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ABSTRACT

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative
disease and nowadays the role of endothelial cell (EC) injury has been
proposed in pathological process in AD. Peroxisome proliferator-activated
receptor-y (PPAR-Y) agonist has anti-inflammatory properties through
activation in glial cells and improves vascular function and prevent
atherosclerotic disease progression. The aim of this study is evaluation of
pioglitazone effects as a drug of PPAR-Y agonist on endothelial apoptosis
induced by sera from AD patients.

Methods: Human umbilical vein endothelial cells (HUVECs) were
treated with sera from AD patients (# = 10) and sera from controls
(n = 10). Apoptosis was identified by annexin V-propidium iodide
staining and cell death detection kit. Apoptosis was evaluated after and
before adding of 10 uM pioglitazone on EC. Nitrite (NO,) levels were
determined in the culture supernatants.

Results: Induced apoptosis by the serum of patients was inhibited
markedly when pioglitazone used before treating HUVECs with the sera of
AD. Also, the measurement of nitrite concentration showed significantly
greater levels of dissolved NOZ/ NO, metabolite in the culture media of
HUVEC: treated by sera of AD patients (P < 0.05), while the rate of nitric

oxide significantly decreased when pioglitazone exists in culture media.

Conclusion: Further studies are justified to investigate the novel role
of the PPARs in the prevention of the neuronal and endothelial damage
in neurological disorder and present a new therapeutic approach for

Alzheimer's patients.

Keywords: Alzheimer's disease, apoptosis, endothelial cell

INTRODUCTION

Alzheimer’s disease (AD) is a vascular disorder and
neurodegenerative disease in the elderly.!!! Hypertension,
diabetes, hypercholesterolemia, hyperhomocysteinemia, the
apolipoprotein-4 genotype, and endothelial cell (EC) and
microvascular injury are also important risk factors for AD.?
Collaboration of endothelial dysfunction has been indicated in
many acute and chronic neuroinflammatory diseases.?®! Apoptosis
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could be induced by many stimuli iz vitro endothelial
cells, suggesting that endothelial apoptosis is one
of the important mechanism in CNS (central
nervous system) vascular injury and proceeding
inflammation.™

Peroxisome proliferator-activated receptor-y
(PPAR-y) is a ligand-activated nuclear transcription
factor® that is mainly expressed in endothelial
cell, the immune system,'® and also neuronal
cultures.!” It is a target of the class of drugs known
as thiazolidinediones (TZDs) and commonly used
to treat type II diabetes,!® due to inhibitory action
on microglial activation and neuronal damage.

Recently, TZDs have received a great interest as
potential therapeutic drugs for neurodegenerative
diseases, traumatic injuries, and demyelinating
diseases.”’ It has been presented that TZDs can
attenuate neurodegeneration of experimental
autoimmune encephalomyelitis (EAE).['Y) PPAR-g
agonists have anti-inflammatory properties through
activation in glial cells,!!'"¥ also improve vascular
function, and prevent atherosclerotic disease
progression. !

On the contrary, induction of apoptosis was
observed when sera from AD was exposed to
endothelial cells suggesting that EC cultures
representanimportantmodel tostudyinflammatory
mediators and to evaluate the therapeutic effect of
anti- inflammatory molecules in AD and other
neurodegenerative disorders.!!415

In the current study, we aimed to investigate
whether pioglitazone as a drug of TZDs class
could prevent endothelial apoptosis which induced
by sera from AD patients.

METHODS

The study was performed in Departments of
Physiology, Applied Physiology Research Center,
and Neurology Outpatient Department of Al-Zahra
Hospital, Isfahan University of Medical Sciences,
between July 2010 and June 2011. A complete
explanation of the study was given to each patient;
written informed consent was received from all
patients. The study protocol was reviewed and
approved by the ethics in Research Committee,
Isfahan University of Medical Sciences.

Patients and sample collection
Ten patients with AD and 10 healthy controls
age- and sex-matched healthy subjects were eligible

to participate in the study. Diagnosis of AD was
based on the criteria of the National Institute
of Neurological and Communicative Disorders
and Stroke and AD and Related Disorders
Association.!"®l Patients with a history of drug abuse,
chronic systemic diseases, such as diabetes mellitus,
hypertension, coronary heart disease, cigarette
smoking, alcohol abuse, or acute illness, severe head
injury, or seizure disorders, and who were treated
with electroconvulsive therapy, major depression,
cerebrovascular disease, intoxication and metabolic
abnormalities and finally dementia that caused
by other diseases than AD were ineligible for this
study. Peripheral venous blood from 10 ADs and
10 healthy controls was sampled into serum tubes.
To minimize the source of platelets, serum was
centrifuged within 30 min after sampling and stored
at —80°C until further analysis.

Cell culture

Human umbilical vein endothelial
cells (HUVECs) (National Cell Bank of Iran
affiliated with the Pasteur Institute, Tehran,
Iran) were cultured in endothelial basal medium
supplemented with, gentamicin, amphotericin B,
and 10% fetal calf serum until the third passage
before experiments was performed.

For evaluation effects of pioglitazone on
HUVECs treated with sera of AD, we arranged
different groups; in the first group, HUVECs
were only treated by sera from AD for 24 h,
in the second group HUVECs were treated
by 10 uM pioglitazone (dissolved in dimethyl
sulfoxide (DMSO)!'718 for 24 h and then sera from
AD was added to these cells for another 24 h. In
the third group, HUVECs were exposed in the sera
of AD for 24 h and then 10 uM pioglitazone was
added to these cells for another 24 h. In the fourth
group, HUVECs were treated by sera from healthy
individuals for 24 h.

Apoptosis analysis

Flow cytometry and cell-death detection kit were
used for apoptosis assessment in HUVECs. A total
number of 10° cells were washed with ice-cold PBS
once and were stained with annexin-PI as follows:
Cells (10°/mL) were incubated with 1 uL. annexin
V-fluorescein isothiocyanate and 0.5 pL propidium
iodide (PI, 10 mg/mL) in binding buffer (10 mM
HEPES, pH 7.4, 150 mM NaCl, 5 mM KCl,
I mM MgCl,, 1.8 mM CaCl,). Subsequently, the cells
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were analyzed by fluorescence-activated cell sorting
(FACScan, Becton-Dickinson). Apoptotic cells were
designated as annexin-V*/PI- (povidone Iodine)
cells. Data were analyzed by Cell Quest software. As
an additional measure of apoptotic cell death, we
assessed the formation of histone-associated DNA
fragments by the Cell Death Detection ELISA kit
from Roche (Basel, Switzerland) 21 as previously
mentioned or according to the manufacturer
instruction.

NO metabolite (NO,) measurement

NO metabolite in culture supernatants was
determined using the Griess reaction (Parameter
TM, total NO Assaykit, R and D Systems, and USA)
according to manufacturer’s instructions. Briefly, in
this assay, nitrite is detected colorimetrically as an
azo dye product of the Griess reaction. The Griess
reaction is based on the two-step diazotization
reaction in which acidified NO, produces a
nitrosating agent, which reacts with sulfanilic
acid to produce the diazonium ion. This ion is
then coupled to N-(1-naphthyl) ethylenediamine
to form the chromophore azoderivative which
absorbs light at 560 nm wavelength. Values were
calculated using a standard curve using a standard
curve produced with sodium nitrite.

Statistical analysis

The data were expressed as mean * SE (standard
error of mean). One-way analysis of variance
followed by the Tukey's post hoc test was utilized for
data analysis. All experiments were performed in
three independent replicates. The data were analyzed
using SPSS 16.0 statistical package (SPSS Inc.).
Pvalue more than 0.05 was regarded as significant.

RESULTS

Twenty-four hour treatment of HUVECs with
the sera of untreated AD resulted in significantly
greater apoptosis than healthy controls [P < 0.05,
Figure 1]. There were no significant differences in
the apoptosis rates of HUVECs between patients
with AD (P > 0.05).

We examined the effects of pioglitazone on
cultured EC apoptosis in two groups: 24 h before
(pretreatment) and 24 h after (post treatment) adding
patients’ serum. The addition of pioglitazone inhibited
clearly the induction of apoptosis by the serum of
patients only when used before treating HUVECs
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Figure 1: Induction of apoptosis in human umbilical vein
endothelial cells (HUVECs) by sera from patients with
Alzheimer’s disease (AD) patients versus control group.
Apoptosis rates of HUVECs were measured after exposure
to media containing 10% serum of patients with AD or
control group for 24 h. Assessment of suppression of AD
serum-induced apoptosis by pre and post-treatment of
pioglitazone (10 uM) for 24 h with flow cytometry (a) and
cell death detection Kit (b). The concentration of nitrite in
the culture medium was determined (c). *P<0.001 versus
healthy and # P<0.05 versus patients
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with the sera of AD [Figure la] [(mean * SD)
in (groups) control; 6.58 * 3.79, in patients;
47.78 * 0.65, in pretreatment; 30.65 £ 8.05; and
in post treatment; 63.82 + 10.39 (P < 0.05)). Also
apoptosis in different groups was evaluated by cell
death detection kit determining internucleosomal
degradation of genomic DNA during apoptosis.
Again, we identified rising apoptosis rate in AD
group in comparison with control group. Data
showed pioglitazone pretreatment can distinctly
overcome apoptosis HUVECs induced by the sera
of patients [Figure 1b] [(mean = SD) in (groups)
control; 0.11 = 0.01, in patients; 2.35 + 0.14, in
pretreatment; 0.47 + 0.16; and in post treatment;
0.58 £0.14 (P<0.05)].

The measurement of nitrite concentration showed
significantly greater levels of dissolved NO,/NO,
metabolite in the culture media of HUVECs untreated
by 10 uM of pioglitazone (P < 0.05), while there
was no significant differences between the two other
treatments [Figure 1c] [(mean * SD) in (groups)
control; 0.26 + 0.13, in patients; 1.03 = 0.06, in
pretreatment; 0.07 £ 0.001; and in post treatment;
0.07 £ 0.002 (P<0.05)].

DISCUSSION

Nitrite concentration and the number of
apoptotic cells were significantly higher in the
HUVEC media treated by AD serum compared
with control and increased levels of dissolved
NO,/NO, metabolite considerably reduced by
coincubation of TZDs such as pioglitazone both
in pretreatment and post treatment group. But
for apoptotic markers, this decline occurred only
when we added pioglitazone before treatment of
HUVECs with AD’s serum.

The possible role of oxidative stress in the
pathogenesis of AD via releasing cytotoxic
molecules including cytokines and proinflammatory
factors has been purposed.!'”?” In our study, the
rate of apoptosis markedly raised when treated
with sera of AD patients that presented apoptosis
pathway might contribute of AD pathogenesis.
It has been confirmed that in the brain of AD
patients, P53 protein plays a critical role in
neuronal apoptosis.?!?3! Following activation of
microglia in AD, enormous amounts of oxidizing
radicals such as superoxide, hydrogen peroxide,
and nitric oxide were produced.? Indeed NO can
interact with O2 to form peroxynitrite.

Elevated nitrite concentration in our study
could explain that NO can interact with O2 to form
peroxynitrite,® happens in neurodegenerative
disorders including AD. In previous study, it has
been indicated an increasing level of NO levels in
sea of AD patients compared with controls.*! We
believe that following these event, we could detect
nitrite level in treated HUVECs by AD’s serum.

On the contrary, pioglitazone can attenuate
vascular inflammation in nondiabetic patients??”
and EAE.”Y Tt was reported PPAR—y agonists
reduce NO production induced by proinflammatory
mediators in cultured microglial cells.”” Heneka
et al., presented that troglitazone and pioglitazone
can suppress cerebellar INOS expression and protect
cerebellar granule cells against lipopolysaccharide/
interferon-y insult.'¥ In previous literatures, they
have recognized several protective mediators
of pioglitazone including activation of the
antiapoptotic protein Akt, upregulation of the bcl-2/
bax ratio, and inhibition of the proapoptotic protein
p53.8% In our study, pretreatment with pioglitazone
could decline both apoptotic measurement and
nitrite concentration. It supposes that pioglitazone
scavenged-free radicals and peroxynitrate that are
induced in the sera of AD patients." In accordance
with our study, pioglitazone acts as axonoprotective
agent in vitro.3

CONCLUSIONS

Ourstudy revealed that pioglitazone can possibly
decrease NO levels and apoptotic measurement in
culture treated with sera of AD patients. There are
evidences confirming beneficial effects of PPAR-y
agonist for neurodegenerative disorders. 3233

However, the role of the elevation of NO level
of serum on AD pathogenesis is unclear, and
it requires further investigation. In the current
study, we also provide evidence supporting a
direct stabilizing effects of pioglitazone on the
endothelium, which suggest that the PPAR-y
agonist pioglitazone protects EC and provide
anti-inflammatory properties of TZDs. Further
studies are justified to investigate the novel role of
the PPARs in the prevention of the neuronal and
endothelial damage in neurological disorder.
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