asy,
was taken as an index of cell viability and the activity of mito-
chondria. The net absorbance from the plates of cells cultured
with the control medium (not treated) was considered as 100%
cell viability and mitochondrial activity.

Measurement of the activity of superoxide dismutase (SOD) and
catalase (CAT)

The SH-SY5Y cells were washed twice with PBS and lysed
in 200 pL of lysis buffer. The supernatants were obtained by
centrifugation at 14000xg at 4 °C for 10 min, and antioxidant
enzyme activity assays were performed on the resulting super-
natants. The protein content was determined by Lowry’s
method. The superoxide dismutase (SOD) activity was deter-
mined by mixing the reaction mixture with the samples. After
adding one unit of SOD and 0.005 unit xanthine oxidase, the
absorbance was read at 550 nm for 5 min. The SOD activity
was calculated as:

absorbance/min _ absorbance/min
... o  uninhibited inhibited
Inhibition (%)= absorbance/min  absorbance/min x100
uninhibited  ~ blank

Catalase activity was determined by adding 995 uL of 30
mmol/L H,O, to 5 pL of cell lysate. The disappearance of
H,0O, was monitored at 240 nm. The catalase activity was cal-
culated as:

absorbance-control
436 M'em™

Concentration= xpath length (1 cm)

Measurement of intracellular reactive oxygen species (ROS)
Intracellular reactive oxygen species (ROS) were monitored by
using the fluorescent probe 2’,7’-dichlorodihydrofluorescein
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diacetate (DCFH-DA). Intracellular H,O,, or low molecular
weight peroxides, oxidize DCFH-DA to the highly fluorescent
compound dichlorofluorescein (DCF). SH-SY5Y cells were
seeded in 96-well plates and were incubated with increas-
ing concentrations of AGEs and/or RGZ for 24 h. Cells were
incubated with 10 pmol/L DCFH-DA at 37 °C for 30 min, then
washed twice with PBS, and finally the fluorescence intensity
of DCF was measured in a microplate-reader at excitation
wavelength 485 nm and emission wavelength 538 nm.

Apoptosis assay

Apoptosis was measured according to the manufacturer’s
instructions (Bioscience Research Reagents, Temecula, CA,
USA). Briefly, SH-SY5Y cells were collected by trypsin-EDTA,
washed with PBS, resuspended in 100 pL of binding buffer
and stained with 3 pL of fluorescein isothiocyanate-labeled
Annexin-V and 2 pL of propidium iodide (PI). After 15 min
of incubation, the cells were immediately analyzed by flow
cytometry.

Quantitative real time polymerase chain reaction (Q-PCR)

The total RNA was extracted from the cells and converted to
c¢DNA, according to the manufacturer’s instructions. The total
RNA (3 pg) was converted to cDNA by reverse transcriptase
using a SuperScript™ II Reverse Transcriptase kit. Q-PCR
of the cDNA samples was performed with an iCycler iQ™
Real-Time Detection System. Primer Sequences for quantita-
tive PCR are indicated in Table 1. Five microliters of cDNA
template was amplified in a mixture of 12.5 uL of iQ SYBR
Green Supermix, primer, and sterile water in a final volume of
25 pL. For all experiments, the negative controls used water
instead of cDNA for the PCR reaction. The data were normal-
ized by subtracting the difference of the threshold cycle values
between the target gene of interest and the -actin housekeep-
ing gene.

Table 1. Primer sequences and PCR reaction condition used in this study.

Western blot

After treatments, the cells were collected and homogenized in
lysis buffer containing a mixture of protease inhibitors. Cell
extracts, prepared by centrifugation at 16000xg, were resolved
by SDS-PAGE. Proteins were then transferred onto a nitrocel-
lulose membrane, and blotted with the appropriate primary
antibodies: polyclonal rabbit anti-Bcl2 (Santa Cruz), polyclonal
rabbit anti-cleaved Caspase3 (Cell Signaling, Beverly, MA,
USA), polyclonal rabbit anti-Bax (Santa Cruz), monoclonal
mouse anti-BACE1 (Chemicon), polyclonal rabbit anti-APP
(Zymed, San Francisco, CA, USA), polyclonal goat anti-IDE
(Santa Cruz), polyclonal mouse anti-p-actin (Santa Cruz).
Anti-mouse and anti-rabbit as well as anti-goat secondary
antibodies were coupled to horseradish peroxidase (Santa
Cruz). The detection was performed by using an ECL Plus kit
(Amersham Biosciences, Milan, Italy). Relative expressions
of proteins were quantified by densitometric scanning of the
X-ray films with a GS 700 Imaging Densitometer (Bio-Rad)
and a computer program. P-actin was used for standardiza-
tion of the samples.

AP detection

AP, were detected using a human B-amyloid, 4 ELISA kit
(BioSource) and conditioned medium. The kit protocol was
followed to prepare samples. Briefly, the plate was washed
four times with wash buffer. The standard peptide was resus-
pended and serial dilutions were prepared. Dilutions of the
samples to be tested were also prepared. Standards or sam-
ples (100 pL) were added to the appropriate wells of the pre-
coated microtiter plate and incubated for 2 h at room tempera-
ture. They were washed four times with wash buffer. The
diluted detection antibody (rabbit polyclonal A, s, 100 uL)
was placed into the wells and incubated for 2 h at room tem-
perature. The samples were then washed four times with
wash buffer. One hundred microliters of the HRP-conjugated

Gene name Gene Bank ID PCR primers (5'-3") Tm (°C) Length of
PCR product

APP NM_001136016 Forward: GAGACACCTGGGGATGAGAATG 60 122 bp
Reverse: GCTTGACGTTCTGCCTCTTCC

BACE1 NM_012104 Forward: TACCAACCAGTCCTTCCGC 60 116 bp
Reverse: CCGTGGATGACTGTGAGATG

Bax NM_004324 Forward: AGTGTCTCAAGCGCATCGG 60 141 bp
Reverse: CCCAGTTGAAGTTGCCGTC

Bcl2 NM_000633 Forward: ATGTGTGTGGAGAGCGTCAAC 60 135 bp
Reverse: CAGTTCCACAAAGGCATCCC

Caspase3 NM_032991 Forward: AGAACTGGACTGTGGCATTG 60 164 bp
Reverse: CACAAAGCGACTGGATGAAC

IDE NM_004969 Forward: GCCGAAGCCTTGTCTCAACT 60 79 bp
Reverse: CAAATAGGCCATGTTACAGTGCAA

B-actin NM_001101 Forward: CCCAGCACAATGAAGATCAAGATCAT 60 101 bp

Reverse: ATCTGCTGGAAGGTGGACAGCGA
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anti-rabbit antibody was added to the wells and incubated for
2 h at room temperature. The wells were washed four times
with wash buffer and then 100 pL of chromogen solution was
added to each well. The wells were incubated for 30 min at
room temperature, protected from light, and then 100 pL of
stop solution was added to each well. Optical density was
measured at 450 nm. The results were calculated from a stan-
dard curve. The data represent the means from experiments
done in triplicate.

Statistical analysis

The statistical significance of the differences was determined
using one-way ANOVA followed by the Scheffe F test. Dif-
ferences in which the probability (P)-value<0.05 were con-
sidered statistically significant. All graphs represent the
meantstandard deviation (SD) for three separate experiments.

Results

RGZ ameliorates AGEs-induced neuronal insult

To determine the cytotoxic effects of AGEs at various concen-
trations for 24 h in SH-SY5Y cells, MTT assays were performed
to assess cell viability. As shown in Figure 1A, AGEs treatment
at a range of 100-2000 pg/mL resulted in a reduction of cell
viability from up to 14% to 25% in a concentration-dependent
manner. Therefore, AGEs at 1000 pg/mL was used to induce
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neuronal insults in the following experiments. In order to
investigate the protective effect of RGZ, SH-SY5Y cells were
treated with 1000 pg/mL AGEs and RGZ with or without the
PPAR-y inhibitor GW9662, for 24 h. As shown in Figure 1B,
RGZ significantly attenuated the decrease in AGEs-induced
neuronal viability in a concentration-dependent manner. In
contrast, GW9662 treatment reversed the protective effect of
RGZ on AGEs-induced neuronal insult (Figure 1D), whereas
GW9662 alone did not affect the cell viability (Figure 1C).
These results suggest that RGZ protecting from AGEs-induced
neurotoxicity in SH-SY5Y cells is associated with PPARY.

RGZ inhibits oxidative stress induced by AGEs in SH-SY5Y cells

To determine the effects of RGZ on oxidative stress induced by
AGEs in SH-SY5Y cells, ROS production and the activities of
antioxidant enzymes were measured. As expected, RGZ sig-
nificantly attenuated AGEs-induced ROS production (Figure
2A), and the reduction of the activities of SOD as well as cata-
lase (Figure 2B and 2C, respectively). Similarly, the PPARy
antagonist GW9662 eliminated the upregulatory effects of
RGZ on the activities of SOD and catalase in this process. But
reduction of ROS induced by RGZ was not blocked by PPARy
antagonist GW9662. These results indicate that the cytotoxic
effect of AGEs on SH-SY5Y cells may be mediated by oxidative
stress, while RGZ ameliorated AGEs-induced downregulation
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Figure 1. Effects of RGZ on the cell viability of SH-SY5Y cells treated with AGEs. (A) Cytotoxicity of AGEs in SH-SYBY cells. SH-SY5Y cells grown to
confluence were incubated with AGEs or a non-glycated control at concentration of O, 100, 250, 500, 1000, and 2000 pg/mL. After incubation for 24 h,
cell viability was quantified by MTT assay. Note that AGEs decreased cell viability in a concentration-dependent manner. (B) RGZ ameliorated AGEs-
induced neuronal insult in SH-SY5Y cells. SH-SY5Y cells were treated with 1000 pg/mL AGEs in the absence or presence of 0.1, 1.0, 10 ymol/L RGZ for
24 h. (C) GW9662 did not affect cell viability of SH-SY5Y cells. SH-SY5Y cells were treated with O, 5, 10, or 20 pmol/L GW9662 alone for 24 h. (D) RGZ
ameliorated AGEs-induced neuronal insult in SH-SY5Y cells was eliminated by GW9662, an antagonist for PPARy. SH-SY5Y cells were treated with 2000
ug/mL AGEs and 10 pymol/L RGZ with or without GW9662 for 24 h. Data are shown as mean+SD (n=3 independent experiments). °P<0.01 compared
with the control group. "P<0.01 compared with AGEs-treated group. 'P<0.01 compared with AGEs+RGZ-treated group.
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Figure 2. Effects of RGZ on the activities of SOD and catalase as well as the production of ROS in AGEs-treated SH-SY5Y cells. SOD and CAT activity as
well as ROS levels were determined in SH-SY5Y cells after incubation with AGEs (1000 pg/mL) for 24 h with or without 10 ymol/L RGZ and 10 ymol/L
GW9662. (A) ROS production. (B) SOD activity. (C) Catalase activity. Data are shown as meanSD (n=3 independent experiments). °P<0.01 compared
with the control group. P<0.01 compared with AGEs-treated group. 'P<0.01 compared with AGEs+RGZ-treated group.

of SOD and CAT activities in a PPARy-dependent manner.

RGZ prevents cell apoptosis induced by AGEs in SH-SY5Y cells
Cell apoptosis was evaluated by Annexin V and propidium
iodide (PI) double-staining. As shown in Figure 3, treatment
with AGEs for 24 h (Figure 3B) resulted in a 10% increase in
apoptosis of SH-SY5Y cells when compared to controls (Figure
3A), 11.48% vs 1.36% apoptotic cells. In contrast, RGZ treat-
ment (Figure 3C) attenuated cell apoptosis up to 4% when
compared to AGEs treatment alone (Figure 3B). The anti-
apoptotic effect of RGZ was blocked by GW9662 (Figure 3D),
indicating the involvement of PPARY in this process.

Effects of RGZ on Bcl2 and Bax as well as Caspase3 expression
in AGEs-treated SH-SY5Y cells
The apoptosis-relevant molecules Bcl2 and Bax, as well as Cas-

10*

104

103 -

102+

PI

1014
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Figure 3. Effects of RGZ on AGEs-induced apoptosis in SH-SY5Y cells.
SH-SY5Y cells were incubated with AGEs (1000 pg/mL) for 24 h with or
without 10 pymol/L RGZ and 10 pymol/L GW9662. (A) The non-glycated
control for 24 h. (B) The glyco-AGE (AGEs) 1000 pg/mL for 24 h. (C) AGEs
(1000 pg/mL) with RGZ (10 pmol/L) for 24 h. (D) AGEs (1000 pg/mL)
and RGZ (10 pymol/L) as well as GW9662 (10 pymol/L) for 24 h. Annexin
fluorescence intensity was determined by flow cytometric analysis (FACS).

pase3, were determined by Q-PCR and Western blot, respec-
tively. As shown in Figure 4, exposure to AGEs resulted in
an upregulation of pro-apoptotic Bax (Figure 4B and 4E) and
a downregulation of anti-apoptotic Bcl2 (Figure 4A and 4D)
both in mRNA and protein levels as well as activation of Cas-
pase3 (Figure 4C and 4F). RGZ treatment markedly reversed
the effect of AGEs on these molecules. Similarly, PPARy
antagonist GW9662 eliminated the anti-apoptotic effects of
RGZ in AGEs-treated SH-SY5Y cells. These observations sug-
gest that RGZ could suppress the AGEs-induced apoptosis via
PPAR-y activation.

Effects of RGZ on AB,_,, secretion and APP expression as well as
BACE1 activity in AGEs-treated SH-SY5Y cells

To evaluate whether the effect of RGZ on AGEs-induced
neuronal insults is related to APP processing, the mRNA
and protein levels of APP and BACEL, as well as APy, were
determined. It showed that exposure to AGEs significantly
increased the mRNA and protein levels of APP (Figure 5A
and 5C) and BACE1 (Figure 5B and 5D), as well as AB;.s
(Figure 6A). However, RGZ treatment only attenuated AGEs-
induced upregulation of APP proteins (Figure 5C), and not
APP mRNA levels (Figure 5A). There were no changes in
mRNA and protein levels of BACELI after treatment with RGZ
when compared to AGEs treatment alone (Figure 5B and 5D).
In addition, RGZ treatment resulted in a notable reduction of
APP protein and AP;_, in SH-SY5Y cells (Figure 5C and 6A).
This effect was abrogated by the PPARy antagonist GW9662
(Figure 5C and 6A), suggesting a role for PPARy in the ame-
lioration of AGEs-induced APP protein regulation and A{;_4»
secretion by RGZ.

Effects of RGZ on IDE expression in AGEs-treated SH-SY5Y cells

To confirm the assumption that the attenuation of AP secre-
tion by the PPARy agonist RGZ is mediated by IDE, the
mRNA and protein levels of IDE were also determined in SH-
SY5Y cells following exposure to RGZ. As shown in Figure
6B and 6C, there were no significant changes in either mRNA
or protein levels of IDE in SH-SY5Y cells treated with AGEs
alone. However, RGZ treatment resulted in an upregulation
of IDE indicated by an increase in its mRNA and protein levels
(Figure 6B and 6C). In contrast, PPARy antagonist GW9662
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Figure 4. Effects of RGZ on Bcl2 and Bax as well as Caspase3 expression in AGEs-treated SH-SY5Y cells. SH-SY5Y cells were treated with 1000 ug/mL
AGEs for 24 h, with or without incubation of 10 ymol/L RGZ and 10 ymol/L GW9662. (A) The mRNA of Bcl2. (B) The mRNA of Bax. (C) The mRNA of
activated Caspase3. (D) The protein expression of Bcl2. (E) The protein expression of Bax. (F) The protein expression of activated Caspase3. Data
are shown as mean+SD (n=3 independent experiments). °P<0.05, °P<0.01 compared with the control group. °P<0.05, P<0.01 compared with AGEs-
treated group. "P<0.05, 'P<0.01 compared with AGEs+RGZ-treated group.
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Figure 5. Effects of RGZ on the expression of APP
and BACE1 in AGEs-treated SH-SY5Y cells. SH-SY5Y
cells were treated with 1000 pg/mL AGEs for 24 h,
with or without incubation of 10 umol/L RGZ and 10
umol/L GW9662. (A) The mRNA expression of APP.
(B) The mRNA expression of BACE1. (C) The protein
expression of APP. (D) The protein expression
of BACE1. Data are shown as mean*SD (n=3
independent experiments). °"P<0.05 compared with
the control group. °P<0.05 compared with AGEs-
treated group. "P<0.05 compared with AGEs+RGZ-
treated group.

significantly eliminated the effect of RGZ on the mRNA and
protein levels of IDE (Figure 6B and 6C). These results indi-
cate that PPARYy is involved in the regulation of IDE expres-
sion by RGZ in AGEs-induced SH-SY5Y cells.

Discussion

Accumulating evidence indicates that AGEs formation and
oxidative stress are important pathways leading to neuronal
cell death in AD™ ™. The production of AGEs has not been
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established in vitro. However, a recent study showed that
extensively-modified, non-physiological AGEs formed under
in vitro conditions may exert the same biological effects as
AGEs-rich serum obtained from diabetic patients”". There-
fore, AGE-BSA was used in this study.

PPARy agonists have been proposed as an alternative for
the treatment of AD because of their anti-inflammatory and
anti-oxidative effect®. In this study, we investigated the
protective effect of the PPARy agonist RGZ on AGEs-induced
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Figure 6. Effects of RGZ on the secretion of AB,_4, and mMRNA as well as protein levels of IDE in AGEs-treated SH-SY5Y cells. SH-SY5Y cells were treated
with 1000 pg/mL AGEs for 24 h, with or without incubation of 10 pmol/L RGZ and 10 pmol/L GW9662. (A) The level of AB;_,, was measured by ELISA. (B)
The mRNA expression of IDE. (C) The protein expression of IDE. Bars show the mean+SD (n=3 independent experiments). °P<0.05, °P<0.01 compared
with the control group. °P<0.05, 'P<0.01 compared with AGEs-treated group. "P<0.05, 'P<0.01 compared with AGEs- and RGZ-treated group.

injury in human neuroblastoma SH-SY5Y cells. SH-SY5Y
cells were chosen for their expression of PPARYy, and thus are
a valuable cell model to study PPARy-mediated effects on
neuronal cells™. A novel finding of this study is that RGZ at
relatively low concentrations protects against AGEs-induced
cytotoxicity in SH-SY5Y cells through anti-oxidation and anti-
apoptosis effects, as well as reducing AP production.

The antioxidant activity of RGZ may contribute to its neuro-
protective action™!. In the present study, RGZ protected
neuronal cells from AGEs-induced injury via its antioxidant
activity. Treatment with RGZ at a concentration of 10 umol/L
was capable of reducing AGEs-induced oxidative stress by
upregulating the antioxidant enzyme activities of SOD and
catalase (Figure 2B and 2C). SOD and CAT promoters contain
the PPAR response element™. Thus the PPARy agonist RGZ
may potentially regulate the expression of SOD and CAT. The
increase in anti-oxidative capacity by RGZ may contribute to
its protection of SH-SY5Y cells against ROS caused by AGEs.

There is now a body of evidence that has demonstrated the
efficacy of PPARy agonists in protecting neuronal cells from
apoptosis® ¥, However, how RGZ protects against AGEs-
induced apoptosis in neuronal cells is poorly understood. The
present study demonstrated that AGEs caused a significant
suppression of Bcl2 expression levels which were restored by
treatment with RGZ (Figure 4A and 4D). Restoration of Bcl2
expression was abrogated by the PPARy pharmacological
specific inhibitor GW9662, indicating that the anti-apoptotic
effect of RGZ is dependent on PPARy. In addition, the pres-
ent results indicate that RGZ prevents the increase of Bax and
Caspase3 in AGEs-induced SH-SY5Y cells (Figure 4B, 4C, 4E,
and 4F), which effects were also blocked by PPARy antagonist
GW9662. Therefore, these findings, taken together, support
the notion that RGZ-mediated cytoprotection is due to its
inhibition of the oxidative stress and mitochondrial apoptotic
pathway in a PPARy-dependent manner.

PPARYy involvement in ameliorating AD-related pathology
has been the focus of studies that have been directed at dis-
secting the mechanisms through which PPARy regulates AP
metabolism™*". Sastre and colleagues®™ reported that PPARy
agonists modulate the processing of APP through regulation

of B-secretase, whereas Camacho and co-workers®! demon-
strated that PPARy did not affect expression or activity of any
of the secretases involved in the generation of AP, but instead
induces a fast, cell-bound clearing mechanism responsible
for the removal of the AP peptide from the medium. In the
present study, RGZ treatment resulted in a dramatic reduc-
tion of AP secretion, which was accompanied by a reduction
of APP at a post-transcriptional level (Figure 5A, 5C, and 6A).
Moreover, RGZ did not affect either mRNA or protein levels
of BACEL in this process (Figure 5B and 5D), indicating that
RGZ decreases A secretion by promoting its degradation.
IDE is a protease that has been demonstrated to play a key
role in AR degradation®. However, little is known about the
cellular regulation of IDE in this process. The present study
demonstrates that the PPARy agonist RGZ regulates the tran-
scription and translation of IDE in neuronal cells (Figure 6B
and 6C). Given that RGZ does not affect the expression of
BACEI involved in the generation of AP, this indicates that
RGZ may regulate APB degradation rather than generation in
neuronal cells.

In summary, RGZ protects SH-SY5Y cells against AGEs-
induced cytotoxicity. Its anti-oxidative and anti-apoptotic as
well as anti-inflammatory properties, such as reducing Ap
secretion and enhancing A degradation, render this effec-
tive molecule potentially protective against AGEs-induced
cytotoxicity. This report may offer a useful strategy for the
treatment of progressive neurodegenerative diseases such as
AD.
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