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Abstract Inflammatory damage plays a pivotal role in
cerebral ischemia and may represent a target for treatment.
Pigment epithelium-derived factor (PEDF) is proven to
possess neuroprotective property. But there is little known
about the intrinsic PEDF after cerebral ischemia. This
study evaluated the time course expression of the intrinsic
PEDF and its underlying regulation mechanisms after
cerebral ischemia. Male Sprague-Dawley rats were sub-
jected to permanent middle cerebral artery occlusion.
Telmisartan (PPARy agonist) and GW9662 (PPARy
antagonist) were systemically administered to explore the
effect on PPARy, PEDF, NF-xB and MMP-9 expression at
24 h after cerebral ischemia by western blot and qRT-PCR.
The neurological deficits, brain water content and infarct
volume were measured. Compared with normal group, the
expressions of PEDF and PPARy decreased, and the
expression of NF-kB and MMP-9 increased at early stage
after ischemia (P < 0.05). Compared with the vehicle
group, the decrease of PEDF and PPARy was significantly
up-regulated and the increase of NF-xB and MMP-9 was
down-regulated by telmisartan at 24 h (P < 0.05). The
neurological deficits, brain water content and infarct vol-
ume were dramatically alleviated by telmisartan
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(P <0.05). Telmisartan’s effects were reversed by
GW9662 co-administration (P < 0.05). The expression of
intrinsic PEDF was down-regulated at the early stage of
cerebral ischemia. The protective effects of intrinsic PEDF
by activating PPARy pathway may be one of the strategic
targets for cerebral ischemic therapies.
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Introduction

Ischemic stroke is the second leading cause for human
death worldwide and the main cause of acquired disability
[37]. Cerebral ischemia is caused by a reduction or com-
plete blockade of blood flow to regions of the brain.
Inflammatory response has been confirmed to play a piv-
otal role in cerebral ischemia-induced brain injury [1, 31,
32]. It is believed that anti-inflammation and neuropro-
tection alleviating brain damage secondary to ischemia are
the promising avenues for stroke therapy [2, 9, 12].

Pigment epithelium-derived factor (PEDF), a 50-kD
secreted glycoprotein, has been well established as a neu-
roprotective factor since identified in 1987 [33, 35, 36].
In vitro studies, PEDF displays neuroprotective property
and promotes survival of various types of nerve cells
[18-20]. In vivo studies, gene transfer or N-terminal pep-
tide of PEDF attenuates the ischemic injury in retina and
brain [2—4, 24, 34]. PEDF is widely expressed in central
nervous system as an intrinsic factor, especially in cerebral
cortex [23]. But there is little known about the expression
of the intrinsic PEDF after cerebral ischemia and its
underling regulation mechanisms.
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Recently, peroxisome proliferator-activated receptor-
gamma (PPARY), activated by agonist, has drawn more and
more attraction owing to alleviating the infarct volume of
focal cerebral ischemia in animal models and controlling
inflammation [8, 10, 21, 25]. Evidences show that PPARy
signaling is required in the course of PEDF action in vitro
and vivo studies [26-30]. However, there are limited
studies available for better understanding the effect of the
PPARYy signal on regulating the intrinsic PEDF.

In the study, we evaluated the time course of the
intrinsic PEDF and used telmisartan (PPARy agonist) and
GW9662 (PPARy antagonist) to explore the regulation
mechanisms of the intrinsic PEDF and the underlying
mechanism in the permanent middle cerebral artery
occlusion (pMCAO) model of rats.

Materials and Methods
Animals

Male Sprague—Dawley rats (250-280 g) were supplied by
the Laboratory Animal Centre of Hebei Medical Univer-
sity, and were allowed free access to food and water under
controlled conditions (12/12 h light/dark with humidity of
60 £ 5 %, 22 £ 3 °C). Animal experiments were per-
formed according to the guidelines of the Regulations of
Experimental Animal Administration promulgated by the
Ministry of Science and Technology of the People’s
Republic of China [1988] No. 134, and approved by the
Committee of Experimental Animal Administration of
Hebei Medical University.

Rat Model of Permanent Focal Cerebral Ischemia

A standard model of right middle cerebral artery occlusion
(MCAO) was used to make permanent focal ischemia as
previously described [12—-14]. Briefly, rats were anesthe-
tized with intraperitoneal injection of 10 % chloral hydrate
(350 mg/kg, IP). The right common carotid artery (MCA),
external carotid artery (ECA) and internal carotid artery
(ICA) were exposed through a neck incision. A monofila-
ment suture (0.32 mm for tip diameter) was introduced
from the ECA into the ICA, and advanced until resistance
encountered. The inserted length of filament was
1820 mm from the carotid bifurcation and the regional
cerebral blood flow (CBF) was measured to less than 20 %
baseline during anesthesia. The regional CBF of the right
cortex were monitored using a blood flow monitor (moor-
VMS-LDF, Moor Instruments Ltd, UK) with a fiber optic
probe, adhered onto the skull surface of core area supplied
by the MCA (6 mm lateral and 2 mm posterior from the
bregma). Sham-operated rats underwent the same surgical
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procedure without insertion of the filament. Body temper-
ature was monitored and maintained at 36.5-37.5 °C.

Groups and Drug Administration

Total 120 rats were used in the study. Part 1: Forty-two rats
were randomly divided into normal, 3, 6, 24, 48 and 72 h
groups after operation (n = 7). Part 2: Another 78 rats
were randomly divided into 4 groups: sham-operated
group, Vehicle group, Telmisartan group, and Telmisar-
tan + GW9662 group. Telmisartan group received telmi-
sartan (Boehringer Ingelheim, Ingelheim, Germany) by
feeding tubes at 30 mg/kg dissolved in PBS 1 h before
MCADO for avoiding emesis and then once daily thereafter.
Vehicle groups received equal volume PBS in the same
manner. Telmisartan + GW9662 group received telmisar-
tan before operation and GW9662 (Sigma-Aldrich, USA)
after MCAO immediately injected intraperitoneally at
4 mg/kg dissolved in 3 % DMSO diluted in PBS.

Evaluation of Neurological Deficit

Neurological deficit scores were evaluated by an examiner
blinded to the experimental groups before rats were killed
(n = 6). The deficits were scored on a modified scoring
system [14] as follows: 0, no deficits; 1, difficulty in fully
extending the contralateral forelimb; 2, unable to extend
the contralateral forelimb; 3, mild circling to the contra-
lateral side; 4, severe circling; and 5, falling to the con-
tralateral side. The higher the neurological deficit score, the
more severe impairment of motor motion injury.

Measurement of Brain Water Content

Brain water content was measured using the standard wet-
dry method [15]. Rats were anesthetized with 10 % chloral
hydrate and the brains were quickly removed (n = 8). A
coronal brain slice (3 mm thick) was cut after dissecting
free 4 mm of frontal pole. Then the coronal slice was
divided into the ipsilateral and contralateral hemispheres,
which were packaged with pre-weighed tin foil. The
packed slices were immediately weighed on an electronic
balance to obtain wet weight and then dried for 24 h in oven
at 100 °C to get the dry weight. Brain water content was
calculated as (wet weight — dry weight)/(wet weight — tin
foil weight) x 100 %.

Measurement of Infarct Volume

Infarct volume was determined by 2, 3, 5-triphenyltet-
razolium chloride (TTC) at 24 h in the 4 group (n = 6).
Animals were euthanized and the brains quickly collected.
Brain tissue was sliced into five coronal sections (3 mm
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Fig. 1 The time course protein expression of PEDF, PPARy, NF-xB
p65 and MMP-9. Compared with normal group, protein PEDF and
PPARy was obviously decreased from 24 to 72 h (a, b), but protein

thick), stained with a 2 % solution of TTC at 37 °C for
20 min [16], followed by fixation with 4 % paraformalde-
hyde. Normal tissue was stained deep red, while the infarct
area was stained a pale gray color. TTC-stained sections
were photographed and the digital images were analyzed
using image analysis software (Image-Pro Plus 5.1; Media
Cybernetics, Inc, Bethesda, MD, USA) to calculate the
infarct volume. To compensate for the effect of brain edema,
the percentage hemisphere lesion volume was calculated by
the following formula [17]: [total infarct volume — (volume
of ipsilateral hemisphere — volume of contralateral hemi-
sphere)]/contralateral hemisphere volume x 100 %.

Western Blot

The protein extracts were performed from the ischemic
cortex in ipsilateral hemisphere with Extraction Kit (Ap-
plygen Technologies Inc., Beijing, China) according to the
manufacturer’s protocols (n = 4). The total protein extracts
are prepared for PEDF, PPARy and MMP-9, and nuclear
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NF-«kB p65 and MMP-9 was obviously increased from 24 to 72 h
(a, c, d), * P < 0.05 versus normal group

extracts were prepared for NF-kB. Protein concentration of
the supernatant was determined using a BCA Protein Assay
Reagent Kit (Novagen, Madison, WI, USA) with bovine
serum albumin (BSA) as the standard. Equivalent amounts
(50 pg) of protein samples were separated by sodium
dodecyl sulfate—polyacrylamide gels prior (SDS/PAGE)
and transferred onto PVDF membranes (Millipore Corpo-
ration, Billerica, MA, USA). After blocking for 1 h with
5 % non-fat dry milk in PBS, membranes were incubated
overnight at 4 °C with polyclonal rabbit anti-PEDF and anti-
PPARy (1:100, Santa Cruz Biotechnology), anti-NF-xB
(1:200, Santa Cruz Biotechnology), monoclonal rabbit anti-
MMP-9 (1:200, Abcam Biotechnology). After 3 washes
with TPBS, membranes were incubated with secondary
antibody (IRDye® 800-conjugated goat anti-rabbit IgG,
1:3000 dilution; Rockland, Gilbertsville, PA, USA) for 1 h
at room temperature. The relative density of bands was
analyzed on an Odyssey infrared scanner (LI-COR Biosci-
ence, Lincoln, NE, USA). Densitometric values were nor-
malized with respect to f-actin immunoreactivity to correct
for any loading and transfer differences among samples.
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RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction

Quantitative real-time polymerase chain reaction (qR-T
PCR) was used to analyze the levels of PEDF, PPARY,
NF-xB and MMP-9 (n = 3). Rats were anesthetized and the
brains were removed and frozen in liquid nitrogen. Total
RNA was extracted from the ischemic cortex in ipsilateral
hemisphere using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol. Only sam-
ples with an OD260/0D280 value >1.8 were considered
appropriate for use. Reverse transcription was performed
with 2 pg total RNA using RevertAid First Strand cDNA
Synthesis Kit (Fermentas International Inc, Burlington,
Canada). Forward and reverse primers were 5'-CTGTGAG
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AGTCCCCATGATGT-3' and 5-AGGGGCAGGAAGAA
GATGATA-3' for PEDF, 5-GAAGACATCCCGTTCAC
AAGA-3' and 5'-TGATGCTTTATCCCCACAGAC-3' for
PPARy, 5- CAGATGATGGGAGAGAAGCAG-3' and
5-TGTTATGATGGTGCCACTTGA-3' for MMP-9, 5-AG-
CTCCTGTCCCAGTTCTAGC-3' and 5'-ACTCCTGGGTC
TGTGTTGTTG-3 for NF-xB. Amplification and detection
were carried out with the ABI 7500 Real-Time PCR system
(Applied Biosystems, Foster City, CA) using UltraSYBR
Mixture (with Rox) (ConWin biotech.Co, Beijing, China)
under the following conditions: 95 °C for 10 min, 40 cycles of
denaturation at 95 °C for 15 s, annealing and extension at
60 °C for 60 s. Results for each sample were collected at least
three times. All the threshold cycle values of target genes were
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normalized relative to that of the f-actin, and relative
expression ratios were calculated via the 27" method.

Statistical Analysis

Quantitative data were expressed as mean £ SD. Statistical
comparisons were conducted using one-way ANOVA fol-
lowed by SNK and LSD tests for intergroup comparisons.
Differences with P < 0.05 were considered statistically
significant.

Results

The Time Course Expression of PEDF, PPARy, NF-xB
and MMP-9

Western blot analysis revealed that PEDF and PPARY pro-
tein markedly decreased, but MMP-9 and nuclear NF-xB

il
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Fig. 3 The effect of telmisartan on ischemic brain. The behavioral
scores were obviously improved in Telmisartan group, * P < 0.05
versus Vehicle group and Telmisartan + GW9662 group. There was
no significant difference between Vehicle group and Telmisar-
tan + GW9662 group (a). The brain water content in ipsilateral
hemispheres was increased in MCAO groups, * P < 0.05 versus
Sham group. Telmisartan significantly reduced brain water content,
* P < 0.05 versus Vehicle group and Telmisartan + GW9662 group.
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p65 protein increased from 24 h to 72 h after MCAO,
compared with those in normal group (P < 0.05). No sig-
nificant differences in the expressions of these factors were
observed at 3 h and 6 h after MCAO relative to normal
groups (P > 0.05, Fig. 1a—d). Consistent with the results of
western blot, decreased PEDF and PPARy mRNA expres-
sions, and increased MMP-9 and NF-xB mRNA expressions
owing to MCAO exposure were also observed from 24 to
72 h with statistically significant by quantitative real-time
PCR (P < 0.05), but not at 3 and 6 h (P > 0.05, Fig. 2a—c).

Telmisartan Alleviated the Neurological Deficits

Notable neurological deficits were observed on MCAO-
treated animals at 24 h after MCAO. Compared with
vehicle treatment, telmisartan significantly improved neu-
rological deficits scores after MCAO (P < 0.05), however,
which was abolished by GW9662 co-administration
(Fig. 3a).

Wipsilateral
86 | @ contralateral * *
Sham Vehicle Telmisartan Telmisartan+GW9662

60 r

5

40

Vehicle Telmisartan Telmisartan+GW9662

There was no difference between Vehicle group and Telmisar-
tan + GW9662 group in ipsilateral hemispheres. The brain water
contents in contralateral hemispheres displayed no change among the
four groups (b). The infarct volume was significantly alleviated in
Telmisartan group, * P < 0.05 versus Vehicle group and Telmisar-
tan + GW9662 group. There was no difference between Vehicle
group and Telmisartan + GW9662 group (c, d)
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Fig. 4 The effect of telmisartan on the protein expression of PEDF,
PPARy, NF-xB and MMP-9. The protein expression of PEDF and
PPAR?y was obviously decreased, but the protein expression of NF-xB
and MMP-9 was increased in Vehicle group and Telmisar-
tan + GW9662 group, * P <0.05 versus Sham group. In

Telmisartan Alleviated Brain Water Content
of Ischemic Hemispheres and the Infarct Volume

At 24 h after MCAO, notably increased brain water content
(%) of the ipsilateral hemispheres were detected in vehicle
treatment group (85.40 £ 0.55 %), telmisartan treatment
group (81.91 £ 0.86 %), and telmisartan and GW9662 co-
treatment group (85.11 £ 0.81 %), compared with the sham
group (78.51 &+ 0.50 %, P < 0.05). Telmisartan treatment
(81.91 £ 0.86 %) significantly alleviated brain water con-
tent, compared with vehicle treatment (P < 0.05). However,
the alleviation of brain water content by telmisartan was
abolished by GW9662 co-administration (85.11 £ 0.81 %).
Brain water contents in contralateral hemispheres displayed
no change among the four groups (P > 0.05, Fig. 3b).

The volume of cerebral infarction (% HLV) was measured
by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining at
24 h after MCAO and no infarct were detected in sham
animals. Telmisartan administration (34.10 + 3.78 %) sig-
nificantly decreased infarct volume, compared with vehicle
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Telmisartan group, the protein expression of PEDF and PPARy was
obviously increased, but the protein expression of NF-xB and MMP-9
was decreased, * P < 0.05 versus Vehicle group and Telmisar-
tan + GW9662 group

treatment (52.72 £+ 7.41 %, P < 0.05). However, GW9662
co-administration (45.49 £ 8.12 %) reversed the alleviated
infarct volume by telmisartan (Fig. 3c, d). No significant
differences in infarct volume were observed between the
vehicle treatment group and the telmisartan and GW9662 co-
treatment group (P > 0.05, Fig. 3c, d).

PEDF, MMP-9 and NF-xkB were Regulated by PPARy
After Cerebral Ischemia

PPARYy agonist telmisartan and antagonist GW9662 were
employed to investigate the regulation of PEDF, MMP-9
and NF-kB expression at 24 h after MCAO by western blot
and qR-T PCR.

Western blot revealed that the decreased protein
expressions of PEDF and PPARy at 24 h after cerebral
ischemia were significantly up-regulated by telmisartan
intervention, but the protein expressions of MMP-9 and
nuclear NF-«kB p65 subunit were down-regulated, relative
to vehicle treatment (P < 0.05). The effects of telmisartan
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were all reversed by GW9662 co-administration (P <
0.05). No significant differences in protein expression of
the factors were observed between the vehicle treatment
group and the telmisartan and GW9662 co-treatment group
(P > 0.05, Fig. 4a—c).

In agreement with the results of western blot, the mRNA
of PEDF, PPARy, MMP-9 and NF-kB were regulated by
telmisartan and GW9662 co-treatment in the same ten-
dency by qR-T PCR (P < 0.05, Fig. 5a, b).

Discussion

PEDF has been well established as a neuroprotective factor
exerting protection for various types of nerve cells against
neurotoxic damage especially ischemic stroke [2—4, 18-20,
24, 33-36]. The over-expressed PEDF by gene transfer has
been proven to reduce cerebral infarction and brain edema,
alleviate inflammatory responses and degeneration of nerve
cells in experimental cerebral ischemia [2]. However, there

Vehicle Telmisartan Telmisartan+GW9662

is little known about the intrinsic PEDF’s protective role
and regulation mechanisms. In our study, the expression of
intrinsic PEDF was significantly down-regulated at the
early stage after cerebral ischemia, while the expression of
PPARy was decreased and the expression of MMP-9 and
NF-xkB was increased. The results indicated that there
might be some correlations between the inflammatory
factors and the intrinsic PEDF.

Several studies have demonstrated that activating PPARYy
played pivotal role in PEDF’s beneficial effects [26-30]. In
our study, by systemically administration of PPARYy agonist
telmisartan, the decrease of PEDF was significantly up-
regulated and the increase of NF-xkB and MMP-9 was
down-regulated, and the neurological deficits, brain water
content and infarct volume were dramatically alleviated at
24 h after cerebral ischemia. All of the profits were reversed
by PPARy antagonist GW9662 co-administration. The
results showed that the intrinsic PEDF expression was
regulated by PPARY at the early stage of cerebral ischemia.
It’s indicated that improving the intrinsic PEDF by PPARy-
dependent pathway could provide an attractive strategy in
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cerebral ischemia treatment. PPARYy signaling played an
important role in alleviating ischemic brain damage.

PPARY, activated by agonist such as telmisartan, is well
confirmed to attenuate infarct volume and inflammatory
responses after cerebral ischemia [9]. As a key transcription
factor, PPARY inhibits inflammation factors down-stream
including MMP-9 and NF-xB [8, 10, 21, 22, 25], which were
contributed to cerebral ischemia-induced inflammatory
responses and brain damage [12, 31, 32]. Previous studies
have proven that inflammation factors played important role
in regulating the intrinsic PEDF. The expression of PEDF
was reduced in the ischemic retina with inflammation factors
involved in [5]. The production and release of PEDF under
hypoxic conditions are reduced owing to MMP-9 over-
expression [0, 7, 11]. NF-«kB inactivation is at least partially
required for PEDF displaying its neuroprotection [38]. So
inhibiting NF-xB and MMP-9 could facilitate the restoration
and neuroprotection of PEDF. In our study, the over-
expression of NF-kB and MMP-9 was down-regulated by
PPARYy agonist telmisartan, but reversed by PPARy antag-
onist GW9662 co-administration. The results showed that
PPARY inhibiting NF-xB and MMP-9 was at least partially
responsible for improving the intrinsic PEDF expression.

Taking together, our findings showed the expression of
intrinsic PEDF was downregulated at the early stage of
cerebral ischemia. The intrinsic PEDF was upregulated by
PPARYy agonist, while the expression of NF-xB and MMP-
9 was downregulated and the neurological deficits, brain
water content and infarct volume were alleviated in
ischemia stroke. The protective effects of intrinsic PEDF
by activating PPARYy pathway could be one of the strategic
targets for cerebral ischemic therapies.

Acknowledgments This work was funded by Hebei Province
(Grant no. C2010000564 and no. 10276104D). We thank technicians
Ruichun Liu and Hongran Wu for their technical assistance and Prof.
Yansu Guo M.D. PhD. and Prof. Weisong Duan M.D. PhD. for
providing valuable suggestions.

References

1. Yi JH, Park SW, Kapadia R, Vemuganti R (2007) Role of tran-
scription factors in mediating post-ischemic cerebral inflamma-
tion and brain damage. Neurochem Int 50:1014-1027

2. Sanagi T, Yabe T, Yamada H (2008) Gene transfer of PEDF
attenuates ischemic brain damage in the rat middle cerebral artery
occlusion model. J Neurochem 106:1841-1854

3. Takita H, Yoneya S, Gehlbach PL, Duh EJ, Wei LL, Mori K
(2003) Retinal neuroprotection against ischemic injury mediated
by intraocular gene transfer of pigment epithelium-derived factor.
Invest Ophthalmol Vis Sci 44:4497-4504

4. Li H, Tran VV, Hu Y, Mark Saltzman W, Barnstable CJ, Tom-
bran-Tink J (2006) A PEDF N-terminal peptide protects the retina
from ischemic injury when delivered in PLGA nanospheres. Exp
Eye Res 83(4):824-833

@ Springer

10.

13.

14.

15.

17.

18.

19.

20.

21.

. Gao G, Li Y, Zhang D, Gee S, Crosson C, Ma J (2001) Unbal-

anced expression of VEGF and PEDF in ischemia-induced retinal
neovascularization. FEBS Lett 489(2-3):270-276

. Lange J, Yafai Y, Reichenbach A, Wiedemann P, Eichler W

(2008) Regulation of pigment epithelium-derived factor produc-
tion and release by retinal glial (Miiller) cells under hypoxia.
Invest Ophthalmol Vis Sci 49:5161-5167

. Notari L, Miller A, Martinez A, Amaral J, Ju M, Robinson G,

Smith LE, Becerra SP (2005) Pigment epithelium-derived factor
is a substrate for matrix metalloproteinase type 2 and type 9:
implications for down-regulation in hypoxia. Invest Ophthalmol
Vis Sci 46:2736-2747

. Wang CX, Ding X, Noor R, Pegg C, He C, Shuaib A (2009)

Rosiglitazone alone or in combination with tissue plasminogen
activator improves ischemic brain injury in an embolic model in
rats. J Cereb Blood Flow Metab 29(10):1683-1694

. Haraguchi T, Iwasaki K, Takasaki K, Uchida K, Naito T, Nogami

A, Kubota K, Shindo T, Uchida N, Katsurabayashi S, Mishima K,
Nishimura R, Fujiwara M (2010) Telmisartan, a partial agonist of
peroxisome proliferator-activated receptor gamma, improves
impairment of spatial memory and hippocampal apoptosis in rats
treated with repeated cerebral ischemia. Brain Res 1353:125-132
Lee SR, Kim HY, Hong JS, Back WK, Park JW (2009) PPAR-
gamma agonist pioglitazone reduces matrix metalloproteinase-9
activity and neuronal damage after focal cerebral ischemia.
Biochem Biophys Res Commun 380:17-21

. Chung C, Shugrue C, Nagar A, Doll JA, Cornwell M, Gattu A,

Kolodecik T, Pandol SJ, Gorelick F (2009) Ethanol exposure
depletes hepatic pigment epithelium-derived factor, a novel lipid
regulator. Gastroenterology 136:331-340

. Liu'Y, Zhang XJ, Yang CH, Fan HG (2009) Oxymatrine protects

rat brains against permanent focal ischemia and down-regulates
NF-kappa B expression. Brain Res 1268:174-180

Yang C, Zhang X, Fan H, Liu Y (2009) Curcumin up-regulates
transcription factor Nrf2, HO-1 expression and protects rat brains
against focal ischemia. Brain Res 1282:133-141

Longa EZ, Weinstein PR, Carlson S, Cummins R (1989)
Reversible middle cerebral artery occlusion without craniectomy
in rats. Stroke 20:84-91

Hatashita S, Hoff JT, Salamat SM (1988) Ischemic brain edema
and the osmotic gradient between blood and brain. J Cereb Blood
Flow Metab 8:552-559

. Bederson JB, Pitts LH, Germano SM, Nishimura MC, Davis RL,

Bartkowski HM (1986) Evaluation of 2,3,5-triphenyltetrazolium
chloride as a stain for detection and quantification of experi-
mental cerebral infarction in rats. Stroke 17:1304—1308
Tatlisumak T, Carano RA, Takano K, Opgenorth TJ, Sotak CH,
Fisher M (1998) A novel endothelin antagonist, A-127722,
attenuates ischemic lesion size in rats with temporary middle
cerebral artery occlusion: a diffusion and perfusion MRI study.
Stroke 29(4):850-857

Taniwaki T, Hirashima N, Becerra SP, Chader GJ, Etcheberrig-
aray R, Schwartz JP (1997) Pigment epithelium-derived factor
protects cultured cerebellar granule cells against glutamate-
induced neurotoxicity. J Neurochem 68:26-32

DeCoster MA, Schabelman E, Tombran-Tink J, Bazan NGJ
(1999) Neuroprotection by pigment epithelial-derived factor
against glutamate toxicity in developing primary hippocampal
neurons. Neurosci Res 56:604-610

Falk T, Zhang S, Sherman SJ (2009) Pigment epithelium derived
factor (PEDF) is neuroprotective in two in vitro models of Par-
kinson’s disease. Neurosci Lett 458:49-52

Blessing E, Preusch M, Kranzhofer R, Kinscherf R, Marx N,
Rosenfeld ME, Isermann B, Weber CM, Kreuzer J, Grife J, Katus
HA, Bea F (2008) Anti-atherosclerotic properties of telmisartan



Neurochem Res (2012) 37:2099-2107

2107

22.

23.

24.

25.

26.

27.

28.

29.

in advanced atherosclerotic lesions in apolipoprotein E deficient
mice. Atherosclerosis 199:295-303

Maejima Y, Okada H, Haraguchi G, Onai Y, Kosuge H, Suzuki J,
Isobe M (2011) Telmisartan, a unique ARB, improves left ven-
tricular remodeling of infracted heart by activating PPAR
gamma. Lab Invest 91:932-944

Tombran-Tink J, Chader GG, Johnson LV (1991) PEDF: a pig-
ment epithelium-derived factor with potent neuronal differentia-
tive activity. Exp Eye Res 53:411-414

Cao W, Tombran-Tink J, Elias R, Sezate S, Mrazek D, McGinnis
JF (2001) In vivo protection of photoreceptors from light damage
by pigment epithelium-derived factor. Invest Ophthalmol Vis Sci
42:1646-1652

Wu JS, Cheung WM, Tsai YS, Chen YT, Fong WH, Tsai HD,
Chen YC, Liou JY, Shyue SK, Chen JJ, Chen YE, Maeda N, Wu
KK, Lin TN (2009) Ligand-activated peroxisome proliferator-
activated receptor-gamma protects against ischemic cerebral
infarction and neuronal apoptosis by 14-3-3 epsilon upregulation.
Circulation 119:1124-1134

Ho TC, Chen SL, Yang YC, Liao CL, Cheng HC, Tsao YP
(2007) PEDF induces p53-mediated apoptosis through PPAR
gamma signaling in human umbilical vein endothelial cells.
Cardiovasc Res 76:213-223

Ho TC, Yang YC, Chen SL, Kuo PC, Sytwu HK, Cheng HC,
Tsao YP (2007) Pigment epithelium-derived factor induces THP-
1 macrophage apoptosis and necrosis by the induction of the
peroxisome proliferator-activated receptor gamma. Mol Immunol
45:898-909

Ho TC, Chen SL, Shih SC, Chang SJ, Yang SL, Hsieh JW, Cheng
HC, Chen LJ, Tsao YP (2011) Pigment epithelium-derived factor
(PEDF) promotes tumor cell death by inducing macrophage
membrane tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL). J Biol Chem 286:35943-35954

Ho TC, Chen SL, Shih SC, Wu JY, Han WH, Cheng HC, Yang
SL, Tsao YP (2010) Pigment epithelium-derived factor is an

30.

31.

32.

33.

34.

35.

36.

37.

38.

intrinsic antifibrosis factor targeting hepatic stellate cells. Am J
Pathol 177:1798-1811

Wang SH, Liang CJ, Wu JC, Huang JJ, Chien HF, Tsai JS, Yen
YS, Tseng YC, Lue JH, Chen YL (2012) Pigment epithelium-
derived factor reduces the PDGF-induced migration and prolif-
eration of human aortic smooth muscle cells through PPARy
activation. Int J Biochem Cell Biol 44:280-289

Nurmi A, Lindsberg PJ, Koistinaho M, Zhang W, Juettler E,
Karjalainen-Lindsberg ML, Weih F, Frank N, Schwaninger M,
Koistinaho J (2004) Nuclear factor-kappaB contributes to
infarction after permanent focal ischemia. Stroke 35:987-991
Dong X, Song YN, Liu WG, Guo XL (2009) Mmp-9, a potential
target for cerebral ischemic treatment. Curr Neuropharmacol
7:269-275

Cayouette M, Smith SB, Becerra SP, Gravel C (1999) Pigment
epithelium-derived factor delays the death of photoreceptors in
mouse models of inherited retinal degenerations. Neurobiol Dis
6:523-532

Ogata N, Wang L, Jo N, Tombran-Tink J, Takahashi K, Mrazek
D, Matsumura M (2001) Pigment epithelium derived factor as a
neuroprotective agent against ischemic retinal injury. Curr Eye
Res 22:245-252

Tombran-Tink J, Barnstable CJ (2003) PEDF: a multifaceted
neurotrophic factor. Nat Rev Neurosci 4:628-636

Rychli K, Huber K, Wojta J (2009) Pigment epithelium-derived
factor (PEDF) as a therapeutic target in cardiovascular disease.
Exp Opin Ther Targets 13:1295-13302

Liu M, Wu B, Wang WZ, Lee LM, Zhang SH, Kong LZ (2007)
Stroke in China: epidemiology, prevention, and management
strategies. Lancet Neurol 6:456-464

Ide Y, Matsui T, Ishibashi Y, Takeuchi M, Yamagishi S (2010)
Pigment epithelium-derived factor inhibits advanced glycation
end product-elicited mesangial cell damage by blocking NF-
kappaB activation. Microvasc Res 80:227-232

@ Springer



	The Intrinsic PEDF is Regulated by PPAR gamma in Permanent Focal Cerebral Ischemia of Rat
	Abstract
	Introduction
	Materials and Methods
	Animals
	Rat Model of Permanent Focal Cerebral Ischemia
	Groups and Drug Administration
	Evaluation of Neurological Deficit
	Measurement of Brain Water Content
	Measurement of Infarct Volume
	Western Blot
	RNA Isolation and Quantitative Real-Time Polymerase Chain Reaction
	Statistical Analysis

	Results
	The Time Course Expression of PEDF, PPAR gamma , NF- kappa B and MMP-9
	Telmisartan Alleviated the Neurological Deficits
	Telmisartan Alleviated Brain Water Content of Ischemic Hemispheres and the Infarct Volume
	PEDF, MMP-9 and NF- kappa B were Regulated by PPAR gamma After Cerebral Ischemia

	Discussion
	Acknowledgments
	References


