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Abstract: Activated platelets shed microparticles, which contain a variety of growth factors central to angiogenesis and
neurogenesis. The aim of this study was to explore whether platelet derived microparticles (PMP) can boost endogenous
neural stem cells dependent repair mechanisms following stroke in a rat model.

To examine the effects of PMP therapy in-vivo, we delivered PMP or vehicle via a biodegradable polymer to the brain
surface after permanent middle cerebral artery occlusion (PMCAO) in rats.

Rats were tested with the neurological severity score and infarct volumes were measured at 90 days post-ischemia.
Immunohistochemistry was used to determine the fate of newborn cells and to count blood vessels in the ischemic brain.

The results show that PMP led to a dose dependent increase in cell proliferation, neurogenesis and angiogenesis at the
infarct boundary zone and significantly improved behavioral deficits.
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INTRODUCTION

Stroke is a leading cause of chronic disability and a
leading cause of mortality and therapies aimed at reducing
this morbidity are currently limited. Stimulation of
endogenous repair mechanisms based on endogenous neural
stem cells (eNSC) appears to be a promising novel
therapeutic option because these cells can differentiate into
neurons and glia and secrete trophic, survival and support
factors [1-3].

Platelets store large amounts of trophic factors including
vascular endothelial growth factor (VEGF), basic
fibroblastic growth factor (FGF2), platelet derived growth
factor (PDGF) and brain-derived neurotrophic factor
(BDNF) and also contain membrane receptors including
VEGFR1, and VEGFR2 among others [4-7]. Upon
activation, platelets shed small subcellualr fragments (0.1-1
um in size) called platelet microparticles (PMP) that contain
all these factors [5-6].

We and others have shown that PMP, in addition to their
procoagulant and inflammatory effects, promote all stages of
angiogenesis in-vitro and in-vivo and are capable of
improving revascularization in a rat myocardial infarction
model [6, 8]. We also showed that incubation with PMP lead
to increased neural stem cell (NSC) proliferation and
survival in-vitro and increase the differentiation potential of
endogenous NSC to glia and neurons [9].
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Thus, activated platelets and the resulting PMP serve as a
mini-storage system of multiple growth and pro-survival
factors crucial for both NSC and endothelial precursor cells
(EPC).

Newborn cells often depend on cues from blood,
therefore we hypothesized that augmenting angiogenesis and
neurogenesis together in-vivo will have a synergistic effect
on both systems and would result in better functional
outcome following ischemic injury.

Here we show that PMP may promote cell driven
angiogenesis and neurogenesis with a significant functional
gain in a rat model of cerebral ischemia.

MATERIALS AND METHODS
PMP Preparation

PMP were produced from platelets obtained from healthy
volunteers according to institutional Blood Bank regulations
and with the approval of the institutional ethics committee.
Outdated platelets portions were obtained from Blood Bank
and leukocytes were removed using PLX-5A leukocyte-
reducing filter (Asahi Kasei Medical Co, Ltd., Tokyo,
Japan). Platelets were pelleted at 750 x g in the presence of
5mM citric acid, resuspended in 0.5ml PBS (with Ca, Mg),
and thrombin (2 U/ml) was added. After 5 min incubation,
platelet aggregates were removed along with thrombin
residues and microparticles were isolated by supernatant
centrifugation at 100000x g for 1h at 4°C. PMP were
identified by flow cytometry using CD41 antibodies. Total
protein amount in the obtained PMP was determined using
the Bradford method.

In this study MP were separated by centrifugation at
100,000 g and thus the resulted pellet, which is referred to as
PMP, contains both PMP and exosomes.

© 2012 Bentham Science Publishers
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Table 1. Antibodies Used for Characterization of Cells

Hayon et al.

Primary Antibodies
R&D 1:200 Neuronal progenitors marker Rabbit anti Sox2
Chemicon 1:200 Neuronal stem cells marker Rabbit anti Nestin
Santa Cruz 1:100 Neuroblast marker Goat anti DCX
Chemicon 1:200 Blood vessels marker Rabbit anti VWF
Serotec 1:200 Endothelial cells marker Mouse anti RECA1
Chemicon 1:200 Neuronal marker Mouse anti NeuN
Dako 1:200 Astrocytes marker Rabbit anti GFAP
Chemicon 1:200 Oligodendroglial marker Rabbit anti GalC
Serotec 1:100 Activated microglial marker Rat anti CD68 (ED1)
BD biosciences 1:200 Newborn cells marker Rat anti BrdU
Secondary Antibodies:
Invitrogen 1:200 Alexa Fluor 488 1gG Donkey anti goat
Invitrogen 1:200 Alexa Fluor 555 1gG Donkey anti mouse
Invitrogen 1:200 Alexa Fluor 555 1gG Donkey anti rabbit
Invitrogen 1:200 Alexa Fluor 488 1gG Goat anti rat
Invitrogen 1:200 Alexa Fluor 555 1gG Goat anti rat

The exosomes are smaller vesicles within the platelets
which are released during platelet activation. Thus from now
on we refer to PMP as a mix of these two structure
populations.

Animals

The study was conducted according to the Institutional
Animal Care and Use Committee guidelines in compliance
with National Institutes of Health guidelines. Adult
spontaneously hypertensive rats (SHR; 13 weeks old;
n=6/group) were used for these experiments and treated with
PMP or vehicle and sham operated rats (n=3) served as
further controls.

Focal Ischemia

SHR underwent permanent distal middle cerebral artery
occlusion (PMCAOQ) resulting in fronto-parietal cortical
injury that typically involves 19-24% of hemispheric volume
[2]. Briefly, animals were anesthetized with inhalation
isoflurane and placed in a stereotaxic head holder. The skull
was exposed and the middle cerebral artery was exposed via a
craniotomy and then electrocoagulated and cut. Immediately
following ischemic onset the brain surface was covered with a
commercially available biodegradable polymer (5X5 mm
gelfoam - Pharmacia Upjohn pharmaceuticals) containing
vehicle or different concentrations of PMP attained upon
saturating the gelfoam for 5 minutes in solutions containing
different concentrations of PMP (10pg/ml or 100pg/ml). By
topical application of PMP we aimed to generate their
potential regenerative effect, while avoiding their well
known pro-thrombotic effect when circulating in blood
vessels. The temporalis muscle and skin were sutured and
the animals were given carprofen to control post procedure
pain. Sham operated animals (n=3) were anesthetized, their
scalps were incised, but ischemia was not induced.

BrdU injections

Animals received intraperitoneally (IP) injection of the
tracer Bromodeoxyuridine (BrdU, 50mg/kg q12 hours for 7
days beginning on day 1 post ischemia) to detect
proliferating cells. BrdU is incorporated into the newly
synthesized DNA of replicating cells during the S phase.

Disability Evaluation

Animals were weighed and examined on days 1, 3, 5, 7,
10, 14, 21, 28, 35, 42, 49, 63 and 90 after stroke with a
standardized neurological disability scale [2]. The disability
scale consists of 10 items evaluating motor paralysis,
walking ability, agility and limb placement. A rat with
maximal disability scores 10 points and rats with no
disability score 0.

Injury Size

Brain slices cut at 200 micrometers apart were obtained
from all animals in the study. Sections were stained with
Giemsa and photographed on line with an image acquisition
system. Estimation of the lesioned area was performed with
SigmaScan-Pro  image-analysis  software (SPSS inc.
Richmond CA). The volume of injured tissue was derived by
subtracting the volume of the injured hemisphere from that
of the normal hemisphere and dividing the result by the
volume of the normal hemisphere. Results are presented as
% of the normal hemisphere [2].

Immunohistochemistry

Rats were perfusion fixed, brains were frozen-sectioned
and double or triple stained for immunohistochemical
evaluation using fate specific antibodies (Supplementary
Table 1, n=6/group). Cells were counted in regions of
interest including the subventricular zone (SVZ) and peri-
lesioned cortex in coronal brain slices (sliced at 12 microns)
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Fig. (1). PMP increase angiogenesis in the ischemic hemisphere
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Immunohistochemistry was evaluated at the infarct border. Blood vessel density was counted at the peri-infarct area (n=6/group). Fig. (1a) is
a bar graph showing blood vessel density in the tissue adjacent to the infarct. Fig. (1b) shows low power photomicrograph (x100) from the
infracted hemisphere of sham operated animals (A), vehicle treated (B) and PMP treated (C, D) stained with an antibody to RECA1. Note
that blood vessel density is much higher in the PMP treated animals. Fig. (1c) shows co-localization of BrdU (green) and the endothelial
marker RECAL1 (red) in vessel walls of a PMP-treated animal. Nuclei are counterstained with DAPI (blue).

HPF = high power field, Bar graphs 50u
Data are represented as mean + SEM, *p<0.05.

100 microns apart from Bregma +2.2 to Bregma -1.3 as
previously described [2].

Blood Vessel Density

Slides obtained from homologous areas of rat brains
treated with vehicle or PMP were stained with an antibody to
blood vessels (RECA1, Table 1). Images were captured
using a camera attached to an Olympus upright fluorescent
microscope. Blood vessels were counted in the entire
ischemic hemisphere.

Statistical Analysis

Clinical and immunohistochemical evaluations were
performed by examiner, blinded to the experimental group.
Analysis was performed with the SigmaStat software
package (Systat, Richmond CA, USA). Data are presented as
Mean + SE (SEM) as indicated in the legends. Values were
compared using one-way analysis of variance (ANOVA)
followed by Bonferroni correction for multiple comparisons.
P-values < 0.05 were considered significant for all
comparisons.

RESULTS

PMP Increase the Number of Blood Vessels in the
Affected Hemisphere after Stroke

Blood vessel density in the hemisphere ipsilateral to the
stroke was evaluated in all animals (n=6/group) at the infarct
border zone using blood vessel and endothelial specific
markers including RECA1. The results show that blood
vessel density was significantly increased in PMP treated
rats (Fig. 1a-b).

Co-localization of BrdU and endothelial markers served
to show that many of these blood vessels were newly formed
(Fig. 1c). Most of the BrdU containing vessels were
observed at the area surrounding the infarct. These results
suggest that PMP increase angiogenesis at the infarct
boundary.

PMP Increase the number of Newborn Cells

Animals (n=6/group) treated with PMP at higher
concentrations showed significantly increased numbers of
BrdU positive cells. Overall, there was a 2-fold increase in
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Fig. (2). PMP increase cell proliferation after stroke
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The number of proliferating cells (BrdU") was counted in the SVZ and peri-infarct areas (n=6/group). Fig. (2a) is a bar graph showing
absolute number of BrdU" cells in SVZ and peri-ischemic cortex. Fig. (2b) is a low power (x100) photomicrograph from the peri-ischemic
tissue of vehicle treated (A) or PMP treated (B, C) animals stained with an antibody against BrdU (green). Note that the number of BrdU”*
cells is significantly increased in treated animals in a dose dependent manner.

HPF = high power field, Bar graphs 50u
Data are represented as mean + SEM, *p<0.05.

the number of BrdU" cells at the SVZ and at the infarct
border zone (Fig. 2a-b). Importantly, newborn cells
accumulated in the cortex surrounding the injured tissue
(Fig. 2b) corroborating previous reports [1-3]. Only a few
BrdU positive cells were detected in sham operated animals
(n=3), implicating that there was no proliferation and
differentiation of those cells. These findings suggest that
PMP increase newborn cell proliferation, their survival or
both in-vivo, which may also promote migration towards the
infarct zone and accumulation in this area.

PMP drive Neuronal Differentiation of Newborn Cells

We used immunohistochemistry methods with double
and triple staining to evaluate newborn cell fates over time.
The absolute numbers of newborn cells that differentiated
into neurons (NeuN), astrocytes (GFAP) or oligodendroglia
(GalC) were larger in the PMP treated group suggesting that
PMP treatment promote differentiation of eNSC (Figs. 3-4).
In contrast to the modest increments in newborn glia, 7% of
the BrdU" cells in the area surrounding the cortical injury
expressed neuronal antigens in the group treated with a high
concentration of PMP as opposed to 1% of BrdU/NeuN*
cells in vehicle treated animals (Fig. 3a n=6/group),
suggesting that PMP actively drive neuronal differentiation
in-vivo.

A large percentage of newborn cells at the immediate
infarct border remained undifferentiated (SOX2 and Nestin
positive) in both treated and untreated animals corroborating
previous results suggesting that terminal differentiation at
this site takes very long time to complete if at all [2, 10].

Nevertheless, the number of these undifferentiated cells
was significantly larger in PMP treated animals.

Importantly, almost all of the BrdU/GalC double positive
cells were seen in white matter (Fig. 4) and all BrdU/NeuN
colocalizing cells were seen at the area around the immediate
infarct border. In contrast, BrdU/GFAP double positive cells
were observed both at the SVZ and at the infarct border.
These results imply that newborn cell differentiation is
influenced by the immediate neighboring tissue and is not
entirely cell autonomous. These results also suggest that a
secondary stem cell niche at the lesion border forms after
stroke in the presence of PMP.

PMP Reduce Neurological
Dependent Manner

Disability in a Dose

Repeated testing with the neurological disability scale
showed that while animals of all groups (n=6) were
significantly disabled shortly after injury the deficits
consistently improved in a dose dependent manner in animals
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Fig. (3). PMP Drive Neuronal Differentiation

Terminal differentiation of proliferating cells was studied with cell-type specific antibodies (n=6/group). Fig. (3a) is a bar graph showing the
number of BrdU" cells that differentiated into glia or neurons or remained undifferentiated and expressed either Nestin or SOX2. Fig. 3b is a
series of photomicrographs (x100) taken 90 days after stroke onset from the peri-lesion (panels A, B, C) areas of rats treated with PMP. The
images show BrdU (green in all panels) and cell specific antibodies (n=6/group). Markers used include antigens for primitive undifferentiated
cells (Nestin, red in A), glia (GFAP, red in B), or neurons (NeuN, red in C). Nuclei were counterstained with DAPI (blue). White arrows
point at double positive cells.

Core — infarct core area.

Bar graphs 50u in all panels

Data are represented as mean + SEM, *p<0.05.
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Fig. (4). PMP induce oligodendroglia

Fig. (4a) is a bar graph showing absolute number of newborn cells (BrdU™, green) that differentiated into oligodendoglia (GalC", red). Note
that the number was larger in the PMP treated group, suggesting that PMP actively drive cell differentiation into oligodendoglia in white
matter. Fig. (4b), is a series of photomicrographs (x100) taken 90 days after stroke onset from the corpus callosum of rats treated with PMP.
White arrows point at double positive cells.

CC - corpus callosum, LV — Lateral ventricle.

Data are represented as mean + SEM, *p<0.05.
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Fig. (5). PMP improve behavioral deficits but do not significantly change infarct size after stroke
Figure 5a shows the clinical deficits at different time points after stroke (n=6/group). Note that treatment with PMP led to dose dependent
larger improvements in clinical deficits. Figure 5b is a bar graph showing infarct volumes in the different treatment groups as measured 90

days after stroke.
Data are represented as mean + SEM, *p<0.05.

treated with PMP compared with those treated with vehicle
(Fig. 5a). In accordance with previous reports behavioral
deficits began to improve after 20 days suggesting that this
improvement was associated with an increase in
neurogenesis [1-3]. Animals treated with PMP at high or low
concentrations showed injury size that were smaller
compared to those of vehicle treated animals although the

differences have not reached statistical significance
(Fig. 5b).
DISCUSSION

The current study demonstrates that PMP increase
angiogenesis and neurogenesis and improves functional
outcome after stroke in a dose dependent manner in-vivo.

These results are complimentary to our previous
experiments showing that exogenous PMP increase NSC
proliferation and survival and increase the differentiation
potential of NSC to glia and neurons in-vitro [9]. These
effects were found to be mediated by the combination of at
least FGF2, VEGF and PDGF since blocking the individual
effects of these factors, but not those of PF4 which is also
contained in PMP, led to partial reversal of the proliferative
effects of PMP [9]. Downstream signaling of PMP effects
were related to increments in pERK and pAkt which are both
implicated in cell survival, angiogenesis and proliferation [9,
11]. Here, we recapitulate these results in-vivo and show that
when given after cortical ischemia; exogenous PMP can

indeed drive proliferation and differentiation of eNSC,
leading to improved functional outcome.

These beneficial effects can be linked to better metabolic
and functional status of surviving neurons and to an immune
modulating effect mediated by stem cells affected by PMP.
Although there was no significant change in infract volume,
probably because of the duration needed for the growth
factors to disengage from the polymer and induce protective
effects, we did see a decrease trend in the infarct volume size
in animals treated with PMP, that did not reach statistical
significance. More direct delivery methods or larger animal
groups might result in more significant changes in the lesion
volume. The mild neuroprotective effect observed in our
experiment may be explained by recent reports that PMP
affect the immune system by reprogramming cells such as
macrophages or dendritic cells toward a less reactive states
leading to an anti inflammatory response [12]. However, the
ability of PMP to induce neuroprotection should be further
examined.

Like most other stem cells, eNSC need a tight interaction
with surrounding blood vessels in a specialized stem cell
niche in order to survive and differentiate [13].

This niche is important not only for supplying the
metabolic needs of NSC and provision of paracrine signals
but also for their interaction with endothelial progenitor cells
(EPC). eNSC and EPC respond to similar stimuli in the same
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manner. For example, both cell types proliferate in response
to stimulation with VEGF [14-16] or erythropoietin [15, 17]
and both migrate according to the same chemokine
gradients.

In addition, EPC were shown to interact with resident
tissue stem cells affecting the differentiation of both cell

types [13].
Our study shows for the first time that angiogenesis and

neurogenesis can be simultaneously targeted in-vivo with
sub-cellular particles.

PMP are shed from platelets upon activation and contain
a host of pro-survival and trophic factors including FGF2,
VEGF, BDNF, PF4, PDGF and also the receptors necessary
for induction of these responses including VEGFRL1 [4-7]. In
particular, FGF2 is a well known mitogen for NSC [18-20]
and VEGF is a mitogen as well as a pro-migration factor for
both NSC and EPC [14, 16, 21-25]. Furthermore, BDNF
[26] and PDGF are important for cell migration and
differentiation [27, 28]. Because of the multitude of trophic
factors involved, the in-vivo experiment can not answer the
question of which factors are responsible for the functional
recovery. Hence and because each of these factors activates
specific receptors on NSC and EPC it is likely that they all
contribute to the overall observed effect as was indeed
shown in-vitro [9].

Recent studies also imply involvement of chemokine
receptors such as CXCR4 [29] or CCR5 [30] form PMP in
affecting different cell types to modulate their
regenerative potential.

Another route by which PMP may affect cells, which is
not dependent on their growth factors content, is transfer of
MicroRNAs (miRNAs) which are small non-coding
regulatory molecules that modify gene expression at the
post-transcriptional level by binding to target messenger
RNAs [31]. miRNAs were found in PMP and are involved in
processes such as cell growth, differentiation and tissue
remodeling.

Many of the newborn cells at the immediate infarct
border remain undifferentiated and express markers of NSC
such as nestin and SOX2 or markers for migrating
neuroblasts such as doublecortin. These cells are surrounded
by blood vessels and the numbers of those vessels were
much higher in PMP treated animals. These findings indicate
that factors secreted by the PMP including FGF2, VEGF and
PDGF may promote migration of newborn cells towards the
lesion and form a secondary stem cell niche containing
eNSC and newborn blood vessels at this area [32, 33] where
cells remain undifferentiated for long periods of time after
the initial injury [2, 10].

The relative increase in the number of newborn cells that
express neuronal markers in the treated animals was small
but significant suggesting that factors within the PMP such
as FGF2 and PDGF may actively drive neuronal
differentiation [2, 28, 34]. However, the small percentage of
newborn neurons does not explain the functional gain
observed in animals treated with PMP. Rather, it is likely
that the functional gain observed in these animals is related
to the ability of the undifferentiated cells to secrete trophic
factors [2] and to exert an immunomodulatory effect
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reducing the anti-neurogenic effects of inflammatory cells in
the ischemic hemisphere [35, 36].

Furthermore, the pro-angiogenic effects of PMP may
serve to modulate the metabolic activity of neighboring cells
possibly having a positive effect on their function.

Cell driven neurogenesis and angiogenesis may be
particularly advantageous because of the convenient and
inexpensive application of cells or sub-cellular particles that
act as mini-storage compartments for a number of pro-
survival, pro-migratory and pro-differentiation factors
compared with selective application of individual factors.

In this study PMP were administered via a topically-
applied biodegradable polymer that is widely used in humans
as a hemostatic agent in surgical practice [37, 38]. Although
we could not control the rate of discharge of PMP from the
gelfoam in these experiments, it is likely that in the future,
designer polymers will allow accurate delivery of substances
into the immediate peri-lesion area providing the necessary
supportive milieu for eNSC and EPC survival and
differentiation.

This delivery method was aimed to avoid systemic
intravenous administration because of the well known pro-
thrombotic effect of PMP while circulating in the blood
vessels [4].

This delivery method also appears to be inexpensive and
advantageous compared with the use of genetic manipulation
using viral vectors to augment growth factor concentrations
in the brain. We are also currently exploring different
methods of PMP delivery into the brain including direct
intra-cerebroventricular injection which may be more widely
applied as is the case with bedside placement of
intraventricular ommaya reservoirs in cancer patients.

In conclusion, the current study shows that the use of platelet
derived sub-cellular particles, is feasible, and leads to
combined augmentation of neurogenesis and angiogenesis
and results in improved functional gain after stroke.

CONFLICT OF INTEREST
None declared.

ACKNOWLEDGEMENTS

We thank Prof. Haim Ovadia for his help with the
animals and Dr. Amalia Tabib.

SOURCES OF FUNDING

This work was supported by a grant from the Ministry of
Science, Culture & Sport, Israel and by the Peritz and
Chantal Sheinberg Cerebrovascular Research Fund, the Sol
Irwin Juni Trust Fund. The funders had no role in study
design, data collection and analysis, decision to publish or
preparation of the manuscript.

REFRENCES

[1] Nakatomi H, Kuriu T, Okabe S, et al. Regeneration of hippocampal
pyramidal neurons after ischemic brain injury by recruitment of
endogenous neural progenitors. Cell 2002; 110(4):429-41.

[2] Leker RR, Soldner F, Velasco I, Gavin DK, Androutsellis-
Theotokis A, McKay RD. Long-lasting regeneration after ischemia
in the cerebral cortex. Stroke 2007; 38(1):153-61.



192 Current Neurovascular Research, 2012, Vol. 9, No. 3

(31
[4]
[5]

[6]

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Parent JM. Injury-induced neurogenesis in the adult mammalian
brain. Neuroscientist 2003; 9(4):261-72.

Brill A, Elinav H, Varon D. Differential role of platelet granular
mediators in angiogenesis. Cardiovasc Res 2004; 63(2):226-35.
Kim HK, Song KS, Chung JH, Lee KR, Lee SN. Platelet
microparticles induce angiogenesis in vitro. Br J Haematol 2004;
124(3):376-84.

Brill A, Dashevsky O, Rivo J, Gozal Y, Varon D. Platelet-derived
microparticles induce angiogenesis and stimulate post-ischemic
revascularization. Cardiovasc Res 2005; 67(1):30-8.

Fujimura H, Altar CA, Chen R, et al. Brain-derived neurotrophic
factor is stored in human platelets and released by agonist
stimulation. Thromb Haemost 2002; 87(4):728-34.

Mause SF, Ritzel E, Liehn EA, et al. Platelet microparticles
enhance the vasoregenerative potential of angiogenic early
outgrowth cells after vascular injury. Circulation 2010; 122(5):495-
506.

Hayon Y, Dashevsky O, Shai E, Varon D, Leker RR. Platelet
Microparticles Promote Neural Stem Cell Proliferation, Survival
and Differentiation. J Mol Neurosci 2012.

Thored P, Arvidsson A, Cacci E, et al. Persistent production of
neurons from adult brain stem cells during recovery after stroke.
Stem Cells 2006; 24(3):739-47.

Salameh A, Galvagni F, Bardelli M, Bussolino F, Oliviero S.
Direct recruitment of CRK and GRB2 to VEGFR-3 induced
proliferation, migration and survival of endothelial cells through
the activation of ERK, AKT, and JNK pathways. Blood 2005;
106(10):3423-31.

Sadallah S, Eken C, Martin PJ, Schifferli JA. Microparticles
(ectosomes) shed by stored human platelets downregulate
macrophages and modify the development of dendritic cells. J
Immunol 2011; 186(11):6543-52.

Palmer TD, Willhoite AR, Gage FH. Vascular niche for adult
hippocampal neurogenesis. J Comp Neurol 2000; 425(4):479-94.
Zhang H, Vutskits L, Pepper MS, Kiss JZ. VEGF is a
chemoattractant for FGF-2 stimulated neural progenitors. J Cell
Biol 2003; 163(6):1375-84.

Wang YQ, Guo X, Qiu MH, Feng XY, Sun FY. VEGF
overexpression enhances striatal neurogenesis in brain of adult rat
after a transient middle cerebral artery occlusion. J Neurosci Res
2007; 85(1):73-82.

Jin K, Mao XO, Greenberg DA. Vascular endothelial growth factor
stimulates neurite outgrowth from cerebral cortical neurons via Rho
kinase signaling. J Neurobiol 2006; 66(3):236-42.

Shingo T, Sorokan ST, Shimazaki T, Weiss S. Erythropoietin
regulates the in vitro and in vivo production of neuronal
progenitors by mammalian forebrain neural stem cells. J Neurosci
2001; 21(24):9733-43.

Qian X, Davis AA, Goderie SK, Temple S. FGF2 concentration
regulates the generation of neurons and glia from multipotent
cortical stem cells. Neuron 1997; 18(1):81-93.

Vaccarino FM, Schwartz ML, Raballo R, et al. Changes in cerebral
cortex size are governed by fibroblast growth factor during
embryogenesis. Nat Neurosci 1999; 2(9):848.

Wada K, Sugimori H, Bhide PG, Moskowitz MA, Finklestein SP.
Effect of basic fibroblast growth factor treatment on brain
progenitor cells after permanent focal ischemia in rats. Stroke
2003; 34(11):2722-8.

Brusselmans K, Bono F, Collen D, Herbert JM, Carmeliet P,
Dewerchin M. A novel role for vascular endothelial growth factor

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

22621230

Hayon et al.

as an autocrine survival factor for embryonic stem cells during
hypoxia. J Biol Chem 2005; 280(5):3493-9.

Ogunshola OO, Stewart WB, Mihalcik V, Solli T, Madri JA, Ment
LR. Neuronal VEGF expression correlates with angiogenesis in
postnatal developing rat brain. Brain Res Dev Brain Res 2000;
119(1):139-53.

Wang Y, Jin K, Mao XO, et al. VEGF-overexpressing transgenic
mice show enhanced post-ischemic  neurogenesis and
neuromigration. J Neurosci Res 2007; 85(4):740-7.

Fabel K, Tam B, Kaufer D, et al. VEGF is necessary for exercise-
induced adult hippocampal neurogenesis. Eur J Neurosci 2003;
18(10):2803-12.

Jin DK, Shido K, Kopp HG, et al. Cytokine-mediated deployment
of SDF-1 induces revascularization through recruitment of
CXCR4+ hemangiocytes. Nat Med 2006; 12(5):557-67.
Vicario-Abejon C, Johe KK, Hazel TG, Collazo D, McKay RD.
Functions of basic fibroblast growth factor and neurotrophins in the
differentiation of hippocampal neurons. Neuron 1995; 15(1):105-
14.

Forsberg-Nilsson K, Behar TN, Afrakhte M, Barker JL, McKay
RD. Platelet derived growth factor induces chemotaxis of
neuroepithelial stem cells. J Neurosci Res 1998; 53(5):521-30.

Johe KK, Hazel TG, Muller T, Dugich-Djordjevic MM, McKay
RD. Single factors direct the differentiation of stem cells from the
fetal and adult central nervous system. Genes Dev 1996;
10(24):3129-40.

Mause SF, Ritzel E, Liehn EA, et al. Platelet microparticles
enhance the vasoregenerative potential of angiogenic early
outgrowth cells after vascular injury. Circulation 2010; 122(5):495-
506.

Vasina EM, Cauwenberghs S, Feijge MA, Heemskerk JW, Weber
C, Koenen RR. Microparticles from apoptotic platelets promote
resident macrophage differentiation. Cell Death Dis 2011; 2:e211.
doi: 10.1038/cddis.2011.94.

Zampetaki A, Willeit P, Drozdov I, Kiechl S, Mayr M. Profiling of
circulating microRNAs: from single biomarkers to re-wired
networks. Cardiovasc Res 2012; 93(4):555-62.

Ohab JJ, Fleming S, Blesch A, Carmichael ST. A neurovascular
niche for neurogenesis after stroke. J Neurosci 2006; 26(50):13007-
16.

Martinez MC, Andriantsitohaina R. Microparticles in angiogenesis:
therapeutic potential. Circ Res 2011; 109(1):110-9.

Cameron HA, Hazel TG, Mckay RD. Regulation of neurogenesis
by growth factors and neurotransmitters. J Neurobiol 1998;
36(2):287-306.

Einstein O, Fainstein N, Vaknin |, et al. Neural precursors attenuate
autoimmune encephalomyelitis by peripheral immunosuppression.
Ann Neurol 2007; 61(3):209-18.

Einstein O, Grigoriadis N, Mizrachi-Kol R, et al. Transplanted
neural precursor cells reduce brain inflammation to attenuate
chronic experimental autoimmune encephalomyelitis. Exp Neurol
2006; 198(2):275-84.

Barbolt TA, Odin M, Léger M, Kangas L. Pre-clinical subdural
tissue reaction and absorption study of absorbable hemostatic
devices. Neurol Res 2001; 23(5):537-42.

Jung TY, Jung S, Jin SG, et al. Prevention of postoperative
subdural fluid collections following transcortical transventricular
approach. Surg Neurol 2007; 68(2):172-6.



	6 Leker.MS_doc


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


