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STROKE BIOMARKER DISCOVERY:
MODEL SAMPLES AND PROTEOMICS
STRATEGIES

J.-C. Sanchez, N. Turck

Human Protein Sciences, Geneva University,
Geneva, Switzerland

Vascular cerebral accident, or stroke, is a
leading cause of death and disability in
industrialized countries. An early diagnostic
blood marker of stroke would allow immediate
therapeutic interventions and hence reduce
the extent of brain damage and risk of death.
However, the discovery of novel diagnostic
markers is limited by the difference in the
protein copy numbers in body fluids such as
plasma. Up to 12 orders of magnitude can be
encounter when comparing the most
abundance plasma protein (albumin) and a
single protein copy released in the plasma by
a cell. The separation of these proteins in
amounts sufficient for quantitative evaluation is
an important issue in proteome studies and
presents a real challenge for the development
of new diagnostic tools. This wide dynamic
range can be overcome by the use of
appropriate models and experimental designs
that can simplify the protein complex mixtures.
Here, we will report the use of post-mortem
cerebrospinal fluid and cerebral extracelullar
microdialysis fluid as models of stroke brain
damage events as well as their proteomics
evaluation for the discovery of potential early
markers of stroke. The validation of proteins
found differentially expressed in model
samples by proteomics strategies will be
shown in the blood of stroke patients to
demonstrate the value of this concept as a first
step toward the discovery of blood markers of
stroke.

STROKE BIOMARKER DISCOVERY:
GENOMICS

F.R. Sharp, G.C. Jickling, B.S. Stamova, B.P.
Ander, X. Zhan, D. Liu

Neurology, University of California at Davis,
Davis, CA, USA

This presentation will review the basics of
choosing different approaches for developing
biomarkers. The advantages of studying cell
based RNA and proteins from blood versus

plasma or serum microRNA and proteins will
be reviewed. Since our work has focused on
cellular mMRNA and miRNA as well as plasma
mMiRNA the remainder of the presentation will
focus on these genomics approaches.

Our initial animal work using different brain
injury models laid the foundation for our
subsequent human studies. Several different
brain injury models were chosen, including
ischemic stroke, intracerebral hemorrhage,
status epilepticus, hypoxia and hypoglycemia.
One day later RNA was isolated from blood
and processed on whole genome microarrays.
The rationale for using whole genome
approaches is to survey all known genes, and
then choose those that are the best
biomarkers for each type of injury. Several
general principles arose from the studies.
First, no single gene could distinguish
ischemic stroke from controls or other types of
brain injury. Second, a panel of genes was
necessary to distinguish each type of injury
from each other and from controls. Lastly, the
fold changes were small so that technical rigor
was essential in obtaining reliable, repeatable
results.

We have now extended these results to
humans with stroke and Transient Ischemic
Attacks (TIAs). An important decision in our
early studies was to use specific vacutainer
tubes that lyse cells when the blood is drawn
and immediately stabilize the RNA. This is
important since isolating cells after blood is
drawn WILL change gene expression of those
cells, and potentially affect some proteins.
After drawing blood into these tubes
(PAXgene and others) the RNA is stable for
weeks to years when kept frozen. Using these
tubes we have shown specific RNA profiles for
(1) ischemic stroke compared to controls and
myocardial infarction (2) different causes of
stroke including large vessel, cardioembolic
and lacunar stroke (3) transient ischemic
attacks and (4) and used these profiles to
predict the cause of stroke in patients with
cryptogenic stroke and to differentiate
transient neurological events due to ischemic
causes from those with non-ischemic causes.
Preliminary studies have also been performed
examing microRNA derived from whole blood
and from plasma. These studies are of
particular interest since they have identified
dozens of miRNA that likely regulate mRNA
expression in blood following stroke.

Technical issues related to processing arrays
and analyzing the data will be discussed.
Issues related to design of experiments and



studies will be examined, and in particular the
need to build in a test set and validation set of
samples within any given study. The diffculties
in translating these studies to diagnositic
testing will be discussed, along with the
reasons for limited successes seen in other
fields. Clinical variables important in designing
biomarker studies will be outlined, and
importance of defining the cohort to be studied
will be emphasized. Finally, the wealth of
biological information that will be gained in the
basic science of the immunology of human
stroke wil highlighted including need for cell
specific studies.

TRANSLATIONAL SCIENCE AT THE
NEUROVASCULAR INTERFACE:
CHALLENGES OF IN VITRO TO IN VIVO
BIOLOGY

A. Prat

Neuroscience, Université de Montréal,
Montreal, QC, Canada

The Blood Brain Barrier (BBB) protects the
central nervous system by regulating
molecular and cellular exchanges between the
brain and the blood. The BBB is made of a
network of tightly adherent endothelial cells
(ECs) surrounded by astrocytic processes and
pericytes which provide factors that contribute
to BBB maintenance. Several proteomic
based-profiling of human and animal BBB
endothelial cells have revealed the presence
of unique regulatory proteins involved in BBB
physiology and trans-endothelial leukocyte
migration, including proteins involved in
cellular adhesion, cell structure, BBB
development, immunity and defense, transport
and trafficking and signal transduction. Recent
work, using animal models of MS and spinal
cord contusion, as well as human in vitro, in
situ and ex vivo analyses revealed that these
new BBB candidate proteins, including the
adhesion molecules, as well as some specific
brain morphogen are involved in the regulation
of immune cell trafficking across vascular
structures of the CNS. This presentation will
provide a short overview of the progresses
that were made over the last 5 years to identify
novel pathways that are involved in the
selective recruitment of specific immune cells
to the CNS and in the process of CNS immune
guiescence. These molecules are currently
seen as the basis for the development of
future therapies to treat neuroinflammatory
disorders and represent good examples of
bench-to-bedside translational Neuroscience.

QUANTIFICATION OF BLOOD BRAIN
BARRIER PERMEABILITY IN HUMANS
WITH CONTRAST-ENHANCED MRI: A
NOVEL TOOL TO STUDY VASCULAR
DISEASES

G.A. Rosenberg

Neurology, University of New Mexico School
of Medicine, Albuqueruge, NM, USA

A basal lamina, astrocyte foot processes, and
pericytes surround the cerebral -capillary,
which forms the first interface between the
systemic circulation and the brain tissues; this
complex series of interfaces is collectively
referred to as the neurovascular unit.
Normally, there are intact tight junctions
formed by a group of proteins that create a
epithelial like layer, preventing the movement
of most molecules between the blood and the
brain. We identified a family of proteolytic
enzymes that regulate the permeability of the
bood-brain barrier (BBB). This family is the
matrix metalloproteinases (MMPs) and they
are important in central nervous system
development, injury, and repair. In early
studies, we showed that the gelatinases
(MMP-2 and MMP-9) disrupted the blood-brain
barrier after intracerebral injection. During an
injury, the MMPs are expressed and contribute
to the vasogenic edema that complicates brain
injury including acute stroke. More recently,
we found that MMP-2 initiates the opening of
the blood-brain barrier shortly after reperfusion
in stroke by attacking the basal lamina and
tight junction proteins in cerebral vessels.
Besides acute ischemia MMPs are involved in
neuroinflammation in  multiple sclerosis,
cerebral infections, Alzheimer's disease, and
vascular dementia. MRI is an excellent tool to
study the permeability of the BBB. Injection of
a contrast agent, such as Gd-DTPA, can be
visualized as it leaks across the capillary.
Using a one-compartment analysis originally
developed for autoradiography it is possible to
measure transport from blood-to-brain. Our
group has used the Patlak Plot method to
guantify subtle changes in the BBB in patients
with vascular cognitive impairment. Dementia
is a major concern and there is increasing
evidence that both Alzheimer's disease and
vascular dementia are affected by
neuroinflammation through the action of the
MMPs. Our group has demonstrated that
MMPs disrupt the blood-brain barrier in
patients with vascular cognitive impairment of
the small vessel type. We have identified
MMPs in the CSF and brain tissue of patients
with Binswanger's disease who have extensive
white matter disease. Using dynamic contrast-
enhanced MRI with Gadolinium to quantify the



permeability of the BBB, we have found a
persistent disruption of the BBB that may be
involved in the growth of the white matter
lesions. These studies in humans could inform
clinical trials of agents that block the
inflammatory response.

BRAIN VASCULAR GENOMICS: METHODS
FOR QUANTITATION, ANALYSIS AND
INTERPRETATION

L.R. Drewes

Biomedical Sciences, University of Minnesota,
Duluth, MN, USA

The Human Genome Project ushered in new
technologies for increasing the speed and
lowering the cost DNA sequencing. As
advanced technologies (next generation
sequencing) for accurate and reliable analysis
have emerged, so have the applications to
diverse species, disease tissues, individual
patients and even small samples such as brain
vascular endothelial cells. It is now possible to
determine the cellular transcriptome with
digital quantitation in order to characterize at a
molecular level gene expression profiles at
different disease or developmental stages.
New challenges exist as well for quantitation
and statistically reliable comparisons. This
presentation will focus on the state-of-the-art
technologies, some considerations for data
collection and analysis, and potential future
applications for advancing the characterization
of the neurovascular unit/blood-brain barrier
(NVU/BBB).

ADVANCES IN FUNCTIONAL AND
STRUCTURAL MRI OF THE BRAIN

C.C.-C. Yen, A.C. Silva

NINDS, National Institutes of Health,
Bethesda, MD, USA

Magnetic resonance imaging (MRI) is an in
vivo imaging modality that produces excellent
soft tissue contrast. A major application of MRI
is in studies of the brain, in which a wide range
of metrics such as the volume and location of
structures, patterns of folding in the cortex and
cortical thickness can be used to characterize
neuroanatomy. We believe that MRI has a
crucial role in improving our knowledge of both
anatomical and functional organization of the
cortex. We have been using anatomical and
functional MRI to study neuroanatomy and

neurovascular coupling in the brains of
conscious, awake common marmosets
(Callithrix jacchus), a small New World non-
human primate with a brain size equivalent to
the relative brain size of humans that is
becoming increasingly useful in the research
setting. The marmoset's relatively large brain
shares many aspects of neural anatomy found
in more commonly studied primates, including
a large and well-developed cerebral cortex
and cerebellum. Our group has developed
MRI techniqgues to Vvisualize the rich
myeloarchitecture of the marmoset cortex
(Figure 1), producing high-resolution
anatomical maps of six major cortical areas
with high myelination that correspond to the
major sensory areas of the brain. In addition,
diffusion-tensor imaging and T2*-weighted
imaging complement the structural information
that can be obtained from the brain. These
data provide anatomical landmarks for
studying functional brain activation in response
to visual, somatosensory (Figure 2) and
auditory stimulation. The ability to visualize
such features opens up new avenues in
morphological and functional studies that
require longitudinal follow up of the changes in
size and location of these areas during
development or in response to plasticity
induced reorganization due to learning or
injury, as well as for guiding and confirming
the location of functional measurements.
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Figure 1:

(1) Coronal myelin-stained histological section
of a marmoset brain. White matter (WM),
primary somatosensory (S1) and auditory (A2)
cortices are indicated.

(2) Corresponding T1l-weighted MRI acquired
in vivo. Notice the increased contrast
throughout the cortex.

(3) 3D map of the myeloarchitecture in a 3-
year old female marmoset.

(4) Flattened view of the cortex.



(5) Diffusion-tensor Imaging.

(6) T2*-weighted MRI. V1/V2
primary/secondary visual areas, DM
dorsomedial area, MT = middle temporal area,
A1/R = primary/rostral auditory areas, S1/S2 =
primary/secondary somatosensory cortex, M =
motor cortex including primary and premotor
areas and the frontal eye fields.

Cortical features are labeled in gray: PPv =
ventral posterior parietal cortex, FST = fundus
of the superior temporal area, 12 = area 12. C
= caudal, R =rostral, V = ventral, D = dorsal.
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Figure 2:

(a) High-resolution BOLD fMRI activation
maps and corresponding time courses
obtained from a conscious awake marmoset in
response to somatosensory stimulation,
showing robust, bilateral BOLD activation in
primary (S1) and secondary (S2)
somatosensory cortices.

(b) Corresponding functional time-courses.
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funded by the Intramural Research Program of
the NIH, NINDS.

OPTICAL IMAGING OF NEUROVASCULAR
FUNCTION

D. Boas

Radiology, Massachusetts General Hospital,
Harvard Medical School, Charlestown, MA,
USA

In vivo optical imaging of cerebral blood flow
(CBF) and metabolism did not exist 50 years
ago. While point optical fluorescence and
absorption measurements of  cellular
metabolism and hemoglobin concentrations
had already been introduced by then, point
blood flow measurements appeared only 40
years ago. The advent of digital cameras has
significantly advanced two- dimensional optical
imaging of neuronal, metabolic, vascular, and

hemodynamic  signals. More  recently,
advanced laser sources have enabled a
variety of novel three-dimensional high-spatial-
resolution imaging approaches. Combined, as
we discuss here, these methods are permitting
a multifaceted investigation of the local
regulation of CBF and metabolism with
unprecedented spatial and temporal
resolution. Through multimodal combination of
these optical techniques with genetic methods
of encoding optical reporter and actuator
proteins, the future is bright for solving the
mysteries of neurometabolic and
neurovascular coupling and translating them to
clinical utility.

Note that this abstract is copied from our
review paper in recent JCBFM special issue.

Devor, A. et al. Frontiers in optical imaging of
cerebral blood flow and metabolism. J Cereb
Blood Flow Metab
(2012).d0i:10.1038/jcbfm.2011.195

CHRONIC CEREBRAL HYPOPERFUSION
AS A PUTATIVE MODEL FOR VASCULAR
DEMENTIA

H. Tomimoto

Neurology, Mie University Graduate School of
Medicine, Tsu, Japan

Subcortical ischemic vascular dementia
(SIVD), a most prevalent form of vascular
dementia, is strongly related to hypertensive
small vessel disease. Hypertension induces
arteriolosclerotic changes, and consequently,
chronic cerebral hypoperfusion. Similarly, in
strongly hypertensive rats (SHR), hypertension
induces arteriolar changes and cerebral
hypoperfusion, being followed by small vessel
occlusion and white matter lesions. SHR is
ideal for simulating SIVD, however, mild
degree and late emergence of white matter
lesions are not suitable for pharmacological
studies. Therefore, we initially designed a
putative model which simulates chronic
cerebral hypoperfusion by modulating blood
flow.

There are several models of chronic cerebral
hypoperfusion in gerbils, rats, mice and more
recently monkeys. Here, we focus on rat and
mouse model which we developed in the past
two decades. We first raised a rat model by
ligating the bilateral common carotid arteries.
A variety of strains was screened and found
Wistar rat to be the best with highest survival



rates and reproducibility of white matter
lesions. Rats maintain CBF at 40-50% of the
baseline level because their brain has a well-
developed post. communicating artery (Pcom)
and is perfused from the vertebrobasilar
arteries even after occlusion of the common
carotid arteries. Microglia are activated at 3
days and astroglia at 7 days. White matter
lesions become explicit after 14 days in the
optic chiasm and corpus callosum etc.
Unfortunately, this model has a drawback such
as compromised visual system which may
hamper exact estimation in cognitive tests and
limited applicability in genetic studies.

To circumvent these drawbacks, we further
designed a mouse model by bilateral common
carotid artery stenosis (BCAS). Mouse has a
poorly-developed Pcom and does not survive
after bilateral occlusion of the common carotid
arteries. Among various strains we selected
C57BI6 because the Pcom is thin, and
subsequently applied microcoils with various
internal diameters. Using a microcoil with 0.18
mm internal diameter, the mice exhibited
selective damages in the cerebral white matter
but not in the gray matter. The CBF was
decreased to approximately 70-80% of the
baseline. Blood flow velocity was markedly
decreased and rolling, adhesion and
extravasation of leukocytes from the
microvessels were observed by two-photon
laser microscopy. In the white matter,
microglia were activated at 7 days and
astroglia at 14 days, and emergence of white
matter lesions was delayed until 30 days.
Notably, the blood brain barrier is damaged at
3 days probably because of an increased
activity of matrix metalloproteinase (MMPs).
The damage in the visual system was mild and
showed no optic nerve atrophy because blood
flow in the ophthalmic artery was maintained.

This BCAS model has advantages over the rat
model in terms of cognitive and genetic
investigations. Working memory deficit is
found after 30 days with an additional
emergence of reference memory deficit and
hippocampal atrophy after 9 months survival.
The presentation also includes examples of
experiments using these models, which may
provide a new way in the field of vascular
cognitive impairment and neurodegenerative
diseases.
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TRANSLATIONAL PET TRACER
DEVELOPMENT

J. Passchier

Radiochemical Sciences, Imanova Ltd,
London, UK

PET tracer development and subsequent
translation to clinical application is a long and
arduous journey with many dangers along the
way. Many considerations need to be taken
into account right from the start such as which
target to select, what buy in there will be from
the field, what chemistry to implement to
facilitate application, what level of
toxicology/dosimetry is required to support
clinical use and what preclinical experiments
are required to support clinical translation.
What does the latter mean anyway? This
presentation aims to review the steps that
need to be taken as well as new ways of
working that could be considered to
successfully deliver a new CNS PET tracer as
a clinical tool. In addition, a number of pitfalls
that should and can be avoided will be
highlighted and addressed.

QUANTITATIVE ANALYSIS OF
NEURORECEPTOR STUDIES

H. Ito

Molecular Imaging Center, National Institute of
Radiological Sciences, Chiba, Japan

There are several functions of
neurotransmission in synapse. The
endogenous neurotransmitter is synthesized in
presynaptic neuron and released into synaptic
cleft. The released neurotransmitter binds to
the neuroreceptors in postsynaptic membrane
and then signalings are caused. The released
neurotransmitter is removed from synaptic
cleft through the neurotransporters in
presynaptic membrane. A neuroreceptor is a
protein molecule in the cell membrane of
neuron. For transmembrane neuroreceptors,
there are two kinds of receptors, the
metabotropic receptors including the G
protein-coupled receptors and the ionotropic
receptors. The receptors of dopaminergic and
serotonergic neurotransmission system are
categorized as the G protein-coupled
receptors. A neurotransporter is a membrane



protein in presynaptic neuron. Both pre- and
postsynaptic functions can be estimated by
positron emission tomography (PET) with
various radiotracers. The binding potential
relative to the concentration of
nondisplaceable radiotracer in brain (BPyp),
corresponding to the ratio of the density of
neuroreceptors or neurotransporters available
to bind radiotracer in vivo (Baay) to the
dissociation constant of the radiotracer (Kp),
can be measured by PET with various
radiotracers [1]. PET measures the total
radioactivity in brain regions, and therefore the
differentiation of specific binding from the
background of nondisplaceable binding is a
fundamental problem in quantitative analyses
of PET data. A true equilibrium condition can
be obtained only by continuous intravenous
infusion of radiotracer [2]. Equilibrium
condition after bolus injection of radiotracer
can practically be defined as peak equilibrium
at the transient moment when the specific
binding is maximal [2, 3]. For equilibrium
condition, BPyp is expressed as the ratio of
radiotracer concentration of specific binding to
nondisplaceable binding estimated using a
reference region. Kinetic analysis, which is
based on the assumption that radiotracer
binding can be described by the standard two-
tissue compartment model, allows the
differentiation of the specific binding from the
background of nondisplaceable binding using
arterial input function, and therefore revealing
BPnxp [3]. For radiotracers with no ideal
reference region, BPyp can be calculated only
by kinetic analysis. Distribution volumes can
also be estimated by several graphic plot
analyses, as well as by Kkinetic analysis.
Graphic plot analyses can be used to
distinguish graphically whether radiotracers
show reversible or irreversible binding. A
graphic plot analysis recently developed can
also be used to distinguish graphically whether
the radiotracer binding includes specific
binding or not. To avoid the measurement of
arterial input function, several quantitative
approaches based on the use of a reference
region have been developed. Both the
simplified reference tissue model and
multilinear reference tissue model methods
were widely used to calculate BPyp without the
arterial input function. For each radiotracer
and each purpose of PET study, an adequate
guantification method should be employed.

References:

[1] Innis RB, et al. J Cereb Blood Flow Metab
2007; 27: 1533-1539.

[2] Ito H, et al. J Cereb Blood Flow Metab
1998; 18: 941-950.

[3] Farde L, et al. J Cereb Blood Flow Metab
1989; 9: 696-708.

QUANTIFICATION ACROSS SPECIES
R.N. Gunn'?

lImperial College London, “Imanova Ltd,
London, UK

Determination of normo- and patho-
physiology, the discovery of diagnostics and
the development of therapies in man often
build on translational neuroscience studies
across a range species. Common translational
pathways include a component of the mouse,
rat, pig, and primate species progression prior
to studies in man. Biological differences and
technological limitations in lower species can
impact on their ability to accurately predict
outcomes in man. Thus, these factors need to
be considered carefully in order to accurately
select an optimal translational pathway
ensuring that chosen experiments provide
value. Relevant biological factors include
differences in genotype, expression of
transporters, affinity of the molecule for its
target of interest, kinetics and the existence of
preclinical models of disease. Technical
limitations relate to differences in the volume
of brain structures, mass-dose effects as a
result of limitations in specific activity,
requirements for anaesthesia and the ability to
derive arterial input function data from reduced
blood volumes. The challenges of
guantification across species and the selection
of an optimal translational pathway are
discussed in relation to relevant examples
from PET neuroimaging studies.

NONINVASIVE INPUT FUNCTION
M. Naganawa

Yale PET Center, Diagnostic Radiology, Yale
University School of Medicine, New Haven,
CT, USA

Quantitative brain PET studies typically require
an arterial input function for kinetic modeling.
In general, arterial blood sampling is
considered to be the gold standard procedure
to obtain this input function. However, its
usage introduces several concerns. Invasive



arterial blood sampling often discourages
volunteers from participating in experiments.
Preparing for blood sampling (weighting tubes)
and counting the blood samples in the tubes
are laborious work, and a frequent access to
subject's artery introduces additional radiation
exposure to personnel. In addition to these
drawbacks, performing arterial cannulation
requires much more skill than venous blood
sampling, and may fail in a non-negligible
number of studies. For small animal imaging
(rats/mice), the total volume of blood that can
be drawn is limited and blood sampling may
affect the physiological process. Therefore, it
is desirable to develop a method that
eliminates or alleviates the arterial blood
sampling.

In the past decade, alternative methods have
been proposed and addressed in a huge
number of articles. The non-invasive input
function estimation consists of two points: 1)
estimating the shape and 2) estimating the
scale of the input function. Shape estimation
methods fall into 4 categories: 1) population-
based approach that creates a template input
function by normalizing individual input
functions measured from a population of
subjects, 2) carotid ROI placement approach
which requires carotid identification and
correction for partial volume effect and spill-in,
3) factor analysis approach which does not
use any anatomical information, and 4)
simultaneous  estimation approach that
estimates kinetic parameters of more than one
region and a set of parameters of a common
input function over the regions. Compared with
variety of shape estimation methods, there are
a few ways of scaling the input function.
Usually, one or more arterial (or venous) blood
samples are taken for scaling. Sampling-free
approaches are also proposed. However, a
trade-off exists between the accuracy of
estimation and the number of samples
available for the estimation.

There are many challenges to accurately
estimate the input function noninvasively. One
of the challenges is that a whole blood activity
curve is estimated in most methods.
Depending on the types of tracers or subject
conditions, the plasma and whole blood curves
are different in shape and scale. In receptor
binding study, radiometabolites in the plasma
make the estimation more difficult.

In this presentation, the measurement of the
input function is briefly introduced, and we will
discuss the advantage and challenging issues
of the proposed methods. We will also briefly

discuss other challenges in noninvasive input
function estimation.

NOVEL METHODOLOGY FOR
SIMULTANEOUS ASSESSMENT OF CMRO,
AND CBF - CHALLENGES TOWARDS “ON-
DEMAND” EXAMINATION USING™*0O, AND
PET

H. lida

Department of Investigative Radiology,
National Cardiovascular Center-Research
Institute, Suita, Japan

Use of ™O-labeledoxygen (*°0,) and PET has
a unigue feature, and is capable of providing
absolute quantitation of cerebral metabolic
rate of oxygen (CMRO,) and oxygen extraction
fraction (OEF) in regional cerebral tissue in
man. Despite the importance of those
functional parametric images in characterizing
the pathological status of several diseases,
usage of °0, has been limited, because of
complex logistics of the examination. This
paper is intended to summarize the ?revious
problems and/or limitations of the O-PET
technique, and also to overview the recent
progress how they could be overcome. Our
preliminary system towards the “on-demand”
operation, for ultra-rapid assessment of
CMRO,/CBF from single PET scanning will
also be introduced.

The discussion will include following topics
1. Methodological backgrounds

# This includes the kinetic model for *°>0,, and
typical examination procedures. Possible error
factors will also be discussed.

2. Recent improvement in the kinetic model z
This includes a novel formulation for
simultaneous CMRO,, CBF and OEF
determination from a single PET scanning,
and also how to compensate metabolized
water. Improvement of the blood volume
correction method in diseased conditions will
also be discussed.

3. Improved quantitative accuracy in recent 3D
PET Z This includes the importance of physical
accuracy of PET, such as improved counting
rate performance, and adequate scatter
correction for high radioactivity in the trachea
and facemask.

4. United system development



7 This includes O-dedicated small cyclotron,
operated with fully automated sg/stem for
radio-synthesis and supply of °0-labeled
gases to patients. There are also several
peripheral devices which need to be united.

5. Validation and application

TWO COMPLEXITIES OF BRAIN IMAGING:
GENOTYPE AND PERIPHERAL
DISTRIBUTION

R.B. Innis

National Institute of Mental Health, Bethesda,
MD, USA

Second-generation radioligands for
translocator protein (TSPO), an inflammation
marker, are confounded by the co-dominant
rs6971 polymorphism that affects binding
affinity. The resulting three groups are
homozygous for high affinity state (HH),
homozygous for low affinity state (LL), or
heterozygous (HL). We tested if in vitro
binding to lymphocytes distinguished TSPO
genotypes and if genotype could affect clinical
studies using the TSPO radioligand
["'C]PBR28. In vitro binding to lymphocytes
and ["'C]PBR28 brain imaging was performed
in 27 human subjects with known TSPO
genotype. Specific [3H]PBR28 was measured
in prefrontal cortex of 45 schizophrenia
patients and 47 healthy controls. Lymphocyte
binding to PBR28 predicted genotype in all
subjects. Brain uptake was ~40% higher in HH
than HL subjects. Specific [*H]PBR28 binding
in LL controls was negligible, while HH
controls had ~80% higher binding than HL
controls. After excluding LL subjects, specific
binding was 16% greater in schizophrenia
patients than controls. This difference was
insignificant by itself (p = 0.085), but was
significant after correcting for TSPO genotype
(p = 0.011). Our results show TSPO genotype
influences PBR28 binding in vitro and in vivo.
Correcting for this genotype increased
statistical power in our postmortem study and
is recommended for in vivo PET studies.

DRUG DEVELOPMENT IN
NEUROPSYCHIATRIC DISORDERS: FROM
BENCH TO BED

T. Suhara

Molecular Neuroimaging Program, National
Institute of Radiological Science, Chiba, Japan

Positron  emission  tomography  (PET)
techniques have enabled the visualization of
target molecules of various psychotropic
drugs, such as receptors and transporters in
the living human brain. The concept of
occupancy has been used as a reliable index
for therapeutic drug monitoring at specific
binding sites. Previous PET studies on
antipsychotics have suggested that 70%-80%
of central dopamine D, receptor occupancy
provides the desired therapeutic effects
without any  extrapyramidal  symptom.
Regarding the antidepressant therapy,
serotonin transporter occupancy is also used
as one of the indices for the evaluation of
antidepressants such as selective serotonin
reuptake inhibitors.  Clinical doses of
clomipramine and fluvoxamine occupied about
80% of serotonin transporter, and dose
escalation would have minimal effect on
serotonin transporter blockade.
Norepinephrine transporter (NET) is another
target of antidepressants. The mean NET
occupancies by nortriptyline doses were 16.4
% at 10 mg, 33.2 % at 25 mg, and 41.1% at 75
mg, respectively. The application of PET
method on drug evaluation can provide us
useful information about the characteristics of
psychotropics, including an optimal clinical
dose and the kinetic profile at the sites of
action as well as their ability to penetrate into
the brain. However, in psychiatric disorders,
reliable diagnostic biomarkers are still awaited.
Nonetheless, in the case of Alzheimer disease
(AD), distinctive pathological changes such as
deposition of B-amyloid (AB) and tau protein
have been identified. Several amyloid ligands,
such as [110]PIB and [llc]BF227, have been
developed for imaging AB deposition. On the
other hand, tau pathology is considered to be
closely related with neural dysfunction in AD
and non-AD tauopathy, and could accordingly
be an important target for both therapeutic
intervention and diagnostic imaging.
[11C]PBBS has been recently developed as a
tau imaging PET ligand, and showed high
affinity and selectivity for tau deposits in our
preclinical studies. [11C]PBB3-PET
demonstrated high accumulation in the medial



temporal cortex of all AD patients, in which
binding of [*'C]PIB was minimal. Distribution of
["'C]PBB3 accumulation observed in AD
patients extended to the entire limbic system
and subsequently to the neocortex as a
function of the disease severity.

HUMAN HYBRID PET/MR IMAGING
H. Herzog

Forschungszentrum Juelich GmbH, Jilich,
Germany

A new hybrid imaging technology combining
positron emission tomography (PET) and
magnetic resonance imaging (MRI) is
emerging presently. The motivation towards
this bimodal imaging tool has been driven by
the fact that the complementary capabilities of
PET and MRI when combined in one
instrument deliver a considerable added value
in comparison to their separate use at different
dates and locations. To allow for truly
simultaneous PET/MRI imaging a new type of
MR-compatible PET detectors had to be
developed. First experimental PET/MRI
scanners for studying small animals with
different design strategies were realized by
several research groups. After the introduction
of the Siemens 3TMR-BrainPET as the first
industrial prototype of integrated MR-PET
scanners for human brain studies - one of
them at the Forschungszentrum Juelich - two
types of PET/MRI scanners for whole-body
studies are now commercially available.
Whereas the Biograph mMR scanner offered
by Siemens integrates the PET detector within
the MR scanner, the Ingenuity TF PET/MR
available from Philips consists of a PET
scanner and an MR scanner linked by a
common patient bed.

In this presentation, the technological
challenges and different concepts of present
instrumentation for human hybrid PET/MR
imaging will be discussed shortly. While the
primary clinical use of PET/MRI is expected to
be in the field of oncology as in the case of
PET/CT, this lecture - given at BrainPET 2013
- will focus on brain applications. The
performance characteristics of the PET
components installed in the different PET/MRI
scanners will be summarized. Our own
experiences with first studies done with the
3TMRBrainPET operated at the
Forschungszentrum Juelich will be presented.
The advantages of time saving in patient
management and optimal spatial overlay of

anatomic and functional information offered by
PET/MRI with regard to the simultaneous
observation of physiological and metabolic
processes will be demonstrated. In brain
tumour patients simultaneous multiparametric
MR-BrainPET confirmed the feasibility of
versatile MR imaging during dynamic PET.
Until now functional brain activation (observed
by fMRI) and interaction of receptor ligands
during special activation tasks or
pharmacological intervention (measured by
PET) could not be explored in humans
simultaneously. Using integrated PET/MRI
such studies become possible for basic
investigations as well as for clinical research
and applications.

MOLECULAR STROKE
J. Hatazawa

Nuclear Medicine and Tracer Kinetics, Osaka
University Graduate School of Medicine, Suita,
Japan

Molecular, cellular, and tissue pathology after
cerebral ischemia has been extensively
studied over the last decades in experimental
animals and in patients. In clinical setting, the
imaging technology of Positron Emission
Tomography (PET), Single Photon Emission
Computed Tomography (SPECT), X-ray
Computed Tomography (CT), and Magnetic
Resonance Imaging (MR) visualized the
ischemic penumbra, a tissue at risk for
cerebral infarction. Recently, further
development of imaging modalities for small
animals combined with new biological probes
made it possible to study molecular basis of
ischemic penumbra. Here, | review the
important clinical works regarding cerebral
energy failure following acute embolic
occlusion of carotid/cerebral arteries by *°O-
PET and Diffusion-Perfusion MR. 1 also
provide a testable hypothesis that astrocytic
TCA (Tricarboxylic acid) cycle activity has a
critical role for protection of cerebral tissue
damages induced by acute ischemia.

In patients with acute embolic occlusion of
carotid/cerebral arteries, the initial 3-day
infarct volume expansion was associated with
disturbed CMRO, but not with cytotoxic edema
(defined as “Metabolic penumbra”) as early as
6 hours of onset (Shimosegawa E, et al. Ann
Neurol 2005).

The next question was a role of astrocytes in
ischemic brain and how astrocytes relate to



the expansion of infarct volume. Acetate is
preferentially taken up and metabolized by
astrocytes. We demonstrated that **C-acetate
is a sensitive marker of TCA cycle activity in
astrocytes (Hosoi R, et al. 2004 JCBFM). After
short-term ischemia, “C-acetate uptake in the
brain was reduced but not immediately
recovered after reperfusion (Hosoi R, et al.
JSCD, 2007). Astrocytic metabolic dysfunction
caused cerebral infarction even after short-
term ischemia in rats (Hosoi R, et al. Ann Nucl
Med, 2006). These findings indicated that
recovery of astrocytic TCA cycle activity is a
key issue to protect infarct volume expansion.

It is well known that the astrocytic TCA cycle is
coupled with glutamate-glutamine cycle.
Extracellular glutamate concentration was
increased after astrocytic TCA cycle inhibition
by fluoro-citrate (Largo P, et al. J Neurosci,
1996; Rodriguez Diaz, et al.,, Glia, 2005).
These studies indicated that astrocytic TCA
cycle dysfunction during ischemia and initial
reperfusion period may induce an elevation of
extracellular glutamate concentration. Hirose
et al. revealed in rat brain that astrocytic TCA
cycle inhibition induced enhanced glucose
consumption, which was protected by
pretreatment of NMDA receptor antagonists
(Neuroscience Letters, 2007).

The hypothesis that astrocytic TCA cycle
dysfunction may occur in ischemic or
metabolic penumbra is now testable by the
PET with *C-acetate.

Brain Symposium

ASTROCYTIC AQUAPORIN 4 ROLES IN
NEUROIMAGING SIGNALS: DWI AND DTI

J. Badaut*?

let of Pediatrics, szt of Physiology, Loma
Linda University, Loma Linda, CA, USA

The non-invasive  neuroimaging  using
magnetic resonance imaging (MRI) is widely
used for functional brain mapping as well as a
biomarker for daily clinical diagnosis and
prognostic. Cellular localization of changes in
water mobility observed with diffusion
weighted imaging (DWI) or in diffusion tensor
imaging (DTI) are critical for the interpretation
of the images in normal and pathological
brains. Aquaporin 4 (AQP4), a water channel,
is located in astrocyte processes in contact of
blood vessels and neuronal synapses. Thus,
interpretation of the neuroimaging signal
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changes depends on an understanding of
water movement at cellular level in brain.
However, the cellular and molecular
mechanisms that underlie such signal changes
in ADC and DTI are still in progress. Using
siRNA targeting AQP4 (siAQP4) injection in
vivo induces a decrease of ADC values,
extracted from DWI, without major tissue
structural changes and water content.
Similarly, the DTI signals are changed in the
cortex with a decrease of the axial diffusibility
and increase of the relative anisotropy.
Interestingly, siAQP4 injection also decreases
the level of connexin 43, and then possibly
changes the connectivity with less functional
gap junctions in the astrocyte. Therefore, the
decreases of astrocytic water channel and the
changes in the astrocyte connectivity are
possibly contributing to neuroimaging signals
for the DWI and DTI. A better understanding of
the astrocyte network physiology is critical for
the interpretation of the neuroimaging changes
in pathophysiological conditions.

Financial support: NIH RO1HD061946 Swiss
Science Foundation (FN 31003A-122166)

CELLULAR, VASCULAR AND FUNCTIONAL
DEVELOPMENT OF THE BRAIN

E. Hillman, M. Kozberg, A. McCaslin, B.
Chen, M. Bouchard, L. Grosberg

Biomedical Engineering and Radiology,
Columbia University, New York, NY, USA

Introduction: The brain exhibits tightly
coupled increases in cortical blood flow in
response to specific stimuli. These blood flow
changes are the basis of the BOLD signal
detected in fMRI. However, the cellular
mechanisms controlling these blood flow
changes, and even the underlying purpose of
modulating blood flow, are not well
understood.

Aims of study: One current hypothesis is that
astrocytes play a critical role in coupling
neuronal activity to blood flow increases, while
the involvement of direct neuronal signaling,
interneurons and endothelial cells have also
been explored. We hypothesized that if
astrocytes were the primary drivers of blood
flow changes, that their physical distribution
and connectivity with each other, and with
blood vessels, would need to be consistent
with the vascular dynamics observed during
functional hyperemia.



Materials and methods: Our studies used in-
vivo two-photon microscopy and high-speed
multispectral optical intrinsic signal imaging
(MS-OISI) in rats and mice. Astrocytes were
labeled with SR101.

Results: In initial studies, we found that
astrocytes are intimately associated with blood
vessels within the cortex, with almost all
directly contacting a diving artery, capillary or
ascending vein. Astrocyte processes were
found to ensheath all sub-pial vessels,
potentially forming a conduit of sheathing
capable of long-range signaling. However, we
also confirmed that no astrocyte processes
extend above the glia limitans, despite the
strong dilations of pial arterioles observed
during functional hemodynamic responses to
stimulation [1, 2]. Based on earlier reports of
abnormal, typically inverted, fMRI responses in
human infants and children, we decided to

explore whether the neonatal brain could
provide further insights into neurovascular
mechanisms. Using MS-OISI, we

characterized the developmental evolution of
the hemodynamic response at the vascular
level [3]. We confirmed that P12-P13 rats
show almost no ‘positive BOLD' blood flow
increase in response to stimulation, in fact we
observed strong, bilateral decreases in blood
flow, with corresponding constriction of pial
arteries. With increasing age, we observed the
gradual establishment of a positive, localized
hemodynamic response to stimulation, which
reached a fully positive response around P23.
Only by adulthood did the response include
the dilation of large pial arteries. We also
found that strong stimuli in the neonatal rat

induced large systemic blood pressure
increases  which, owing to immature
autoregulation, produced strong, highly
misleading bilateral positive cortical
hemodynamic responses.

Conclusions: We interpret our neonatal

results as revealing the gradual development
of neurovascular control in the brain. Using in-
vivo two-photon microscopy, we are now
exploring the neuronal, astrocytic and vascular
changes that accompany the gradual
development of localized, mature functional
hyperemia to isolate the role of each in the
generation of functional hyperemia. One
consistent finding between both our initial
astrocyte, and developmental studies is a
need for a mediator other than astrocytes to
invoke rapid dilation of pial arteries, a
mechanism that appears to mature by with
developmental age.
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CELLULAR AND MOLECULAR MR
IMAGING IN NEUROLOGICAL DISEASES

R.M. Dijkhuizen®, N.R. Sibson?

'Biomedical MR Imaging & Spectroscopy
Group, Image Sciences Institute, University
Medical Center Utrecht, Utrecht, The
Netherlands, 2Gray Institute for Radiation
Oncology & Biology, University of Oxford,
Oxford, UK

Primary goals of what is now termed
'molecular imaging' are the visualisation of
pathological processes at the (sub)cellular
level, often long before disease symptoms
become clinically apparent, and the direct
monitoring of effects of targeted therapeutic
interventions. Both PET and SPECT have
been used in this way for many years, but with
limited spatial resolution. In recent years the
concept of molecular MRI has evolved and we
now have the ability to gain information not
only on the upregulation of specific molecules

associated with pathology, but also on
alterations to neuronal pathways and
recruitment of specific cell populations,

including stem cells, to disease areas.

The potential of MRI to detect events at
cellular and molecular levels has become
imminent by current advancements in contrast
agent design and synthesis. Molecular and
cellular MRI typically employ
(super)paramagnetic nano- or microparticles
with or without conjugated ligand. Cellular
labeling and molecular targeting with tailored
contrast agents enable direct detection of cells
and biomarkers, which can be applied for
noninvasive measurement of migration of
cells, e.g. leukocytes, and expression of
molecular markers, e.g. cell adhesion
molecules. An alternative approach makes use
of paramagnetic manganese (Mn*) as a
calcium analogue that can enter neurons
through Ca”*-channels. Manganese-enhanced
MRI has been successfully used for in vivo
studies on cytoarchitecture and activity in the
brain and retina.



Cellular and molecular MR imaging are
cutting-edge translational areas in current MRI

research, involving preclinical and clinical
studies on neural tissue structure and function,
neuroinflammatory processes, and
neurorestorative  therapies. The invited

speakers in this symposium will cover all
aspects of this exciting field, from molecular
mechanisms to applications in animal models
and human patients.

TRACKING STEM CELLS IN VIVO USING
MRI

J. Bulte
Johns Hopkins University, Baltimore, MD, USA

Translational cellular imaging is expected to
play a key role in evaluating the outcome of
regenerative medicine clinical trials using stem
cells. In order to facilitate and implement the
translation of novel stem cell therapies into the
clinic, one needs to be able to monitor the
cellular biodistribution non-invasively following
administration. Among the different clinically
used cellular imaging techniques, 111-In oxine
scintigraphy is the only FDA-approved method
and has been primarily for imaging of infection
and inflammation. Cellular magnetic
resonance (MR) imaging, with its superior
spatial resolution and excellent soft tissue
anatomical detail, is emerging as the
technique of choice to monitor in real-time
image-guided cell delivery, immediate
engraftment, and short-term homing. Up until
now, 7 clinical MRI cell tracking studies have
been published, all using superparamagnetic
iron oxide nanoparticles or SPIOs in an off-
label fashion. SPIOs are clinically approved
and create strong local magnetic field
disturbances that spoil the MR signal leading
to hypo- or hyperintense contrast. A major
setback is that the particles that were being
used have been taken off the market, as their
primary, FDA-approved indication (liver
imaging of Kupffer cells) did not live up to its
promise. However, several companies have
started manufacturing novel particles, which
possibly can also be used for magnetic particle
imaging (MPI). There are also other MRI
techniqgues based on reporter genes, e.qg.
ferritin, lysin-rich protein, supercharged GFP,
and thymidine kinase. These offer the
advantage that it is possible to determine cell
survival and differentiation of stem cells, when
the reporter is placed under a specific
promotor. Finally, fluorine (19F) MRI is gaining
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attention for MRI cell tracking, with the first
clinical trials expected to begin in 2013.

MOLECULAR MRI IN NEUROLOGICAL
DISEASE

N. Sibson

Department of Oncology, University of Oxford,
Oxford, UK

The primary goal of what is now termed
molecular imaging is the visualisation
pathological processes at the cellular level,
often long before disease symptoms become
clinically apparent. The ability to do this
confers two major benefits: earlier diagnosis of
disease and targeting of individual therapy.
Both PET and SPECT have been used in this
way for many years, but with limited spatial
resolution. In recent years the idea of
molecular MRI has evolved, with the
advantage of considerably greater spatial
resolution than either of the radioisotope-
based methods. Typically, diagnostic MRI has
relied on the effects of pathology on the water
molecules in the tissue, and as a consequence
has provided indirect and, frequently, rather
non-specific information on the underlying
processes. With the advent of molecular MRI
we now have the ability to gain information on

the expression, upregulation or
downregulation, of specific  molecules
associated with pathology. Using this

approach we have shown that we can detect
specific adhesion molecules expressed on the
vascular endothelium using ligand-targeted
MRI contrast agents early in the progression of
experimental brain disease. Moreover, we are
able to do this at a time when the presence of
pathology is undetectable by either existing
imaging methods or clinical scoring. In this talk
I will discuss the various novel targeted
contrast agents that we have been developing
in Oxford and our in vivo work in experimental
models of multiple sclerosis, stroke and brain
cancer. | hope, thereby, to demonstrate the
potential of molecular MRI for sensitive
detection of neurological disease.



MAGNETIC RESONANCE IMAGING OF
MACROPHAGE BRAIN INFILTRATION AND
OF MOLECULAR BLOOD BRAIN BARRIER
ALTERATIONS IN EXPERIMENTAL AND
CLINICAL MULTIPLE SCLEROSIS

K.G. Petry

Neuroinflammation, Imaging and Therapy of
Multiple Sclerosis, INSERM U 1049, University
Bordeaux Segalen, Bordeaux, France

In Multiple Sclerosis (MS), myelin and axonal
degeneration is caused by a proinflammatory
autoimmune response involving molecular and
cellular activity of the blood brain barrier
(BBB). With the aim to characterize these
active modulations, we have developed

strategies by using in vivo Magnetic
Resonance Imaging (MRI) to define the
cellular and molecular events of the

neuroinflammation process at the BBB in MS
and experimental neuroinflammation models.
These tools allow to monitor various events of
active BBB alterations for which we analysed
the cellular and molecular basis:

1) the macrophage activity in comparison to
BBB leakage in acute MS lesions and their
follow-up,

2) the involvement of water transporter
AQUP4 in inflammatory oedema formation and
resolution, and

3) the molecular alterations of the endothelial
cells by a series of newly defined peptide
ligands.

I will present the in vivo selection strategy to
generate the peptide ligands and the tool
developments of molecular biology and
bioinformatics to determine peptide ligands
binding specifically to the molecular alterations
at the inflamed BBB in the experimental MS
rat model. | will show the in vivo application to
target with peptides linked to nanocargos such
molecular alterations during
neuroinflammation that was monitored in vivo
by MRI. I will further discuss and present some
preliminary data to transfer the developed
tools and in vivo markers that we have
characterized in MS towards other brain
pathologies (like  tumour, but also
neurodegeneration, trauma, infection)
involving nervous tissue remodelling and
cellular activation, in particular of endothelial
cells and activation of proinflammatory and
immunomodulating cell phenotypes.
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CEREBRAL BLOOD FLOW IN MOUSE
MODELS OF AD

A.J. Kiliaan, D. Jansen, V. Zerbi

Anatomy, Donders Institute for Brain,
Cognition, and Behavior Radboud University
Nijmegen Medical Centre, Nijmegen, The
Netherlands

Although food has classically been perceived
as provider of energy and building material to
the body, its ability to prevent and protect
against diseases is starting to be recognized.
Already 30 y ago pioneering studies on
Greenland Eskimos indicated that intake of n-3
long chain polyunsaturated fatty acids (n-3
LCPUFA) from fish has protective effects
against cardiovascular diseases. Also the
Mediterranean diet containing n-3 LCPUFA as
important component has been shown in
several prospective world-wide studies to be
inversely associated with cardiovascular
disease (CVD) and to be a strong protective
factor against hypertension, obesity, and
Alzheimer disease. The important role of diets
and healthy lifestyle as preventative of
vascular diseases is therefore widely
accepted. Dietary lipids, which originally were
thought to affect the brain through their effects
on cardiovascular physiology, are also starting
to be recognized for their direct actions on the
brain like on synaptic function and plasticity
and cognitive processes. The other way
around, diets that are high in saturated fat are
becoming notorious for reducing molecular
substrates that support cognitive processing
and increasing the risk of neurological
dysfunction in both humans and animals. Also
several other dietary components have been
recognized for their effects on cognitive
abilities. Dietary factors can affect multiple
brain processes by regulating neurotransmitter
pathways, synaptic transmission, membrane
fluidity and signal-transduction pathways.
Based on previously published data, and also
on our new preliminary data in mice models for
Alzheimer, treatment with dietary
supplementation comprising the nutritional
precursors and cofactors for membrane
synthesis, viz. DHA, eicosapentaenoic acid
(EPA), UMP, choline, phospholipids, folic acid,
vitamins B6, B12, C, E, and selenium
promotes neuroprotection by decreasing
inflammation, restoring cerebral blood flow and
volume, and inhibiting neurodegeneration,
enhancing neural plasticity by increasing
neurogenesis. In this talk the capacity of
nutrients to affect brain function and structure
in both mice and men will be reviewed.



VASCULAR PATHOLOGY IN ALZHEIMER’'S
DISEASE

D.R. Thal
University of Ulm, Ulm, Germany

Objectives: To clarify associations between
Alzheimer's disease (AD) and cerebral
amyloid angiopathy (CAA), small vessel
disease (SVD), atherosclerosis in the vessels
of the circle of Willis, brain infarction and
hemorrhage.

Methods: Brains from autopsy cases with AD
and non-demented controls as well as cases
with  preclinical AD  pathology were
neuropathologically studied for AD pathology,
CAA, SVD, atherosclerosis in the circle of
Willis, brain infarction and hemorrhage.
Additionally, sections from the basal ganglia of
selected human autopsy cases were studied
immunohistochemically for the distribution of
the amyloid B-protein (AB), apolipoprotein E
(apoE), and immunoglobulin G (IgG) in the
vessels, perivascular spaces and in brain
parenchyma.

Results: CAA was strongly associated with
AD. Cases with capillary CAA were, thereby,
most frequently carriers of the APOE ¢4 allele.
The severity of atherosclerosis in the circle of
Willis as well as of SVD was not associated
with AD. Likewise the prevalence of brain
infarction and hemorrhage did not vary
significantly between AD and control cases,
whereas brain infarction but not hemorrhage
was more prevalent in cases with vascular
dementia than in AD and controls. Cases with
microinfarcts in the CAl-subiculum regions in
cases categorized as vascular dementia were
usually associated with low - intermediate
levels of AD pathology.The
immunohistochemical analysis revealed that
vessels of the basal ganglia with SVD exhibit
vessel wall lesions that accumulate plasma
proteins such as apoE and IgG. These
proteins were also found in the perviascular
space indicating a defect of the blood-brain
barrier (BBB) at the arterial (precapillary) level.
These changes were frequently observed in
AD cases. Here, perivascular astrocytes near
such SVD-affected vessels contained apoE
and AB.

Conclusions: These results show that CAA is
strongly associated with AD whereas only a
trend was observed for an associated between
AD and SVD. SVD, however, can cause
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defects of the BBB at the precapillary level.
The influx of plasma proteins into the
perivascular space and brain parenchyma may
impair the apoE-related clearance of A into
the perivascular space. Moreover, vascular
lesions such as infarcts and microinfarcts,
especially in strategic regions, may further
aggravate impairment of brain function
initiated by even mild to moderate AD-related
lesions, and may, thereby, lower the threshold
for the development of cognitive symptoms.

IMPAIRED CEREBRAL AUTOREGULATION
AND VASOMOTOR REACTIVITY IN
SPORADIC ALZHEIMER'S DISEASE

J.A.H.R. Claassen

Geriatric Medicine, Radboud Alzheimer
Center, Donders Institute, Radboud University
Medical Center, Nijmegen, The Netherlands

Background: Understanding the relationship
between vascular disease and AD will
enhance our insight into this disease and pave
the way for novel therapeutic research.
Cerebrovascular dysfunction, expressed as
impaired cerebral autoregulation and cerebral
vasomotor reactivity, has been observed in
transgenic mouse models for AD. Translation
to human AD is limited and conficting
however.

Objective: To investigate if impaired cerebral
autoregulation and cerebral vasomotor
reactivity, found in animal models for AD, are
present in human sporadic AD.

Methods: In 12 patients with mild to moderate
AD (age 75 = 4 yr) and 24 controls matched
for age and history of hypertension, we
measured blood pressure (Finapres) and
cerebral blood flow-velocity (transcranial
Doppler). Cerebral autoregulation was
assessed during changes in blood pressure
induced by single and repeated sit-stand
maneuvers. Cerebral vasomotor reactivity was
assessed during  hyperventilation and
inhalation of 5 % carbon dioxide.

Results: During single sit-stands, controls had
a 4% (SD 8) decrease in cerebrovascular
resistance during a reduction in blood
pressure, and an 8 % (SD 11) increase during
a rise in blood pressure, indicating normal
cerebral autoregulation. These changes were
not seen in AD (p=0.04). During repeated sit-
stands, blood pressure fluctuated by 20 % of
baseline. This led to larger fluctuations in



cerebral blood flow in AD (27 (6) %) than in
controls (22 (6) %, p < 0.05). Cerebral
vasomotor reactivity to hypercapnia was
reduced in AD (42.7 % increase in CBFV,
versus 79.5 % in controls, p = 0.03).
Conclusion: Observations of impaired
cerebrovascular function (impaired
autoregulation and vasoreactivity) in
transgenic mouse models for AD were
confirmed in patients with sporadic AD.

COMORSBIDITIES AND STROKE: FROM
THE BEDSIDE TO THE BENCH

M.A. Moro*, M. Castellanos?, D.W. Howells®,
X. Wang*, S.M. Allan®, J.D. Huber®

'Universidad Complutense de Madrid, Madrid,
2Hospital Dr. Josep Trueta, Girona, Spain,
3Melbourne Brain Centre, Melbourne, VIC,
Australia, “Massachusetts General Hospital
and Harvard Medical School, Charlestown,
MA, USA, ®University of Manchester,
Manchester, UK, *West Virginia University,
Virginia, VA, USA

Ischemic stroke is the third leading cause of
death in industrialized countries and the most
frequent cause of adult disability worldwide.
Moreover, its incidence is increasing in
developing countries, a reason for which it has
been identified by the WHO as a major public
health problem. Despite advances in the
understanding of the pathophysiology of
cerebral ischemia, therapeutic options remain
limited. At present thrombolytic therapy is the
only licensed treatment and for various
reasons this will never become widely
available, best estimates being that 10-15%
patients might benefit. Continued failure to
translate successful preclinical stroke findings
to patient benefit has been explained by a
number of factors. One such factor is the
failure to adequately consider clinically
relevant comorbidities in experimental models
of stroke. These comorbidities, including
hypertension, diabetes, infection, as well as
age, may change the response to cerebral
ischemia and therefore affect the efficacy of
potential stroke treatments. It is extremely
important therefore to determine underlying
mechanisms by which comorbidity contributes
to the onset of stroke and subsequent
outcome, such that better preclinical trials of
potential therapies can be conducted.

Pre-existing hypertension, highly prevalent
among stroke patients, is associated to early
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and late death and dependency. Specifically,
Dr. Howells will focus on the impact of pre-
existing hypertension on the efficacy of
candidate stroke drugs and on the need to use
different experimental models for their
assessment. Dr. Wang's lecture will focus on
diabetes, another important comorbidity. His
talk will detail the relative contribution of
preexisting diabetes and post-stroke
hyperglycemia on hemorhagic transformation
after tPA thrombolytic therapy. Infection is not
only a common post-stroke complication post-
stroke; also, increasing clinical evidence
suggests a link between preceding acute
infection and stroke onset. Prof. Allan will
discuss the mechanisms by which acute
inflammatory challenges or bacterial infections
lead to a worsening of stroke outcome in
experimental stroke models. Finally, we
cannot forget the high prevalence of stroke
among the aged population. Dr. Huber will
focus on the role of aging in the effect of
stroke therapeutics and will detail his work
using specific drugs that may be beneficial for
aged stroke patients.

HYPERTENSION AND STROKE
D. Howells, V. O'Collins

Stroke Division, Florey Institute of
Neuroscience and Mental Health, Melbourne,
VIC, Australia

High blood pressure affects approximately
26% of the adult population and is a well-
recognised modifiable risk factor for stroke.
Pre-existing hypertension is present in more
than 50% of patients and 80% of stroke
patients have SBP >140 mmHg during the
acute phase of stroke. Early and late death
and dependency are increased by
hypertension and the efficacy of
antihypertensive medications in preventing
vascular events is well established.

During drug development it is important to
know whether candidate stroke drugs retain
efficacy in the face of hypertension.

At least 20 models of hypertension ranging
from surgical ligation of arteries supplying a
kidney, through pharmacological or genetic
manipulation of vascular reactivity to selective
breeding of hypertensive rabbits and rats have
been reported. Broadly all that have been
studied exacerbate ischemic injury caused by
thread occlusion of the middle cerebral artery



and are prone to spontaneous haemorrhagic
stroke.

When data were pooled from 3,288 acute
ischemic stroke experiments (47,899 animals)
testing the effect of therapies on infarct size
(published 1978 - 2010), it was found that only
the genetically induced strain of Spontaneous
Hypertensive Rat and its variants (e.g. the
Stroke Prone Spontaneous Hypertensive Rat)
had been used. Of the 502 therapies tested in
acute experimental stroke and included in the
dataset, 474 had been tested in hormotensive
animals, 86 had been tested in hypertensive
animals and 58 had been tested in both.
Overall, hypertension was associated with
lower treatment efficacy. Of the 58 tested in
both, 12 therapies were less effective in
hypertensive animals compared to
normotensive animals (TNF-alpha, isoflurane,
albumin, exercise, pentobarbital, halothane,
dizocilpine, tPA, nicardipine, aminoguanidine,
Ac-YVAD.cmk and NXY-059) and six
therapies were more effective (hypothermia,
citicholine, L-Name, isradipine, SB-221420-A
and L-arginine).

Within the basic science testing of acute
stroke therapies, 10% of studies had been
undertaken in  hypertensive animals -
substantially less than the estimated
prevalence of hypertension in the stroke
population. To the extent that acute stroke
therapies have been tested in hypertensive
animals, the testing has been undertaken
predominantly in the genetically hypertensive
rat (SHR). Hypertension has a significant
effect on the efficacy of candidate stroke
drugs: standard basic science testing regimes
may overestimate the efficacy which could be
reasonably expected in hypertensive patient
groups.

The strength of basic science evidence
demonstrating the effect of hypertension on
acute stroke therapies would be stronger if
validated in models other than the SHR.

IMPROVING TPA THROMBOLYTIC
THERAPY OF ISCHEMIC STROKE WITH
DIABETES MELLITUS AND POST-STROKE
HYPERGLYCEMIA

X. Fan, M.-M. Ning, E.H. Lo, X. Wang

Departments of Neurology and Radiology,
Massachusetts General Hospital and Harvard
Medical School, Charlestown, MA, USA
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Background: Post-stroke hyperglycemia is
presented in all preexisting diabetes mellitus
(about 30% of ischemic stroke) and 50% of
non-diabetic  ischemic  stroke  patients.
Hyperglycemia itself and
hyperglycemia/diabetes-associated
inflammatory cerebrovascular damage are
considered of major contributors to the
increased risk of hemorrhagic transformation
and worse functional outcomes after tPA
thrombolytic therapy. Thus we performed two
sets of experiments investigating the effects of
early insulin glycemic control plus tPA
combination or the effects of anti-inflammatory
agent minocycline plus tPA combination in
acute brain tissue outcomes of focal embolic
stroke in type | diabetic rats.

Method: Type | diabetes of male Wistar rats
(diabetes for 6 weeks, 14 weeks old) were
subjected to embolic focal stroke. In the first
set of experiments, all rats were treated with
insulin or saline control at 1 hour followed by
tPA or saline at 1.5 hours after stroke.
Infarction, hemispheric swelling, hemorrhagic
volume, perfusion defects and mortality were
examined and compared at 24 hours after
stroke. Total plasma plasminogen activator
inhibitor-1 (PAI-1) antigen and activity levels
were measured at before stroke, and at 1.5, 3
and 6 hours after stroke. In the second set of
experiments, stroke animals were divided into
three treatment groups: (1) saline at 1.5 hours
after stroke; (2) tPA alone at 1.5 hours after
stroke; (3) combined minocycline (IV) at 1 hour
plus tPA at 1.5 hours, and second treatment of
minocycline (IP) at 12 hours after stroke.
Acute brain tissue damage was assessed at
24 hours after stroke. Inflammatory biomarkers
interleukin 18 (IL-1B) and matrix
metalloproteinase 2 and 9 (MMP-2/-9) were
examined in plasma. Neutrophil infiltration,
microglia activation, MMP activity and tight
junction protein claudin-5 degradation were
examined in peri-infarct brain sections.

Results: In the first set of experiments, early
insulin glycemic control alone or tPA alone had
no significant effects in brain infarction
reduction. However, insulin combined with tPA

significantly  reduced brain infarction,
hemispheric swelling and tPA-mediated
intracerebral hemorrhage. In addition, the
combination also significantly decreased

plasma PAI-1 antigen level at 6 hours, and
PAI-1 activity at 1.5 and 6 hours after stroke,
as well improved plasma perfusion at 24 hours
after stroke. Results from the second set of
experiments showed that compared to saline
or tPA alone treatments, minocycline plus tPA



combination  significantly reduced brain
infarction, hemispheric swelling and
intracerebral hemorrhage at 24 hours after
stroke. The combination also significantly
suppressed the elevated plasma levels of
MMP-9 and IL-1B up to 24 hours after stroke.
At 16 hours after stroke, neutrophil infiltration,
microglia activation, MMP-9 activity and tight
junction protein claudin-5 degradation in the
peri-infarct brain tissues were also significantly
attenuated by minocycline  plus  tPA
combination.

Conclusions: Combination of early insulin
glycemic control with tPA may be beneficial in
lowering blood glucose and diminishing
reperfusion defeat that result in reductions of
brain tissue damage and hemorrhagic
transformation. Combination of minocycline
plus tPA may be beneficial in ameliorating
systematic and neurovascular inflammation
that leads to decreased infarction, brain
swelling and hemorrhage for ischemic stroke
with  diabetes mellitus or post-stroke
hyperglycemia.

PRECEDING INFECTION AND ITS EFFECT
ON STROKE OUTCOME

A. Dénes™?, J. Pradillo®, B. McColl®, C. Drake?,
K.N. Murray*, P. Warn?, B. Nieswandt®, N.J.
Rothwell', S. Allan®

'Faculty of Life Sciences, University of
Manchester, Manchester, UK, 2Laboratory of
Molecular Neuroendocrinology, Institute of
Experimental Medicine, Budapest, Hungary,
3Neurobiology Division, The Roslin Institute,
University of Edinburgh, Edinburgh,
*Manchester Academic Health Science
Centre, National Institute for Health Research
Translational Research Facility in Respiratory
Medicine, University of Manchester,
Manchester, UK, *University Hospital and
Rudolf Virchow Center for Experimental
Biomedicine, University of Wirzburg,
Wirzburg, Germany

A number of risk factors for stroke have been
identified, yet these are rarely considered in
experimental studies. Infection has long been
recognised as a serious complication post-
stroke and major contributor to mortality, and
increasing clinical evidence also suggests a
strong link between preceding acute infection
and stroke onset. Respiratory and urinary tract
infections in particular appear to show the
strongest association. Experimental evidence
is lacking in this area and our recent studies
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have set out to establish possible mechanisms
underlying the effects of infection pre-stroke.
Using rodent models of focal ischaemia we
find that an acute inflammatory challenge
immediately before stroke can worsen
outcome, via interleukin-1 and neutrophil
dependent mechanisms. Furthermore infection
with ~ Streptococcus pneumonia, a more
clinically relevant challenge, also worsens
stroke outcome, in both young and old
atherosclerotic animals, via interleukin-1 and
platelet dependent mechanisms. No
spontaneous stroke is observed in co-morbid
animals when exposed to pulmonary infection.
These observations highlight an important role
of preceding infection in determining outcome
post-stroke.

NEUROPLASTICITY-PROMOTING
THERAPIES

R.M. Dijkhuizen®, M. Chopp?*?

'Biomedical MR Imaging & Spectroscopy
Group, Image Sciences Institute, University
Medical Center Utrecht, Utrecht, The
Netherlands, 2Department of Neurology, Henry
Ford Hospital, Detroit, 3Department of Physics,
Oakland University, Rochester, Ml, USA

There is increasing evidence of the adult
brain's capacity to remodel after injury, which
opens up exciting opportunities for plasticity-
enhancing therapies to improve functional
recovery. Therapies that promote neurorepair
and -regeneration - including neurogenesis,
synaptic plasticity and angiogenesis - provide
promising strategies to overcome functional
deficits associated with neurological disorders.
An effective therapeutic approach to stimulate
recovery may be particularly valuable for
patients after acute cerebrovascular injury,
e.g. stroke, in which the treatment time-
window for neuroprotection is limited.

Brain plasticity after injury involves a complex
pattern of molecular and cellular events that
leads to dynamic reorganization of neuronal

circuitries. Early phenomena, such as
induction  of  growth-promoting  genes,
modulation of excitatory and inhibitory

signaling, and recruitment of inflammatory
cells, are followed by gradual structural
remodeling of  neuronal  connections.
Ultimately, the formation of reorganized neural
networks can significantly contribute to
recovery of function after brain damage.

Although new concepts of brain reorganization



are progressively being assessed, it remains
essentially unknown to what level specific
plasticity processes contribute to neurological
improvement, and to what degree brain
adaptations can be manipulated to promote
functional recovery. Various therapeutic
approaches to stimulate brain plasticity have
been suggested, including physical
rehabilitation, administration of  growth-
promoting drugs and stem cells, modulation of
inflammatory processes, and non-invasive
brain stimulation. However, these interventions
may also disrupt intrinsic networks or induce
other adverse effects, which stresses the
importance of thorough preclinical assessment
before these promising plasticity-enhancing
strategies are translated to the clinic.

The scientific symposium 'Neuroplasticity-
promoting therapies' will inform on recent
developments of various neurorestorative
strategies from experimental studies to clinical
applications. The invited speakers will discuss
advantages and prospects as well as
limitations and risks of different therapeutic
approaches in cerebrovascular and
neurodegenerative disorders.

NEUROTHERAPEUTICS IN BRAIN REPAIR:
EXCITATORY SIGNALING, GROWTH
FACTORS AND PLASTICITY AGENTS

S.T. Carmichael

David Geffen School of Medicine at UCLA,
Los Angeles, CA, USA

The current principles of recovery from stroke
involve physical medicine. Occupational,
physical and speech therapy utilize activity-
dependent and task-focused behavioral
therapies that lead to the limited recovery in
this disease. However, the targeted
pharmacological approaches so characteristic
of molecular medicine have not been available
in neurorehabilitation. Recent basic science
studies support novel therapeutics for neural
repair in stroke. These include activation of
molecular memory programs, selective growth
factor stimulation, induction of brain growth-
promoting cellular programs, blockade of
growth inhibitors induced by stroke and
targeted delivery of cell therapies. When
combined with physical rehabilitation these
may stimulate greater recovery in stroke.
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INTRODUCTION TO THE SYMPOSIUM
»IMPROVING QUALITY AND
PREDICTIVENESS OF TRANSLATIONAL
BRAIN RESEARCH: STATE-OF-THE-ART
METHODS AND FUTURE PERSPECTIVES”

J. Boltze™?

'Department of Cell Therapy, Fraunhofer
Institut for Cell Therapy and Immunology,
Leipzig, Germany, “Massachusetts General
Hospital and Harvard Medical School, Boston,
MA, USA

Improving the predictive power and quality of
preclinical stroke research is mandatory in
order to ensure maximum safety and best
chances for success in subsequent clinical
investigations. Given the setbacks during the
development of neuroprotective therapies for
ischemic stroke in the large decades, novel
strategies and a thorough assessment of the
animal models and techniques we use is
mandatory.

This short introductory note will introduce the
basic idea and aims of session, some of the
most interesting concepts to be discussed as
well as the contributing speakers.

IS THERE SOMETHING WRONG HOW WE
PRODUCE STROKE IN RODENTS?

J. Jolkkonen

Institute of Clinical Medicine - Neurology,
University of Eastern Finland, Kuopio, Finland

Experimental models are indispensable in
understanding the pathology and brain repair
in stroke on which development of new
therapies is based. Producing cerebral
ischemia is in principal straightforward. Next |
will refer to the transient MCAO model
(filament), which is perhaps the most common
stroke model. Although craniectomy is not
needed, yet the model is invasive and
complicated by high variability in lesion size
and location, hemorrhage and high mortality,
which are difficult to overcome even in skillful
hands.

Anesthesia used during ischemia operation
varies a lot between laboratories, but usually
gas anesthesia and isoflurane is used.
However, isoflurane is  neuroprotective
(compared to halothane), it is vasodilative and
it causes damage to the blood-brain barrier.
Another variable possibly affecting results is
postoperative care of the animals, including
the administration of painkillers, which should



be used to lessen suffering from the operation.
Also an inherited complication in the MCAO
model are difficulties in swallowing and
drinking leading to severe loss of body weight,
which bias all food rewarded behavioral tests
at acute phase.

The methods used to measure tissue damage
(e.g., TTC staining) may also contribute to
translational failure. The stained tissue may
seem to be viable, but in fact it is not functional
as shown by fMRI. Thus, sensitive behavioral
tests could be used as an additional and often
more reliable measure of neuroprotection. In
addition, one overlooked difference between
rodents and humans is the secondary
pathology in the thalamus (e.g., accumulation
of B-amyloid and calcium), which further
exacerbate the inflammation and neuronal
damage and is likely to affect the long-term
outcome in rodents.

Maybe there is not that much wrong in our
stroke models, but the procedures how we
induce stroke and how we assess outcome
need adjusting. Most of the issues raised here
could be overcome if the stroke community put
forces together to establish common standard
operating procedures. This should result in
more reliable and consistent data and
hopefully prevent translational failures in
future.

Lipsanen A, Jolkkonen J. Experimental
approaches to study functional recovery
following cerebral ischemia. Cell Mol Life Sci
68: 3007-17, 2011

MODELLING COMORBIDITIES IN
EXPERIMENTAL STROKE: MECHANISMS
AND CONFOUNDERS

A. Denes'?

'Faculty of Life Sciences, University of
Manchester, Manchester, UK, “Institute of
Experimental Medicine, Hungarian Academy
of Sciences, Budapest, Hungary

Mechanisms of brain injury are still improperly
understood and despite considerable research
in the field, a widely effective treatment is not
available for stroke. A role for inflammation in
ischaemic injury is increasingly recognised,
and inflammation is also an important
contributor to the main risk factors for stroke,
including atherosclerosis, diabetes, obesity
and hypertension. A greater understanding of
inflammatory mechanisms in brain injury could
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therefore provide new therapeutic approaches
for the treatment of stroke, which is a primary
public interest.

A common link in major risk factors for stroke
is acute or chronic inflammation, which has not
been considered in animal models until
recently. This is likely to have contributed to
the failure of clinical trials in stroke to date.
Animal models of comorbidities (such as
infection, diabetes, hypertension or obesity) in
stroke show worse neurological outcome,
increased infarct size, blood-brain barrier
injury, and pronounced expression of
inflammatory cytokines in both the periphery
and the brain. Blocking key inflammatory
mediators, such as interleukin-1, is protective
against brain injury in these models. Systemic
inflammatory mechanisms and bi-directional
interactions between the periphery and the
brain also contribute to stroke outcome even in
the absence of comorbidities. Moreover,
neuro-immune effects of anaesthesia and
surgical stress are inherent confounders in all
current models of cerebral ischaemia.

Thus, the development of appropriate animal
models, with special respect to comorbidities
in stroke (and other brain diseases), is
essential to facilitate understanding of
systemic inflammatory mechanisms that have
profound impact on brain injury and recovery.
Targeting of key inflammatory processes is
likely to be beneficial in prevention and
treatment of brain disorders.

NEUROFUNCTIONAL ASSESSMENTS IN
RODENT MODELS OF STROKE

G. Metz

Canadian Centre for Behavioural
Neuroscience, University of Lethbridge,
Lethbridge, AB, Canada

Objectives: Stroke frequently affects the
ability to perform skilled movements with the
upper limbs. Thus, a main focus of stroke
rehabilitation programs is the development of
skill in extremity function. Skilled movements
are characterized by a complex sequence of
movement components. In rats and mice,
skilled movements can be observed in eating
specialty food items or when navigating across
a difficult territory. Tests of skilled limb
movements in rodents are sensitive to even
subtle motor deficits and therapeutic success
in pre-clinical studies of stroke. Skilled limb
movements have the advantage that they



produce a variety of measures that reflect
behavioural and neuronal plasticity.

Methods:

Skilled Reaching Tasks. The majority of skilled
movement tests focus on the analysis of
forelimb use, such as grasping and retrieving
pieces of food. The sequence of components
comprising skilled reaching movements in
rodents is relatively fixed. Thus, rats and mice
possess limited ability to modify movement
components to adapt to a changing context.
Consequently, even a discrete lesion can
permanently compromise reaching movement
performance. In addition, physiological
conditions such as stress, strain, sex and
aging affect both reaching success and
gualitative movement performance.

End point measures, such as success rates,
can be assessed daily, while at the same time
performance can be video recorded for frame-
by-frame analysis. Recent studies have shown
that skilled reaching movements are useful
tools for distinguishing between genuine
functional recovery and compensation.
Through practice animals with an ischemic
lesion might show considerable improvement
in reaching success, however, qualitative
analysis of reaching movements might still
reveal permanent deficits. Thus, rodents are
able to develop successful alternative
movement strategies to overcome primary
motor deficits. Descriptive movement analysis
represents an important method to distinguish
compensatory behaviour from permanent
motor deficits.

Skilled Walking Tasks. When navigating
across difficult territory, rats and mice use
skilled fore- and hind limb movements to adapt
their gait pattern. In the ladder rung walking
task, the spacing between the rungs of a
ladder can be varied to prevent learning of
rung locations in repeated test sessions.
Measures include fore- and hind limb placing,
stepping, and inter-limb co-ordination. This
task is useful for assessing loss and recovery
of function due to brain or spinal cord injury,
the effectiveness of treatment therapies, as
well as compensatory processes through
which animals adapt to nervous system injury.

Conclusions: Skilled movement tasks provide
reliable and high-resolution test strategies for
studies of functional recovery. The
combination of quantitative and qualitative
measures in  skilled movement tasks
elaborates recovery versus compensation,
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thus providing insights into underlying
structural changes of regeneration and
plasticity. Notably, skilled reaching movements
in rodents are homologous to humans as
demonstrated by comparative  studies.
Reaching movement abnormalities detected in
rodent models of stroke show similarities to
human patients. Thus, skilled movement tasks
represent valid tools in the assessment of
stroke rehabilitation and therapeutic
effectiveness.

THE CONCEPT OF INTERNATIONAL,
MULTICENTER, RANDOMIZED AND
CONTROLLED 'PHASE 1II' PRECLINICAL
TRIALS - EXPECTED IMPACT ON STROKE
RESEARCH

M. Macleod

Department of Neuroscience, Centre for
Clinical Brain Sciences, University of
Edinburgh, Edinburgh, UK

Although large numbers of novel treatment
strategies for diseases such as stroke are
developed in laboratories each year and are
shown beneficial in animal models, very few
ultimately prove effective in patients. Reasons
for this translational failure include limited
validity, poor generalisability, and inadequate
sample size of many animal studies. At
present, no systematic or evidence-based
criteria inform the decision to venture from
preclinical testing into clinical development.
We propose that preclinical research should
learn from the experience of clinical trialists by
seeking firmer evidence to inform the process
of translation.

Animal experiments testing the efficacy of
potential treatments are central to drug
development. The outputs from these
preclinical studies need to be reliable and valid
in order to improve human health. Systematic
analyses of preclinical data used to justify
clinical trials have revealed substantial
overestimates of treatment effects because of
compromised internal and external validity. In
addition, animal studies are in general too
small to detect reliably the effects they purport
to observe; and groups may use models which
are highly sensitive to the phenomena being
studied at the expense of the generalisability
of their conclusions. Adequate sample size,
and hence statistical power, is fundamental to
the usefulness of preclinical research findings.
Sample size calculations based on published
data for effect size and variance suggest that



experiments should be substantially larger
than reported in the literature. Indeed, the
typical focal ischaemia study is powered at
only 30%. Animals with co-morbidities
prevalent in stroke patients (e.g. diabetes,
hypertension) show smaller treatment effects,
and this has important clinical implications.

Most  animal  studies are  therefore
underpowered to detect potentially important
treatment effects under tightly defined
conditions in healthy young animals, let alone
to detect smaller but nonetheless potentially
important effects in less tightly controlled
conditions in older animals with relevant
comorbidities. It is therefore likely that for
many stroke drugs tested in animals, true
biological efficacy in those models is
substantially lower than that suggested by the
published literature, and in some cases agent
itself may be inert.

The impact of selection bias (eliminated by

randomisation), of performance bias
(eliminated by blinded conduct of the
experiment) and of measurement bias

(eliminated by blinded outcome assessment)
are widely recognised in clinical trials. This has
resulted in clear standards for good clinical
practice in clinical trials, and to the
development of ethical, regulatory, funding,
reporting and methodological standards to
ensure the validity of conclusions drawn from
clinical studies. At present clear standards
such as these do not exist for most preclinical
research, and the reporting of measures to
avoid bias is uncommon.

Multi-centre  animal studies  (www.multi-
part.org) offer an opportunity to address these
issues of internal and external validity and of
the feasibility of adequately powered studies; |
will outline some of the advantages of this
approach, together with some of the
challenges which must be addressed if it is to
succeed.

SYMPOSIUM OVERVIEW: DISEASE OF THE
BLOOD-BRAIN BARRIER

W.A. Banks®, S. Dohgu2

lUniversity of Washington, Seattle, WA, USA,
®Fukuoka University, Fukuoka, Japan

The  Dblood-brain  barrier (BBB) and
neurovascular unit (NVU) function as
regulatory interfaces between the peripheral
tissues and central nervous system. Their
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dysfunction results in significant disease, with
dysfunction arising either from them as a
primary site or because they are the target of
developed disease processes. This
symposium considers four cases in which the
BBB and the NVU are intimately involved in
disease processes. Case one will consider
how LRP-1, a brain-to-blood transporter that
rids the brain of amyloid beta peptide and
whose dysfunction is thought to promote the
progression of Alzheimer's disease, becomes
impaired in the face of inflammation. Case two
will consider how the pericyte, the latest cell to
be added to the NVU pantheon, is critical to
maintaining BBB integrity in the face of the
oxidative insult which occurs in diabetes
mellitus and will consider the mechanisms by
which diabetes leads to pericyte loss and,
hence, to BBB disruption. Case three will
examine the mechanisms by which cell-free
HIV-1 crosses the BBB, how inflammation
promotes such entry, and will highlight the
newly discovered receptor which the virus co-
opts to cross the BBB. Case four will consider
the mechanisms by which the BBB transport of
leptin, a protein produced by adipose tissue
which crosses the BBB to inform the brain of
the status of caloric reserves, is impaired in
obesity and how impairing BBB transport of
leptin leads to a positive feedback loop leading
to further gains in body weight.

DYSFUNCTIONAL TRANSPORT OF
LEPTIN: IS OBESITY A DISEASE OF THE
BBB?

W.A. Banks
University of Washington, Seattle, WA, USA

Leptin is a 16 KDa protein secreted into the
blood by adipose tissue. Blood levels of leptin
correlate with adiposity so that the more obese
an individual is, the higher is the individual's
blood leptin level. In the brain, leptin induces a
cascade of events that result in a decrease in
appetite and an increase in thermogenesis.
Together, these actions would result in a
decrease in adiposity, in turn resulting in
reduced levels of leptin in the blood. Thus,
leptin participates in a negative feedback loop
between brain and fat tissue that in theory

should regulate adiposity. The current
epidemic of obesity illustrates that this system
becomes impaired; one cause of this

impairment results from the ways in which
leptin interacts with the BBB. Circulating leptin
accesses its CNS receptors after being
transported across the BBB by a saturable



mechanism. Although leptin deficiency results
in obesity, the majority of obese humans have
a resistance to leptin rather than a deficiency.
The leptin transporter becomes increasingly
saturated as blood levels rise, with the first
signs of saturation occurring at blood levels
that correspond to ideal body weight. Thus,
one basis for leptin resistance is the saturation
of the BBB leptin transporter. The BBB leptin
transporter is regulated by a host of circulating
factors with the most studied being
epinephrine, which increases the transport
rate, and triglycerides, which decrease it. We
speculate that triglycerides, which are elevated
in starvation as well as in obesity, evolved as a
signal to the brain of starvation, impairing
leptin transport across the BBB and so
reducing its anorectic signal to the brain.
Supporting this is the finding that triglycerides
increase ghrelin transport, a hormone secreted
by the stomach that induces hunger and is
often considered the orexigenic counterpart to
leptin's  anorectic  actions. Thus, the
characteristics of the BBB transport of feeding
hormones have been shaped by evolutionary
pressures to not only respond to daily caloric
needs, but to adapt to life-threatening events
such as starvation.

INFLAMMATION INHIBITS EFFLUX OF
AMYLOID BETA PEPTIDE: IMPLICATIONS
FOR ALZHEIMER'S DISEASE

M. Erickson®?, P. Hartvigsonz, K. Hansen?,
W. Banks"?

'GRECC, VA Medical Center, “University of
Washington, ®Internal Medicine, University of
Washington, Seattle, WA, USA

Introduction and objectives: The amyloid
cascade hypothesis of Alzheimer's disease
(AD) states that accumulation of the amyloid
beta peptide (AB) in the brain is the primary
cause of disease pathogenesis. In idiopathic
AD, AB accumulation is thought to occur due
to defective clearance. Two AR transporters at
the blood-brain barrier (BBB), the low-density
lipoprotein receptor-related protein (LRP-1)
and p-glycoprotein (Pgp), facilitate clearance
of AB from the brain and become impaired in
AD. An additional route of AB clearance is bulk
flow of cerebrospinal fluid, which is also
impaired in AD. The mechanisms leading to
these impairments are, however, unclear.
Because inflammation in the CNS and
periphery is also implicated in AD, our
objectives were to determine whether
inflammation causes impaired clearance of A

22

from the brain, and mechanisms by which
impaired clearance occurs.

Methods: LPS was administered by
intraperitoneal injection to induce systemic
inflammation in CD-1 mice. In some studies,
the antioxidant N-acetylcysteine was pre-
administered to limit oxidative stress. To
evaluate effects of these treatments on CNS
clearance of AB, 125I-AB was injected into the
lateral ventricle and its disappearance from
brain was measured over time. Peripheral
clearance was evaluated by measuring liver
and kidney uptake of 125I-AB injected in the
jugular vein. To assay function of LRP-1 and
Pgp at the BBB independently, CNS efflux or
uptake of 125l-alpha2-macroglobulin or 3H-
verapamil respectively was measured. Protein
markers of oxidative stress and cytokines were
measured in brain and serum using dot blots
and bead-based multiplex assays.
Microvascular expression of LRP-1 and Pgp
was quantified by Western blot.

Results: Our results show that systemic
inflammation inhibits AR transport across the
BBB, bulk flow of cerebrospinal fluid, and
systemic clearance of AB by the liver and
kidneys. We also found that the antioxidant N-
acetylcysteine protects against LPS-induced
impairment of AB transport across the BBB.

Conclusions: These findings support that
systemic inflammation contributes to AD
pathogenesis by promoting A accumulation in
the brain, and highlight a novel mechanism by
which N-acetylcysteine could protect against
AD.

DISRUPTION OF THE BBB IN DIABETES:
PROTECTION BY PERICYTES AND THE
ROLE OF MITOCHONDRIAL CARBONIC
ANHYDRASES

G.N. Shah®, W. Banks?, T.O. Price*

!Internal Medicine, St. Louis University, St.
Louis, MO, %Internal Medicine, University of
Washington, Seattle, WA, USA

Both types of diabetes cause damage to the
microvasculature of the brain leading to the
disruption of blood-brain barrier (BBB). The
BBB acts both to prevent the unrestricted
leakage of plasma proteins into the brain and
as a regulatory interface between brain and
blood. Disruption and other dysfunctions can
both lead to impaired brain function. Though
made of specially modified endothelial cells



pericytes in close vicinity of the endothelial
cells maintain the viability and integrity of BBB.
Pericytes make the first line of defense against
hyperglycemia-induced disruption of the BBB.
Pericytes show increase percent of apoptotic
cells when cultured in high glucose media. Our
recently published data show a loss in
pericyte/endothelial cell ratio due to a loss in
cerebral pericyte numbers in streptozotocin-
diabetic mice.

An increasing body of evidence implicates
mitochondrial oxidative stress as a mechanism
for hyperglycemia-induced pericyte loss and
disruption of BBB. In diabetes, oxidative stress
is caused by overproduction of reactive
oxygen species during mitochondrial oxidative
metabolism of glucose. Briefly, glucose is
converted to pyruvate in the cytoplasm. The
pyruvate enters the mitochondria where it
combines with bicarbonate (HCOj3;) to form
oxaloacetate, the key intermediate in Krebs
cycle. Oxaloacetate combines with acetyl-CoA
to form citric acid which enters the Krebs cycle
to generate electron donors, FADH2 and
NADH. In electron transport chain reactions,
these electron donors produce ATP, and ROS
are produced as a normal byproduct. In DM,
hyperglycemia shuttles more glucose to the
Krebs cycle, in insulin-independent tissues
such as the brain, thus increasing the rate of
production of electron donors (FADH, and
NADH). These electron donors generate a
proton gradient across the inner mitochondrial
membrane during electron transport reactions.
When the electrochemical potential difference
across the inner mitochondrial membrane
generated by the proton gradient is high, the
lifetime of superoxide-generating electron-
transport intermediates is prolonged. There
seems to be a threshold above which
superoxide production is markedly increased,
thus causing oxidative stress. In diabetes,
hyperglycemia stimulates a marked increase
in production of reactive oxygen species
leading to oxidative stress and target organ
damage.

HCO; is imperative for the generation of
oxaloacetate and must be produced inside the
mitochondria as mitochondrial membranes are
impermeant to HCOj. Carbonic anhydrases
generate HCO3 by reversible hydration of CO,
in a simple yet vital reaction: (CO2 + H20
HCO3 + H). Only two of the 16 known
isozymes of carbonic anhydrases are found in
the mitochondria. They are designated as
mitochondrial carbonic anhydrases and are
essential for the generation of HCO; in the
mitochondria needed for carboxylation of
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pyruvate to oxaloacetate, regulation of
oxidative metabolism of glucose, and oxidative
stress. We showed a decrease in
hyperglycemia-induced oxidative stress and
pericyte loss in diabetic mouse brain upon
pharmacological inhibition of mitochondrial
carbonic anhydrases. Thus, making
mitochondrial carbonic anhydrases a new
therapeutic target for oxidative stress related
illnesses of the brain.

Carbonic anhydrase inhibitors have a long
history of safe clinical use and can be
immediately evaluated for this new indication
in translational research.

TRANSPORT OF HIV-1 ACROSS THE BBB:
KEY ROLE OF THE MANNOSE-6-
PHOSPHATE RECEPTOR

S. Dohgu

Pharmaceutical Care and Health Sciences,
Fukuoka University, Fukuoka, Japan

Introduction: HIV-1 circulates both as free
virus and within immune cells, with the level of
free virus being predictive of clinical course.
Both forms of HIV-1 cross the blood-brain
barrier (BBB) and much progress has been
made in understanding the mechanisms by
which infected immune cells cross the blood-
brain barrier BBB. How HIV-1 as free virus
crosses the BBB is less clear as brain
endothelial cells are CD4 and
galactosylceramide negative. Here, we found
that HIV-1 can use the mannose-6 phosphate
receptor (M6PR) to cross the BBB.

Materials and methods: Brain uptake of HIV-
1 was determined by the brain perfusion
method. We isolated brain microvascular
endothelial cells from 8 weeks old CD-1 mice.
We made in vitro BBB models with the primary
culture of mouse brain endothelial cells using
Costar Transwell inserts.

Results: Brain perfusion studies showed that
HIV-1 crossed the BBB of all brain regions
consistent with the uniform distribution of
M6PR. Ultrastructural studies showed HIV-1
crossed by a transcytotic pathway consistent
with transport by M6PR. Uptake of HIV-1 into
brain endothelial cells was saturable. An in
vitro model of the BBB was used to show that
transport of HIV-1 was inhibited by mannose,
mannan, and mannose-6 phosphate and that
enzymatic removal of high mannose
oligosaccharide residues from HIV-1 reduced



transport.  Wheatgerm agglutinin and
protamine sulfate, substances known to
greatly increase transcytosis of HIV-1 across
the BBB in vivo, were shown to be active in
the in vitro model and to act through a
mannose-dependent mechanism. Transport
was also cAMP and calcium-dependent, the
latter suggesting that the cation-dependent
member of the M6PR family mediates HIV-1
transport across the BBB.

Conclusion: We conclude that M6PR is an
important receptor used by HIV-1 to cross the
BBB.

BRAIN FUNCTIONAL CONNECTIVITY
FROM BENCH TO BEDSIDE

W. Lin, Y.-Y.l. Shih

Biomedical Research Imaging Center,
University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

Most of our knowledge regarding brain
functions stem from stimulus- or task-evoked
studies where an “input” is given attempting to
active specific regions of the brain responding
to this “input.” However, brain signaling is
massively parallel. Yet, task-evoked studies
mostly measure activations of specific
neuroanatomical pathways instead of dynamic
interactions between brain areas. In addition, a
“physically” resting condition does not
translate to a resting brain. In fact,
accumulating evidence has suggested that
neural signals are temporally synchronized in
functionally connected regions. Spontaneous
neural activities can thus be used to resolve
brain functional wiring. This design, compared
with traditional task-evoked neuroscience
studies, is largely unbiased and can also be
used to study the working brains. Recent
developments in brain imaging technologies
have greatly improved the spatiotemporal
representation of neural network coherence
and advanced our understanding of brain
functional connectivity in normal and
pathological conditions. This symposium aims
to provide the latest updates on translational
brain connectivity studies from preclinical
animal models to human applications through
the utilization of different imaging modalities,
including optical imaging, MRl and MEG. Dr.
Joseph Culver from Washington University in
St. Louis will introduce functional connectivity
in animal brain using optical imaging, followed
by Dr. Christopher Pawela from Medical
College of Wisconsin to address functional
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connectivity in animal brain using MRI, Dr. Fa-
Hsuan Lin from National Taiwan University to
illustrate functional connectivity in human brain
using MEG, and, finally, Dr. Randy Buckner
from Harvard University to cover functional
connectivity in human brain using MRI.
Resolving brain functional networks with these
cutting-edge imaging techniques should open
new avenues toward a better understanding of
brain functions and could complement our
knowledge obtained from goal-directed
neuroscience studies over the past century.

FUNCTIONAL CONNECTIVITY IN ANIMAL
BRAIN USING FCMRI

C. Pawela

Plastic Surgery, Medical College of Wisconsin,
Milwaukee, WI, USA

Introduction: Resting State Functional
Connectivity Magnetic Resonance Imaging
(fcMRI) is becoming a widely used research
methodology. Controlled manipulations are
possible in animal models that are not possible
in human subjects. Animal models of disease
can also provide insights into important clinical
relevant questions. The number of fcMRI
studies in animal models is rapidly expanding.
However, there are many specific challenges
when performing small animal fcMRI
experiments.

Objective: In this presentation, the state of the
art in fcMRI methodology will be discussed in
the context of small animal imaging. Several
resting state brain networks in rats will be
described. Two applications of fcMRI to animal
imaging will be shown; imaging genetics and
peripheral nerve injury.

Results: Data will be presented demonstrating
how changes in fcMRI networks between
different strains of rats can be used as
phenotypic markers in imaging genetic
studies. We will show how structural and
functional brain  differences may be
responsible for these variations in network
connectivity. Further studies will be presented
showing how brain plasticity induced by
peripheral nerve injury can modify brain
network connectivity. The limitations of the
fcMRI methodology will also be detailed.

Conclusions: FCMRI can be an effective tool
in researching functional brain changes in
small animal models. However, caution must
be applied when using the methodology. This



presentation  will detail two different
applications of fcMRI in small animal models
that have clinical relevance to human disease
and injury.

FUNCTIONAL CONNECTIVITY OF HUMAN
BRAIN USING
MAGNETOENCEPHALOGRAPHY

F.-H. Lin

National Taiwan University, Taipei, Taiwan
R.O.C.

Magnetoencephalography (MEG) measures
the weak extra-cranial magnetic fields elicited
by spatiotemporally coherent post-synaptic
neuronal currents using highly sensitive
detectors inside a magnetically shielded room.
Different from functional magnetic resonance
imaging (fMRI) using blood oxygen level
dependent (BOLD) contrast, MEG is directly
sensitive to neuronal activity and has
millisecond temporal resolution. Thus MEG
allows us to study brain electrophysiology
noninvasively not only with a high temporal
resolution, but also at different frequency
bands.

In this presentation, after a brief introduction
about MEG, | will present a few studies of
using MEG to study the functional connectivity
of human brain to help us better understand
how brain areas are orchestrated
spatiotemoporally and spectrally to complete
the sensory processing, tasks, and at the
resting condition. Challenges and
opportunities of using MEG to study functional
connectivity will also be discussed.

SELECTIVE NEURONAL LOSS IN CHRONIC
OBSTRUCTIVE DISEASE OF THE MAJOR
CEREBRAL ARTERIES: A PET STUDY

H. Yamauchi

Division of PET Imaging, Shiga Medical
Center Research Institute, Moriyama, Japan

Background: In patients with atherosclerotic
internal carotid artery (ICA) or middle cerebral
artery (MCA) occlusive disease, hemodynamic
cerebral ischemia may cause not only cerebral
infarction but also minor tissue damage in the
cerebral cortex that is not detectable as
infarction on CT or MRI. Imaging of the central
type benzodiazepine receptors (BZRs), which
are expressed by most cortical neurons, has
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made it possible to visualize the neuronal
alterations induced by ischemia in vivo in
humans. Recognizing selective neuronal
damage is important for understanding the
pathophysiology of hemodynamic cerebral
ischemia in atherosclerotic major cerebral
artery disease.

Observations: Chronic hemodynamic
compromise causes selective neuronal
damage. Using PET and ‘'C-Flumazenil, we
showed that selective neuronal damage
demonstrated as a decrease in BZR in the
normal-appearing  cerebral cortex was
associated with increased oxygen extraction
fraction (OEF) (misery perfusion) in patients
with atherosclerotic ICA or MCA occlusive
disease in the chronic stage. Follow-up
examinations of the patients without ischemic
episode showed that a decrease of BZR was
associated with an increase of OEF
(hemodynamic deterioration).

Hemodynamic mechanism was also supported
by the correlation of cortical neuronal damage
with low-flow infarcts. In ICA or MCA occlusive
disease, selective neuronal damage
demonstrated as decreased cortical BZR was
associated with the presence of borderzone
infarcts, suggesting that hemodynamic
ischemia leading to borderzone infarcts may
cause selective neuronal damage beyond the
regions of infarcts in the chronic stage.

Selective neuronal damage has considerable
impact on the functional outcomes of patients
with ICA or MCA disease. Cortical neuronal
damage demonstrated as decreased BZR was
associated with a decrease in cortical oxygen
metabolism, suggesting that the decreased
BZR is accompanied by cortical dysfunction.
Furthermore, a decrease in BZRs in the non-
infarcted cerebral cortex was associated with
executive dysfunction. Imaging of BZRs is
useful as an objective measure of cognitive
impairments.

Conclusion: In atherosclerotic major cerebral
artery disease, chronic hemodynamic cerebral
ischemia causes selective neuronal damage
demonstrated as decreased BZRs.
Therapeutic strategies for preventing neuronal

damage, including vascular reconstruction
surgery and neuro-protective agents, is
needed, especially when hemodynamic

measurements detect chronic hemodynamic
compromise.
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STRIATAL SELECTIVE NEURONAL LOSS
AND SPECTACULAR SHRINKING DEFICIT
IN RODENTS AND MAN: MRI, BEHAVIOR
AND HISTOPATHOLOGY

M. Fujioka

Neuroscience Unit, Emergency and Critical
Care Medical CTR, Nara Medical University,
Kashihara, Japan

We review a specific MRI change in the brains
of humans and/or rats subjected to a transient
ischemic stress. Transient global brain
ischemia produces symmetrical lesions of
hyperintensity on T1-weighted MRI localized in
the Dbilateral striatum, thalami, and/or
substantia nigra in a delayed fashion.
Susceptibility weighted imaging study in
cardiac arrest survivors indicated that the
ischemic delayed T1-hyperintensity unlikely
represents microbleeds. Further, brief focal
ischemia leading to temporary neurological
deficits (ex. spectacular shrinking deficit) also
induces the delayed hyperintensity on T1-
weighted MRI in the striatum of humans and
rats. Therefore, to clarify the significance of
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this MRI modification, namely, delayed-onset
and slowly-progressive T1-hyperintensity after
brief cerebral ischemia, we investigated the
changes in the dorsolateral striatum of rats
from 4 hours through 16 weeks after a 15-
minute period of middle cerebral artery
occlusion, for MRI changes, Mn concentration,
neuronal number, reactivities of astrocytes and
microglia/macrophages, mitochondrial Mn-
superoxide dismutase (Mn-SOD), glutamine
synthetase (GS), and amyloid precursor
protein. The cognitive and behavioral studies
were performed in patients and rats and
compared with striatal T1 hyperintensity to
show whether alteration in brain function
correlated with MRI and histological changes.
This early study suggests that (1) the delayed
hyperintensity on T1-weighted MRI after mild
ischemia may involve tissue Mn accumulation
accompanied by Mn-SOD and GS induction in
reactive astrocytes, (2) the MRI changes
correspond to striatal neurodegeneration with
a chronic inflammatory response and signs of
oxidative stress, and (3) the subjects with
these MRI changes are at risk for showing a
late impairment of brain function even though
the transient ischemia is followed by total
neurological recovery. Interestingly, this type
of delayed T1-hyperintensity of
neurodegeneration also appears in the human
brains after severe hypoglycemic coma. These
data suggest that a transient tissue energy
failure may give rise to a common pathogenic
pathway of neurodegeneration resulting in the
delayed T1-hyperintensity on MRI.

In conclusion, brief cerebral ischemia can
trigger slowly-progressive MRI change of T1-
hyperintensity and histological
neurodegeneration leading to cognitive
dysfunction even if the ischemia produces no
infarcts.

SELECTIVE NEURONAL LOSS: BASIC AND
EXPERIMENTAL ASPECTS IN RODENT
TEMPORARY MCA OCCLUSION MODELS

M. Endres™?, K. Gertz"?, G. Kronenbergz'3

lNeurology, “Center for Stroke Research
Berlin, 3Psychiatry, Charite-
Universitaetsmedizin, Berlin, Germany

We have extensively characterized a model of
mild brain ischemia in the mouse. Following 30
min transient filamentous occlusion of the
middle cerebral artery followed by reperfusion,
selective neuronal cell death evolves in a
delayed fashion over time in the lateral



striatum. Dying neurons show early markers of
apoptosis such as activation of caspase-3 at
9-12 hrs and also become TUNEL positive at
48-72 hrs after stroke onset. Also, there is
evidence of abortive cell-cycle re-entry. In
contrast, however, electron microscopic
imaging fails to demonstrate bona fide
apoptotic morphology. As demonstrated by
immunocytochemistry neuronal cell death in
the striatum affects almost exclusively
GABAergic medium spiny neurons (type | and
type Il both in the patch and matrix
component) and to a much lesser degree also
parvalbuminergic interneurons, while
cholinergic, GABAergic and somatostatin-
containing interneurons are resistant to
ischemic cell death.

In addition, there is strong reactive gliosis with
morphologic changes and proliferation of
GFAP- and nestin-positive cells. Interestingly,
these cells also change their eletrophysiologic
proporties (“astron-like”). However, they do not
differentiate into a neuronal phenotype. In
addition, there is profound activation,
proliferation and invasion of monocytic
inflammatory  cells  (both  brain-derived
microglia and bone-marrow derived
monocytes which remain in the ischemic
lesion even at late time points). At present, the
contribution of reactive astrocytes and
activated microglia to the delayed maturation
of the primary ischemic lesion is not entirely
clear. Also, there is delayed angiogenesis
which consists both of an in-situ response and
the invasion of bone-marrow derived
presumed endothelial progenitor cells.
Angiogenesis can be augmented by a number
of therapeutic strategies and is associated with
increased density of perfused microvessels,
increased absolute blood flow levels, and
improved sensory-motor scores.

In addition to the primary ischemic lesion in
the striatum there is remote neuronal cell
death in a number of brain regions including
cortex, hippocampus, hypothalamus,
thalamus, and midbrain. Cell death in the
ipsilateral midbrain is confined to
dopaminergic neurons in the substantia nigra
pars compacta and the ventral tegmental area
and is delayed to 10-14 days after ischemia
onset. We have demonstrated that this
exofocal dopaminergic degeneration is
followed by an increase of dynorphin mRNA
expression in the nucleus accumbens and the
development of a depressive-like phenotype
with anxiety, despair, and anhedonia. Chronic
antidepressant treatment initiated as late as 7
days after brain ischemia reversed the
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behavioral phenotype, prevented degeneration
of dopaminergic midbrain neurons, and

attenuated lesion maturation and striatal
atrophy at 4 months. Prevention of exofocal
remote dopaminergic cell death in the

midbrain may emerge as a novel target for
neuroprotection by antidepressants.

IMMUNE RESPONSES IN SYNAPSE
FUNCTION AND BRAIN DAMAGE

H. Wake®, H. Hagbergz, D. Sun®

'National Ins of Basic Biology, Okazaki, Japan,
2Imperial College London, London, UK,
3Neurology, Univ. of Pittsburgh, Pittsburgh,
PA, USA

Inflammation is increasingly recognized as
being of both physiological and pathological
importance in the central nervous system
(CNS). Microglia functions in pruning neuronal

processes and strengthening synapse
formation in the developing brain. Post-
ischemic inflammation mediated by both

resident and circulating immune cells is
involved in the evolution of the injury as well
as the repair. Microglia are likely the primary
immunecompetent cells in the immature CNS.
Depending on the stimulus, molecular context,
and timing during the perinatal period, these
cells will acquire a variety of phenotypes which
are critical to both the short- and long-term
consequences of inflammation and brain
development including synpase function. Mast
cells are gaining increasing attention as
important players in the central immune
response to acute and chronic injury, and may
play an important role in both the immature
brain and adult brain. This symposium will
present a synthesis of the current state of the
field in the understanding of the unique
aspects of the inflammatory response for
neurologic and neuropsychiatric disease in
both children and adults.

SYSTEMIC INFLAMMATION IN THE
NEONATE ALTERS BRAIN DEVELOPMENT

P. Gressens
Inserm U 676, Paris, France

Introduction: Perinatal inflammation is a
major risk factor for neurological deficits in
preterm infants. Several experimental studies
have shown that systemic inflammation can
alter the programming of the developing brain.



However, these studies do not offer detailed
pathophysiological mechanisms and they rely
on relatively severe infectious or inflammatory
stimuli that, most likely, do not reflect the
levels of systemic inflammation observed in
many human preterm infants.

Objective: In this context, we have aimed to
test the hypothesis that moderate systemic
inflammation is sufficient to alter white matter
development.

Methods: Accordingly we developed a mouse
model where newborn mice received twice-
daily intraperitoneal injections of IL-1b over
five days and were studied for myelination,
oligodendrogenesis, behavior and with MRI.

Results: Mice exposed to IL-1b had a long
lasting  myelination  defect that was
characterized by an increased number of non-
myelinated axons. They also displayed a
reduction of the diameter of the myelinated
axons. In addition, IL-1b induced a significant
reduction of the density of myelinating
oligodendrocytes  accompanied by an
increased density of  oligodendrocyte
progenitors, suggesting a partial blockade in
the oligodendrocyte maturation process.
Accordingly, IL-1b disrupted the coordinated
expression of several transcription factors
known to control oligodendrocyte maturation.
These cellular and molecular abnormalities
were correlated with a reduced white matter
fractional anisotropy on diffusion tensor
imaging and with memory deficits.

Conclusions: This original model shows that
moderate perinatal systemic inflammation
alters the developmental programs of the
white matter. This insult induces a long lasting
myelination deficit accompanied by cognitive
defects and MRI abnormalities, further
supporting the clinical relevance of the present
data.

ROLE OF MAST CELLS IN HYPOXIC-
ISCHEMIC INJURY TO THE IMMATURE
BRAIN

S. Vannucci

Pediatrics/Newborn Medicine, Weill Cornell
Medical College, New York, NY, USA

Perinatal hypoxic-ischemic (HI) brain damage
is a major cause of acute mortality and chronic
neurologic morbidity in infants and children.
The mechanisms leading to brain damage

following HI are complex and relate to the
developmental state of the brain and the
severity of the insult. Inflammation plays an
important role in the pathogenesis of damage
and represents an important target for
therapeutic intervention. The majority of
studies focus on microglial activation as
mediating  this  inflammatory  cascade.
However, recent studies suggest that another
immune cell, the mast cell, may play a central
role as well.

Mast cells are hematopoietic immune cells
located throughout the body, largely in
association with blood vessels. Mast cells are
numerous in the pia and brain of neonatal rats
and can rapidly initiate inflammation due to the
presence  of pre-formed inflammatory
mediators, such as TNF-a. Mast cell activation
has been shown to contribute to edema and
BBB breakdown following experimental stroke
in adult rodents. Studies from our laboratory
have shown extensive mast cell migration and
activation to be very early events following Hi
in the neonatal rat and mast cell stabilization
with sodium chromoglycate confers longterm
neuroprotection. Thus, it appears that mast
cells are early responding cells to HI in the
neonatal brain and represent a novel target for
neuroprotection.

This work is supported by a grant from the
Fondation LeDcuq

POST-STROKE INFLAMMATION AND
LONG-TERM OUTCOMES

Y. Xu

Neurology, The Affiliated Drum Tower Hospital
of Nanjing University Medical School, Nanijing,
China

Objectives: Ischemic stroke can induce not
only cerebral immuno-inflammation, but also
system immuno- inflammation which including
immediate activation and later inhibition of the
peripheral immune system. Both they may
contribute to a worse outcome. The aims of
this study are from bench to clinic to show:

1) Inhibiting inflammatory mediators protect
against brain injury.

2) Modulating post-stroke system immune
response and exerts a neuroprotective effect
in experimental stroke and patients.

3) Possible mechanisms.



Methods: Mice were subjected to MCAO and
then sacrificed at indicated time point. The
brains were stained with TTC to detect the
infarction volume. Apoptotic cells were
determined by TUNEL stain and TUNEL
positive cells were counted by Image-Pro Plus
6.0. Western blot and Q-PCR were involved to
detect the protein level or mRNA level of
mouse tissue respectively. CD4+/CD8+ ratio
and CD4+CD25+FOXP3+T cells in the blood
and spleens of mice were determined by flow
cytometry.

210 acute ischemic stroke patients were
enrolled in this study (this study was approved
by the ethics committee of the Affiliated Drum
Tower Hospital of Nanjing University). The
patients treated with Aspirin with or without
Human urinary kallidinogenase (HUK) , follow
up 12 months. ELISA was involved to measure
the level of inflammatory cytokines in the
serum of mice or human beings. National
institute health stroke scale (NIHSS) score and
the modified Rankin Scale (mRS) were used
to determine patients outcome. Brain edema
and brain reperfusion of stroke patients were
calculated by MRI Diffusion Weighted Imaging
(DW1) and Perfusion-Weighted Imaging (PW1)
images.

Results:

Part 1: Inhibiting inflammatory mediators
protect against brain injury In experimental
stroke mice HUK reduced infracted size,
apoptotic cells and alleviated ischemic-
induced neurologic deficit. HUK suppressed
MRNA and protein level of inflammatory
mediators including IL-1, TNF-a, MCP-1,
ELAM-1, iINOS and COX-2 6h 24h, 48h after
stroke. HUK inhibited the NF-kB pathway and
activated the MAPK/ERK pathway in this
neuroprotection. In patient study, stroke
patients receiving HUK demonstrated smaller
penumbra volume and edema volume and
high brain perfusion determined by MRI DWI
and PWI image. At the same time, HUK
decreased the 1L-1 and TNF in stroke patient
serum by ELISA. Correlation analysis showed
that a linear correlation was found between the
serum level of 1L-1 ,TNF and NIHSS, mRS,
brain perfusion.

Part 2: Modulating post-stroke system immune
response and exerts a neuroprotective effect
in experimental stroke

Cocaine- and amphetamine-regulated
transcript CART reduced blood CD4+/CD8+
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ratio and pro-inflammatory cytokine expression
in MCAO mice at 24 h, while upregulated
spleen CD4+/CD8+ ratio and enhanced anti-
inflammatory cytokines expressions in MCAO
mice at 96 h. CART-treated mice
demonstrated elevated serum catecholamins
(CAs) at 6 and 24 h, whereas reduced serum
levels of CAs and blood Treg cells at 96 h.
CART reduced post-stroke infarct volume and
improved neurological functions in the injured
mouse brain.

Conclusion: Inflammatory mediators as well
as immune cells play critical and complicated
roles in the pathogenesis of ischemic stroke.
Drugs modulating cerebral immuno-
inflammation may benefit clinical stroke
patients in the future.

RESTING MICROGLIA DIRECTLY MONITOR
SYNAPSES IN VIVO AND DETERMINE THE
FATE OF ISCHEMIC TERMINALS

H. Wake', J. Nabekura®

!Division of Brain Circuits, National Institute for
Basic Biology, NINS, “Division of Homeostatic
Development, National Institute for

Physiological Sciences, NINS, Okazaki, Japan

Brain function depends critically on the
interactions amongst the underlying
components that comprise neural circuits. This
includes coordinated activity in pre-synaptic
and postsynaptic neuronal elements, but also
in the non-neuronal elements such as glial
cells. Microglia are glial cells in the central
nervous system that have well-known roles in
neuronal immune function, responding to
infections and brain injury and influencing the
progress of neurodegenerative disorders.
However microglia also are surveyors of the
healthy brain, continuously extending and
retracting their processes and making contacts
with pre- and postsynaptic elements of neural
circuits, a process that clearly consumes
considerable energy. Pruning of synapses
during development and in response to injury
has also been documented, and we propose
that this extensive surveillance of the brain
parenchyma in adult healthy brain results in
similar “fine-tuning” of neural circuits. A
reasonable extension is that a dysfunction of
such a homeostatic role of microglia could be
a primary cause of neuronal disease. Indeed,
neuronal functions including  cognition,
personality and information processing are
affected by immune status. In this
presentation, we focus on these interactions



between microglia and synapses in the
physiological brain and the possible
implications these interactions may have in the
fine tuning of neural circuits that is so
important for physiological brain function.

VASCULAR PATHOLOGY FOLLOWING
SUBARACHNOID HEMORRHAGE: NOVEL
ASPECTS AND THERAPEUTIC
APPROACHES

N. Plesnila

Institute for Stroke and Dementia Research,
University of Munich Medical Center, Munich,
Germany

Subarachnoid hemorrhage (SAH) is the
subtype of stroke with the highest mortality
and morbidity. SAH is in most cases caused
by rupture of an arterial aneurysm with
subsequent bleeding into the subarachnoid
space, the space which hosts the large
cerebral vessels before they enter the brain
parenchyma. Most SAH patients die within the
first few days after the initial bleeding,
however, the reason for this early mortality
remained unclear for many years. Only
recently it has been appreciated that an early
reduction of cerebral blood flow (CBF) is an
important feature of the events finally resulting
in early brain injury (EBI) following SAH.

The current presentation aims to discuss the
mechanisms responsible for early ischemia
and EBI after SAH and to present novel
findings on how the cerebral microcirculation is
involved in this process. Based on this
deepened understanding of the
pathophysiology of SAH and the emerging role
of microvascular dysfunction for EBI, novel
therapeutic concepts for the treatment of post-
hemorrhagic ischemia with a specific
emphasis on inhaled nitric oxide (iNO) are
presented and discussed.

TRANSGENIC MOUSE MODELS OF
CEREBRAL AMYLOID ANGIOPATHY:
ARTERIOLAR VS CAPILLARY AMYLOID
ACCUMULATION

W.E. Van Nostrand

Neurosurgery & Medicine, Stony Brook
University, Stony Brook, NY, USA

Cerebral amyloid angiopathy (CAA), a
condition that is characterized by the

accumulation of fibrillar amyloid 3-protein (AR)
in blood vessels of the brain, is commonly
found in patients with Alzheimer's disease
(AD) and related disorders. Additionally,
familial forms of CAA exist that result from
specific mutations in the AR peptide. Patients
with familial forms of CAA develop early-onset
and severe vascular amyloid accumulation
that is typically associated with recurrent, and
often fatal, intracerebral hemorrhage. There
are two prominent forms of CAA known as
CAA-type 1 and CAA-type 2. In CAA-type 2
the amyloid deposition occurs within the
vessel wall of the brain arterioles and small
arteries and generally does not promote
surrounding neuroinflammation. Accumulation
of fibrillar amyloid in CAA-type 2 has been
shown to cause degeneration and loss of
smooth muscle cells in affected larger cerebral
vessels and cause hemorrhage. On the other
hand, CAA type-1 involves amyloid deposition
along the brain capillaries. In contrast to CAA
type-2, microvascular CAA type-1 involves
penetrance of the fibrillar amyloid deposits into
the surrounding parenchyma that promotes a
localized, robust neuroinflammatory response
characterized by strong astrogliosis and
perivascular microglial activation. Furthermore,
CAA type-1 microvascular AR deposition and
its accompanying neuroinflammatory response
is more often correlated with cognitive
impairment in individuals afflicted with AD and
CAA disorders.

Transgenic mice, which robustly express
human ARPP in brain, produce abundant
levels of normal human AR peptides, and
develop cerebral amyloid deposits, have been
a significant advancement for the study of the
pathogenic effects of brain AR accumulation in
vivo. The common pathology observed in most
of these particular transgenic mouse lines
includes  regional and age-dependent
accumulation of parenchymal fibrillar amyloid
plagues and varying degrees of larger vessel
CAA type-2. These mouse models with CAA
type-2 can exhibit vascular smooth muscle cell
degeneration and evidence of cerebral
microhemorrhage thus recapitulating the
features of this condition that are observed in
afflicted humans.

To generate a more specific cerebral vascular
amyloid model, the Tg-SwDI mouse was
developed to express familial “Dutch/lowa”
CAA mutant human AR in brain. Tg-SwDI mice
develop early-onset  and progressive
accumulation of microvascular CAA type-1 in
the absence of parenchymal fibrillar AR plaque
deposits. In this model the penetrance of



microvascular fibrillar amyloid into the adjacent
brain parenchyma promotes disruption of the
neurovascular unit and a localized robust
neuroinflammatory response characterized by
pericyte  degeneration, astrogliosis, and
microglial activation, which is intimately linked
to behavioral impairment in Tg-SwDI mice.
Thus, this mouse model of CAA type-1
supports the strong relationship between
capillary amyloid, neurovascular inflammation,
and dementia in humans and offers a viable
therapeutic target for vascular amyloid-
mediated cognitive impairment.

SYMPOSIUM: NOVEL OPTICAL
TECHNIQUES TO ELUCIDATE
CEREBROVASCULAR FUNCTION AND
DISEASE

C. Schaffer!, D. Boas?

'Biomedical Engineering, Cornell University,
lthaca, NY, Martinos Center, Dept. of
Radiology, Massachusetts General Hospital,
Charlestown, MA, USA

In the last two years, several new and very
powerful optical approaches have been
applied to the study of -cerebrovascular
regulation and stroke. Optogenetics allows
select classes of neurons to be activated,
providing a powerful strategy to unravel the
mechanisms of neurovascular coupling and a
deeper insight into functional MRI. Oxygen-
sensitive indicators that can be imaged using
nonlinear microscopy enable the study of
oxygenation changes in blood vessels and
brain tissue during activation and after stroke.
This  symposium  will feature leading
researchers who both develop these cutting-
edge methods and use them to study brain
function and disease.

DECIPHERING NEURONAL CIRCUITRY
CONTROLLING LOCAL BLOOD FLOW IN
CEREBRAL CORTEX OF RODENTS WITH
OPTOGENETICS AND CHRONIC
FUNCTIONAL ULTRASOUND IMAGING

J. Rossier, A. Urban

Centre de Psychiatrie et Neurosciences,
INSERM U894, Paris, France

Although it is know since more than a century
that neuronal activity is coupled to blood
supply regulation, the underlying neuronal
pathways remain to be identified. In the brain,

neuronal activation triggers a local increase of
cerebral blood flow (CBF) that is controlled by
the neurogliovascular unit composed of
terminals of neurons, astrocytes and blood
vessel muscles. It is generally accepted that
the regulation is adjusted to local metabolic
demand by local circuits. Today experimental
data led us to realize that the regulatory
mechanisms are more complex. Indeed, how
to explain that a stimulus of the whisker pad in
rodents is associated with local increase in the
corresponding barrel field but also with
decreases in the surrounding deeper area and
in the opposite barrel field?

By combining both in vitro studies in acute
slice and in vivo imaging by chronic functional
ultrasound imaging in anesthetized rats, we
demonstrated that neurovascular coupling is a
process through which neuronal activity leads
to increases of local CBF in the activated area
but also to decreases in other brain regions. In
order to explain these observations, we
propose that a neuronal system within the
brain is devoted to the control of local brain
blood flow. Our optogenetic experiments
revealed that neurons expressing the calcium
binding protein parvalbumin could control local
blood flow. We demonstrated that channel
rhodopsin-based photostimulation of these
cells give rise to an effective contraction of
penetrating arterioles. These results therefore
support the neurogenic hypothesis of a
complex distributed nervous system controlling
the CBF.

HIGH RESOLUTION IMAGING OF OXYGEN
TENSION AND BLOOD FLOW AFTER
MICROVASCULAR OCCLUSION

A.K. Dunn

Biomedical Engineering, University of Texas at
Austin, Austin, TX, USA

During ischemic stroke, oxygen delivery in
interrupted to a region of the brain resulting in
a complex cascade of hemodynamic and
cellular events that ultimately leads to cell
death and tissue damage. Although recent
advances in high resolution in vivo imaging
have enabled some aspects of this cascade to
be visualized dynamically, the detailed
changes in blood flow and oxygenation during
stroke remain only partially understood. This
talk will describe recent developments in
optical imaging techniques for high resolution
imaging of cortical hemodynamics and their
application to animal models of stroke. Multi-



exposure laser speckle imaging (MESI) is
extension to traditional laser speckle contrast
imaging that enables quantitative imaging of
blood flow over periods of weeks to months.
MESI allows detailed analysis of vascular
remodeling following stroke. In addition, we
will  describe the wuse of two-photon
phosphorescence lifetime microscopy for
determination of oxygen levels in single,
subsurface  blood vessels with three-
dimensional micron scale resolution. We have
found a significant longitudinal gradient in
oxygen tension within the first few hundred
microns of penetrating arterioles in mouse
cortex. Following occlusion of single arterioles,
the downstream alterations in oxygen tension
are significantly affected by the locations of
branches from the penetrating arterioles.
Together, multi-exposure laser speckle
imaging and two photon phosphorescence
lifetime microscopy enable detailed
investigation of hemodynamic alterations in
the cortex during stroke.

NOVEL DRUGS FROM NATURAL
PRODUCTS OR TRADITIONAL MEDICINE
FOR CNS DISEASES

P. Wong

Pharmacology, National University of
Singapore, Singapore, Singapore

Natural products from herbs, animals or even
human, have long been used by people to
treat diseases or to improve general health.
Despite its long history, traditional Chinese
medicine (TCM) is still widely used today and
plays a very important role in healthcare in
China. Its importance is also increasing in
Western societies as more westerners turn to
herbal remedies. Compared to Western
medicine, TCM places greater emphasis on
overall well-being of a person and many of its
applications have been proven to be clinically
useful. Most remedies of TCM are composed
of a combination of many plants with the aim
of maximizing their therapeutic effects and
easing adverse effects. This led to a significant
problem in investigating these remedies in
research as they are complex mixtures, and to
much effort in standardizing preparation as
well as extracting single active compounds.
For example, huperzine A, a sesquiterpene
alkaloid compound extracted from firmoss
Huperzia serrata, is an acetylcholinesterase
inhibitor and NMDA receptor antagonist found
to be effective in improving cognition and
memory in Alzheimer's disease (AD) patients.
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It is now available as a dietary supplement for
memory support. However, TCM products
generally lack solid scientific evidence for
clinical efficacy.In this symposium, we attempt
to cover a spectrum of activities from basic to
translational research. Firstly, Prof. YH Suh of
Seoul National University will present his work

on potential TCM drugs for AD and
Parkinson's disease; in particular,
dehydroevodiamine hydrochloride (DHED),

which is extracted from Evodia rutaecarpa
Bentham, as a potential therapeutic candidate
for AD. Secondly, Prof. YZ Zhu of Fudan
University will speak on leonurine (SCM198),
extracted from Herba leonuri, which has
neuroprotective effects against stroke in
animal studies. Prof. C Chen of the National
University of Singapore will present clinical
trials done on a marketed TCM-based product
called NeuroAiD for the treatment of stroke
and dementia. Last but not least, Dr Y Qiu of
GSK will speak on the development of
innovative TCM products with better defined
clinical efficacy and safety from an industry
perspective.

POTENTIAL DRUGS FROM NATURAL
PRODUCTS FOR AD AND PD

Y.-H. Suh

Korea Brain Research Institute, Daegu,
Republic of Korea

Several lines of evidence suggest that some
neurotoxicity in Alzheimer's disease (AD) is
due to proteolytic fragment of amyloid
precursor protein (APP) such as Ab and APP-
CTs.

Among 29 plants treated Evodia rutaecarpa
Bentham showed a strong inhibitory effect on
acetylcholinesterase in  vitro and an
antiamnesic effect in vivo.

By sequential fractionation of Evodia
rutaecarpa Bentham the active component
was finally identified as dehydroevodiamine
hydrochloride(DHED).

We found that DHED (Evodia rutaecarpa
Bentham) had anticholinesterase effect and its
beneficial effects on neuronal death and
damage in various animal models. We recently
confirmed neuroprotective effects of DHED in
vitro and in vivo AD models. DHED might
attenuate neuronal damages and cognitive
dysfunction caused by toxic metabolites of
APP such as AB and CT105 through multi-



neuroprotective  mechanisms antagonizing
oxidative stress and NMDA receptor. Thus,
DHED might be one of the potential

therapeutic candidates for AD. We have
complete the phase 1 clinical study. In
addition, We have synthesized and
investigated several derivatives of DHED to
increase solubility and efficacy.

We have screened and isolated an active
constituent from Indigenous herb Indigofera
tinctoria Linn(l. tinctoria, Fabaceae) in
experimental models of PD. I. tinctoria, is an
annual herb found throughout India and other
parts of Asia.

The herb is widely used for several years in
the traditional Indian and Chinese system of
Medicine for the treatment of epilepsy,
nervous disorders, bronchitis, liver ailments,
sores, ulcers and hemorrhoids.

To evaluate the in vitro protective activities the
butanol sub-fraction, SF-6 was assessed using
human neuroblastoma SH-SY5Y cells against
a-synuclein-,  6-hydroxydopamine(6-OHDA)-,
and H,O,- induced cytotoxicity using WST-1
cell viability assay.

The butanol sub-fraction, SF-6 attenuated the
a-synuclein-induced cytotoxicity in SH-SY5Y
cells and scaven ged directly hydroxyl free
radical as estimated using the ESR
spectroscopy.

The single compound methylparaben (MP)
was isolated form sub-fraction SF-6.

In-vivo studies of methylparaben were
evaluated against 6-OHDA-lesioned neuronal
damage by stereotaxically injecting 6-OHDA
unilaterally into the substantia nigra.

The single compound MP isolated from
butanol sub-fraction (SF-6) showed significant
and potent neuroprotective effects in both in
vitro and in vivo evaluations.

Considering the results obtained our in vitro
and in vivo findings suggest the possibility of
MP to show neruoprotection in experimental
models of PD via the antioxidant properties
and therefore can further be developed as
potential agent for treating neurodegenerative
processes seen in PD.
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LEONURINE (SCM-198), A NOVEL
COMPOUND FROM CHINESE HERB FOR
PREVENTION AND ACUTE TREATMENT IN
THE ANIMAL MODEL OF ISCHEMIC
STROKE

Y.Z. Zhu

Dept of Pharmacology, School of Pharmacy,
Fudan University, Shanghai, China

Stroke especially ischemic stroke is a key
factor for causing high mortality in Asian
populations. Many therapeutic approaches
have been investigated to solve this problem
though it remains a main issue for treating
stroke. Recently, we found a unique single
compound Leonurine (named also as SCM-
198, J CVP 2009, Atherosclerosis 2012a and
Atherosclerosis  2012b)  extracted  from
Chinese herb—nherba leonuri could prevent
(Stroke 2010) and treat ischemic stroke (to be
submitted). Middle cerebral artery occlusion
(MCAO) was used and the animals were
pretreated with orally for 7 days and the
surgery was done. SCM-198 pretreatment
reduced infarct volume, improved neurological
deficit in stroke groups, increased activities of
antioxidant enzymes superoxide dismutase
and glutathione peroxidase, and decreased
levels from the lipid peroxidation marker
malondialdehyde. SCM-198 further inhibited
mitochondrial  reactive  oxygen  species
production and adenosine triphosphate
biosynthesis. In the acute treatment group,
rats were treated by iv. with SCM-198
15mg/kg at 0.5h, 1h and 2h after surgery and
continued for 7 days. PET/CT and the
neurological deficit score showed a significant
amelioration in the treated group compared to
vehicle group. TTC staining after 3 days'
treatment showed a reduced infarct volume.
Results in immunohistochemical staining, Iba-
1 immunoreactivity in hippocampal CA1 region
were markedly decreased in the treated
groups. Further, a significant  better
maintenance of neuronal structure in
hippocampal CAl region and fewer activated
microglia in the treated groups (especially in
the 0.5h group) was observed than the vehicle
group. SCM-198 could go through BBB rapidly
with Ty of 25.4mins analyzed by
microdialysis. Our results demonstrated that
SCM-198 not only served as a prophylactic
agent for ischemic stroke but also a potential
drug candidate for acute treatment of stroke.



CLINICAL TRIALS OF TCM-BASED DRUGS
FOR STROKE AND DEMENTIA

C. Chen

Pharmacology, National University of
Singapore, Singapore, Singapore

Background and aims: Stroke is a major
cause of death and disability: not only due to
motor deficits but also to cognitive impairment
and dementia. TCM have been utilized for the
treatment of stroke and dementia but meta-
analyses have shown that the evidence base
is scanty, hence the need for more well
designed scientific studies and clinical trials.

NeuroAiD™ has recently been shown to
restore neurological and cellular function in
animal models of stroke by processes involved
in repair (Heurteaux, 2010). Previous clinical
studies performed in China have shown that
NeuroAiD™ increases stroke patients'
recovery in terms of neurological disability and
functional outcome [Chen et al, 2009] and thus
may be beneficial as part of a post-stroke
rehabilitation programme. In the CHIMES
study, we seek to test the hypothesis that
NeuroAID™ is superior to placebo in reducing
neurological deficit and improving functional
outcome after acute ischemic stroke in
patients  with  cerebral infarction with
intermediate range of severity (6 < NIHSS <
14). The NEURITES study aims to investi%ate
the effects and tolerability of NeuroAiD™ in
patients with vascular cognitive impairment not
dementia (VCIND).

Methods: Details of the study protocols have
been published [Venketasubramanian et al,
2009; Chen et al, in press].

Results: CHIMES recruited its target of 1100
patients by June 2012. It involved sites in the
Philippines, Singapore, Thailand, Sri Lanka,
Hong Kong and Malaysia. Safety data for
additional laboratory tests was conducted only
in Singapore sites at the request of the
Singapore regulators. These results were
analysed with the investigators and steering
committee remaining blinded to the treatment
allocation [Young et al, 2010] and showed no
safety  concerns. Baseline data on
demographics, clinical characteristics and
drop-out rates will be reported. NEURITES will
begin recruitment in 2013.

Conclusions: CHIMES is the largest trial
investigating the efficacy of a Traditional
Chinese Medication on stroke recovery,
performed in compliance with international
guidelines and using Western clinical trial
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standards. NEURITES will provide important
information on the use of TCM in dementia
associated with cerebrovascular disease.

DEVELOPMENT OF INNOVATIVE TCM
PRODUCT

Y. Qiu
GSK Ré&D China, Shanghai, China

Traditional Chinese Medicine (TCM) has been
widely practiced for thousands of years in
China. It is based on ancient Chinese
philosophy and views diseases as a
disharmony between Yin and Yang and the
five elements of the universe (metal, wood,
water, fire and earth). Recent years, TCM has
evolved to modern formulations and plays
even more important role in health care
system in China. However, current TCM
products are mainly derived from ancient
recipes and sold based on traditional belief
and subjective experience. There is a general
lack of objective and modern scientific
evidence for their efficacies. In addition,
product qualities are not well controlled and
variable. The advancement of modern
technology and the experience of western
drug development provide the unique
opportunity to develop innovative TCM
products with demonstrated clinical efficacy
and safety as well as quality assurance. The
current trends in understanding potential
underline mechanism of TCM using system
biology, developing mixture with quality
consistency, and demonstration of clinical
efficacy will be discussed.

BrainPET Symposium

IMAGING OF SIGNAL TRANSDUCTION
CASCADE IN ALZHEIMER'S DISEASE

M. Higuchi, M. Maruyama, H. Shimada, B. Ji,
J. Maeda, M. Ono, M.-R. Zhang, T. Suhara

Molecular Imaging Center, National Institute of
Radiological Sciences, Chiba, Japan

Objectives and methods: Alzheimer's
disease (AD) is neuropathologically
characterized by deposition of amyloid beta
peptide (AB) and tau fibrils, and this dual
fibrillogenesis is supposed to trigger chain
reactions of key molecular and cellular
processes, including neuroinflammation,
disrupted intraneuronal calcium homeostasis,



synaptic abnormalities and eventual neuronal
death. Meanwhile, mechanistic links between

AB/tau amyloidosis and downstream
processes in the cascade are largely
unknown.

We aimed at visualizing accumulation of AR
and tau aggregates and activation of
deleterious microglia expressing 18-kDa
translocator protein in living brains with the aid
of PET and specific radioligands.

Results:
1) AB amyloidosis and microgliosis

By comparative PET/autoradiographic assay
with ["'C]Pittsburgh Compound-B ([*'C]PIB)
and immunohistochemistry of human and
amyloid precursor protein (APP) transgenic
mouse brains, we identified an N-terminally
truncated and pyroglutamated AR (ABN3pE)
as a major constituent of binding sites for
plaque PET tracers. In the interim, a number
of works by independent research groups
have recently supported crucial roles of this AB
species in  neurodegenerative  changes
characteristic of AD. Distinct regulation of
ABN3pE deposition by protective and
deleterious microglia was also demonstrated
by implantation of two different microglial
clones expressing TSPO at low and high
levels into APP transgenic mouse brains.
Subsequent biochemical comparison of these
two clones indicated the significance of a
proinfammatory = chemokine, CCL2, in
detrimental  microgliosis  promoting  AB
pathogenesis. Notably, generation of ABN3pE
and stabilization of CCL2 are catalyzed by the
same enzyme, glutaminyl cyclase (QC),
suggesting parallel enhancement of
amyloidosis and microgliosis by QC. In
addition, TSPO was found to augment release
of CCL2 from microglia. Hence, reciprocal
links among QC, CCL2 and TSPO could be
therapeutic targets for modifying the amyloid
cascade in AD, and changes in these
molecules would be monitored by PET.

2) Tau accumulation,
neuronal loss

microgliosis and

We also developed a new class of
radioligands permitting PET imaging of tau
lesions. Intense PET signals were intimately
associated with abundance of fibrillar tau
inclusions in tau transgenic mice, while
marked hippocampal atrophy in this animal
model preceded formation of PET-positive tau
inclusions. Detailed biochemical and
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histological analyses of tau transgenics
indicated neurotoxicity of soluble phospho-tau
species. The accumulation of this soluble tau
was accelerated by autophagic impairments,
resulting in aggravation of TSPO-positive
microgliosis and subsequent neuronal loss.
We then applied one of these tau radioligands
to an exploratory clinical PET study, and
observed a progressive increase of the
radioligand binding in the transition from
normal aging to AD, which resembled advance
of Braak stages of tau pathology and was in
sharp contrast to [“'CJPIB-PET data.
Moreover, accumulation of the tau radioligand
in the medial temporal region was inversely
correlated with volume of this area, implicating
insoluble tau aggregates in neuronal loss by a

mechanism somewhat distinct from
neurotoxicity induced by soluble tau in
transgenic mice.

Conclusions: PET imaging of amyloid-

triggered signaling cascade in animal models
and humans potentially facilitate clarification of
molecular culprits pivotally implicated in the
neurodegenerative  pathogenesis of AD,
providing significant insights into therapeutic
strategies against this disease.

TRANSLATIONAL AB AND TAU IMAGING
IN ALZHEIMER'S DISEASE

V.L. Villemagne'*®

'Nuclear Medicine and Center for PET, Austin
Health, ’Mental Health Research Institute,
*Medicine, University of Melbourne,
Melbourne, VIC, Australia

B-amyloid (AB) and tau are the
neuropathological hallmarks of Alzheimer's
disease (AD). Positron emission tomography
(PET) radiotracers for the in vivo assessment
of AB burden have transformed the evaluation
of AD pathology, extending our insight into AB
deposition in aging and AD by providing highly
accurate, reliable, and reproducible
guantitative statements of regional and global
AB burden in the brain, essential for
therapeutic trial recruitment and for the
evaluation of anti-AB therapies. While this
progress has already resulted in the approval
of an AB radiotracer for clinical use, it is only in
recent years that there has been significant
progress in the development of tau imaging
tracers.

In general, useful neurocimaging probes must
meet a number of key general properties: they



should be non-toxic lipophilic molecules of low
molecular weight that cross the blood brain
barrier, with rapid clearance from blood and
preferably are not metabolized, whilst
reversibly binding to AD pathology in a specific
and selective fashion. After initial high
throughput screening of compound libraries or
structure-activity relationship studies, further
characterization requires in vitro saturation
and/or competition studies assessing affinity
and selectivity of the binding using either
synthetic fibrils or brain homogenates. Ex vivo
or small animal PET studies are used to
evaluate the biodistribution and brain uptake of
candidate neuroimaging tracers. Furthering
tracer characterization, testing its ability to
detect pathology in vivo, involves studies in
transgenic mice models of the disease. After
the preclinical examination confirms the
candidate fulfils ligand criteria for PET studies,
microdose toxicity and receptor panel analysis
are performed, and human PET studies,
assessing tracer safety and its ability to
distinguish control from pathological cases,
are started.

As new treatment strategies to prevent or slow
disease progression through early-intervention
are being developed and implemented, there
is an wurgent need for early disease
recognition, which is reflected in the necessity

of developing sensitive and specific
biomarkers as adjuncts to clinical and
neuropsychological tests. Antecedent,

diagnostic and prognostic biomarkers include
the examination of disease specific traits such
as AB, tau or a-synuclein in blood and
cerebrospinal fluid, as well as the application
of neuroimaging techniques such as PET for
the characterization and quantification of
metabolic and neurochemical alterations that
lead to neurodegeneration and cognitive
impairment. Because the molecular changes
occur well before the  phenotypical
manifestation of the disease, a change in the
diagnostic paradigm is needed, where
diagnosis moves away from the identification
of signs and symptoms of neuronal failure to
the early and non-invasive detection of a
particular trait or traits underlying the
pathological process, that will also allow
evaluation of efficacy and monitoring of the
molecular  effects of disease-modifying
therapies. Furthermore, given the complexity
and sometimes overlapping characteristics of
these disorders, it is unlikely that a single
biomarker will be able to provide the
diagnostic certainty required, especially for the
identification of at-risk individuals before the
development of the typical phenotype.
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Consequently, a multimodality approach for
the accurate and early diagnosis, monitoring
disease progression, and better treatment
follow-up of AD is warranted.

Niels Lassen Award

CALORIC RESTRICTION ENHANCES
OXIDATIVE BRAIN METABOLISM IN
HEALTHY AGING DETECTED BY *H[**C]
MRS

A.-L. Linl, D. Comanz, L. Jiangz, D. Rothmanz,
F. Hyder?

'Research Imaging Institute, University of
Texas Health Science Center at San Antonio,
San Antonio, TX, 2Magne’[ic Resonance
Research Center, Yale University, New
Haven, CT, USA

Objectives: Caloric restriction (CR) is the
most studied anti-aging manipulation and has
been shown to increase the lifespan of a broad
range of species. Rats treated with CR also
showed enhanced memory (1). Here we used
in vivo proton observed carbon edit (POCE) or
'H[*3C] MRS to characterize the effect of CR
on the rates of neuronal TCA cycle flux
(V1can), total glutamatergic neurotransmission
from the glutamate and glutamine cycle flux
(Veyeon), and lactate concentration in aged
rats.

Methods: Male control and CR F344BNF1
rats at 24 month of age (N= 6) were
anesthetized with alpha chloralose. In vivo
'H[*3C] NMR study was performed on a Varian
11.7T MR system. The POCE spectra were
obtained from a localized volume (8x4x 6
mm? that covered cortex and hippocampus.
[1,6- 3C] labeled glucose was continuously
infused via the femoral vein of the rat for 2-
hour and POCE spectra were acquired
simultaneously. Six blood samples were taken
from a femoral artery during the 2-hour scan to
determine the [1,6-°C] labeled glucose level.
The concentrations of the metabolites
(including lactate) were also determined in the
brain extracts at the end point of the labeled
isotope infusions. Data were analyzed with the
CWave program for mathematical modeling to
determine Vycan and Veygeon. T-test was used
to determine the difference of the measured
indices between the control and CR rats.

Results: Aged CR rats had significantly higher
VTCA,N (P < 00001) and chc(tot) (P < 0001), but
lower lactate concentration, relative to



controls. Our results demonstrated that Vrcan
and Veyeoy has a ~ 2:1 ratio, similar to
literature value for a variety of other conditions
examined, from awake to different
anesthetized states (2). We also found that
aged CR rats had similar Vican (~ 0.4
pumol/g/min) and Veyeeoy (~ 0.22 pmol/g/min)
relative to those of the younger control rats as
reported in literature (3).
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Conclusions: We demonstrated that CR
enhanced brain mitochondrial functions,
including increased Vican and Veyeron, and
decreased lactate concentration. The results
suggest that preserved or increased cerebral
oxidative metabolism with age may play a key
role in maintaining brain function. Further, we
observed that aged CR rats had enhanced
neuronal metabolism and that was similar to
young ones, suggesting that CR may delay
brain age-related metabolic reduction in
rodents. As brain function plays a crucial role
in lifespan determination (4), CR could be an
important intervention in extending healthspan
of the brain and thus lifespan. Future studies
are needed to identify the cellular mechanism
of CR-induced enhancement of brain function
in healthy aging and in neurodegenerative
disorders.

References:

(1) Carter et al., J Gerontol A Biol Sci Med Sci.
64A: 850 (2009);

(2) Hyder et al., J, Cereb Blood Flow & Metab.
26:865 (2006);

(3) Ennis et al., Neurochem Res. 36:1962
(2011);

(4) Mattson et al., Ageing Res Rev 1:155
(2002).

REGULATORY T CELLS LIMIT ISCHEMIC
BRAIN INFLAMMATION AND
NEUROVASCULAR DISRUPTION VIA
SUPPRESSION OF PERIPHERAL MATRIX
METALLOPEPTIDASE-9

P. Li*% Y. Gan"? B. Sun®, F. Zhan%l'z, Y.
Gao', W. Liang", J. Chen"?, X. Hu"

lAnesthesiology Department of Huashan
Hospital, State Key Laboratory of Medical
Neurobiology and Institute of Brain Sciences,
Fudan University, Shanghai, China, Center of
Cerebrovascular Disease Research, University
of Pittsburgh School of Medicine, Pittsburgh,
PA, USA, “Department of Neurology and Key
Laboratory of Cerebral Microcirculation,
University of Shandong, Affiliated Hospital of
Taishan Medical College, Taian, China

Objectives: Ischemic stroke elicits a profound
inflammatory response involving both innate
and adaptive immunity. The reciprocal
interaction between the immune system and
the ischemic brain helps determine stroke
pathology and represents a promising target
for stroke treatment (1). Recent evidence
suggests that peripheral regulatory T cells
(Tregs), an innate immuno-modulator, might
be an endogenous protective mechanism that
counterbalances cerebral inflammation
following ischemic stroke (2). However, the
therapeutic potential of Treg adoptive therapy
in stroke has not been evaluated and the
underlying mechanism for Treg-afforded
neuroprotection is still poorly understood.

Methods: Cerebral ischemia was induced by
middle cerebral artery occlusion (MCAO) for
60 minutes in mice or 120 minutes in rats.
Tregs were isolated from donor animals by
CD4 and CD25 double selection and
systemically transferred to ischemic recipients
at 2, 6 or 24 hours after MCAO. Brain
infarction and neurological performance was
assessed up to 28 days post-stroke. The
mechanisms of Treg-afforded neuroprotection
were investigated using cell-specific depletion,
gene knockout mice, bone marrow chimeras
and in vitro Treg-neutrophil co-cultures.

Results: Using both mouse and rat models of
transient focal cerebral ischemia, we
demonstrate that adoptively transferred Tregs
markedly reduced brain damage and improved



long-term neurological outcomes with a wide
temporal window of efficacy (24h). Maximal
protection occurred upon early Treg transfer
with a 2h delay after MCAO, which resulted in
approximately 50% reduction of infarct
volume. The protective effects of Tregs were
associated with decreased cerebral
inflammation and reduced infiltration of
peripheral inflammatory cells into the lesioned
brain. Treg treatment also attenuated blood-
brain barrier (BBB) disruption as early as 1
day after ischemia, as manifested by reduced
extravasation of plasma-derived 1gG and
exogenous tracers, preserved continuity of
tight junction protein ZO-1 and protected
ultrastructure of tight junctions by electron
microscopy. Surprisingly, using Tregs with the
CD45.1 congenic marker or cell tracker
labeling, we noticed that exogenous Tregs
exerted early neuroprotection  without
penetrating into the brain parenchyma. Rather,
Tregs suppressed peripheral neutrophil-
derived matrix metallopeptidase-9 (MMP-9),
thereby preventing proteolytic damage of the
BBB. Treg-afforded neuroprotection after
MCAO was abolished by

1) gene knockout of MMP-9,

2) transplantation of bone marrow from MMP-9
knockout mice into irradiated wide type mice,
or

3) depletion of neutrophils with anti-Grl
antibody. In vitro studies using Treg-neutrophil
co-cultures further confirmed that Tregs
suppressed neutrophil-derived MMP-9 in a
cell-cell contact dependent manner. In
additions to its potent central neuroprotection,
Treg treatment was shown to ameliorate post-
stroke lymphopenia, suggesting an additional
beneficial effect on systemic immune status.

Conclusions: Our study demonstrates that
Treg adoptive therapy is a novel and potent
cell-based therapy targeting post-stroke
inflammatory dysregulation and neurovascular
disruption.
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NF-KB PATHWAY CONTRIBUTES TO THE
BRAIN REPAIR INDUCED BY
HEMATOPOIETIC GROWTH FACTORS IN
CHRONIC STROKE

L. Cui*, N.S. Duchampz, B.J. Dakota?, X.
Ren', H. HU', L.-R. Zhao®

'Neurology, *School of Medicine, *Neurology,
Cellular Biology and Anatomy, Louisiana State
University Health Sciences Center,
Shreveport, LA, USA

Objectives: Stroke is a leading cause of adult
permanent disability worldwide. The phase of
chronic stroke usually starts 3-6 months after
stroke onset. Currently no pharmaceutical
therapy is available for the treatment of
chronic stroke. Stem cell factor (SCF) and
granulocyte-colony stimulating factor (G-CSF)
are the essential members of hematopoietic
growth factor family, and play a key role in the
regulation of blood cell production. Recent
findings suggest that SCF and G-CSF may be
also involved in neuronal plasticity in the
central nervous system. In our early study, we
have demonstrated that SCF in combination
with G-CSF (SCF+G-CSF) improves functional
outcome when administered in the chronic
phase of stroke in animal models. However,
the mechanism by which SCF+G-CSF repairs
the brain in chronic stroke remains poorly
understood. Recently, we have revealed that
NF-kB pathway is required for SCF+G-CSF-
induced enhancement of neurite outgrowth in
primary cortical neurons. In this study, we
determined whether NF-kB pathway
contributes to brain repair induced by SCF+G-
CSF in chronic stroke.

Methods: Focal cerebral ischemia was
induced by permanent occlusion of the right
common carotid artery and middle cerebral
artery in 4-month-old male mice. At 3.5
months post-ischemia, SCF and G-CSF were
subcutaneously administered for 7 days. NF-
kB inhibitor, BAY 11-7085, was infused into
the contralateral ventricle with a 7-day-infusion
osmotic pump 1 hour before SCF+G-CSF
treatment. At week 8 after treatment,
biotinylated dextran amine (10,000 MW) was
stereotaxically injected into the contralateral
cortex to detect the axonal sprouting.
Functional restoration was examined using the
Rotarod test 2 and 6 weeks after treatment.
Axonal sprouting, synapses and vascular
formation were determined at the end of the
experiment.



Results: SCF+G-CSF significantly improved
functional outcome in chronic stroke mice. The
axonal sprouting in the peri-infarct area which
was projected from both of the contralesional
and ipsilesional cortex was significantly
increased by SCF+G-CSF  treatment.
Moreover, the functional post-synaptic element
and the blood vessel density in the cortex
adjacent to the infarct cavities were also
increase by SCF+G-CSF treatment.
Remarkably, the effects of SCF+G-CSF on
functional restoration, neuronal network
remodeling and cerebrovascular regeneration
in the brain of chronic stroke were blocked by
the NF-kB inhibitor.

Conclusions: These results suggested that
SCF+G-CSF treatment improves functional
restoration in chronic stroke though rewiring
neural networks and regenerating new blood
vessels, and that NF-kB pathway is critically
involved in SCF+G-CSF-induced brain repair
in chronic stroke. This study provides new
insights into the contribution of hematopoietic
growth factors in brain repair and helps in
developing a new pharmaceutical therapy for
treatment of chronic stroke.

This study was supported by The National
Institutes of Health, National Institute of
Neurological Disorders and Stroke (NINDS),
R0O1 NS060911 to L.R.Z.

SEROTONIN 2A RECEPTOR AGONIST
BINDING IN THE HUMAN BRAIN: FIRST
EVALUATION OF [*'C]CIMBI-36

A. Ettrup®, S. da Cunha-Bang', B. McMahon’,
A. Dyssegaard®, S. Lehel?, M. Hansen®, A.O.
Baandrup®, K. Mgller®, C. Svarer®, J.L.
Kristensen®, N. GiIIingsz, G.M. Knudsen®

'Neurobiology Research Unit and Center for
Integrated Molecular Brain Imaging (CIMBI),
’PET- and Cyclotron Unit, Copenhagen
University Hospital, Rigshospitalet,
3Department of Drug Design and
Pharmacology, Faculty of Health and Medical
Sciences, University of Copenhagen,
4Department of Radiology, ®Intensive Care
Unit, Copenhagen University Hospital,
Rigshospitalet, Copenhagen, Denmark

Introduction: [*'C]Cimbi-36 was recently
developed as an agonist radioligand for brain
imaging of serotonin 2A receptors (5-HT,a)
with positron emission tomography (PET)[1].
This may be used to quantify the functional
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and high-affinity state of 5-HT,, receptors, and
it may have the potential to quantify changes
in cerebral serotonin levels in vivo. For the first
time, we here evaluate [11C]Cimbi-36 binding
in the human brain.

Methods: Six healthy volunteers (mean age
26.2 years, 3 males) were included in the
study, and each study participant was scanned
twice for 2 hours after [“'C]Cimbi-36 bolus
injection (n=12; injected activity: 443+136
MBq; injected cold Cimbi-36 dose: 0.45+0.28
Kg) in a high resolution research tomography
(HRRT) PET scanner. Arterial blood samples
were obtained from a catheter in the radial
artery, and input measurements including
radiometabolite analyses with radio-HPLC
were obtained in all the participants. Five
subjects received a per oral (p.o.) blocking
dose of ketanserin (Ketansin®, 10 mg or 20
mg) before the second [“'C]Cimbi-36 PET
scan. To quantify 5-HT,, receptor binding,
BP\wp was calculated using the simplified
reference tissue model (SRTM) with cerebellar
grey matter as a reference region and
distribution volumes (V1) derived from 2-tissue
compartment modelling were used for
occupancy plotting.

Results: [*'C]Cimbi-36 showed high uptake in
the human brain, and the radioligand
distribution was in accordance with the
expected 5-HT,, receptor pattern in humans.
Time-activity curves indicated that [*'C]Cimbi-
36 possess relatively slow kinetics in the
human brain. At baseline, the [*'C]Cimbi-36
SRTM BP,p in the neocortex was 1.24+0.19
indicating adequate signal-to-noise ratios for
quantifying 5-HT,, receptor binding in cortical
areas of the human brain. Pre-treatment with
ketanserin had a pronounced effect on the
brain uptake and time-activity curves of
[*'C]Cimbi-36, and the cortical binding was
particularly affected by the ketanserin pre-
treatment suggesting 5-HT,n  receptor
selectivity of [1 C]Cimbi-36. Occupancy plots
with 2TC V; at baseline and after blockade
showed that the ketanserin pre-treatment lead
to an average receptor occupancy of 86+4%
(following 20 mg Ketansin, n=3) and 70+9%
(following 10 mg Ketensin, n=2). No effect of
ketanserin pre-treatment was observed on the
[*C]Cimbi-36 V in cerebellum.

Conclusions: The novel receptor agonist PET
radioligand, [110]Cimbi-36, successfully
labelled 5-HT,, receptors in the human brain.
This enables studies on 5-HT,, receptor
agonist binding in larger population or patient
samples including investigations of the



sensitivity of cerebral [**C]Cimbi-36 binding to
changes in endogenous levels of serotonin in
the human brain.

Reference:

[1] Ettrup A, et al. (2011) Eur J Nucl Med Mol
Imaging. 2011;38(4):681-693.
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Figure 1. Representative PET images of
cerebral ["'C]Cimbi-36 binding in the
human brain at baseline and after
ketanserin pre-treatment. PET images show
radioligand uptake from 40-120 min and
scaled to standardized uptake values (SUV in
g/ml), and images are superimposed on a MRI
template of the brain.
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NEURAL BASIS OF THE ASSOCIATION
BETWEEN REMITTED GERIATRIC
DEPRESSION AND APOE E4 ALLELE:
RESTING-STATE FMRI STUDY

H. Shu'?, Y. Yuan', C. Xie', F. Bai!, J. You®,
L. Li*, S. L%, Z. Zhang*

'Department of Neuropsychiatry, Affiliated
Zhongda Hospital and Institute of
Neuropsychiatry of Southeast University,
Nanjing, China, “Department of Biophysics,
Medical College of Wisconsin, Milwaukee, WI,
USA, 3Department of Psychiatry, Nanjing Brain
Hospital Affiliated to Nanjing Medical
University, Nanjing, *Mental Health Institute,
Second Xiangya Hospital of Central South
University, Changsha, China

Objectives: To detect the influence of
remitted geriatric depression (RGD) and
APOE ¢4 allele with their interaction on
hippocampal functional connectivity (HFC)
networks.

Methods: 31 RGD and 29 normal control (NC)
subjects were recruited and were further
divided into four subgroups according to their
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APOE genotypes (for NC group: 7 APOE4+
and 22 APOE4- subjects; for RGD group: 11
APOE4+ and 20 APOE4- subjects) . Each
subject completed neuropsychological tests
and underwent MRI scan (General Electric
1.5T). Hippocampal seed-based functional
connectivity approach was employed and 2x2
factorial analysis of variance was used to test
the main effects and interactive effects of RGD
and APOE ¢4 allele on HFC networks.
Additionally, multivariate regression analysis
was used to identify the behavioral
significance of these altered HFC networks.

Results:

1. The main effect of RGD on bilateral HFC
networks mainly located in frontal-occipital
regions. Specifically, frontal regions
demonstrated decreased positive or enhanced
negative HFC, whereas occipital lobe showed
enhanced positive or decreased negative HFC
in RGD patients relative to non-RGD subjects.

2. The main effects of APOE ¢4 allele were
mostly seen in bilateral insula, bilateral
dorsolateral prefrontal cortex (DLPFC), and
regions within the default mode network
(DMN). Particularly, APOE ¢4 allele carriers
showed increased positive HFC in bilateral
insula and decreased positive or enhanced
negative HFC in bilateral DLPFC and regions
within DMN compared with APOE €4 non-
carriers.

3. The interactive effects of RGD and APOE
€4 allele were found in right 10G, bilateral
somatomotor area and dorsal ACC (dACC)
that connected to left hippocampus.
Specifically, the two factors showed inverse
interaction on the left hippocampus connected
to Dbilateral dACC, while synergistic
contribution was found in the other regions.

4. For RGD patients, the decreased negative
left HFC network in right cuneus was
negatively correlated with visuospatial scores,
and the increased and decreased HFC
network in right lingual gyrus and left
somatomotor area was respectively negatively
and positively correlated with episodic memory
scores . On the other hand, for APOE €4 allele
carriers, the decreased positive right HFC
network in the left ACC and left DLPFC are
both positively correlated with working memory
scores.

Conclusions: Not only the factors of RGD
and APOE ¢4 allele could affect HFC network
distinctively, but the two factors could also



exert interactive effects on the left HFC
network, especially for dACC, the key region
of the interaction between cognitive and
emotional  processing, was significantly
disrupted. Therefore, we suggest that such
disconnection may imply cognitive
deterioration for RGD patients with APOEe4
allele over time'? Conclusively, our findings
indicated the neural substrate of the
association between RGD and APOE ¢4 allele,
which may contribute to monitor the cognitive
decline as well as it conversion to AD in high-
risk group.

Reference: 1. Wang L, et al. Am J Geriatr
Psychiatry. 2012; 20, 653-663; 2. Mosconi L,
et al. Neurology. 2004; 63, 2332-2340.

DIFFERENTIAL EFFECTS OF CHRONIC
ORAL METHYLPHENIDATE TREATMENT IN
ADOLESCENT AND ADULT RAT BRAIN

K. van der Marel A. Klomp G F. Meerhoﬁ‘3
P.J. Lucassen®, J R Homberg®, L. Reneman?,
R.M. D|jkhU|zen

'Biomedical MR Imaging and Spectroscopy
Group, Image Sciences Institute, University
Medical Center Utrecht, Utrecht, 2Department
of Radiology, Academic Medical Center,
$Swammerdam Institute for Life Sciences,
Center for Neuroscience, University of
Amsterdam, Amsterdam, *Department of
Cognitive Neuroscience, Centre for
Neuroscience, Donders Institute for Brain,
Cognition and Behaviour, Radboud University
Nijmegen Medical Centre, Nijmegen, The
Netherlands

Objectives: Methylphenidate is a widely
prescribed psychostimulant for treatment of
attention deficit hyperactivity disorder (ADHD)
in children and adolescents, but its effects on
the developing brain remain elusive’. Patient
studies have suggested that psychostimulant
medication normalizes ADHD-related deficits
in white matter volume, anterior cingulate
cortex volume, caudate nuclei shapes, and
cortical thinning®®. As retrospective patient
studies are hampered by the heterogeneity of
the population sample with mixed treatment
histories, our aim was to measure the effects
of chronic stimulant treatment on the brain in a
well-controlled experimental setting.

Methods: Male Wistar rats (n=64, 16/group)
were treated with vehicle or 5 mg/kg oral
methylphenidate HCI dissolved in saline, daily
for 21 days starting from post-natal day 25
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(adolescent) or 654 (adult), followed by a 1-
week washout period.

In vivo MRI (4.7T) was performed while
animals were anesthetized (propofol) and
mechanically ventilated. Functional
connectivity (FC) was measured under resting
conditions with resting-state fMRI (rs-fMRI;
1000 images; 10min), and activation
responses following a dopaminergic challenge
with pharmacological MRI (phMRI; 675
images; 45min; n=13/group received 1 mg/kg
D-amphetamine i.v. after 10min).

Post mortem MRI (9.4T) was performed
(n=12/group) to obtain  high-resolution
anatomical images for analysis of brain
volumes and cortical thickness, and diffusion
tensor imaging was performed (2x60 diffusion-
weighted images) to assess white matter
fractional anisotropy (FA).

Additionally, CNPase immunohistochemistry
was used (n=7-8/group) to quantify myelin
content.

Results: Rs-fMRI identified three networks
(FigurelA) and the average FC within each
network was calculated (FigurelB):
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Many age-related differences were found,
including cortical thinning (from 1.52+0.50mm
to 1.49+0.48mm in controls), white matter
growth (+0.19%-0.49% relative volume), and
in the striata increased phMRI responses
(t=3.16, p=0.003) and rs-fMRI FC (t=4.06,
p=0.001).

Methylphenidate reduced body  weight
development by 0.4-10 kg/day (p=0.045), but
did not result in significantly different weights
after 1-week washout (F=1.81, p=0.18).
Methylphenidate reduced anterior cingulate
cortical network strength in both adolescents
and adults as measured from rs-fMRI (t=-2.03,



p< 0.05). In contrast to clinical observations
from ADHD patient studies, methylphenidate
did not increase white matter tissue volume or
cortical thickness in rat.

Methylphenidate differentially affected
adolescents and adults on measures of FA in
the corpus callosum (adolescents=+9.2%,
adults=-0.3%), volume of the striatum
(adolescents=-1.6%, adults=+2.8%; p=0.02),
and myelination in the striatum (adolescents=-
9.7%, adults=+3.1%,; p=0.03). However, we
did not observe treatment effects on striatal
functional activity.

Conclusions: Our study indicates that
methylphenidate has small effects on brain
structure and function in healthy rats. The
observation of sustained striatal activation
responses, however, corroborates studies in
healthy animals that showed no negative
behavioral effects of long-term
methylphenidate treatment. Nevertheless, we
found age-dependent treatment effects in the
striatum. This is of relevance for children that
are being treated with stimulants, without
suffering from ADHD®. Our findings thus stress
the importance of ensuring a proper diagnosis
of ADHD and a well-considered associated
treatment.

References:

'Andersen and Navalta, Int.J.Dev.Neurosci.
22(2004);

“Castellanos et al., JAMA 288(2002);
®Semrud-Clikeman et al., Neurology 67(2006);
*Sobel et al., Am.J.Psychiatry 167(2010);
°Shaw et al., Arch.Gen.Psychiatry 66(2009);

SLakhan
2(2012).

and Kirchgessner, Brain.Behav.
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IMAGING AMYLOID BETA DEPOSITION
FOLLOWING TRAUMATIC BRAIN INJURY
WITH ['C]PIB PET: A CROSS SECTIONAL
STUDY

D.K. Menon', Y.T. Hong? T. Veenith®, D.
Dewar®, J.G. Outtrim®, V. Mani*, C. Williams®*,
S. Pimlott®, P.J. Hutchinson®, A. Tavares®,
C.A. Mathis®, W.E. Klunk®, F.I. Aigbirhio®, J.P.
Coles®, J.-C. Baron’, J.D. Pickard®, W.
Stewart®, T.D. Fryer*

!Division of Anaesthesia, Wolfson Brain
Imaging Centre, University of Cambridge,
Cambridge, 3University of Glasgow and
Southern General Hospital, Glasgow,
4University of Cambridge, Cambridge, UK,
*University of Pittsburgh, ®*University of
Pittsburgh School of Medicine, Pittsburgh, PA,
USA, 'INSERM U 894, Université Paris
Descartes, Sorbonne Paris Cité, Paris, France

Background: Several studies report that
patients dying within weeks of traumatic brain
injury (TBI) show B-amyloid (AB) aggregates in
the brain. These are seen not just in elderly,
but also in young patients. Although amyloid
deposits are not common in subjects who
survive for several months to years after TBI,
recent data suggest that amyloid deposits may
reappear in patients who die several decades
after TBI. Full understanding of the extent and
consequences of amyloid deposition in TBI
have been limited by our inability to serially
monitor the process in living subjects.

Methods: We used positron emission
tomography (PET) with Pittsburgh compound
B ([*'C]JPIB]) to map amyloid deposition in 16
patients (33 [21-50] y), between 1 and 361
days following moderate/severe TBI, and
compared these with data obtained from 11
healthy, age-matched controls (median [range]
age 35 [24-60] V). [HC]PIB binding was
guantified using distribution volume ratio
(DVR) in regions of interest (ROIs) which
included all of cortical grey matter, striatal grey
matter, thalamic grey matter and white matter.
Partial volume effects were minimised by
application of the Lucy-Richardson algorithm.
In order to confirm the biological substrate for
our PET findings, we also undertook in vitro
[PHIPIB autoradiography and
immunocytochemistry for AR and (-amyloid
precursor protein in brain tissue obtained from
a neurotrauma archive, in separate cohorts of
16 patients aged 46 [21-70] who died between



3 hours and 56 days post-TBI, and 7 controls
aged 61 [29-71] who died of other causes.

Findings: When compared to controls,
patients following TBI showed significant
increases in [”C]PIB DVR in cortical grey
matter and striatal ROIs (p = 0.006 and 0.003,
respectively), but not in thalamic or white
matter ROIls. Temporal changes in [llC]PIB
DVR over time after TBI suggested that
binding in the cortical grey matter and white
matter rapidly increased in the first few weeks
following TBI, and then returned to normal
levels. These increases in [*'C]PIB binding in
TBI could not be accounted for by a range of
methodological confounders. Autoradiography
showed robust and specific [*H]PIB binding in
cortical grey matter, where it correlated, on a
regional basis, with amyloid deposition
demonstrated by immunocytochemistry. Both
AB and B-APP were also clearly demonstrated
in white matter, but significant [3H]PIB binding
could not be demonstrated in these areas.

Interpretation: These data document the fact
that early [*'C]PIB PET is feasible in critically
ill patients within days post-TBI. The temporal
patterns of PIB binding that we demonstrate
using PET conform to previous post-mortem
data in TBI. While we were able to show
correspondence between cortical [*H]PIB
binding and amyloid deposition in TBI in
cortical grey matter, we were unable to show
[SH]PIB binding in white matter. These data
provide guidance on optimal timing of [*'C]PIB
PET imaging in TBI. [''C]JPIB PET could be
valuable in imaging the temporal dynamics
and clinical correlates of amyloid deposition
following TBI.

SIMULTANEOUS SMALL ANIMAL PET/MR
IMAGING YIELDS NOVEL INSIGHTS INTO
MULTIPLE LEVELS OF BRAIN FUNCTION

H.F. Wehrl*, M. Hossain*, C.-C. Liu*, I.
Bezrukovl’z, K. Lankes?’, G. Reischll, B.J.
Pichler*

lDepartment of Preclinical Imaging and
Radiopharmacy, University of Tuebingen,
*Max Planck Institute for Intelligent Systems,
Tuebingen, *Bruker BioSpin MRI, Ettlingen,
Germany

Objectives: Brain function depends on a
complex interplay of energy metabolism and
hemodynamics, and can be assessed on
multiple metabolic and time scales. Here we
present a small animal PET/MR system
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constructed by our group that allows to
simultaneously acquire PET and MR data. We
study brain function in rats observing
isochronously slower changes in CMRg. by
[**FIFDG-PET and faster changes in CMRO,
and CBF by BOLD-fMRI. Additionally,
neuronal networks were investigated using
both, dynamic PET and fMRI data to reveal
information about functional connectivity.

Methods: The PET-insert uses 16 circularly
arranged detector cassettes, with each
consisting of three Lutetium oxyorthosilicate
blocks read out by avalanche photodiodes.
The PET-insert is installed inside a 7 T small
animal MR system (Fig. 1 a-c). Resolution and
sensitivity of the PET were assessed as well
as MR parameters such as SNR and fMRI
stability. For the simultaneous study of brain
function we used 8 Lewis rats (356-4569). The
left whisker pad of the animals was electrically
stimulated while 37 MBq of [*°*FJFDG were
administered simultaneous to the BOLD-fMRI

(TR=2000ms, TE=18ms, voxel
size=0.5x0.5x1.0mm3) acquisition. Statistical
parametric  mapping of  simultaneously

acquired PET and fMRI data was performed.
In addition dynamic PET and fMRI data was
used for an independent component analysis.

Results: Spatial resolution of the PET-insert
was 1.4mm using an OS-EM (4 sub, 16 iter)
algorithm. PET sensitivity was 3.2+0.2% at the
center of FOV, and did not change significantly
when a MR sequence was applied. MR SNR
showed only for a turbo-spinecho sequence a
slight drop of 2.1% (P=5x10"), but remained
stable for flash and gradient-echo sequences.
Relevant fMRI parameters such as signal drift
or RMS stability were not significantly altered
by the presence of the PET-insert. Whisker
stimulation yielded strong PET (P:3x10'6) and
fMRI (P=4x10"°) activation in the contralateral
barrel field (S1BF). CMRg increased in this
area by 11+7% (resting whole brain CMRGIc
28 pmol/min/100g [1]), BOLD signal change
was 0.5+0.7%. Areas such as the insula or
amygdala showed strong significant changes
in CMRg (1929% and 32+14%) but no
corresponding BOLD signal change (Fig. 1 d).
Functional connectivity using dynamic PET
data identified seven glucose metabolic
networks, whereas the fMRI technique, based
on CBF and CMRg, proportional signals,
yielded nine networks (Fig. 1 e,f).
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Figure 1: PET-insert and simultaneous metabolic and hemodynamic imaging. a) The PET-insert consisting of 16
shielded detector cassettes. b) Circuit board construction, LSO crystals and APDs for PET/MR operation. ¢) The
PET-insert installed inside a 7T MR system. d) Comparison of BOLD-fMRI and ["*F]FDG-PET during whisker
stimulation reveal additional activated areas in the amygdala and insula. e) Functional connectivity derived from
dynamic fMRI and [**F]FDG-PET data reveal e.g. networks in the motor and somatosensory cortex, as well as f) in
the amygdala and piriform cortex.

[Figure 1]

Conclusions: PET/MR allows to study brain
function on different metabolic and temporal
scales. Our CMRg/BOLD comparison
suggests that in some areas of the brain
BOLD changes might be too small or too slow
to be picked up, whereas CMRg. changes can
be identified by PET. This hints towards
complex metabolic-hemodynamic coupling
and uncoupling mechanism. The novel
approach of metabolic neuronal network

mapping, using dynamic PET data shows
some similarities, in respect to discoverd
networks, to fMRI functional connectivity.

Further studies, utilizing PET/MR, will focus on
the complimentarity with fMRI connectivity.

References: [1]: Shimoji, K., et al. J Nucl Med
45, 665-672 (2004)

DEEP BRAIN STIMULATION AT THE
SUBTHALAMIC NUCLEUS AND THE
INTERNAL GLOBUS PALLIDUS
PRODUCES FMRI RESPONSE IN THE
MOTOR CORTEX

H.-Y. Lai, J.R. Younce, Y.-C.J. Kao, Y.-Y.l.
Shih

Experimental Neuroimaging Laboraory,
Department of Neurology and Biomedical
Research Imaging Center, University of North
Carolina, Chapel Hill, NC, USA

Objectives: Deep brain stimulation (DBS) is
used to treat several neurological disorders,
including Parkinson's disease (PD), although
its mechanism is still incompletely understood
[1,2]. DBS combined with fMRI is capable of
visualizing regional neural activity in vivo,

44

enabling to study a specific neuroanatomical
pathway/connectivity of the response to DBS
in various brain regions and to determine the
optimal treatment policy according to the
treatment outcome. The goal of this study was
to characterize fMRI response to DBS at the
internal globus pallidus (GPi) and subthalamic
nucleus (STN), the targets used clinically for
treatment of PD. We hypothesized that DBS
would produce frequency-dependent fMRI-
visible responses in the motor cortex.

Methods:  Sprague-Dawley rats  were
stereotactically implanted with  platinum
electrodes unilaterally in either the STN (n=6)
or GPi (n=5) [4]. After at least 24 hours, rats
under 1.25-1.75% isoflurane anesthesia were
imaged using a Bruker 9.4T system with a 4-
shot gradient-echo EPI sequence and
stimulated with a bipolar square-wave current
of 1 mA at 9 frequencies between 10 and 310
Hz.

Results: BOLD response to DBS at both the
STN and GPi in the ipsilateral motor cortex
was positive (Fig. A), and peaked at 100 Hz
(Fig. B). GPi DBS produced diffuse negative
BOLD response in the contralateral
hemisphere, peaking at 40 Hz (Fig. B). DBS
produced significant responses in frequencies
known to be therapeutic for PD, while no
response was observed at 10 Hz, which is
known to exacerbate symptoms [5, 6],
suggesting a possible relationship to the
therapeutic effect of DBS. Several hypothetical
mechanisms for the ipsilateral response exist,
including (a) direct inhibition of the STN and
GPi output leading to increased thalamic
activity [3] and (b) antidromic conduction to
motor cortex [6]. The negative BOLD observed
with GPi DBS may be related to (a) inhibition
via corticocortical projection neurons [7] or (b)
collateral stimulation of the nearby internal
capsule.

Conclusion: This study demonstrated that
DBS at both STN and GPi produced a positive
BOLD response centered in the ipsilateral
motor cortex, indicating increased activity of
motor cortical circuits. This response was
frequency-dependent in a manner which
suggests a possible relationship to the
therapeutic mechanism of DBS for PD. Use of
DBS fMRI in the setting of hemiparkinsonian
animals may further permit examination of the
effect of DBS on parkinsonian pathophysiology
in vivo.
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Figure (A) Group-averaged BOLD activation
maps of STN DBS (n = 6) and GPi DBS (n =
5). Green boxes indicate 8x8 voxel ROls
centered in motor cortex. (B) BOLD frequency-
tuning curves. Error bars are SEM. *, + and #
indicate significant difference from 10 Hz.

METABOLIC BRAIN NETWORK IN RBD
PATIENTS BASED ON 18F-FDG PET
IMAGING

C.Zuo', Y. Ma?, J. Ge', S. Peng? H. YU?, J.
Wanga, P.Wu', D. Eidelberg2
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University, Shanghai, China, “Center for
Neurosciences, The Feinstein Institute for
Medical Research, Manhasset, NY, USA,
3Department of Neurology, Huashan Hospital,
Fudan University, Shanghai, China

Background and aims: Rapid-eye-movement
sleep behavior disorder (RBD) has a strong
association with neurodegenerative diseases
particularly Parkinson Disease (PD). Over the
past 10 years, it has been reported in many
cases that RBD precedes the development of
PD. In this study with FDG PET, we assessed
PD-specific network expression in RBD
patients based on the use of an abnormal
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spatial covariance pattern in PD patients
(PDRP). To explore possible brain network
connections between RBD and PD patients,
we also derived a RBD-related covariance
pattern (RBDRP).

Materials and methods: We studied 10
clinically confirmed RBD patients (age
62.1+6.8 years) and 10 healthy volunteers
(age 53.6+£12.5 years) with metabolic imaging
on a Siemens Biograph 64 PET/CT. The
expression of PDRP was quantified in each
subject with respect to a PDRP pattern
generated from 33 PD patients and 33 normal
controls scanned at our PET Center.
Furthermore, RBDRP was identified from the
combined sample of 10 RBD and 10 healthy
controls by using the multivariate network
modeling approach based on principal
component analysis.

Results: PDRP scores were elevated (p<
0.01;Fig 1A) in the RBD patients compared
with the healthy controls, but lower than those
of the PD patients in PDRP validation scans.
We also found that RBD was associated with a
specific metabolic brain network. This RBDRP
(selected from the first principal component
accounting for 21.2% subject x voxel variance;
Fig 1B) was characterized by relative
metabolic increases in the premotor cortex,
putamen, thalamus and cerebellum along with
relative metabolic decreases in the occipital
cortex. In addition, the expression of RBDRP
in individual subjects significantly
discriminated the RBD patients from the
healthy controls (p< 0.0001; Fig 1C).
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[Fig.1: Metabolic Network Analyses in RBD
patients.]

Conclusions: The elevation of PDRP in RBD
patients indicates that our RBD patients may
be at prodromal stages of Parkinson disease.
The establishment of RBDRP shows the



existence of a distinct pattern of relative
regional metabolic activity in patients with
RBD. These results suggest that RBDRP can
serve as a quantifiable imaging marker of RBD
and can be used as a tool to identify preclinical
brain changes in RBD patients at high risk for
developing PD.

THE DUAL ROLE OF BRAIN GLYCOGEN:
THE GOOD AND THE BAD

J. Duran, |. Saez, J.J. Guinovart

Molecular Medicine, Institute for Research in
Biomedicine, Barcelona, Spain

Introduction: The role of glycogen in the brain
has been traditionally associated to the
preservation of neuronal function during
energetically challenging states such as
hypoxia, hypoglycemia, ischemia or seizures.
Nevertheless, glycogenolysis also occurs in
euglycemia during an increase in neuronal
activity, indicating that brain glycogen also has
a role in supporting neuronal function in non-
pathological conditions. According to this,
several reports have stated the importance of
glycogenolysis for memory processing.

Brain glycogen is almost exclusively restricted
to astrocytes. However, in some pathological
conditions, aberrant glycogen accumulation
can be found in neurons. Lafora Disease (LD)
and Adult Polyglucosan Body Disease (APGB)
are the most striking examples of the
consequences of glycogen accumulation in
neurons.

Objectives: Our aim is to investigate both the
physiological role of glycogen in the brain and
the pathological consequences of the over-
accumulation of glycogen in neurons.

Design: To investigate the physiological role
of brain glycogen, we generated a brain-
specific Glycogen Synthase (GS) knockout
mouse  and studied the  functional
consequences of the lack of glycogen in the
brain.

Conversely, we generated the following mouse
models to study the deleterious effect of
glycogen in neurons: first, a knockout of Malin,
a negative regulator of GS the loss of which
stands on the basis of Lafora disease (LD);
second, a mouse model in which we
overexpressed a superactive form of GS
(saGS) specifically in neurons.

46

Results and conclusions: We analyzed the
learning abilities and the electrophysiological
properties of the synapses in the brain-specific
GS knockout animals. These mice showed a
significant deficiency in the acquisition of an
associative learning task and in the
concomitant activity-dependent changes in
hippocampal synaptic strength. Long-term
potentiation (LTP) evoked in the hippocampal
CA3-CA1l synapse was also decreased in GS
knockout mice. These results unequivocally
demonstrate a key role of brain glycogen in
the proper acquisition of new motor and
cognitive abilities and in the underlying
changes in synaptic strength.

Malin knockout mice presented glycogen
accumulations in several brain areas, as do
patients of LD. This phenomenon was
accompanied by a progressive neuronal loss
and  neurophysiological alterations. In
accordance, the neuron-specific
overexpression of saGS and the consequent
accumulation of glycogen also caused a
progressive neurodegeneration. These results
illustrate the need for a strict control of GS in
neurons.
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ENERGY REQUIREMENTS DURING
SPREADING DEPOLARISATION -
MULTIMODAL MEASUREMENT AND
KINETIC MODELLING
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'Max Planck Institute for Neurological
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Introduction: Spreading depolarisation (SD)
is a slowly propagating wave of tissue
depolarisation that could be closely linked to
secondary deterioration of brain injury patients
[1,2]. It is hypothesised that progressive
worsening of the lesion would be due to the
hemodynamic and metabolic disturbances
caused by the SDs [3,4]. We have here
investigated these events by simultaneously
measuring:

cerebral blood flow with
flowmetry (LSF)

laser speckle

- glucose utilization with *®F-flurodeoxyglucose
(FDG) positron emission tomography (PET)

- glucose and lactate concentrations in the
extracellular space with  rapid-sampling
microdialysis (rsMD) [4]

These data were then integrated into a kinetic
model of brain metabolism that accounted for
the neuronal and astrocytic rates of glucose
transport, glycolysis, mitochondrial oxidative
metabolism, lactate production and use,
glycogen breakdown and synthesis.

Methods: LSF was continuously acquired in
anesthetised Wistar rats through thinned skull.
A microdialysis probe was implanted via a
small craniotomy and the dialysate was
analysed for glucose and lactate
concentrations every minute by rsMD. After
recovery from implantation and baseline
measurement, FDG was injected. At 20
minutes post-injection, SDs were elicited either
by needle prick (single SD) or KCI infusion
(multiple SDs). The hemodynamic and
metabolic responses to SDs were observed for
70 minutes.
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Results: SD waves were detected by LSF as
propagating hyperemic waves. The metabolic
response to one single SD wave was biphasic:
1) within 5 minutes, glucose dropped by 20%,
lactate increased by 60% and FDG uptake
rose above control, 2) during the next 65
minutes, extracellular glucose concentration
remained below baseline, lactate fully
recovered and FDG uptake gradually declined
to normal values. This response could be
modelled by a transient surge for ATP followed
by a prolonged reduced energy demand.
During phase 1, glycogen is rapidly broken
down and glucose is fully catabolised via
glycolysis and  mitochondrial  oxidative
metabolism. ATP levels are quickly restored to
normal. During phase 2, cells are repolarised
and glycogen stores are partially re-filled.

Following multiple SD waves, we observed a
sustained increase in energy demand, with an
ever-decreasing extracellular glucose, a
prolonged elevated lactate level, and an up to
40% increase in FDG uptake compared to
control. This indicates a prolonged period of
high energy demand that might lead to
irreversible depolarisation of brain cells.

Conclusions: We suggest that the energy
requirements to recover from a single SD
wave are largely fulfilled in physiological
conditions, notably thanks to the quick
breakdown of astrocytic glycogen. However
frequent SDs could lead to an energy crisis
that endangers tissue viability even in a well-
perfused brain.
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PEROXYNITRITE AND POLY(ADP-RIBOSE)
POLYMERASE ARE RESPONSIBLE FOR
THE NEUROVASCULAR DYSFUNCTION
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Introduction: Amyloid-beta (Ab) impairs vital
regulatory mechanisms of the cerebral
microcirculation, thereby making the brain
susceptible to injury (1). The cerebrovascular
dysregulation requires CD36, a putative Ab
receptor, and reactive oxygen species (ROS)
generated by NADPH oxidase (2,3). However,
the downstream mechanisms by which Ab-
induced ROS alter cerebral blood vessels
remain unclear. We tested the hypothesis that
the ROS superoxide reacts with nitric oxide
(NO) to form peroxynitrite, which, in turn,

impairs  cerebrovascular  regulation by
activating poly(ADP-ribose) polymerase
(PARP).

Methods: Cerebral blood flow (CBF) was

monitored by laser-Doppler flowmetry in the
neocortex of anesthetized mice (n=5/group)
equipped with a cranial window. ROS
production was assessed in situ by
hydroethidine (HE) fluoromicrography, and
peroxynitrite formation by 3-nitrotyrosine (3-
NT) immunoreactivity.

Results: In wild-type (WT) mice, neocortical
superfusion of Ab;4 (5 UM) attenuated the
CBF increase evoked by whisker stimulation
(WS) (vehicle: 24+2%; Abj.40: 17£2%; p< 0.05;
mean+SE) or by topical application of the
endothelium-dependent vasodilator
acetylcholine (ACh) (vehicle: 25+2%; Abj 40:
15+2%; p< 0.05). Ab; 4 superfusion increased
neocortical ROS production (+43%; p< 0.05)
and induced immunoreactivity for the
peroxynitrite marker 3-nitrotyrosine (3-NT)
(+255%; p< 0.05) (Figure A). ROS production

was not affected by the peroxynitrite
scavenger uric acid (UA, 100 uM) or the PARP
inhibitor PJ-34 (3 uM), whereas 3-NT

immunoreactivity was reduced by UA and not
PJ-34, attesting to the specificity of UA as a
peroxynitrite ~ scavenger  (Figure B,C).
Cerebrovascular dysregulation and 3-NT
immunoreactivity were attenuated by the NO
synthase inhibitor L-NNA, the ROS scavenger
MnTBAP, and by UA. In PARP1-null mice,
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Ab, 40 superfusion did not alter CBF responses
to WS (vehicle: 24+2%; Ab: 24+1%; p>0.05)
and ACh (vehicle: 18+2%; Abi4: 22+3%;
p>0.05). Furthermore, neocortical superfusion
with PJ-34 prevented the cerebrovascular
alterations induced by exogenous Ab;4 and
rescued the neurovascular dysfunctions in
mice overexpressing the amyloid precursor
protein (Tg2576) (WS: vehicle, 14+1%; PJ-34,
25+1%; p< 0.05; ACh: vehicle, 13+1%; PJ-34,
22+2%; p< 0.05).
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Conclusions: These findings are consistent
with the hypothesis that peroxynitrite induces
activation of PARP1, which, in turn, mediates
the deleterious cerebrovascular effects of Ab;.
40- Therefore, counteracting peroxynitrite or
PARP1 may have therapeutic value to forestall
the deleterious cerebrovascular effects of Ab.
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PENETRATING ARTERY BUT SUSTAINED
RESPONSE IN CORTICAL SURFACE
ARTERY TO WHISKER STIMULATION IN
CHRONIC HYPOXIA MICE

l. Kanno®, Y. Sekiguchiz, H. Takuwa', K.
Masamoto™?, H. Kawaguchil, J. Taniguchil, Y.
Tomita®, R. Sudo?®, K. Tanishita’, Y. Itoh*, N.
Suzuki®, H. Ito*

'Molecular Imaging Center, National Institute
of Radiological Sciences, Chiba, *Faculty of
Science and Technology, Keio University,
Yokohama, *Center for Frontier Science and
Engineering, University of Electro-
Communications, Chofu, 4Department of
Neurology, Keio University School of
Medicine, Tokyo, Japan



Introduction: We reported massive
parenchymal vasodilation in chronic hypoxia
mice using a two-photon laser scan
microscopy  (2P) D), and reduced
neurovascular coupling (NVC) responses but
sustained CO2 responses using a laser
Doppler flowmetry (LDF) (2,3). We here
measure diameter changes of cortical surface
and penetrating arteries of somatosensory
cortex triggered by a single whisker vibration
using 2P in the chronic hypoxia mice.

Aims: The present study aims to elucidate
whether two cortical vascular systems, surface
and penetrating arteries, are identical or
different in response to somatosensory
neuronal stimulation in chronic hypoxia mice.

Methods: We used Tie2-GFP transgenic mice
(N=6, 7-11 weeks) of which vascular
endothelium had GFP for measuring cortical
surface vessels. We used intraperitoneal
Sulforhodamine 101 for labeling blood plasma
for measuring cortical penetrating vessels. All
mice were fixed by chronic closed cranial
window over the somatosensory cortex one
week before experiment (4). Before (day 0)
and on days 7, 14 and 21 after chronic
keeping in the 8-9% 02 chamber, dynamic
spatiotemporal images of cortical arteries to
single whisker vibration (10Hz, 5sec) were
measured in awake condition. We used
confocal microscopy for cortical surface
arteries and 2P for cortical penetrating arteries
at 100, 200, 300 and 400 um depths. We
analyzed images to assess dynamic changes
of diameter of each cortical artery (5). CBF
responses at the somatosensory cortex were
also assessed using LDF in the same mice.

Results: Diameters of cortical surface arteries
increased to  whisker stimulation by
approximately 10% throughout hypoxia
duration lengths. On the other hand, diameters
of cortical penetrating arteries revealed to
decrease as prolonged hypoxia duration, i.e.
do (15%), d7 (10%), d14 (9-7%) and d21 (7-
5%). The LDF responses were also reduced
along hypoxia duration, ie. d0 (20%) |,
d7 (15%) ,d14 (9-12%) and d21 (5-9%) .

Discussion: The results suggest that our
previous observation of the reduced NVC
response by LDF in chronic hypoxia resulted
from a reduced response in diameter change
of cortical penetrating arteries. Combining with
anothor previous observation by LDF, i.e.
sustained response to CO2 in chronic hypoxia
mice, it is suggested that the cortical
penetrating artery in chronic hypoxia revealed
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reduced response only to NVC but not to CO2
during chronic hypoxia.

Conclusion:  Chronic  hypoxia induced
reduction in NVC response only in cortical
penetrating artery but not in cortical surface
artery. This discrepancy between two cortical
vascular systems suggests different role in
supplying blood flow to brain tissues. Different
response to NVC and CO2 in the cortical
penetrating arteries implies essential part of
NVC response.
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Objectives: Functional changes of arterial
network after focal cerebral ischemia are vital
to the repair and rewire of the brain.'
Traditional imaging methods cannot probe
sub-cortex arterial vascular network which
supplies injured tissue in striatum.” ® The aim
of this study is to develop a functional
synchrotron radiation X-ray microangiography
(fSSRA) for studying the sub-cortex arterial
function changes after transient middle
cerebral artery occlusion (tMCAO) in living
animals.

Methods: Adult Sprague-Dawley rats (n=30)
were divided into six groups: five tMCAO
groups which suffered 90 minutes occlusion
following 1, 3, 7, 14 and 28 days reperfusion
and one sham group. Lesion volume was
detected by MRI (T2-weighted). SRA image
sequence was recorded and processed by
fSRA to extract blood flow velocity (BFV) and
vascular elasticity (VE) information of arteries
by surface fitting technique. The fSRA was
validated by Laser Speckle Imaging (LSI) in
estimating the property of vascular network in
brain surface.

Results: MRI showed that tissue hyperintense
which indicated brain edema was increased
from day 1, peaked at day 3, and recovered
from day 7 after tMCAO (p< 0.05). Liquid
hyperintense which indicated tissue
liguefaction was obvious at day 28 after
tMCAO (p< 0.05). fSRA showed that BFV in
both brain surface and sub-cortex arteries
decreased from day 1 to day 3 comparing to
the sham (p< 0.05) and recovered to the
baseline following 28 day of tMCAO. VE
changed in a similar way. We found that blood
flow (BF) supply was preferentially to middle
cerebral artery (MCA) region and then anterior
cerebral artery (ACA) area in normal rat, while
BF supply was preferentially to ACA area
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during the acute phase (day 1 to day 3).
Interestingly, the BF supply was returning to
MCA region preference after day 7 (p< 0.05).
The results suggested that arterial BFV and
VE were weakened and BF pattern was
changed due to edema in sub-cortex during
acute phase, while recovered during the sub-
acute phase of ischemia although tissue
liquefaction occurred. LSl showed that the
brain surface arterial diameter expansion was
significantly reduced after 1 day of tMCAO
comparing to the sham (p< 0.05) when
performed lower limb electrical stimulation,
which indicated that the VE was reduced,
suggesting the validity of fSRA.
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Figure 1. In-vivo imaging of rat's sub-cortex
changes after tMCAO using fSRA and MRI.

Conclusions: MRI and fSRA provided a novel
multi-modality technique for investigation of
vasculature functions in sub-cortex. Our
studies demonstrated that brain edema could
cause changes in BF pattern and vasculature
elasticity in sub-cortex, suggesting that
ischemia induced edema is the main factor to
cause vascular function changes in sub-
cortex.
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Introduction: Spreading depression is the
reduction of synaptic activity observed in the
wake of large spreading depolarizations (SD)
of brain tissue. We recently described a role
for adenosine Al receptor (A1R) activation in
mediating the bulk of synaptic depression
following SD in brain slices (Lindquist and
Shuttleworth, 2012). It is not known whether
such adenosine accumulation is related to
metabolic status, or whether adenosine
accumulates to a functionally significant level
following SD in normally perfused brain tissue.

Objectives: We investigated the role of
metabolic supply in SD-induced adenosine
accumulation and A1R activation in vitro and
in vivo.

Methods: We prepared acute brain slices
from C57BI/6 mice, varying slice thickness
(250, 350 or 450um) to manipulate the efficacy
of substrate delivery in the absence of
vascular perfusion. SD was induced in the
hippocampal CA1 region by microinjection of
KCI, and confirmed by DC potential shifts and
optical signals. We also monitored evoked
field excitatory postsynaptic  potentials
(EPSPs), and measured adenosine
concentration via an electrochemical probe. To
evaluate responses in well perfused brain
tissue, we induced SD in the cortex of
anesthetized C57BI/6 mice, and assessed
spontaneous  electrocorticographic  activity
(EC0G), DC potential, and evoked
transcallosal EPSPs.

Results: Brain slice thickness significantly
affected recovery from SD in an adenosine
dependent manner. DC shift duration
increased from 16.0+1.3s in thin slices
(250um) to 38.4+3.6s in standard slices
(350um) and 45.8+7.0s in thick slices (450um)
(ANOVA p< 0.0001, n=11,14,9 respectively).
Following SD, estimated peak adenosine
concentrations measured at the slice surface
increased with slice thickness (6.1+0.7 vs.
50.6+9.2 vs. 91.3£13.0uM, thin vs. standard
vs. thick slices, ANOVA p< 0.001, n=5,5).
AlR-dependent EPSP  depression also
increased with slice thickness (200.0+49.0 vs.
864.4+151.5s, thin vs. standard p< 0.01,
n=7,7). Oxidative metabolism was likely
impaired in thick slices, as resting NADH
autofluorescence was significantly elevated
compared with thin slices (n=5,5). Reducing
the buffer glucose concentration from 10 to
0.5mM tended to prolong EPSP depression
following SD. In otherwise healthy perfused
brain, adenosine effects were not significant
following SD. In vivo, DC duration averaged
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49.1+4.0s, and transcallosal EPSPs were
depressed for 125.8+13.5s; ECoG was
depressed for 381.7+40.1s (n=12). Neither
EPSPs nor ECoG recovered faster in animals
treated with A1R antagonist DPCPX
(10mg/kg) as compared with vehicle controls
(p=0.67, 0.46, respectively, n=6,6).

Conclusions: Limiting metabolic supply (by
increasing diffusion distance or otherwise
reducing substrate availability) appears to
increase adenosine accumulation and AlR-
mediated synaptic depression after SD.
Despite long-lasting ECo0oG suppression
following SD in the healthy brain, transcallosal
potentials recovered rapidly and there was
little evidence of adenosine accumulation in
vivo, likely due to adequate metabolic supply
via intact neurovascular coupling. Adenosine
may have an important role in SD occurring in
the context of hypoxia, hypoglycemia, or
reduced perfusion pressure. Thick brain slices
are a useful model for injury depolarizations.
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Objectives: Alzheimers disease (AD) is
characterized by cognitive impairment and
progressive memory loss due to accumulation
of senile plaques, neurofibrillary tangles and
loss of synapses and neurons. Synaptic
deficiency in AD is associated with reduced
MRNA expression of several immediate early
genes (IEGs) and A-induced mitochondrial
dysfunction. Our previous work indicated that
the cocaine- and amphetamine-regulated
transcript (CART) peptide had neuroprotective



effects following stroke. The aims of this study
are:

1) to determine the expression patterns of
CART in APP/PS1 transgenic mouse brains;

2) to investigate the effects of CART on
synaptic impairment induced by A;

3) to explore the mechanism underlying of
CART on AB-induced synaptic toxicity.

Methods: The expression patterns of CART
and AB in WT, APP/PS1 mice and AD patients
were determined by  immunostaining.
APP/PS1 transgenic mice (10 months old,
n=30/group) were injected with CART or
vehicle (2.5ug/kg, intra-vena caudalis). The
blood-to-brain unidirectional influx of 131I-
CART was tested by radioactive labeling
procedure. Learning and memory impairment
was tested by Morris water maze, and the
induction of synaptic plasticity was assessed
electrophysiologically. The structure and
number of synapses were determined by
transmission electron microscope (TEM) and
western blot in vivo. The expression of
synaptic-related proteins, mitochondrial fission
and fusion proteins were measured by real
time PCR or western blot, and the expression
of IEGs were determined by a reporter gene
assay. Mitochondrial depolarization and
reactive oxygen species (ROS) production
were measured by fluorescence Microscopy
and FACS analysis. The levels of 4-HNE, 3-
NT, and ATP were measured by the ELISA.
Statistical analyses were performed using
ANOVA and post hoc Fisher's PLSD tests,

with  P< 0.05 considered statistically
significant.
Results: In non-AD controls, CART was

mainly distributed in cell body and neuritis in
hypothalamus and cortex. In APP/PS1 mice,
CART was observed in amyloid plaques and
neuritis, especially in pyriform cortex. Similar
to APP/PS1 mice, AD patients had CART
immunoreactive in amyloid plagues, cells, and
processes. The uptake of CART by the brain
was high in thalamus, cortex, and
hippocampus. CART administration
significantly protected against learning and
memory impairments in APP/PS1 mice (P<
0.05, n=30/group), and partially improved LTP
induction and synaptic efficiency. CART
treatment induced several IEGs, including
Nur77, Arc and Homerla, and regulated the
expression of Nur77 by increasing promoter
activity. CART could suppress AP induced
intracellular ROS production and attenuated
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mitochondrial potentials reduction.
Furthermore, mitochondrial functions were
significantly  improved in CART-treated

animals compared to vehicle treatment.

Conclusion: Our findings suggest that CART
distributes in amyloid plagues and neuritis.
CART significantly improves synaptic plasticity
in AD models. The improvement in synaptic
plasticity is also associated with the
upregulation of IEGs expression and the
reversion of mitochondrial dysfunction. Thus,
CART and its downstream mechanism of
action may serve as novel therapeutic targets
for AD.

ALTERED BLOOD THIAMINE METABOLISM
AS A BIOMARKER FOR ALZHEIMER'S
DISEASE
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Background: Reduced cerebral glucose
metabolism is an invariant feature in
Alzheimer's disease (AD). A key coenzyme of
glucose metabolism and the active form of
thiamine, thiamine diphosphate (TDP), has
been shown to be significantly reduced in AD.
Altered blood thiamine metabolism may
represent a useful biomarker for AD diagnosis.

Methods: Control subjects with normal
cognition (n=500) and patients with AD
(n=108) and vascular dementia (n=53) were
recruited. Blood TDP, thiamine
monophosphate and thiamine levels were
measured using high performance liquid
chromatography.

Results: Blood TDP levels in AD patients
were significantly reduced as compared with
those of control subjects (83.55+£2.93 vs.
118.60+1.12 nmol/L, P< 0.001), whereas
blood thiamine monophosphate and thiamine
levels were significantly elevated (5.26+0.48
vs. 3.59+0.09 nmol/L, P< 0.001 and 4.10+0.41
vs. 3.41+0.11 nmol/L, P< 0.05). Blood TDP
level exhibited significantly diagnostic value,
with an area under receiver operating
characteristic curve (AUC) of 0.862, a
sensitivity of 80.40% and a specificity of
77.78%. The
(10000/TDP)*age*T~(1/6.4)/TMP~0.0001 ratio
exhibited an even higher diagnostic value, with
AUC of 0.901, a sensitivity of 88.20% and a



specificity of 80.00% when the cut-off point
was 9242. Nearly 70% of vascular dementia
patients could be differentiated from AD
patients according to this cut-off point. The
(10000/TDP)*age*T~(1/6.4)/TMP~0.0001 ratio
exhibited an excellent diagnostic power in AD
patients with APOE ¢4 alleles, with AUC of
0.905, a sensitivity of 91.00% and a specificity
of 81.63%. The disease severity of AD
patients evaluated by MMSE, CDR and ADL
scores didn't correlate with blood TDP levels.

Conclusion: Altered functional status of blood
thiamine metabolism can serve as an ideal
biomarker for AD diagnosis, that is reliable,
non-invasive, simple to perform and
inexpensive.
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Objectives: Vascular pathology is a major
feature of Alzheimer's disease (AD) and other
dementias. Cerebral  microbleeds and
macroscopic hemorrhage are frequently
consequences of cerebral amyloid angiopathy
(CAA), which arises from the deposition of
amyloid-B peptide (AR) in blood vessels.
Rapamycin, a drug originally used to keep the
immune system from attacking transplanted
organs, has been recently found having
significant effects on increased lifespan and
delayed aging in mice (1). We recently showed
that treatment of mice modeling AD with
rapamycin halts the progression of AD-like
memory deficits and reduces AR accumulation
in mice (2). The purpose of the present study
was to use multi-metric methods (e.g., imaging
and biochemistry) to investigate the effect of
rapamycin on hemodynamic and vascular
functions in brains of the AD transgenic mice.

Methods: AD transgenic mice (Tg; hAPP
(J20)) and age-matched controls (NTg) (F:M =
4:4 for each group) were used in the study.
Separate groups of Tg mice were fed with
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rapamycin, starting at 7 months of age
(earliest  detectable  cognitive  deficits).
Cerebral blood flow was measured using MRI-
based arterial spin labeling techniques.
Vascular density was measured using MR
angiography and MION contrast agent. We
used optical imaging and the nitric oxide (NO)
indicator dye DAF-FM to observe NO derived
from blood vessels. AR plagues and
microhemorrhages were determined by
western blot and immunohistochemistry.
Statistical analyses were performed using one-
way ANOVA followed by Tukey's post-hoc
test. Evaluation of differences between two
groups was evaluated using Student's t test.
Values of P < 0.05 were considered
significant.

Results: Rapamycin was found to activate
endothelial nitric oxide synthase (eNOS) in
vascular endothelium. Accordingly, we found
that rapamycin-treated AD mice had
significantly increased CBF (26 = 4%) and
vascular density (20 + 5%) compared to Tg
controls. They also showed reduced CAA (-18
+ 4%) and AR plaques (-24 + 6%). However,
the AR production was not found different
between treated and non-treated animals. The
results indicate that rapamycin can restore
vascular function by activate eNOS pathway,
increase blood flow, increase AR clearance
rate and thus preserve vascular integrity in
mice modeling Alzheimer's disease.

Conclusions: We demonstrate that chronic
rapamycin treatment after disease onset
negated brain vascular breakdown through
activation of eNOS in vascular endothelium,
reduced CAA and microhemorrhages,
decreased amyloid burden, and improved
cognitive function in symptomatic AD mice.
Our data suggest that chronic rapamycin
ameliorated established AD-like cognitive
histopathological deficits by preserving brain
vascular integrity and function through eNOS
activation. Rapamycin, an FDA-approved drug
already used in the clinic, may have promise
as a therapy for AD and possibly for vascular
dementia.
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Introduction: Alzheimer's disease (AD) is a
neurodegenerative disease categorized by
progressive loss of memory and other
cognitive functions. AD is characterized by
increased levels of amyloid B peptide (AB)
plaques and neurofibrillary tangles in the brain
that are associated with neuronal damage [1]
and vascular toxicity [2-3].

Objectives: Based on the hypothesis that
amyloid plaques found throughout the cerebral
cortex can affect every cortical functions and
presumably not affect subcortical function in
the AD brain, we investigated alterations of
functional responses in an AD rat model. High-
field fMRI and multi-unit activity (MUA)
measurements were applied to characterize
brain functions from cortical and subcortical
regions in a non-transgenic rat model of AD
comparing to age matched healthy control
group of rats.

Materials and methods:

Animal preparation: Experiments conducted
on artificially ventilated (70% N,O / 30% O,)
adult male Long Evans (250-350 g; Charles
River, Wilmington, MA) and Alzheimer's rats
(250-350g; Taconic Farms Inc, NY). We used
Samaritan Alzheimer's Rat Model from
Taconic Farms (surgery model # FAB)
(www.taconic.com; surgery model#
FAB).During the animal preparation 2%
isoflurane was used for induction.
Intraperitoneal line was inserted for
administration of a-chloralose (46+4 mg/kg/hr)
and D-tubocurarine chloride (1 mg/kg/hr).

Forepaw _stimuli _(2mA, 0.3 ms, 3Hz):
Stimulation was achieved by insertion of thin
needle copper electrodes under the skin of the
forepaw.

fMRI (n=10): All fMRI data were obtained on a
modified 11.7T Varian  horizontal-bore
spectrometer using a *H surface coil (@ = 1.4
cm). The images were acquired with gradient
echo EPI sequence (TR/TE = 1000/15).

measurements
(FHC

Neural
Tungsten

(n=10):
Inc,

activity
microelectrodes
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Bowdoinham, ME) were inserted up to layer 4
for S1g. and the thalamic nuclei (VPL) with
stereotaxic manipulators (Kopf). Neural (multi
unit activity: MUA) data from S1g and VPL
regions were normalized to the initial peak
response during forepaw stimulation. All
signals were then digitized (>20 kHz) with a p-
1401 interface using Spike2 software (CED,
Cambridge, UK).

Results and discussion: Electrical
stimulation of the forepaw (2mA, 3Hz, 0.3 ms)
led to evoked BOLD and neural (MUA)
responses in the contralateral somatosensory
cortex (S1g) and the thalamus (VPL). In AD
brain we noted more than 50% smaller BOLD
activation patterns in S1r. and moreover, the
dynamics of MUA was significantly attenuated.
However evoked BOLD and MUA responses
in VPL were unaltered in AD rats. These
results suggest that cortical energy
metabolism in Alzheimer's rats is significantly
reduced, presumably due to increased levels
of AB plaques and neurdfibrillary tangles, as
compared with the normal control rats. In
future studies, application of calibrated fMRI to
extract cerebral metabolic rate of oxygen
consumption (CMRg,) can help to better
understand the relationship between neural
activity, cerebral blood flow and metabolic
changes in normal and disease states. These
studies may have implications  for
understanding altered brain function in human
Alzheimer's disease.
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CALORIC RESTRICTION ALTERS FLOW-
METABOLISM COUPLING IN HEALTHY
AGING: A COMBINED PET AND MRI
STUDY

A.-L. Lin', D. Coman? L. Jiangz, P. Fox', A.
Richardson®, D. Rothman?, F. Hyder”

'Research Imaging Institute, University of
Texas Health Science Center at San Antonio,
San Antonio, TX, 2Magnetic Resonance
Research Center, Yale University, New
Haven, CT, 3Barshop Institute for Longevity
and Aging Studies, University of Texas Health
Science Center at San Antonio, San Antonio,
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Objectives: Since the 1930s, caloric
restriction (CR) has been repeatedly shown to
increase the lifespan of a broad range of
species (1). CR also demonstrated positive
effects on brain funciton, e.g., rats treated with

CR showed enhanced memory (2).
Nontheless, the CR effects on brain
metabolism and hemodynamics remain

unexplored. Here we used PET and MRI to
characterize the effect of CR on cerebral
metabolic and vascular coupling in aged rats.

Methods: Male control and CR F344BNF1
rats at 24 month of age (N = 6) were
anesthetized with alpha chloralose. Cererbral
metabolic rate of glucose (CMRgc) was
measured using °FDG PET (Focus 220
MicroPET). 0.5 mCi '®FDG was injected
through the tail vein. Emission data was
acquired for 20 min after 40 min of injection.
CMRg was determined using the mean
standardized uptake value (SUV ,c4n) €quation.
Cerebral blood flow (CBF) was acquired using
MRI arterial spin labeling (ASL) techniqu at a
horizontal 7T Bruker Biospec system. ASL
image was analyzed with Matlab and
STIMULATE software. T-test was used to
determine the difference of the measured
indices between the control and CR rats.

Results: Aged CR rats had lower CMRg, (-28
+ 6%, p < 0.01) but significant higher CBF (32
+ 9%, p < 0.001), compared to the controls. In
another study (see abstract by Lin A et al A-
551-0015-00454), we found that aged CR rats
had significant higher rates of neuronal
glucose oxidation (TCA cycle flux) and total
glutamatergic neurotransmission from the
glutamate and glutamine cycle flux, and lower
lactate concentration. These results suggest
that healthy aging CR rats had enhanced
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mitochondrial function in the brain (e.g., higher
oxidative metabolism and lower lactate), and
that basal CBF was coupled with oxidative
metabolism, rather than glucose metabolism.

Conclusions: It is well known that basal
glucose/oxygen metabolism and CBF are
tightly coupled under normal conditions.
However, CR alters this fundamental flow-
metabolism coupling relationship. Our results
suggest that preserved coupling between CBF
and CMRg. (and presumably oxidative
metabolism) may play a key role in maintating
brain function and healthspan. Although
glucose utilization is lower in CR rats, the
neuronal activity is higher, suggesting that CR
rat's brain may use alternative fuel substrate,
such as ketone bodies, to meet the energy
demand (3). As ketone bodies are known to be
neuroprotective, the shift in the metabolic
pathway (from glucose to ketone bodies) may
be another contributing factor for extended
healthspan and lifespan of the CR rats. Future

calorie restricted studies on the interplay
between metabolic-vascular coupling with
neuronal activity may have profound

implications on retarding aging and age-
related neurodegenerative disorders.

References:
(1) McCay et al., J Nutrition 10:63-79 (1935);

(2) Carter et al., J Gerontol A Biol Sci Med Sci.
64A: 850 (2009);

(3) Maalouf et al., Brain Res Rev 293-315
(2009).

THE PATTERN OF METABOLIC
HETEROGENEITY IN THE HIPPOCAMPUS
BY 3T MULTI-VOXEL PROTON
SPECTROSCOPY IN ALZHEIMER'S
DISEASE

F. Chen®, B. Zhang', M. Li*, X. Zhang", H.
Wang', Y. Xu?, B. zhu'

lDepartment of Radiology, The Affiliated Drum
Tower Hospital of Nanjing University Medical
School, 2Department of Neurology, Nanjing
Brain Hospital of Nanjing Medical University,
Nanjing, China

Objectives: We explore the metabolic
changes in the head, body and tail of
hippocampal in Alzheimer's disease (AD)
compared with normal control. We also
investigate the distribution rules of metabolites



concentration among different parts of the
hippocampus for more accurate clinical
diagnosis of AD.

Table 3 The statistical results of hippocampal
head, body and tail metabolites concentration
distribution in AD group. StatisticRHPRHP-A
RHP-MRHP-A RHP-PRHP-M RHP-PLHPLHP-
A LHP-MLHP-A  LHP-PLHP-M  LHP-P
NAA/CrF1.749 1.566
p0.1800.3250.4131.0000.2150.1870.7290.097
MI/CrF1.060 1.566
p0.3510.1780.8240.2600.2150.1330.9770.126
MI/NAAF1.653 1.294
p0.1970.0880.1790.7100.2790.1600.9590.175
Note: AD represents probable AD. RHP
represents whole right hippocampal. RHP-A
represents right hippocampal head. RHP-M
represents right hippocampal body. RHP-P
represents right hippocampal tail. LHP
represents whole left hippocampal. LHP-A
represents left hippocampal head. LHP-M
represents left hippocampal body. LHP-P
represents left hippocampal tail. Table 2 The
statistical results of hippocampal head, body
and tail metabolites concentration distribution
in CN group. StaRHPRHP-A RHP-MRHP-A
RHP-PRHP-M RHP-PLHPLHP-A LHP-MLHP-
A LHP-PLHP-M LHP-P NAA/CrF15.882
10.280 p< 0.001< 0.001< 0.0010.575< 0.001<
0.001< 0.0010.713 MI/CrF2.404 1.725
p0.0960.4360.0330.1710.1840.1200.1040.941
MI/NAAF9.583 11.478 p< 0.0010.004<
0.0010.197< 0.001< 0.001< 0.0010.916 Note:
Sta means Statistic method. CN represents
cognition normal control. RHP represents
whole right hippocampal. RHP-A represents
right hippocampal head. RHP-M represents
right hippocampal body. RHP-P represents
right hippocampal tail. LHP represents whole
left hippocampal. LHP-A represents left
hippocampal head. LHP-M represents left
hippocampal body. LHP-P represents left
hippocampal tail.

Methods: Thirty patients with AD and 30
cognitively normal person (CN) were scanned
by a 3.0 T magnetic resonance (MR) by
Multivoxel proton spectroscopy (Achieva,
Philips Medical Systems, Netherlands). The
8channels-HEAD coil was employed. The data
was processed by commercially available
postprocessing workstation (Extended
Workspace (EWS), Philips Medical Systems,
Netherlands). The hippocampus was divided
equally into three parts (head, body and tail).
N-acetylaspartate (NAA)/creatine (Cr),
myoinositol (MI)/Cr and MI/NAA ratio were
calculated separately from each part. We
compared with each metabolites concentration
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data of AD and CN groups and analyzed the
anteroposterior metabolic profile in
hippocampus.

Result: The mean value of NAA/Cr is
decreased and that of MI/Cr, MI/NAA are
elevated in the bilateral hippocampi and
hippocampal body and tail in AD group (p <
0.01). MI/NAA in the head of left hippocampus
is also increased statistically (p < 0.01). Fig.1
shows NAA/Cr in the bilateral hippocampi from
head to tail have the gradually rising trend (p <
0.01) and MI/NAA gradually declines in CN
group (p < 0.01). MI/Cr in CN group and each
metabolite concentration in AD group have no
anteroposterior metabolic heterogeneity in
bilateral hippocampil. (Fig.1). All detail data
are recorded in Table 1-3.
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Conclusion: The anteroposterior metabolic
heterogeneity is dismissed in AD, which might
be helpful on the early clinical diagnosis of AD.

CONSTRAINT-INDUCED MOVEMENT
THERAPY ENHANCES AXONAL
REGENERATION BY OVERCOMING THE
INTRINSIC GROWTH INHIBITORY SIGNALS
IN STROKE RATS

C. Zhao, S. Zhao, H. Qu, C. Song, S. Wang

Neurology, The First Hospital of China Medical
University, Shenyang, China

Objectives: To confirm the hypothesis that
constraint-induced movement therapy (CIMT)
could enhance axonal regeneration by
overcoming the intrinsic growth inhibitory
signals leading eventually to improved
behavioral performance in stroke rats.

Methods: Male Wistar rats (200-250g) were
divided into a sham-operated group, an
ischemic group and an ischemic group treated
with CIMT (n=12 per group). Focal cerebral
ischemia was induced by intracortical and
intrastriatal injection of endothelin-1 . Three
weeks of CIMT beginning at post-stroke day 7
was performed by fitting a plaster cast around
the unimpaired upper Ilimb of rats
Biotinylated dextran amine (BDA) was injected
into the sensorimotor cortex on postoperative
day 14 to trace intact CST fibers and their
growth toward the contralateral denervated
spinal gray matter at the cervical spinal cord.
Behavioral recovery was analyzed 4 weeks
after ischemia by the beam walking test and
the water maze test. The BDA-positive axons
and the expressions of axonal inhibitors
including Nogo-A, Nogo receptor (NgR), Rho-
A and Rho-associated kinase (ROCK) in the
infarct cortex as well as the expressions of
synaptic markers including GAP-43,
synaptophysin, vGlutl and PSD-95 in the the
ventral horn of denervated spinal were
measured by immunofluorescence staining
and Western blots. BDA-postive axons and
their colocalization with the synaptic markers
were detected by confocal microscope. The
number and length of BDA positive axons and
the positive cells of axonal inhibitors as well as
the integrated density pixels of synaptic
markers were measured by NIH Image J
software.



Results: Infarct volumes were not different
between groups after stroke. The number and
sum length of the midline-crossing axons of
the intact corticospinal to the denervated
cervical spinal cord were increased
significantly —after ischemia and further
increased by CIMT. The expressions of Nogo-
A/NgR and RhoA/ROCK in the infarct cortex
which were increased in respond to focal
stroke were decreased significantly by CIMT.
The expressions of the GAP-43,
synaptophysin, vGlutl and PSD-95 which
were decreased after ischemia were elevated
significantly by CIMT and these synaptic
markers were colocalized with BDA positive
axons. Motor funtion assessed by the beam-
walking test and the spatial learning and
memory functions assessed by the Morris
water maze test which were impaired after
focal ischemia were improved significantly by
CIMT.

Conclusions: CIMT promoted poststroke
axonal regeneration and synaptic plasticity at
least partially by overcoming the intrinsic
growth inhibitory signaling to improved
behavioral outcome after ischemia stroke in
adult rats.
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DELAYED TREATMENT WITH SCF AND G-
CSF IN CHRONIC STROKE PROMOTES
SYNAPTOGENESIS IN THE PERI-INFARCT
AREA THROUGH NF-kB PATHWAY
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Objective: Stroke, a leading cause of adult
permanent disability, is a critical medical
condition with lack of effective treatment.
Chronic stroke is the phase beyond 3 months
after stroke onset. We have demonstrated that
the combination of two hematopoietic growth
factors, stem cell factor (SCF) and
granulocyte-colony stimulating factor (G-CSF)
(SCF+G-CSF), induces stable and long-term
functional improvement with enhancement of
neuronal activity in the lesion side brain in an
animal model of chronic stroke. It remains
unclear, however, how SCF+G-CSF repairs
the brain during chronic stroke. Recently, we
have revealed that SCF+G-CSF treatment in
chronic stroke enhances neuronal network
remodeling in the cortex adjacent to the infarct
cavities and that SCF+G-CSF promotes
neurite outgrowth through the regulation of
NF-kB pathway. The aim of this study,
therefore, was to determine whether SCF+G-
CSF rebuilds up synaptic networks in the peri-
infarct cortex through NF-kB pathway.

Methods: Cortical brain ischemia was
produced in transgenic mice expressing yellow
fluorescent proteins in the layer V pyramidal
neurons (Thy-1-YFPH). Seven-day injection of
SCF+G-CSF was initiated 7 months after
induction of cortical brain ischemia. NF-«kB
inhibitor (Bay 11-7082) or saline was infused
into the contralateral ventricle for 7 days with
an osmotic minipump 1 h before SCF+G-CSF
treatment. The apical dendrites of layer V
pyramidal neurons in the peri-infarct cortex
were scanned before treatment, two and six
weeks after treatment in the same animals
with  a multi-photon  microscope. After
completing brain live imaging at 6 weeks post-
treatment, functional postsynaptic element
was detected with an anti-PSD-95 antibody
through immunohistochemistry.

Results: Before treatment, the mushroom
dendritic spines were significantly reduced in
both stroke groups (vehicle control and
SCF+G-CSF) as compared to the intact
controls, whereas there was no difference
between the two stroke groups. However, 2
and 6 weeks after treatment, mushroom
spines were significantly increased by SCF+G-
CSF when compared to the vehicle controls,
and the SCF+G-CSF-induced increase in
mushroom spines was significantly blocked by
NF-kB inhibitor. In addition, the size of spine
heads was also increased by SCF+G-CSF,
and the effects of SCF+G-CSF in enlarging the
size of spine heads were prevented by
intracerebral infusion of NF-kB inhibitor.
Furthermore, PSD-95 positive puncta was



significantly increased in the peri-infarct cortex
by SCF+G-CSF treatment, whereas the
SCF+G-CSF-induced increase of PSD-95
positive puncta was significantly blocked by
NF-kB inhibitor.

Conclusions: Systemic administration of
SCF+G-CSF in a much-delayed time during
chronic stroke can stimulate surviving neurons
to generate new and functioning synaptic
connections with other neurons. NF-kB
signaling is required for SCF+G-CS-induced
neuronal network remodeling in the pre-infarct
cortex. This study provides supportive
evidence for the therapeutic role of SCF+G-
CSF in chronic stroke.

This study was supported by The National
Institutes of Health, National Institute of
Neurological Disorders and Stroke (NINDS),
R01 NS060911 to L.R.Z.

THE CONSEQUENCES OF EXPERIMENTAL
HEMISPHERECTOMY ON WHITE MATTER
INTEGRITY AND FUNCTIONAL
CONNECTIVITY IN THE REMAINING
HEMISPHERE

W.M. Otte’, K. van der Marel*, M.P. van
Meer!, K.P. Braun®, R.M. Dijkhuizen®

'Biomedical MR Imaging and Spectroscopy
Group, Image Sciences Institute, “Pediatric
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Utrecht, Utrecht, The Netherlands

Introduction: Following hemispherectomy—
the surgical removal or disconnection of one
hemisphere—there is often remarkable
recovery of cognitive and motor functions®.
This reflects the plastic capacities of the
remaining hemisphere which is assumed to
involve large-scale structural and functional
adaptations. A better understanding of these
adaptations may guide development of
postoperative rehabilitation strategies that
enhance recovery after hemispheric lesioning.

Methods: We assessed the effect of
anatomical hemispherectomy on  brain
structure and function in the remaining

cerebral hemisphere in a rat model®. With MR
we mapped changes in structural white matter
integrity and functional connectivity in
hemispherectomized (n=8) and control rats
(n=12). Functional behavioral testing involved
calculation of a composite sensorimotor
performance score®. Diffusion tensor imaging
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(DTI) and resting state fMRI (rs-fMRI) were
acquired 7 and 49 days following surgery (DTI:
spin-echo; TR/TE=3500/26 ms; 25 0.5mm
slices; voxels 0.5x0.5x0.5 mm?®; 50 directions
with b=1250 s/mm?* A/5=11/6 ms. Rs-fMRI:
gradient-echo; TR/TE=500/19 ms; 10 min
acquisition at 1% isoflurane) (4.7T MR
system). DTl was used to calculate volume,
fractional anisotropy and mean, axial and
radial diffusivity for the contralateral cerebral
peduncle. Rs-fMRI images were motion-
corrected, spatially smoothed, band-pass
filtered between 0.01 and 0.1 Hz, and
nonlinearly matched with an atlas for
functional connectivity (FC) analysis. Time
series were extracted for 15 contralateral
sensorimotor regions to calculate pair-wise
FCs (correlation coefficient). Intraregional
signal coherence and interregional FC were
also calculated®. Functional network
characteristics included segregation
(measured as clustering coefficient) and
integration (measured as shortest path
length)®.

Results: Successful hemispherectomy caused
significant sensorimotor deficits in young adult
rats after which animals recovered within 2
weeks. Important changes during this recovery
period included increased axial diffusivity in
the contralateral cerebral peduncle. (Figure,

top)
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FC was enhanced in the contralateral
hemisphere, with higher segregation in the
contralateral sensorimotor network (Figure,
bottom) contributed by particularly the motor
cortex and thalamus. Specifically, in the
remaining hemisphere the motor cortex
exhibited increased FC with the caudate-
putamen complex (CPu) and primary
somatosensory cortex (S1), which was most
pronounced 7 days after hemispherectomy.
Intraregional signal coherence was
significantly elevated in S1 in the
hemispherectomy group. In the same rats
interregional FCs were significantly elevated
between motor cortex and CPu.

Conclusions: Our study sheds new light on
patterns of change in sensorimotor function in
relation to changes in white matter and FC in
the contralateral brain after hemispherectomy.
Sensorimotor recovery after experimental
hemispherectomy paralleled with increases in
intraregional signal coherence and
interregional FC in the contralateral
hemisphere, as well as with an overall
enhanced sensorimotor network segregation.
These changes may be reflective of (early)
compensatory  mechanisms, such as
recruitment or strengthening of latent but
existing pathways in contralateral cortical and
subcortical sensorimotor areas, but may also
relate to structural neuronal plasticity after
hemispherectomy.
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DYNAMIC IMAGING OF MESENCHYMAL
STEM CELL TRACKING TO CEREBRAL
INFARCTION WITH MULTI FUNCTIONAL
PROBE
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'Neuroscience and Neuroengineering
Research Center, Med-X Research Institute
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Objectives: Transplantation of mesenchymal
stem cell (MSC) after stroke has been shown
to improve functional recovery." However, the
migration, distribution and survival of grafted
MSCs in ischemic brain are still unclear. In this
study, we investigated the effects of
administrative approach on transplanted MSC
migration and distribution in living rats after
cerebral ischemia. We further assessed the
correlation between cell grafting site and
therapeutic efficiency.

Methods: MSCs were incubated with **’lodine
labeled fluorescent -super paramagnetic iron
oxide nanoparticles (**°I-SPIO). Cytotoxicity
and labeling efficiency were examined in these
MSCs. **I-SPIO labeled MCSs (1x10° were
transplanted into ischemic rats via intravenous
(IV), intracerebral (IC) or intra-artery (1A)
following one day of transient middle cerebral
artery occlusion (tMCAO). In vivo MR and
microSPECT/CT imaging were performed to
qguantify track the transplanted MSCs from 1
day to 14 days after ischemia. Histological
analysis and behavioral tests were performed
following14 days of tMCAO.

Results: Flow cytometry analysis
demonstrated that 75% MSCs were labeled by
125_spJ0. Cytotoxicitg/ and differentiation
assay showed that 21.SPI0 did not affect
MSC survival and differentiation in vitro.
microSPECT/CT imaging showed that 4%
MSCs migrated to the lesion site 1 day after IC
and 10% MSCs accumulated in the border
zone of the lesion from 3 to 14 days after
tMCAO. 90% MSCs migrated and
accumulated into the lung from 1 tol3 days
after IV transplantation while no MSCs could
be detected in the brain. Interestingly, both IV
and IC transplantation of MSC improved
neurobehavior recovery compared to the PBS
group (p< 0.05), although did not reduce



infarct volume 14 days after tMCAO. High
mortality (6/7) due to micro-occlusions after IA
transplantation poses a serious concern for
using this route of administration.
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Figure 1. MicroSPECT/CT image of rats after
IC (A) or IV (C) injection of **I-SPIO labeled
MSCs (arrows) 14 days after tMCAO. Bar
graph showed the number of MSCs in brain
(B) quantified from (A) and lung (D) quantified
from (C) following 1, 3, 7 and 14 day after
tMCAO.

Conclusions: We demonstrated that MSC
transplantation via IV or IC improved
neurobehavior recovery 7 and 14 days after
tMCAO although few MSCs targeted to the
brain through IV injection, suggesting that the
number of MSCs in the brain is not correlated
with its therapeutic effect.
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BDNF MET ALLELE IS ASSOCIATED WITH
ENHANCED MOTOR FUNCTION THROUGH
THE CONTRALATERAL STRIATAL
PLASTICITY FOLLOWING STROKE
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Objectives:  Stroke induces  structural
plasticity and behavioral adaptation. BDNF
plays a key role in CNS repair and plasticity.
Single nucleotide polymorphism (SNP) in
prodomain of Bdnf (val66met) occurs with high
frequency in humans. Several disadvantages,
including  anxiety-related  behavior and
cognitive impairment, have been associated
with individuals carrying the SNP. However,
the high rate of SNP occurrence raises the
intriguing possibility of a selective advantage,
such as motor function, to carrying the allele.
This study investigates the effect of BDNF
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SNP on motor function following stroke and
the underlying events for the restorative
processes.

Methods: Adult male BDNF™ (WT) and
BDNFY*™e' (M/M) mice were subjected to
proximal middle cerebral artery occlusion.
Motor and gait functions were assessed by
rotarod and Catwalk during acute and
recovery phases up to 6m. Sub-regional
volume in the brain was determined at 6m post
ischemia. Detailed neuronal morphology and
the expression of excitatory and inhibitory
synaptic markers were also assessed.

Results: Despite a greater acute motor
impairment as we previously reported (Qin et
al., 2011), M/M mice displayed enhanced
rotarod performance at 2 weeks and during
the long term stroke recovery phase until 6m.
Similarly, gait analyses revealed that M/M
mice exhibited enhanced gaits (i.e. faster and
longer stride) than WT mice during recovery.
The enhancement was prominent in the
ipsilesional right hind limb that is controlled by
the contralateral hemisphere. Sub-regional
volume analyses at 6m showed that the
contralateral striatum volume was significantly
increased in M/M mice (WT vs M/M, 6.8 + 0.1
vs, 7.7 £ 0.2 % of contralateral hemisphere, p<
0.05, n=8/group). The volume increase was
associated with higher degree of dendritic
arbor (Flgure 1A) of medium spiny neurons in
this region as indicated by fractal dimension, a
statistical index of complexity of pattern
(Figure 1B). We determined the expression of
excitatory (VGIuT1/T2) and inhibitory synaptic
markers (VGAT) in the contralateral striatum to
assess synaptic plasticity. M/M mice displayed
increased expression of VGIUT1 and VGIuT2
protein in the contralateral striatum (WT vs
M/M, VGLUT1, 265+18 vs 339 + 23mm?, *p<
0.05; VGLUT2, 215 + 13 vs 292 + 13, p<
0.01). There was no difference in the
expression of VGAT between the genotypes,
suggesting a shift of synaptic balance to
excitation in this region.

Conclusions: The findings indicate that BDNF
SNP have a selective advantage in promoting
motor recovery through a synaptic balance
shift to excitation in the contralateral striatum.
The study suggests clinical importance as the
structural, molecular, and functional findings
may provide a means to predict the course of
stroke recovery based on an individual's SNP.

Reference: Qin L, Kim E, Ratan R, Lee FS,
Cho S. J Neurosci. 2011, 31(2):775-83.
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BRAIN COOLING BY INTRA-VENTRICULAR
CATHETERS WITH BIRDS: A 7T SHEEP
STUDY

D. Coman®, Y. Huang", J.W. Simmons?, J.A.
Goodrich®, B. McHugh”, J.A. Elefteriades”,
D.L. Rothman™®, F. Hyder™®

'Diagnostic Radiology, Yale University School
of Medicine, New Haven, 2Coolspine LLC,
Woodbury, *Comparative Medicine,
*Neurosurgery, “Cardiothoracic Surgery,
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Introduction: Selective brain hypothermia can
help alleviate damage caused by brain trauma,
cardiac arrest and stroke, among other
conditions [1,2]. Towards this translational
goal a cerebrospinal fluid (CSF)-based cooling
platform for selective brain hypothermia was
developed [3]. This novel system uses cool
saline circulating in a closed loop through a
catheter with an expandable balloon placed in
the lateral ventricles to induce cooling in
neighboring  brain  tissue. = Temperature
distributions in the whole brain are needed to
understand the cooling efficiency of the device
prior its translation to humans. Temperature
mapping by a novel chemical shift imaging
(CSI) technique, which utilizes a lanthanide
macrocyclic probe extremely sensitive to
temperature (TmMDOTMA) was employed. The
method, termed Biosensor Imaging of
Redundant Deviation in Shifts (BIRDS), is
based on detection of 'H signals from
TmDOTMA[4,5]. Using BIRDS the time
dependence  of absolute  temperature
distribution during the cooling process was
obtained.

Methods: Two adult male sheep (30kg) were
sedated with acepromazine
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(0.5mg/kg,intramuscular) and valium
(0.5mg/kg,intravenous), followed by ketamine
(2.2-2.75mg/kg,intravenous), and then
intubated. Burr holes were made bilaterally
1.5cm anterior and lateral to the posterior
fontanelle. The cooling catheters were placed
via the burr holes in both ventricles. These
catheters were also used to inject TMDOTMA’
(7mg/kg) directly into ventricles at 1ml/h. A
water-heating blanket was used to maintain
normothermic body temperature(38°C).
25x25x25 3D CSI datasets (Fig.1A) were
obtained on a Varian 7.0T/68cm spectrometer
using a 'H resonator/surface RF probe. The
temperature maps (Fig.1B,1C) were
calculated from the chemical shift of
TmDOTMA™ methyl group[5].

Results: The brain average temperature
before cooling was 38.0+0.4°C. First, we
circulated ice-cold saline via the left catheter
and we observed selective cooling of left
hemisphere to 33.6+0.8°C(Fig. 1D), while the
average temperature in the right hemisphere
was decreased to 37.7+0.9°C (Fig.1E).
However, when we started circulation of ice-
cold saline through both catheters, we
observed an increase in the temperature of the
left hemisphere to 34.9+0.2°C (Fig.1D) and a
decrease in the right hemisphere to
35.3+0.4°C (Fig.1E). Increasing the flow rate
from 35ml/min to 42ml/min resulted in a
decrease in temperature to 32.3+0.2°C and
33.5+0.3°C in left and right hemispheres,
respectively (Fig.1D,1E). 10 minutes after
cooling was stopped, a temperature of

37.8+0.2°C and 38.1+0.5°C was measured in
the left and right hemispheres, respectively
(Fig.1D,1E).
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Conclusions: Detection of TmDOTMA was
obtained for the first time in sheep brain by
simultaneous delivery directly in each
ventricle.  Selective cooling of each
hemisphere was observed within 10 minutes
of cooling. A fast recovery to physiological



brain temperature was observed within 10
minutes after cooling was stopped. In
summary, we demonstrate that absolute
changes and dynamics of brain temperatures
in sheep during selective intra-ventricular CSF
cooling can be measured by BIRDS with
TmDOTMA. These measurements have a
direct impact on designing selective brain
hypothermia procedures in humans during
brain trauma, cardiac arrest or stroke.
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DOCOSAHEXAENOIC ACID COMPLEXED
TO ALBUMIN AS A PROMISING
NEUROPROTECTANT IN BRAIN ISCHEMIA:
NEW EXPERIMENTAL EVIDENCE
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Introduction: Docosahexaenoic acid
complexed to albumin (DHA-AIb) is highly
neuroprotective  after temporary middle
cerebral artery occlusion (MCAO), but whether
a similar effect occurs in permanent MCAo
and older rats is unknown. We used magnetic
resonance imaging (MRI) in conjunction with
behavior and immunohistopathology to expand
our understanding of this novel therapeutic
approach.

Methods: Two protocols were employed.
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In series 1, male young Sprague-Dawley (SD)
rats (270-330g) underwent permanent MCAo.
Neurological status was evaluated on days 1,
2 and 3 after MCAo; a grading scale of 0-12
was employed (normal score=0, maximal
deficit=12). Six groups we studied: DHA
(5mg/kg), Alb (0.63 or 1.25g/kg), DHA-AIb
(5mg/kg+0.63g/kg or 5mg/kg+1.25g/kg) or
saline were administered i.v. at 3 h after onset
of stroke (n=8-10 per group). Ex vivo imaging
of the brains and histopathology were
conducted on day 3.

In series 2, male aged (18-months old) SD
rats received 2 h MCAo by poly-L-lysine-
coated intraluminal suture. The neurological
status was evaluated during MCAo and on
days 1, 2, 3 and 7 after MCAo. DHA (5mg/kg),
Alb (0.63g/kg), DHA-AIb (5mg/kg+0.63g/kg) or
saline were administered i.v. at 3 h after onset
of stroke (n=8-10 per group). Ex vivo imaging
of the brains and immunohistochemistry were
conducted on day 7.

Results: The physiological variables were
entirely comparable between groups. In the
permanent MCAo study, saline- and Alb-
treated rats developed severe neurological
deficit and were not different from one another.
In contrast, rats treated with low and moderate
doses of DHA-Alb showed improved
neurological score compared to Alb on days 2
and 3. Total, cortical and subcortical lesion
volumes computed from T2WI images were
reduced by a moderate dose of DHA-Alb by
25%, 22%, 34%, respectively, compared to the
corresponding Alb group. The total corrected
infarct, cortical and subcortical infarct volumes
were reduced by lower (by 36-40%) and
moderate doses (by 34-42%) of DHA-Alb
compared to the Alb group. In the temporary
MCAo study of aged animals, DHA-Alb
treatment improved the neurological score
compared to vehicle rats by 33% (day 1), 39%
(day 2), 41% (day 3) and 45% (day 7). Total
and cortical lesion volumes computed from
T2WI images were reduced by DHA-Alb
treatment by 62% and 69%, respectively,
compared to the Alb group. Histological
assessment showed that DHA-Alb treatment
also reduced total infarct volume (by 62%) and
cortical infarct was virtually eliminated
compared to the Alb group. In addition, DHA-
Alb  treatment decreased ED-1-activated
microglia/microphages and increased NeuN
and GFAP-positive cell count compared to the
Alb group.

Conclusions:

DHA-AIb therapy is highly



neuroprotective in permanent MCAo and also
in temporary MCAo in middle-aged rats. This
treatment might provide the basis for future
therapeutics for patients suffering from
ischemic stroke.

This study was supported by R01 NS065786
(LB)

TREADMILL PRE-TRAINING
AMELIORATES BRAIN EDEMA IN
CEREBRAL ISCHEMIA VIA
DOWNREGULATION OF AQP4—A MRI
STUDY OF RAT
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Treadmill pre-training has been proved to
ameliorate ischemia-reperfusion injury, yet its
role on ischemic brain edema remain covered.

In present study, rats were randomly divided
into 3 groups: Sham group, Treadmill pre-
training (TT/Stroke) group and Stroke group.
Animals in TT/Stroke group underwent two
weeks of treadmill training, while animals in
Stroke group and Sham group were allowed 2-
week free movement. Middle cerebral artery
occlusion (MCAOQO) was then performed in rats
in Stroke group and TT/Stroke group. Rats in
Sham group were performed the same
surgical procedure without MCAQO. Magnetic
resonance imaging (MRI) was used to
evaluate the impact of pre-training on dynamic
process of cerebral edema after ischemia and
reperfusion injury in vivo. Diffusion Weighted
Magnetic Imaging (DWI) and T2 Weighted
Resonance Imaging (T2WI) were used to
detect the development of cerebral edema
from 1 hour to 2 days after ischemia. Contrast
agent injection and post-T1 Weighted
Resonance Imaging (T1WI) was performed to
detect the change of blood brain barrier (BBB)
permeability at 7.5 hours and 2 days after
ischemia. Simultaneously, brain water content
measurement and Evans blue (EB) assay
were performed to test the cerebral water
content and BBB permeability 2 days after
stroke. The expression of Aquaporin 4 (AQP4)
was measured by Western Blot and
immunofluorescence staining from 6 hours to
3 days after stroke, to explore the relationship
between treadmill pre-training and brain
edema. Neurological deficits were evaluated
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through Garcia scoring system at 2 days post
injury.

T2WI values of the ipsilateral cortex and
striatum increased while the relative apparent
diffusion coefficient (rADC) decreased through
MRI, which reflects a formation of cerebral
edema. In cortex, the rADC of TT/Stroke group
increased compared with Stroke group at 1
hours and 2.5 hours after stroke, while the T2
values from 7.5 hours to 2 days after stroke
decreased as compared with Stroke group. In
striatum, at 2.5 hours after stroke, TT/Stroke
group had increased rADC compared with
Stroke group. T2 values at 2.5 hours, 1
day, 2 days after stroke decreased compared
with Stroke group. The brain water content of
treadmill pre-training group decreased as
compared with the Stroke group at 48 hours
after reperfusion. On the ipsilateral brain, the
semi-quantitative amount of contrast agent
leakage of TT/Stroke group significantly
decreased when comparing with Stroke group
at 7.5 hours and 2 days after ischemia through
MRI. The EB exudation in TT/Stroke group
significantly increased when compared to
Stroke group at 2 days after ischemia.
Immunofluorescence staining of AQP4-
positive cells significantly decreased in
TT/stroke group in cortical region around
ischemic lesions. Western blot results showed
the expression of AQP4 after treadmill pre-
training decreased at 1 hour, 2.5 hours,7.5
hours, 2 days after ischemia. Significant
difference was also observed in items of 1.
spontaneous activity; 3. outstretching while
held by tail; and 5. response to vibrissae touch
of the Garcia score after treadmill pre-training.

The result showed treadmill pre-training may
reduce edema after cerebral ischemia via
down-regulating the BBB damage and the
expression of AQP4.
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Background: Making a limb transiently
ischemic induces ischemic tolerance in distant
organs such as the heart. This study aims to
evaluate the feasibility, safety and initial
efficacy of using briefly repetitive bilateral limb
ischemic preconditioning (BLIPC) to protect
the brain in octogenarians with symptomatic
intracranial arterial stenosis.

Methods: A total of 58 consecutive
octogenarians with symptomatic intracranial
arterial stenosis (diagnosed by imaging) were
enrolled in this prospective and randomized
study. The BLIPC group (n=30) underwent five
cycles of 5 minutes bilateral upper limb
ischemia-reperfusion, performed twice daily for
180 consecutive days, along with conventional
medical treatment. Control subjects (n=28)
underwent equivalent medical treatments only.
Blood pressure, heart rate, local skin
presentation and plasma myoglobin levels
before and during the first 30 days after
treatment were documented. Plasma levels of
high sensitive C-reactive protein (hsCRP),
interleukin-6 (IL-6), leukocyte count,
fibrinogen, D-dimer, tissue plasminogen
activator (TPA) and plasminogen activator
inhibitor (PAI-1) in both groups were compared
during the first 30 days of treatment. Finally,
incidences of recurrent stroke and clinical
outcomes of patients in both groups were
compared over the 180-day treatment period.

Clinical Trial Registration-URL.:
www.clinicaltrials.gov, unique identifier:
NCT01321749.
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Findings: BLIPC had no adverse effects on
blood pressure, heart rate, local skin integrity
and plasma myoglobin, and did not increase
symptomatic cerebral hemorrhage in
octogenarians. BLIPC decreased plasma
levels of hsCRP, IL-6, PAI-1, leukocyte count,
platelet aggregation rate, and increased TPA.
Incidences of recurrent stroke and TIA were
significantly lower in the BLIPC group (6.7%
and 23.3%) compared to controls (28.6% and
39.3%, P = 0.027 and 0.035 respectively).

Interpretation: BLIPC is a safe and feasible
method to protect brain in octogenarians with
symptomatic intracranial arterial stenosis.
BLIPC may decrease the incidence of
recurrent stroke and ameliorate biomarkers of
inflammation and coagulation.
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Objectives: New approaches are necessary
to develop novel therapeutics as treatment for
ischemic stroke[l]. We and others have
previously shown that 12/15-lipoxygenase
(12/15-LOX) contributes to acute brain injury in
mice subjected to experimental stroke[2-4].
We are now targeting 12/15-LOX with a small
molecule inhibitor[5], with the aim of reducing
oxidative  stress-related injury to both
vasculature and neurons. We here tested the
neuroprotective effects of the novel 12/15-LOX
inhibitor LOXBlock-1 in several models of focal
ischemia.

Methods: Transient focal ischemia was
induced by filament occlusion of the middle
cerebral artery (MCAO), or by inducing
thrombosis using iron chloride (distal
MCAO)[6, 7]. Recombinant tPA was used with
or without LOXBlock-1 to  achieve
thrombolysis. Intracerebral hemorrhage (ICH)
was induced by injecting bacterial collagenase
into the striatum. Hemorrhage was measured
either photometrically or by DAB staining. 12-
HETE was measured using an enzyme
immunoassay kit. LOXBlock-1 was
administered by intraperitoneal injection.

Results: 12/15-LOX and its product 12-HETE
were increased in the ischemic hemisphere
following transient focal ischemia in the
filament model. LOXBlock-1 reduced both
infarct size and 12-HETE levels in the brain,
without increasing injury in the ICH model.
LOXBlock-1 reduced tPA-associated
hemorrhage in the distal MCAO model, and
reduced infarct size both in the presence or
absence of tPA.

Conclusions: LOXBlock-1 provides efficient
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neuroprotection in a variety of ischemic stroke
models, including both transient and
permanent focal ischemia. LOXBlock-1 shows
promise as a neuroprotectant in clinically
relevant scenarios, including both as a stand-
alone first line treatment, and as an adjuvant
to thrombolysis with tPA.
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Objectives: The endogenous resistance of
CA3 hippocampal neurons to global forebrain
ischemia has unexplored potential to provide
novel neuroprotective targets. Proteomic
studies investigating the events induced in the
CA3 area demonstrated that following
ischemia, the expression of hamartin (the
gene product of tuberous sclerosis complex 1



(TSC1)), was  selectively  induced".
Hippocampal primary neurons and CAS3
neurons in which hamartin expression had
been attenuated by TSC1 shRNA lentiviral
vectors, showed increased vulnerability to
oxygen glucose deprivation (OGD) and
ischemia, respectively’.

Hamartin induces autophagy by inhibiting the
molecular target of rapamycin (MTOR)Z.
Autophagy degrades damaged organelles and
protein aggregates by enclosing them inside
autophagosomes and digesting them with
hydrolases following fusion with lysosomes,
the efficient completion of which is termed
productive autophagy3. Our objective was to
establish the neuroprotective capacity of
hamartin by overexpression experiments and
by delineating the involvement of autophagy in
its molecular mechanism.

Methods: E-18 primary hippocampal neurons
transduced with TSC1 shRNA, pEZ-Lv201
TSC1 (rat TSC1) or control lentiviral vectors
were subjected to 3h OGD and 24h
reperfusion. Cell survival was quantified by
counting the number of intact nuclei®. Cell
homogenates were analysed by
immunoblotting and probed with anti-phospho-
S6 Ribosomal Protein (p-S6RP), anti-LC3 and
anti-p62 antibodies to assess mMTOR activity,
autophagosome formation and autophagic
flux, respectively. Autophagy-dependent
lysosomal proteolysis was measured with
protein degradation assaysS. Cell cultures
were treated with the mTOR inhibitor,
rapamycin (10nM) or the autophagy inhibitor,
3-Methyladenince (3MA; 10mm) 24h before
OGD.

Results: S6RP phosphorylation was
increased in TSC1 shRNA-treated primary
hippocampal neurons compared to control
shRNA-transduced neurons (p=0.0066).
Pretreatment with rapamycin of TSC1 shRNA-
transduced cultures exposed to OGD restored
cell viability to levels of control shRNA-
transduced cultures (p< 0.001).

Cultures transduced with rat TSC1 vectors
showed 31+8.9% higher resistance to OGD
compared to control-transduced neurons.
Following OGD, transduction of hippocampal
neurons with rat TSC1 upregulated LC3-II

expression  (p=0.036), suppressed p62
expression 1.8+0.2 fold (p=0.036) and
increased autophagy-dependent lysosomal
degradation 5.4+0.4 fold (p< 0.05) all

compared to control-transduced cultures. 3MA
abolished the protection to OGD conferred by
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cells to
cultures

rat TSC1, reducing surviving
49.7+3.9% of untreated
overexpressing hamartin (p< 0.001)

Conclusions: Hamartin  suppression in
primary hippocampal neurons exacerbated
injury following OGD by overactivating mTOR,
which was reversed with rapamycin. The
neuroprotective properties of hamartin were
directly demonstrated by the increased
resistance to OGD of hamartin-overexpressing
neurons. This protection was abolished by
inhibiting autophagy with 3MA. Hamartin
overexpression significantly increased LC3-II
and decreased p62 expression levels,
indicating that autophagosme formation and
autophagic flux were increased. In addition,
autophagy-dependent lysosomal degradation
was induced. Overall, hamartin is a novel
neuroprotective target, increasing resistance
to OGD by inducing productive autophagy via
MTOR.
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Objectives: Repetitive hypoxic
preconditioning (RHP) creates a naturally-
protective, long-lasting  anti-inflammatory
phenotype that reduces neurovascular injury in
murine stroke, despite only moderately
reducing post-ischemic leukocyte diapedesis.
More recent data from our lab show that
CD19" B cells move out of the peripheral
circulation and into the ischemic cortex to
represent one-third of total leukocytes in RHP-
treated mice two days following reperfusion.
This suggests a potential protective role for B
cells selectively recruited into the ischemic
hemisphere by RHP. As one brief exposure to
systemic hypoxia significantly increases
peripheral B cell representations,” we sought
to determine if RHP induces sustained
elevations in resident B cell populations prior
to stroke onset, and, in addition, whether these
B cells were phenotypically altered by RHP.

Methods: Adult male SW/ND4 mice were
exposed to RHP (9 exposures over 2 wks; 8%
or 11% O,; 2 or 4 h duration, with 21% O, as
control).l One and two weeks following RHP,
leukocytes were isolated from peripheral blood
and spleen, stained with antibodies, and
profiled on a BD-FACS Aria flow cytometer
(n=5-10/group). Student's t-test determined
significance (p< 0.05). Additionally, sorted
CD19" B cells were isolated from spleen at 2
wks after RHP by flow cytometry (n=5/group),
analyzed on an lllumina MouseWG-6 V2 Bead
Chip, and final gene pathways determined
using Ingenuity Pathway Analysis (IPA).

Results: Two weeks after the final hypoxic
exposure, but not one week, RHP increased
peripheral, circulating leukocytes (p=0.06),
with a significant increase in only B cell
populations (p< 0.05). Levels of monocytes,
CD4 and CD8 T cells, and neutrophils did not
change. RHP also induced a non-significant
increase in total B cells in the spleen. The
overall gene expression profiles of B cells
isolated from control mice show a distinct
clustering, with unique differentiation from 4
out of 5 RHP-treated mice. RHP altered over
1,900 genes, including a 6,800-fold
downregulation of HLA-DOB, selectively
expressed in B cells and required for antigen
presentation  under the  transcriptional
regulation of the MHC class Il transactivator,’
which was also downregulated (-1.68-fold;
p=4.6E-06). In fact, the canonical pathway with
the greatest downregulation and second-
highest significance was the antigen
presentation pathway (13/29 genes; 85%
downregulated; p=3.5E-06). Other biological
functions significantly downregulated (z-scores
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>-2) include development and differentiation of
lymphocytes, quantity of 1gG, B and T cells,
and the production of antibodies.

Conclusions: RHP reprograms B cells to
exhibit an immunosuppressive phenotype
even prior to stroke, as reflected by alterations
in gene expression, antigen presentation,
antibody production, and biological functions;
this B cell phenotype may contribute to the
cerebroprotection afforded by RHP. Studies to
validate the role of B cells in minimizing injury
and promoting CNS recovery, to analyze the
temporal-spatial features of the B cell subset
expression profile, and to determine whether B
cells mediate an adaptive immunity to
systemic  hypoxia that protects from
subsequent stroke in RHP-treated mice are
underway.
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ROLE OF LYMPHATIC DRAINAGE FROM
CNS IN THE DEVELOPMENT OF
CEREBRAL VASOSPASM AND RELATED
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Objectives: Recent studies suggest that
cerebral lymphatic drainage to extracranial
lymph compartments may be a major route for
cerebrospinal fluid (CSF) to circulate back to
blood; therefore cerebral lymphatic drainage
my play an important role in the removal of
large molecular substances in the brain and
CSF. Following subarachnoid hemorrhage
(SAH), large amount of macromolecular



substances, such as cellular lysates, proteins
and peptides, were accumulated in the
subarachnoid space, CSF and brain tissues,
which may contribute to pathogenesis of
cerebral vasospasm and related cerebral
ischemic injury. The present study was carried
out to investigate 1) the effect of cerebral
lymphatic drainage on the pharmacokinetics of
CSF protein clearance, and 2) the possible
role of cerebral lymphatic drainage in
preventing cerebral vasospasm and related
ischemic brain injury.

Methods: Cerebral lymphatic blockade (CLB)
was accomplished by ligating the cervical
lymphatic input and output tubes and removing
bilateral shallow and deep I;/mphatic nodes in
male adult Wistar rats. **’I-labeled human
albumin  (100pg ) was wused as a
macromolecular tracer and stereotypically
injected into the intacerebral ventricle.
Radioimmunoassay was used to detect plasml
levels of '®l-labeled albumin, and a
concentration-time curve was subsequently
established. Peak concentration (Cmax) of the
albumin, time of maximal concentration
(Tmax) and elimination rate constant (Ka)
were calculated. SAH was induced by double
cisternal injections of autologus arterial blood,;
in selected rats, CLB was performed one day
prior to SAH. The diameter of basilar artery
(BA) was measured 48 hours after SAH via a
transclivus  approach. The pathological
alterations of BA were exanimated under light
microscope, and immunofluorescent staining
was performed to detect caspase-3 levels in
brain sections.

Results:  Cerebral lymphatic  blockade
decreased Cmax by 68.82%, delayed Tmax by
5.47 hours and decreased Ka by 43.24%,
suggesting that a good proportion of
macromolecular substances in CSF was
removed by lymphatic drainage. In rats with
SAH, a decrease in the diameters of BA
occurred, accompanied by increased BA wall
thickness and decreased BA cavity areas.
Caspase-3 positive cells were also observed
in the cortex. In SAH+CLB group, more severe
vasospasm of BA was observed.
Immunostaining and DAPI staining showed
that the number of apoptotic cells also
increased after CLB, indicating that CLB
deteriorates SAH induced cerebral vasospasm
and related cerebral ischemic injury.
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ISCHEMIC PRECONDITIONING
REGULATES MITOCHONDRIAL NAMPT VIA
THE PROTEIN KINASE C EPSILON-AMPK
PATHWAY IN CORTICAL CULTURES

K.C. Morris-Blanco, J.T. Neumann, M.A.
Perez-Pinzon

Neurology, University of Miami Miller School of
Medicine, Miami, FL, USA

Objectives: Protein kinase C epsilon (PKCg)
and AMP-activated protein kinase (AMPK)
have been previously implicated in ischemic
preconditioning (IPC)l’Z, a paradigm where a
brief ischemic insult protects the brain against
subsequent lethal ischemia. AMPK enhances
expression of nicotinamide phosphoribosyl
transferase (Nampt)3, the major biosynthetic
pathway for NAD/NADH production. Nampt
overexpression has been shown to protect the
brain against ischemic injury in an AMPK-
dependent manner®. However, whether
mitochondrial-localized Nampt is regulated by
IPC-mediated protective pathways is currently
unknown. Therefore, we hypothesized that
PKCe and AMPK may functionally cooperate
to provide ischemic protection and may
regulate mitochondrial pools of Nampt during
IPC, or treatment with the IPC mimetic
resveratrol.

Methods: Preconditioning was induced by
exposing cortical glial-neuronal cultures to 1h
of oxygen- glucose deprivation (IPC),
resveratrol (25uM) (RPC), €PKC agonist
weRACK (100nM) (ePC), or AMPK activator
AICAR (0.5mM) (APC) with pharmacological
inhibitors €V1-2 (ePKC antagonist) (100nM; or
250nM during IPC) or Compound C (CC)
(AMPK inhibitor) (15uM). Forty-eight hours
following  preconditioning  cultures  were
subjected to lethal oxygen-glucose deprivation
(OGD). Neuronal cell death was analyzed
using lactate dehydrogenase (LDH) assay 48h
following lethal OGD. Western blot analysis
was used to determine protein levels in whole
cell lysates or mitochondrial fractions.

Results: We first examined whether AMPK
and PKCe activity is integral for IPC and
resveratrol-mediated protection against lethal
ischemia. IPC and RPC reduced cell death
following lethal OGD by 32.1+7.6% (p< .001,
n=6) and 25.0+4.4% (p< .001, n=6),
respectively, which was reversed with
exposure to CC or €V1-2. The addition of CC
during ePC, or €V1-2 during APC reversed



ischemic protection mediated by PKCe and
AMPK activity (p< .01, n=7; p< .01, n=5,
respectively) (Fig.1a), indicating PKCe and
AMPK require each other for protection. We
next determined whether PKCe and AMPK are
involved in activating each other. Exposure to
€V1-2 during IPC or RPC blocked increased
AMPK ™72 phosphorylation (p< .05, n=4; p<
.05, n=6, respectively). Similarly, CC treatment
during IPC or RPC, inhibited increased
phospho-PKCe>*""* (p< .01, n=6; p< .01, n=6,
respectively) (Figlb,c). Mitochondrial fractions
isolated 48h following ePC or APC revealed
significant increases in Nampt levels (p< .05,
n=4; p< .05, n=4, respectively). IPC also
induced mitochondrial Nampt which was
blocked with the addition of CC (p< .05, n=4)
or eV1-2 (p< .05, n=4) (Fig.2a,b)
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Conclusions: This study has revealed that
PKCe and AMPK are both important mediators
of IPC or resveratrol-mediated ischemic
neuroprotection in cortical cultures. Our data
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indicate that PKCe and AMPK reciprocally
mediate each other's activation and ability to
provide ischemic neuroprotection. We further
show that this PKCe-AMPK pathway regulates
mitochondrial pools of Nampt, an important
enzyme in the production of NAD'/NADH
(Fig.2c). These novel findings may shed light
on how NAD*/NADH is modulated during IPC.
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REST-DEPENDENT EPIGENETIC
REMODELING PROMOTES THE IN VIVO
DEVELOPMENTAL SWITCH IN SYNAPTIC
NMDA RECEPTORS
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Castillo, R.S. Zukin

Dominick P. Purpura Department of
Neuroscience, Albert Einstein College of
Medicine, New York, NY, USA

NMDA receptors (NMDARs) are critical to
synaptogenesis, neural circuitry and higher
cognitive functions. The precise subunit
composition determines NMDAR functional
properties. A hallmark feature of NMDARSs is
an early postnatal developmental switch from
those containing primarily GIUN2B to primarily
GIUN2A subunits. This is significant in that
GIuN2B expression can restrict synaptic
incorporation of AMPARs, reduce the
threshold for and enhance the magnitude of
long-term potentiation (LTP), and promote
hippocampal-dependent learning, plasticity-
induced spine growth, and dendritic patterning
critical to information processing. Although the
switch in phenotype has been an area of
intense interest for two decades, the
mechanisms that trigger it and the link
between experience and the switch are
unclear. Here we show a new role for the
transcriptional repressor element 1 silencing
transcription factor (REST, also known as
NRSF) in the developmental switch of synaptic
NMDARs. REST is activated at a critical
window of time early in postnatal development



and acts via epigenetic remodeling to repress
grin2b expression and alter NMDAR properties
at rat hippocampal synapses. RNAi-mediated
knockdown of REST in vivo prevented the
decline in GIuN2B and developmental switch
in NMDARs. A prevailing view has been that
REST serves as a master regulator of
neuronal gene expression in pluripotent stem
cells and neural progenitors. To our
knowledge, our study is the first demonstration
that REST-dependent epigenetic modifications
alter properties of a synaptic protein in
differentiated neurons and that REST can
regulate synaptic function. We further show
that adverse early life experience in the form
of maternal deprivation impairs REST
activation, alters the epigenetic landscape at
the grin2b promoter, and prevents acquisition
of the mature NMDAR phenotype at
hippocampal synapses. Thus, REST is
essential for experience-dependent fine-tuning
of genes involved in synaptic plasticity. Given
the widespread localization of NMDARs in the
CNS, REST dependent regulation of the
NMDAR phenotype at synapses during normal
and abnormal brain development is a powerful
mechanism to modulate synaptic efficacy.
These findings are relevant to our
understanding of NMDAR function, as it
pertains to memory formation, synaptic
stabilization, brain development and cognitive
information flow, and how its dysregulation can
cause the neurodegeneration associated with
stroke, epilepsy and Huntington’s disease.

MTOR PATHWAY IN THE
NEUROPROTECTIVE MECHANISMS OF
ISCHEMIC POSTCONDITIONING

P. Wang'?®, R. Xie™*, X. Ji?, H. Zhao'

lNeurosurg;ery, Stanford University, Palo Alto,
CA, USA, “Neurosurgery, Xuanwu Hospital,
Capital Medical University, Beijing,
®*Neurosurgery, Huashan Hospital (Jingan
Branch), Fudan University, 4Neurosurgery,
Huashan Hospital, Fudan University,
Shanghai, China

Introduction: In brain mTOR activity is
required for neuron survival. Ischemic
postconditioning, which refers to a series of
temporary blood flow occlusions at the
beginning period of reperfusion after stroke,
protects against brain injury. We investigated
how ischemic postconditioning promotes brain
recovery by regulating the mTOR pathway
from 1 to 3 weeks after stroke. We also
measured neuronal markers GAP-43,PSD-95
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and MAP-2, which are closely related with
neuronal survival.

Method: We constructed lentiviral vectors
containing the S6K and mTOR-shRNA genes.
The GFP virus and scramble virus were used
as a control respectively.

Focal ischemia was generated by permanent
distal MCA occlusion combined with 30 min of
transient bilateral CCA occlusion in male SD
rats. Ischemic postconditioning was performed
by 3 cycles of 30s reperfusion/10s occlusion of
the bilateral CCA at the beginning of
reperfusion. Rapamycin, an mTOR inhibitor,
was injected into the cerebral ventricle one
hour before stroke. The viral vectors were
injected into the cortex 5 days before stroke
onset. Brain injury sizes were evaluated 3
weeks after stroke. Behavioral tests, including
home cage and vibrissa-elicited limb use tests,
were examined at 1d, 2d, 3d, 1w, 2w and 3w
after stroke.

Ischemic brains corresponding to the peri-
infarct area were harvested at 1w and 3w after
stroke onset. In S6K lentiviral vector injection
experiments, brain tissue around the needle
track were dissected at 1h, 5h, 24h, 1w and
3w after stroke onset. To investigate the
effects of mMTOR-shRNA on the protein
expression of the mTOR pathway, brain tissue
around the needle track were dissected at 1w
and 3w after stroke.

Results:

1. Ischemic postcondtioning significantly
decreased infarct size at 3 weeks after stroke
injury (p< 0.05). The behavior performance of
rats in home cage and vibrissa-elicited limb
use tests were significantly better in ischemic
postconditioning groups than rats in control
stroke groups at 1 week and 2 weeks after
stroke (p< 0.05). Rapamycin diminished these
effects of ischemic postconditioning.

2. Main elements of mTOR pathway (total and
phosphorylated mTOR, S6K and 4ebp-1) were
significantly upregulated in ischemic
postconditioning groups at 1 week after stroke
(p< 0.05). Neuron markers, MAP-2, GAP-43
and PSD-95 also were significantly
upregulated in ischemic postconditioning
groups than in control stroke groups at 1 week
after stroke (p< 0.05). Rapamycin diminished
up-regulation of mTOR pathway and
associated neuron marker molecules in
postconditioning groups (p< 0.05). mTOR-
shRNA also diminished the up-regulation of



MTOR pathway and associated molecules by
ischemic postconditioning at 1 week after
stroke (p< 0.05).

3. In S6K virus experiments total and
phosphorylated S6K and 4ebp-1 were
significantly up-regulated in S6K virus groups
at 5h, 24h, 1w and 3w after stroke (p< 0.05).
The expression of MAP-2, GAP-43 and PSD-
95 also were significantly up-regulated in S6K
virus groups at the same time points (p< 0.05).

Conclusion: Ischemic postconditioning
improved the neural repair and behavior test
results in the recovery period of stroke. The
neuroprotective effects of postconditioning are
associated with the up-regulation of proteins in
the mTOR pathway and other neuronal
synaptic and dendritic proteins.

EXPRESSION AND ROLE OF IQGAP1 IN
THE BRAIN AFTER FOCAL ISCHEMIA

Y. Yagita, K. Kitagawa, N. Oyama, T. Yukami,
A. Watanabe, T. Sasaki, H. Mochizuki

Neurology, Osaka University Graduate School
of Medicine, Suita City, Japan

Objectives: Dysfunction of the endothelial
adherence junction accelerates vascular
permeability and aggravation of brain ischemic
injury. VE-cadherin mediates the adherence
junction between the endothelial cells.
Adhesive ability of VE-cadherin is regulated by
interaction with associated proteins. IQGAP1,
a scaffold protein, can regulate cell-cell
adhesion through binding to B-catenin and
dissociation of cadherin-catenin system from
the actin cytoskeleton. It is reported that
vascular endothelial growth factor (VEGF) can
induce IQGAP1 association with cadherin
system. Because VEGF expression is induced
after brain ischemia, IQGAP1 may be involved
in regulation of endothelial adherence junction
in the ischemic brain. The aim of this study is

(1) to elucidate the expression profile of VE-
cadherin and IQGAP1 after cerebral ischemia,

(2) to assess the interaction between B-catenin
and IQGAP1 and

(3) to evaluate the effect of VEGF on IQGAP1
expression.

Methods: Male Wistar rats were subjected to
middle cerebral artery (MCA) occlusion with
the use of a 4-0 nylon monofilament and
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reperfusion 80 min after induction of ischemia.
Tissue injury was evaluated by
immunohistochemistry. Double
immunofluorescent staining with cell markers
was performed to evaluate the localization of
IQGAP1. Western blot was performed using
primary antibody against IQGAP1, VE-
cadherin, B-catenin and B-actin. Brain samples
were taken from the MCA area at the each
period after ischemia. The supernatant of the
tissue homogenate was precipitated with
antibody against IQGAP1 using protein A/G
agarose. VEGF (10ng/ul) was chronically
treated in the cerebral ventricle using osmotic
minipump (1pl/hour).

Results: In the normal brain, IQGAP1 was
mainly expressed in the endothelial cell and
neuronal progenitor cell in the subventricular
zone. In the present cerebral ischemia model,
endothelia were preserved even in the MCA
core in the cerebral cortex. Western blot
analysis revealed that VE-cadherin expression
was not significantly changed in the MCA core
at the period of 6 and 24 hours after ischemia
(n=5). IQGAP1 expression was increased
(n=5, P< 0.05) and immunohistochemical
analysis showed that it localized in the
endothelial cells 24 hours after ischemia. Co-
immunoprecipitation analysis revealed that
IQGAP1 was more strongly associated with 3-
catenin 24 hours after ischemia than in the
normal brain. Intracerebral ventricular injection
of VEGF induced the IQGAP1 expression in
the endothelia of brain small vessels.

Conclusions: These findings suggest that
VE-cadherin-mediated  cell-cell  adhesive
activity is decreased by interaction between
IQGAP1 and B-catenin after cerebral ischemia.
VEGF signal may regulate IQGAP1 activity in
the brain small vessels. In order to estimate
adhesive activity, it is necessary to assess
interaction between VE-cadherin and IQGAPL.
This system may be a therapeutic target in the
acute brain ischemia.

ROLE OF TOLL-LIKE RECEPTORS IN THE
REGULATION OF BRAIN ENDOTHELIAL
FUNCTION

I. Krizbai, I. Wilhelm, A.E. Farkas, C.
Fazakas, A. Nyul-Téth, J. Haskd, J. Molnar, P.
Nagy6szi

Institute of Biophysics, Biological Research
Centre, Szeged, Hungary



Objectives: Cerebral endothelial cells - the
principal components of the blood-brain barrier
(BBB) - fulfill several important functions in the
central nervous system (CNS). They form an
active interface between the blood and the
neuronal tissue and play a key role in the
maintenance of the homeostasis of the CNS.
The functional integrity of the blood-brain
barrier may be affected by systemic
inflammations caused by different pathogens.
In this process Toll-like receptors (TLRs) play
an important role. These receptors recognize a
broad range of exogenous and endogenous
molecules and initiate inflammatory reactions.
Toll-like receptors are mainly distributed on
cells of the immune system but there is also
growing experimental evidence suggesting
TLR expression on different non-immune type
cells as well, like epithelial and endothelial
cells. The goal of our study was to investigate
the role of Toll-like receptors in the
pathophysiology of the blood-brain barrier.

Methods: We have used an in vitro BBB
model based on the culture of primary rat brain
endothelial cells and the hCMEC/D3 human
cerebral endothelial cell line.

Results: Our results showed that cells of a
human brain endothelial cell line (hCMEC/D3)
express TLR2, 3, 4 and 6, while primary rat
brain endothelial cells express TLR2, 3 and 6
under basal conditions. The mMRNA expression
of all identified human endothelial Toll-like
receptors was induced by oxidative stress
caused by DMNQ, whereas TNF-alpha
upregulated the expression of TLR2 and
TLR3. Zymosan, a TLR2/6 agonist elevated
the expression of these two receptors while
having no effect on the expression of TLR3
and 4. Moreover, zymosan treatment
increased the permeability of the endothelial
cell cultures accompanied by a decrease in
the expression of occludin and claudin-5 and
loss of membrane staining of these two
transmembrane components of the tight
junctions. U0126, the ERK1/2 kinase inhibitor
was able to prevent the changes of occludin
caused by zymosan.

Conclusions: Our results are the first to
identify the presence of Toll-like receptor 6
besides TLR2, 3 and 4 in cerebral endothelial
cells. TLR2/6 activation causes tight junction
disruption, mediated partly by ERK 1/2
kinases.  Furthermore, TLRs —can be
upregulated by oxidative stress in cerebral
endothelial cells, suggesting that oxidative
stress may play a potentiating role in
endothelial dysfunction caused by infections.
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Our results suggest a significant role of the
cerebral endothelium in mediation of the CNS
effects of different inflammatory processes.

TARGETING ORGANIC ANION
TRANSPORTING POLYPEPTIDES TO
TREAT PAIN AND
HYPOXIA/REOXYGENATION STRESS

P.T. Ronaldson, L.M. Slosky, B.J. Thompson,
T.P. Davis

Pharmacology, University of Arizona College
of Medicine, Tucson, AZ, USA

Objectives: Limited drug penetration is an

obstacle to effective treatment of CNS
diseases (i.e., pain, hypoxia/reoxygenation
(H/R) stress). Brain biochemical

characteristics (i.e., tight junction complexes,
expression of influx/efflux  transporters)
determine CNS drug permeation (Seelbach et
al. 2007; Lochhead et al. 2011; Ronaldson et
al. 2011); however, most studies have
focussed on understanding mechanisms that
prevent CNS drug accumulation. Recently,
brain targets that directly facilitate drug
delivery have been identified. One potential
target is the organic anion transporting
polypeptides (OATP in humans; Oatp in
rodents) that facilitate drug uptake, including
efficacious therapeutics for treatment of pain
and/or H/R (i.e., opioid analgesic peptides,
HMG CoA reductase inhibitors) (Ronaldson et
al. 2011; Ronaldson & Davis, 2012). The
objectives of this study were to investigate, in
vivo, effects of i) peripheral inflammatory pain
(PIP) and ii) H/R stress on Oatp-mediated
drug transport at the BBB.

Methods: PIP was induced in female
Sprague-Dawley rats (200-250 g) by
subcutaneous injection of 3% A-carrageenan
into the plantar surface of the right hind paw.
Control animals were injected with 0.9% saline
instead of A-carrageenan. To examine effects
of H/R stress, female Sprague-Dawley rats
(200-250 g) were subjected to normoxia (Nx
21% 02, 60 min), hypoxia (Hx, 6% 02, 60
min) or H/R (6% 02, 60 min followed by 21%
02, 10 min). Following treatment, animals
were sacrificed and brain microvessels
isolated. Protein expression of Oatplad was
determined using western blot analysis. Brain
permeability to [3H]taurocholate (2.0 pCi/ ml
perfusate), [3H]D-peniciIIamine(Z,S)-enkephaIin
(DPDPE; 0.5 pCi/ ml perfusate), and
[3H]atorvastatin (1.0 pCi/ ml perfusate), three
established Oatplad4  substrates, were



assessed using in situ brain perfusion and
capillary depletion.

Results: Following PIP and H/R, both
Oatplad protein expression and brain
taurocholate accumulation were increased.
Taurocholate uptake was reduced in the
presence of Oatplad inhibitors (100 pM
estrone-3-sulfate, 100 pM fexofenadine),
further suggesting involvement of Oatpla4 in
BBB  taurocholate transport.  Capillary
depletion analysis showed a time-dependent
increase in brain parenchyma associated
taurocholate, implying that this Oatpla4d
substrate accumulated within CNS tissue and
was not trapped within brain microvessels.
Oatplad-mediated DPDPE uptake was
enhanced during PIP while Oatpla4-mediated
atorvastatin uptake was increased during H/R,
suggesting that Oatplad4 can be targeted to
optimize CNS drug delivery. During PIP and/or
H/R, pharmacological inhibition of TGF-
B/ALK5 signaling with the selective TGF-
B/ALKS5 inhibitor SB431542 increased Oatp1a4
functional expression, which implicates this
pathway in regulation of Oatpla4 at the BBB.

Conclusions: These data demonstrate that
targeting an endogenous BBB transporter may
be a viable approach for delivering drugs to
the brain during PIP and/or H/R. Our study
also identifies an endothelial intracellular
signaling mechanism that can be targeted to
control BBB Oatpla4 functional expression for
optimization of CNS drug delivery.
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SPATIO-TEMPORAL DYNAMICS OF
MORPHOLOGICAL CHANGES IN NEURO-
GLIA-VASCULAR UNIT AFTER CEREBRAL
ISCHEMIA MEASURED WITH TWO-
PHOTON MICROSCOPY IN MOUSE
CORTEX
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Objectives: It has become clear that neuro-
glia-vascular unit (NGVU) has a crucial role in
rescuing and repairing the central nervous
system functions after events of cerebral
ischemia. In the present study, spatio-
temporally varying changes of NGVU following
transient episodes of cerebral ischemia
induced by middle cerebral artery occlusion
(MCAO) were characterized with in vivo two-
photon microscopy in the anesthetized mouse
cortex.

Methods: Animal use and experimental
protocols were approved by the Institutional
Animal Care and Use Committee. A total of 12
male Tie2-GFP transgenic mice (21-31 @) in
which vascular endothelium had expressed
green fluorescent proteins (GFP) were used
for the experiments. A week before the
surgery of MCAO, a 3-4 mm diameter of
closed cranial window with a custom-made
attachment device for imaging stage was
made over the left parietal region of the mouse
head (Tomita et al., 2005). Under isoflurane
anesthesia (1.5-2.0%) with maintaining the
animal body temperature (37 °C), a transient
MCAO was performed with inserting surgical
suture into the origin of MCA via external
carotid artery, and occlusion was made for
periods of 40 min with monitoring a reduction
of cerebral blood flow (> 85% of pre-occlusion)
by using laser-Doppler flowmetry. The animals
were then recovered and housed into normal
cage with a free access to food and water. On
1-15 days after MCAO, morphological
changes of NGVU were repeatedly measured
with two-photon microscopy. An excitation light
was 900 nm (~2.0 W) and fluorescent signals
of GFP originating from endothelium and
astroglia labeled with sulforhodamine 101
were simultaneously imaged with band-path
fiter of 525/50 nm and 610/75 nm,



respectively, through a cranial window. An in-
plane image resolution was 0.25-0.46 um per
pixel and the image consists of 1024 by 1024
pixels, and was acquired up to a depth of 0.6
mm from the cortical surface. The imaging
experiment was repeatedly performed in the
identical locations to track single cell
morphological changes around the ischemic
boundary (Masamoto et al., 2012).

Results: Near the side of MCA territory, a loss
of both neurons and astroglias was remarkably
observed one day after transient MCAO. In
these regions, intraperitoneally-injected
sulforhodamine leaked and non-specifically
stained extravascular tissue, indicating a
disruption  of  blood-brain-barrier  (BBB),
although the morphology of endothelium
labeled with Tie2-GFP were relatively
preserved. In the peripheral boundary of
ischemia, a selective loss of astroglia was
found four days after the MCAO, whereas
there were no detectable changes of the
morphology of neurons and microvasculature.
Also, no leakage of suforhodamine was
observed in these regions, which indicates that
BBB was also preserved. Further, we
observed extension deformity of activated
astroglia around the peripheral regions, but
newly-developed vasculatures were not
detected up to 14 days after the MCAO.

Conclusion: A transient episode of ischemia
directly interferes in both neurons and
astroglias, but astroglia is more sensitive to a
delayed interference located in the peripheral
boundary.
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P.Li*, Y. Gan', Y. Gao', J. Chen'?, X. Hu'?

!State Key Laboratory of Medical Neurobiology
and Institute of Brain Sciences, Fudan
University, Shanghai, China, >Department of
Neurology, University of Pittsburgh, Pittsburgh,
PA, USA

Objectives: Breakdown of the blood-brain
barrier (BBB) is a significant contributing
mechanism in  ischemic brain injury.
Neutrophil-derived metalloproteinase-9 (MMP-
9) mediates BBB damage after transient focal
cerebral ischemia and may represent a
peripheral target for stroke treatment Y2 our
recent research revealed that adoptively
transferred regulatory T cells (Tregs) could
reduce acute ischemic brain injury by inhibiting
neutrophil production of MMP-9 and protecting
against BBB damage. However, the molecular
mechanism underlying  the  functional
interaction between Tregs and activated
neutrophils after stroke is unknown. Program
death-ligand 1 (PD-L1) is an important
signaling molecule that expresses on cell
surface and helps Tregs regulate targeting
cells. Therefore, the goal of this study was to
evaluate the role of PD-L1 in Treg-afforded
neutrophil inhibition and neuroprotection in a
murine stroke/reperfusion model.

Methods: In vitro experiments using a
transwell system or a co-culture system
allowing cell-to-cell contacts were employed to
explore the involvement of PD-L1/PD-1 in
Treg-neutrophil  interactions. The  focal
ischemia/reperfusion mouse model was used
to confirm the importance of PD-L1 in Treg-
afforded neutrophil inhibition and
neuroprotection. Tregs were isolated from
donor animals by CD4/CD25 double selection
and systemically transferred to ischemic
recipients at 2h after 60 minutes middle
cerebral artery occlusion (MCAO). Animals
were sacrificed at 1 or 3 days of reperfusion.
MMP-9 production, BBB permeability and
brain infarct were compared between animals
treated with PD-L1-competent or PD-L1-
compromised Tregs.

Results: In vitro experiment using a transwell
system suggested that Treg-afforded inhibition
on neutrophil MMP-9 requires direct cell
contact. The expression of PD-L1 was
detected on Tregs. PD-L1 neutralizing
antibody, but not the CTLA-4 or TGF-
neutralizing antibodies, abolished the inhibitory
effect of Tregs on TNFa-induced MMP-9
production in co-cultured neutrophils. Tregs
also failed to inhibit neutrophil-derived MMP-9
when neutrophils were pre-treated with PD-1
neutralizing antibody. In contrast, incubation
with active PD-L1 protein directly inhibited
MMP-9 production in neutrophil cultures
following TNFa challenge. In vivo studies
confirmed that the administration of Tregs
isolated from PD-L1-deficient mice or wild-type
Tregs pre-treated with the PD-L1 antibody



failed to inhibit MMP-9 production in the blood
neutrophils in stroke animals and failed to
mitigate the infiltration of MMP-9-producing
neutrophils into stroke brain. Furthermore,
BBB damage after MCAO, as manifested by
increased extravasation of plasma IgG or
exogenous tracers and disrupted continuity of
tight junction protein ZO-1, was remarkably
ameliorated in mice treated with PD-L1-
competent Tregs but not in mice treated with
PD-L1-deficient Tregs. As a result, PD-L1
disability abolished Treg-afforded brain
protection and neurological improvement after
MCAO.

Conclusions: PD-L1 plays a critical role in
mediating the inhibitory effect of Tregs on
neutrophil MMP-9 production and,
consequently, Treg therapy-afforded
neuroprotection against BBB disruption after
ischemic brain injury.
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MULTI-MODAL BIOMARKERS FACILITATE
DIAGNOSIS IN VASCULAR COGNITIVE
IMPAIRMENT: IDENTIFICATION OF
PATIENTS WITH SUBCORTICAL ISCHEMIC
VASCULAR DISEASE
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Thompsonl, A. Caprihanz, B. Huisa', J.C.
Adair*
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Introduction: Treatment of vascular cognitive
impairment (VCI) has proven difficult in
multiple strokes and the microvascular form
with progressive subcortical ischemic vascular
disease (SIVD) is thought to be the optimal
treatment target. However, diagnosis of SIVD
is difficult in the early stages, and biomarkers
are needed.
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Objective: Extensive microvascular damage
to the white matter as viewed on FLAIR MRI is
associated with SIVD. We and others have
shown that white matter damage is caused by
matrix metalloproteinase (MMP)-mediated
disruption of the BBB. We hypothesized that
multi-modal biomarkers could identify the
subgroup of VCI patients with SIVD, and we
tested the hypothesis that clinical,
neuropsychological, imaging and CSF findings
can facilitate diagnosis of SIVD.

Patients: We studied 62 VCI patients with
clinical, imaging, and CSF studies. Diagnoses
were made after one to three years of follow-
up; categories included multi-infarct (Ml),
mixed VCI and Alzheimer’'s disease (MX),
subcortical ischemic vascular disease (SIVD),
or leukoaraiosis (LA) in those with white matter
lesions but without a diagnosis.

Methods: We used MRI studies including
proton magnetic resonance spectroscopy (‘H-
MRS) to determine white matter ischemia and
dynamic contrast-enhanced MRI (DCEMRI) to
qguantify BBB permeability with measurement
of MMPs and albumin index in the CSF. A 10-
point SIVD scale score (SIVDSS) was
constructed from the results. A subgroup of 20
patients was studied twice over 1 to 2 years
with repeat MRI lesion growth and BBB
permeability measurements.

Results: Final clinical diagnosis of SIVD was
made in 38/62 patients based on extensive
white  matter  hyperintensities  (WMHSs),
vascular risk factors, and executive
dysfunction. Biomarkers used for the SIVDSS,
but not for clinical diagnosis, included reduced
N-acetylaspartate (NAA) on ‘H-MRS, reduced
MMP-2 index and elevated albumin index in
the CSF. SIVDSS scores were based on three
axes: clinical, neuroimaging, and CSF. Only
1/15 patients with a SIVDSS of 3 or less had a
final diagnosis of SIVD. Those with SIVDSS of
4 to 6 (N=31) were classified as SIVD (N=21),
with the remainder MI or MX. A SIVDSS of 7
or greater was determined in 14 with all except
one being classified as SIVD clinically. In the
small cohort with repeat MRI studies, 14/16
showed WMH growth, and 6/16 showed an
increase in the area of permeability. The six
with growth of the permeability area had a
diagnosis of SIVD, while only one of those with
no growth had that diagnosis (p< 0.05; Chi-
square).

Conclusion: We found that more patients had
a clinical diagnosis of SIVD than those



selected by a combination of biomarkers. The
combination of biomarkers identified SIVD
patients with suspected protease-mediated
inflammatory disruption of the BBB. Those
patients with high SIVDSS represent a small
subgroup of SIVD patients and the high score
suggests that white matter damage is due to
an inflammatory reaction. We propose that this
group is more homogeneous than identified by
clinical diagnosis, and that the multi-modal
approach can be used to select patients for
treatment trials.

PROGRESSION OF AXONAL
DEGENERATION FOLLOWING NEONATAL
CEREBRAL HYPOXIA-ISCHEMIA IN RATS
DETECTED USING DIFFUSION TENSOR
IMAGING AND HISTOLOGY

U.l. Tuor™? M. Morgunov*, M. Sule’, M. Qiao’,
T. Foniok®, A. Kirton®

'Physiology and Pharmacology, Hotchkiss
Brain Institute, University of Calgary, “Clinical
Neurosciences, 3Experimental Imaging Centre,
Faculty of Medicine, University of Calgary,
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Introduction: Cerebral hypoxia-ischemia (HI)
in neonates is an important cause of perinatal
brain injury. Standard magnetic resonance
imaging (MRI) detects acute changes in the
descending cortico-spinal tract (DCST) and
have been found to correlate with motor
outcome. We hypothesized that diffusion
tensor imaging (DTI) would provide additional
insights into the progression of acute
microstructural changes in axons remote to
cortex damaged by cerebral HI.

Objective: To determine axonal and cortical
changes in diffusion tensor parameters and
histology occurring from 2 hours to 7 days
after a transient hypoxia+unilateral cerebral
ischemia in neonatal rats.

Methods: Rats (P7) were exposed to either a
sham surgery (control) or carotid artery ligation
+ transient hypoxia (8%0;). Animals (n=6-
8/group) were imaged using MRI to acquire
DTI scans at various times following hypoxia
(2hr, 1d, 2d and 7d post-HI). DTI measures

were obtained within ipsilateral and
contralateral regions of interest, including:
parietal cortex, cerebral peduncle of the

descending corticospinal tract and pons (latter
two regions remote from HI). Brains were
processed for immuno/staining with myelin
basic protein antibody (MBP), neurofilament
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antibody, glial fibrillary acidic protein antibody
(GFAP) for reactive astrocytes and ED1
antibody for activated microglia/macrophages.

Results: In the pons, the DTI parameters
(fractional anisotropy (FA), mean diffusivity
and eigenvalues) and the various histological
stains were generally not affected by HI. In the
ipsilateral ischemic cortex, DTl parameters
had marked early changes ipsilaterally that
recovered by 7d post-insult except for FA. In
the cerebral peduncle, changes in DTI
parameters were modest at 2hr (i.e. a
decrease in FA, ADC and eigenvalues). These
changes became pronounced at 1 and 2 days
post HI with normalization by 7 days except for
FA. White matter tractography of the DCST
detected fewer fibres ipsilaterally in the DCST
at 2hr to 2d post HI, although mean DTI values
were similar to those in controls. Ipsilateral
and contralateral MBP staining was similar.
Cortical increases in staining for ED1 were
observed at 2hr and 1w. GFAP staining was
increased by 1 d post HI in cerebral cortex and
by 2 d in cerebral peduncle. Neurofilament
staining was reduced in cerebral peduncle at
all times investigated.

Discussion: ADC changes are comparable to
those reported previously using standard
imaging sequences (T2 or ADC) and
eigenvalue changes measured using DTI. In
contrast to these DTI parameters that
normalized or increased to above control
values by 7d, FA ratios remained reduced at
all times. The ‘fibers' detected with
tractography were also reduced at all time
points examined, corresponding to reduced
neurofilament staining. Acute (2hr-1d) DTI
changes in cerebral peduncle were not
associated with changes in staining for myelin,
microglia/macrophages or reactive astrocytes.

Conclusion: Axonal changes in the cerebral
peduncle of the DCST can be detected within
hours following a unilateral HI injury using
standard imaging and DTl There is a
pseudonormalization of MRI changes by 1 wk
post-insult, except for FA which detects well
axonal degenerative changes at acute and
subacute time points.

(Supported by Heart and Stroke Fndn, Markin
USRP and Alberta Innovates Health
Solutions.)



RESTORATION OF DAMAGE AND MOTOR
ACTIVITY AFTER NEONATAL HYPOXIA-
ISCHEMIABY IMPLANTATION OF
PERIPHERAL BLOOD MONONUCLEAR
CELLS

Y.-X. Liu, X.-M. Guo, Z.-W. Zhang, J.-H. Xue,
H.-T. Zhang, J.-F. Li

First Affiliated Hospital of Chinese PLA
General Hospital, Beijing, China

Hypoxia-ischemia encephalopathy is one of
the most popular diseases in current life. It is a
frequent cause of disability and mortality with
limited therapeutic options. To evaluate the
effect of implantation of peripheral blood
mononuclear cells (PB-MNCs) on ischemic
brain, we collected peripheral blood
mononuclear cells (PB-MNC) from hypoxia-
ischemia encephalopathy patients after they
were treated by human granulocyte-colony
stimulating factor (G-CSF), and implanted
these cells into postnatal day 10 rats after
neonatal hypoxia-ischemia (HI) by tail-vein
injection. Before implantation, cells were labed
by fluorescent dye (CM-Dill). Then we
observed the migration of transplanted cells by
fluorescence microscope, the differentiation of
cells by immuno-fluorescent staining, the
function restoration of HI rats by suspending
and tiltboard experiment and apoptosis rate of
brain cell in HI rats by tunnel staining .The
results showed that PB-MNC could survive in
the brain of hosts and migrate into the damage
area. Three weeks after transplantation, PB-
MNC from patients could differentiate into glial
cells and neurons. The HI rats that received
PB-MNC showed a significant reduction in
motor function impairment and in the number
of apoptosis cells in the brain. In addition,
there was no turmorigenesis in the rats which
received cells during 6 weeks. For further
understanding the mechanism of cell
migration, the normal rats were also injected
PB-MNC by tail-vein, then we found that PB-
MNC mainly located in the brain of HI rats, but
in the lungs and spleens of normal rats. Then
the expression of stromal cell-derived factor-1
(SDF-1) in the brain of normal and HI rats
were measured by real-time PCR, and more
than 20-fold increase of SDF-1 was observed
in the brain of HI rats which indicated that the
migration of PB-MNC might be dictated by
adaptive specific signals provided by the
damaged and regenerating brain. Our results
implied that PB-MNC may be a feasible
candidate for HI therapy.
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TH17 LYMPHOCYTES ARE CRITICAL
MEDIATORS OF PERIPHERAL
INFLAMMATION-SENSITIZED HYPOXIC-
ISCHEMIC BRAIN INJURY IN NEWBORNS
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Objectives: Intrauterine infection
(chorioamnionitis) and the ensuing fetal
inflammatory  response  increase  brain

vulnerability to secondary insults, such as
hypoxia-ischemia (HI). Since the fetal
inflammatory response initates outside the
nervous system, likely there are peripheral
mediators that induce greater microglia
activation and brain damage in response to Hl
insults. We hypothesize that the blood-borne
Th1l7 lymphocytes are critical mediators of
inflammation-sensitized neonatal HI brain
injury. If this hypothesis is correct, oral
medication with FTY720 (Fingolimod), a
sphiongosine-1-phosphate (S1P) pro-
analogue, may provide brain protection in
infection-sensitized HI injury without
suppressing the entire immune system in
neonates.

Methods: The cord blood mononuclear cells
in late preterm (33-36 gestational age) infants
with and without histological chorioamninonitis
were used to assess the expression of IL-23
receptor, a Thi7-cell marker. In preclinical
studies, low-dose (0.3 mg/kg)
Lipopolysaccharide (LPS) was injected
intraperitoneally to 7-day-old rats at 4 h before
the Rice-Vannucci model of unilateral HI to
mimic the peripheral inflammation-sensitized
brain injury in neonates. FTY720 (1.5 mg/g) or
saline was administered after LPS/HI to
compare the outcomes in NF-kB signaling,
microglia activation, brain atrophy, and the
white-matter development by diffusion tensor
imaging (DTI) analysis.

Results: The transcripts for IL-23 receptor
were elevated and the S1P receptor (S1PR)-1
MRNA was reduced in the blood mononuclear
cells of chorioamnionitis (+) preterm infants
and LPS/HI-injured rat pups at 4 h recovery.



This result suggested that combined
infection/Hl activates S1P signaling and
attracts Th17 lymphocytes into the circulation
quickly. In LPS/HI-injured rat pups, FTY720
markedly blocked NF-kB activity and microglia
activation, correlated with significantly reduced
brain tissue loss and white-matter damage at
7d recovery. Moreover, FTY720 blocks the
infiltration of T-cells, especially Th17 cell, into
the LPS/HI-injured brain with evidences
ranging from immunostaining, quantitative RT-
PCR, and fluorescence-activated cell sorting
(FACS) of Thi7 cells. Importantly, FTY720
failed to inhibit microglia activation directly in
either in-vitro or in-vivo model, due to a high
expression of S1PR2 isoform that does not
respond to FTY720.

Conclusions: First, the blood-borne T-
lymphocytes, or Thl7 cells alone, have an
essential role of “priming” microglia for more
severe response to the secondary HI brain
injury. Second, using agents like FTY720 to
block the entry of Thl7 cells may be a
promising brain protection strategy in infection-
sensitized HI without compromising the
immune function of newborns.

OMEGA-3 POLYUNSATURATED FATTY
ACIDS MARKEDLY ATTENUATE DAMAGE
TO WHITE MATTER AND THE BLOOD-
BRAIN-BARRIER IN NEONATAL HYPOXIC-
ISCHEMIC BRAIN INJURY

H. Zhang®, W. Zhang?®, J. Chen®®, Y. Gao®, Q.
Dong*

lDepartment of Neurology, Huashan Hospital,
State Key Laboratory of Medical Neurobiology,
Fudan University, “State Key Laboratory of
Medical Neurobiology and Institute of Brain
Science, Fudan University, Shanghai, China,
®*Department of Neurology and Center of
Cerebrovascular Disease Research, University
of Pittsburgh School of Medicine, Pittsburgh,
PA, USA

Objectives: Neonatal hypoxic/ischemic (H/I)
brain injury is a leading cause of morbidity and
perinatal mortality. To date, there are limited
effective strategies for the prevention and
treatment of this condition. OMEGA-3
polyunsaturated fatty acids (n-3 PUFAS) are
highly enriched in brain and are known to
attenuate H/l-induced brain damage and
neurological deficits. In the present study, we
investigated the prophylactic effect of n-3
PUFAs against blood-brain-barrier (BBB) and
white matter damage in a neonatal H/l model.
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Methods: Female rats were treated with or
without an n-3 PUFA-enriched diet from the
second day of pregnancy until 14 days after
parturition. Seven-day-old neonates were
subjected to H/I and euthanized 1, 4, 24, 48,
and 72 h later. BBB integrity (Evans blue
extravasation and electron microscopy) and
brain edema (wet and dry weights) were
measured 48 h post-H/I. Expression of MMPs,
occludin, tissue inhibitor of metalloproteinase-
1 (TIMP-1), zonula occludens-1 (ZO-1),
cadherin-10 (Western blots and gelatin
zymography) were examined at 1, 4, 24, 48,
72 h post-H/I. The integrity of myelin sheaths
and axons was assessed by electron
microscopy and expression of myelin basic
protein (MBP) and non-phosphorylated
neurofilament (SMI32; immunostaining and
Western blots).

Results: Our results show that n-3 PUFAs
markedly prevent the loss of MBP in response
to H/I injury, suggesting that the integrity of
myelin sheaths and axons was preserved. n-3
PUFAs also significantly improved BBB
integrity after H/I, robustly suppressed H/I-
induced loss of occludin and TIMP-1 and
decreased MMP-9 at 48 h post-H/I. n-3 PUFAs
also attenuated MMP-9 and MMP-2 activity.

Conclusions: n-3 PUFAs prevent BBB
disruption and white matter injury after H/I in
neonates. This may contribute to the potent
neuroprotection against neonatal H/I brain
injury. Our results support the hypothesis that
a diet high in fish products or fish oil capsules
during pregnancy may improve neonatal brain
health. Further investigations into n-3 PUFAs
as a prophylactic or therapeutic agent against
neonatal H/I brain injury are therefore
warranted.



EVOKED CHANGES IN OXYGEN
CONSUMPTION IN THE SOMATOSENSORY
CORTEX OF PREMATURE NEONATES
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The hemodynamic functional response is used
as a reliable marker of neuronal activity in
countless studies of brain function and
cognition. In newborns and infants however,
conflicting results have appeared in the
literature concerning the typical response, and
there is little information on brain metabolism
and functional activation. Non-invasive
measurement of all hemodynamic components
and oxygen metabolism is critical for
understanding neurovascular coupling in the
developing brain.

To this aim we combined multiple near infrared
spectroscopy (NIRS) techniques: we used
diffuse correlation spectroscopy (DCS) to
measure relative cerebral blood flow changes
(rCBF), frequency domain near infrared
spectroscopy (FDNIRS) to measure baseline
hemoglobin oxygenation (SO,;), oxy- and
deoxy-hemoglobin concentrations (HbO and
HbR respectively) and cerebral blood volume
(CBV), and continuous wave near infrared
spectroscopy (CWNIRS) to measure relative
hemoglobin concentration and oxygenation
changes (rSO,). By combining all these
measures we estimated relative changes in
the cerebral metabolic rate of oxygen
(rCMRO,) in the somatosensory cortex of 6
preterm neonates during passive tactile
stimulation of the hand.

Our data shows in preterm neonates the
typical pattern of hemodynamic response to
sensory stimulation: an increase in rSO, and
CBV. However, the “preterm” response
however is slower (longer time to peak, see
figure) compared with adults. We did not
observe any inverted response pattern
associated with stimulation. Blood flow starts
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increasing immediately after stimulus onset,
and returns to baseline before blood volume.
This is consistent with the model of pre-
capillary arteriole active dilation driving the
CBF response, with a subsequent CBV
increase influenced by capillaries and veins
dilating passively to accommodate the extra
blood. The higher compliance of the veins
relative to arterioles can explain the slower
return to baseline of CBV with respect to CBF.

rCMRO, shows a biphasic pattern: an increase
immediately after stimulus onset, followed by a
significant post-stimulus undershoot due to
blood flow returning faster to baseline than
oxygenation. However, if we calculate rCMRO,
taking into account the longer mean transit
time through the venous compartment in
preterm infants compared with adults (125s),
the undershoot disappears (see figure). We
observed an evoked flow-metabolism ratio of
n=2.8, consistent with numerous studies in
animals and human adults.

We describe, for the first time, changes in local
rCBF and rCMRO, during functional activation
in preterm infants. The ability to measure
these variables in addition to hemoglobin
concentration changes is critical for
understanding neurovascular coupling in the
developing brain, and for using the coupling as
a reliable functional imaging marker in
neonates.
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INTRAVENOUS IMMUNOGLOBULIN (IVIG)
OFFERS NEUROPROTECTION AGAINST
NEONATAL HYPOXIA/ISCHEMIA
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Objectives: Mechanisms underlying delayed
neuronal death after neonatal cerebral
hypoxia/ischemia (HI) are not fully understood.
In this study, we investigated whether
Intravenous Immunoglobulin  (IVIG) therapy
protects immature neonatal brains from Hl.

Methods: Postnatal 7 days pups were
subjected to sham-operation or to a 2 h period
of HI followed by 48 h of recovery. They were
given slowly, at 1 h before and 30 min after HI,
0.30 ml of either vehicle (0.25 M glycine) or 2
g/kg of 10% human IVIG through the left
common carotid artery. About 15 pups were
treated either with vehicle, pre-ischemic IVIG,
or post-ischemic IVIG, respectively. Brains
were stained with TTC (2,3,5-
triphenyltetrazolium  chloride), and infart
volumes were evaluated by NIH Image J
software.

Results: Both pre- and post-ischemic IVIG
treatment offers significant neuroprotection.
The results demonstrated that human IVIG is
effective in protecting neonatal brains from
hypoxia/ischemia. The pattern of neuronal
damage in neonates after HI is mainly
distributed in radial columns parallel to the
cerebral vessels and vertical to the surface.
This contrasts to the predominant laminar
pattern of neuronal death seen in mature
brains after HI.

Conclusions: This study as well as previous

publications suggest that IVIG's
neuroprotective effects may be due to
inhibition of the complement cascades.

Therefore, IVIG may protect neonatal brain
from HI by inhibiting complement overaction
after HI. This study is supported by Baxter
Grant (BRH).
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TRPM2 CHANNELS ARE COINCIDENCE
DETECTORS OF PARP-1 AND ANDROGEN
RECEPTOR SIGNALING FOLLOWING
EXPERIMENTAL STROKE IN MICE

T. Shimizu®, N. Quillinan®, R.J. Traystman?,
P.S. Herson®

!Anesthesiology, Anesthesiology &
Pharmacology, University of Colorado,
Denver, Aurora, CO, USA

Objectives: Stroke is a sexually dimorphic
disease that affects men more severely than
women®. We recently demonstrated that
pharmacological and genetic inhibition of
TRPM2, a member of the transient receptor
potential (TRP) channel superfamily, protects
against cerebral ischemia in male mice, while
having no effect in females®. In addition,
TRPM2 channels are activated following
oxidative stress by adenine dinucleotide
phosphate ribose (ADPr) generated by
poly(ADPr) polymerase (PARP)> *. In this
study, we examined the role of PARP and
male sex steroids in TRPM2 engagement
following experimental stroke.

Methods: Transient focal ischemia was
induced by 60 min of middle cerebral artery
occlusion in male C57BI/6 mice. To assess the
efficacy of post-insult administration of the
TRPM2 inhibitor clotrimazole (CTZ), intact
mice were treated with either CTZ (30 mg/kg)
or vehicle 1 hr after reperfusion. Mice were
castrated (CAST) in order to remove sex
steroids and either dihydrotestosterone (DHT)
or vehicle was implanted. Then, animals were
treated with either CTZ or vehicle 1 hr after
reperfusion. The infarct sizes were evaluated
in TRPM2-/- mice to confim TRPM2
engagement and PARP-1 -/- mice treated with
TRPM2 inhibitor. We further compared the
PARP activity in intact male and female brain
to that in ischemic brain. Data presented as
meanzSEM.

Results: Animals treated with CTZ had
significantly smaller infarcts compared to
vehicle treated animals (46.2+3.1% (n=8) in
vehicle vs. 32.5+£3.6% (n=8; P< 0.05) in CTZ2).
Removal of sex steroids resulted in loss of
protection by CTZ (44.6+3.1% (n=9) in vehicle
treated CAST vs. 35.8+3.6% (n=11) in CTZ
treated CAST). Androgen replacement with
DHT (CAST+DHT) resulted in recovery of CTZ
protection (40.4+2.3% (n=12) in vehicle vs.
31.5+2.8% (n=11; P< 0.05) in CTZ). We



observed smaller infarct size in TRPM2-/- mice
compared to wild type (28.4+7.0 (n=5) vs.
49.0+1.2 (n=5); P< 0.05). We found
significantly higher PARP activity in male
penumbral tissues compared to male normal
tissues (P< 0.05), while having no difference in
females.

Conclusions: These data indicate that
TRPM2 inhibition provides protection from
ischemic stroke in male animals in an
androgen-dependent and PARP-1 manner.
Therefore, androgen status must be
considered when considering inhibition of
TRPM2 channels as a potential therapeutic
strategy in men.
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Objectives: Hyperglycemia is known to
augment neuronal injury during transient focal
cerebral ischemia. The augmentation has
been assumed to result from enhanced
acidosis and reactive oxygen species (ROS)
generation leading to classical necrosis.
Parthanatos is a caspase-independent cell
death pathway in which oxidative damage to
DNA results in activation of poly(ADP-ribose)
polymerase (PARP) and generation of
poly(ADP-ribose) polymers (PAR) that trigger
release of mitochondrial apoptosis-inducing
factor (AIF). We investigated whether
parthanatos also contributes to neuronal death
in hyperglycemic transient middle cerebral
artery occlusion (MCAO). Because
hyperglycemia enhances cerebral ischemic
acidosis, we also examined whether acidosis
per sé is capable of augmenting parthanatos
signaling in neurons.

Methods: Mice received an infusion of saline
or dextrose (to increase blood glucose to
approximately 400 mg/dL) before and during
45 min of MCAO produced by the filament
technique. To assess ROS production in vivo,
ethidium concentration was measured by
HPLC in the ischemic hemisphere of mice that
received an intravenous injection  of
hydroethidine. In other cohorts, Western
blotting was used to quantify PAR at 1 hour of
reperfusion and AIF in nuclear and
mitochondrial fractions at 1 day of reperfusion.
In primary neuronal culture, parthanatos was

produced pharmacologically with a
submaximal dose (25 uM) of the DNA
alkylating agent, N-methyl-N'-nitro-N-

nitrosoguanidine (MNNG), for 15 minutes.
After MNNG washout, the neurons were
exposed to media with a pH of 7.4 or 6.2 for 4
hours followed by a pH of 7.4.

Results: Hyperglycemia increased infarct
volume from 19+3% to 36+2%% of
hemisphere volume (xSE) in wild-type mice.
Infarct volume in hyperglycemic PARP-1 null
mice was reduced to 28+3%. Tissue ethidium
concentration in the hyperglycemic
hemisphere after reperfusion was three-fold
greater than in the normoglycemic
hemisphere. Compared to normoglycemic
mice, hyperglycemic mice had a 43+18%
greater amount of PAR and a 78+23% greater
amount of AIF in the nuclear fraction.
Exposure of neurons to media with pH 6.2 for
4 hours after washing out MNNG produced an
increase in intracellular calcium. This increase
was not seen with pH 7.4 media after MNNG
washout or in acid-sensitive ion channel la
(ASIC1a) null neurons with pH 6.2 media after



MNNG washout. Acidic pH exposure
augmented the MNNG-induced increase in
PAR, nuclear AIF, and cell death. This
augmented cell death was blocked by
inhibitors of PARP and ASICla but not by a
caspase inhibitor.

Conclusions: The in vivo data show that
hyperglycemia augments ischemia-induced
ROS, PAR, and nuclear AIF and that infarct
volume is reduced in hyperglycemic PARP-1
null mice. Collectively, these results are
consistent with the concept that parthanatos
contributes to the hyperglycemic augmentation
of ischemic injury. The in vitro data
demonstrate that acidosis is capable of
amplifying neuronal parthanatos in the
absence of ischemia and further support
parthanatos as one of the mechanisms by
which tissue acidosis associated with
hyperglycemic ischemia augments cell death.
Targeting parthanatos may be beneficial in
diabetic stroke patients.

VISUALIZATION AND ANALYSIS OF
SPATIO-TEMPORAL MOLECULAR
CHANGES IN HIPPOCAMPUS AFTER
TRANSIENT GLOBAL ISCHEMIA USING
IMAGING MASS SPECTROMETRY

S. Miyawaki®, T. Hayasaka®, H. Imai*, H.
Ono?, H. Horikawa®, T. Ochi*, A. Ito*, H.
Nakatomi!, M. Setou?, N. Saito*

lDepartment of Neurosurgery, The University
of Tokyo, Bunkyo-ku, 2Department of Cell
Biology and Anatomy, Hamamatsu University
School of Medicine, Hamamatsu, Japan

Background and aims: Ischemic vulnerability
of brain, particularly neuron, remains to be
elucidated. There is a limitation in conventional
approaches focusing on particular genes or
pathways to solve this mystery. In this study
we tried to reveal comprehensive molecular
dynamics change in rat hippocampus after
transient global ischemia (delayed neuronal
cell death) using imaging mass spectrometry
(IMS). IMS is a novel molecular imaging
method which enables us to visualize the
molecule on the tissue section
comprehensively.

Methods: A transient global cerebral ischemia
(6 min) model was created using Sprague-
Dawley rats (300-360 g males). Fresh frozen
sections were obtained after euthanizing the
rats on day 1, 2, 4, 7, 10, 14, and 21 (n = 3 for
each) after transient global cerebral ischemia.
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For histopathological evaluation, Hematoxylin-
Eosin staining and immunostaining for NeuN,
GFAP and ED-1 were performed. IMS were
also performed for molecular analysis.
Phosholipids were targeted in this study.

Results: Evaluation and analysis of
histopathological changes revealed several
findings after transient global cerebral
ischemia, including neuronal death in the CA1
domain, gliosis, and inflammation.

NeuN + GFAP

ED1 + GFAP

control

Day7

Day 21

[figurel]

Molecular dynamic state changes of
phospholipids analyzed by IMS revealed
differences in anatomical distributions and
serial changes in phosphatidylcholine (PC)
and sphingomyelin (SM) according to the
differences in constituent fatty acids. Analysis
by IMS enabled us to visualize the molecular
changes in various phase in the neuronal cell
death. After day7, most of the pyramidal
neuronal cells of CA1 domain of hippocampus
were extinct and replaced by the inflammatory
cells such as microglia, and gliotic astrocytes.
In this phase, by IMS analysis, PC (16:0 18:1)
increases in the CAl domain. So this
molecular change was supposed to
correspond to the inflammatory change.



PC(18:118:2)

SM (16:1)

PC (16:0 16:0)

Day 1

Day 21

[figure2]

Immediately after transient ischemia, no
obvious histological changes emerged.
However, molecular change was detected in
this phase by IMS analysis. It was found that
PC, which contains polyunsaturated fatty acids
such as arachidonic acid (20:4) and
docosahexaenoic acid (22:6), was increased
in the cell body layer of the hippocampus and
dentate gyrus on day 1. These molecular
changes are supposed to represent the initial
change or the reaction of neuronal cells to
ischemic stress.

Conclusion: We have demonstrated that IMS
enables visualization and analysis of the
dynamic state change of phospholipids in the
various phases in the course of delayed
neuronal death. We believe IMS would be a
powerful tool in the analysis of ischemic
vulnerability of the neuronal cell.

TRPM2 CHANNELS ARE COINCIDENCE
DETECTORS OF PARP-1 AND ANDROGEN
RECEPTOR SIGNALING FOLLOWING
EXPERIMENTAL STROKE IN MICE

T. Shimizu®, N. Quillinan*, R.J. Traystmanz, P.
Herson®

lAnesthesiology, 2Anesthesiology &
Pharmacology, University of Colorado Denver,
Aurora, CO, USA

Objectives: Stroke is a sexually dimorphic
disease that affects men more severely than
women'. We recently demonstrated that
pharmacological and genetic inhibition of
TRPM2, a member of the transient receptor
potential (TRP) channel superfamily, protects
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against cerebral ischemia in male mice, while
having no effect in females®. In addition,
TRPM2 channels are activated following
oxidative stress by adenine dinucleotide
phosphate ribose (ADPr) generated by
poly(ADPr) polymerase (PARP)S’ *In this
study, we examined the role of PARP and
male sex steroids in TRPM2 engagement
following experimental stroke.

Methods: Transient focal ischemia was
induced by 60 min of middle cerebral artery
occlusion in male C57BI/6 mice. To assess the
efficacy of post-insult administration of the
TRPM2 inhibitor clotrimazole (CTZ), intact
mice were treated with either CTZ (30 mg/kg)
or vehicle 1 hr after reperfusion. Mice were
castrated (CAST) in order to remove sex
steroids and either dihydrotestosterone (DHT)
or vehicle was implanted. Then, animals were
treated with either CTZ or vehicle 1 hr after
reperfusion. The infarct sizes were evaluated
in TRPM2-/- mice to confirm TRPM2
engagement and PARP-1 -/- mice treated with
TRPM2 inhibitor. We further compared the
PARP activity in intact male and female brain
to that in ischemic brain. Data presented as
meanzSEM.

Results: Animals treated with CTZ had
significantly smaller infarcts compared to
vehicle treated animals (46.2+3.1% (n=8) in
vehicle vs. 32.5+3.6% (n=8; P< 0.05) in CTZ2).
Removal of sex steroids resulted in loss of
protection by CTZ (44.6+£3.1% (n=9) in vehicle
treated CAST vs. 35.8£3.6% (n=11) in CTZ
treated CAST). Androgen replacement with
DHT (CAST+DHT) resulted in recovery of CTZ
protection (40.4+2.3% (n=12) in vehicle vs.
31.5+2.8% (n=11; P< 0.05) in CTZ). We
observed smaller infarct size in TRPM2-/- mice
compared to wild type (28.4+7.0 (n=5) vs.
49.0+1.2 (n=5); P< 0.05). We found
significantly higher PARP activity in male
penumbral tissues compared to male normal
tissues (P< 0.05), while having no difference in
females.

Conclusions: These data indicate that
TRPM2 inhibition provides protection from
ischemic stroke in male animals in an
androgen-dependent and PARP-1 manner.
Therefore, androgen status must be
considered when considering inhibition of
TRPM2 channels as a potential therapeutic
strategy in men.
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THE EFFECT OF MITOPHAGY IN
TRANSIENT ISCHEMIC BRAIN IN RATS

Q. Li**® T. Zhang? J.-X. Wang”, G.-Y. Yang’®,
X.-J. Sun’

'Department of Neurology, Shanghai Ninth
People's Hospital, Shanghai Jiao Tong
University School of Medicine, Department of
Neurology, Shanghai Sixth People's Hospital,
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Background and aims:  Mitochondria
provides energy to maintain normal cell
functioning. Mitophagy is one of mitochondria
functions, which can clear out injured
mitochondria, ensure stability of mitochondria
and promote cell survival in hostile
environment. However, if mitophagy occurs
during cerebral ischemia is unknown. The
present study explored dynamic mitophagy,
the effect of promoting mitophagy, and the
molecular mechanisms of mitophagy during
cerebral ischemia/reperfusion.

Methods: Adult male SD rats underwent 2h
middle cerebral artery occlusion (MCAO)
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followed by 6 to 72h reperfusion. Dynamic
changes of mitophagy were determined by
LC3 immunostaining, Western blot analysis,
and transmission electron microscope. To
study the impact of mitophagy, we injected
rapamycin, a mitophagy stimulator, into the left
ventricle in rats underwent transient MCAO.To
evaluate the effect of mitophagy, neuronal
death and neurological deficits were
determined. To explore the effect of mitophagy
on mitochondria function,the number of
mitochondria, the levels of MDA, ATP, and JC-
1 were examined.To study the mechanism of
mitophagy, mitochondrial Beclin-1 and p62
expression were also determined.

Results: We demonstrated that autophagy
was mainly detected in mitochondria in the
peri-focal area of ischemic cortex after
ischemia/reperfusion. Mitophagy was
increased at 6h (p< 0.05), peaked at 24h (p<
0.05), gradually reduced at 48h (p< 0.05), and
returned to normal at 72h of transient MCAO.
Pre-treatment  with rapamycin greatly
enhanced mitophagy, reduced infarct volume,
and improved neurological
outcomescompared to the control (p< 0.05).
We found that the number of mitochondria and
MtDNA copy, mitochondria ATPsynthesis
level, andJC-1were increased(p< 0.05), and

MDA was reduced in rapamycin treated
rats(p< 0.05). We further demonstrated that
rapamycin pre-treatment enhanced
mitochondrial Beclin-1land p62 in
mitochondria.

Conclusion: We demonstrated ischemia
could induce mitophagy in brain cells.

Rapamycin attenuated ischemic brain injury,
which was via stimulating mitophagy that
canreduce oxidative stress and
improvemitochondria function. The mechanism
of rapamycin promoting mitophagy was
through increasing Beclin-1 and p62
expression.



TEMPORAL PROFILE OF THE
MITOCHONDRIAL PROTEOME IN THE
ISCHEMIC PENUMBRA
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Objectives: Mitochondria play a prominent
role in neuronal cell death after stroke. In the
past several key players of the BLC-2 family
such as Bid, Bax and Bak have been identified
to associate with mitochondria in order to
initiate mitochondrial cell death signalling and
the release of pro-apoptotic executers like AIF
and cytochrome C. Recently, mitochondrial
dynamics have been associated with neuronal
cell death. Bid and Bax were found to interact
with Drpl, the regulator of mitochondrial
fission*? and inhibition of mitochondrial fission
was neuroprotective  following cerebral
ischemia in vivo’. However the exact
mechanisms how mitochondrial cell death
signalling and mitochondrial dynamics interact
in vivo to execute cell death are not clear.

Methods: A novel mouse specific immuno-
magnetic bead isolation method was used to
isolate  mitochondria from the cortical
penumbra of mice subjected to 60 min middle
cerebral artery occlusion (MCAo0). In order to
identify proteins associated with mitochondria
at different time points after stroke,
mitochondria of ischemic and sham operated
mice were isolated 1, 6, 12, and 24 h after
MCAo. Proteomic profiles of these highly
purified  penumbral  mitochondria  were
generated using a comparative iTRAQ-based
LC-MS approach in order to obtain relative

guantification of  mitochondrial  proteins
between sham and MCAo animals.
Immunohistochemical staining on paraffin

sections was applied to confirm the proteomic
results.

Results: The proteomic screen identified up to
600 proteins per mitochondrial fraction.
Interestingly the most significant increase in
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protein levels over time was observed in
proteins of the cytoskeletal mitochondrial
transport machinery. Immunohistochemical
staining revealed that this association of
cytoskeletal proteins with mitochondria reflects
the retraction of these organelles along the
microtubules towards the nucleus during the
time course of neuronal cell death after
ischemia. This involvement of retrograde
mitochondrial transport in ischemic neuronal
cell death has so far only been demonstrated
in vitro®.

Conclusions: These findings suggest that

retrograde mitochondrial transport is an
important component of neuronal
mitochondrial cell death signalling in the

ischemic brain in vivo and may represent a
novel target for neuroprotective strategies.
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Objectives: The enzyme family of NADPH
oxidases has as sole function to produce
reactive oxygen species (ROS). As oxidative
stress is well known to be implicated in many
neurodegenerative diseases, such as in
stroke, we showed in our previous publication
(Kleinschnitz et al.) that genetic deletion of the
NADPH isoform NOX4 provided tremendous
neuroprotection after ischemic stroke, as well
as a pan-NOX inhibitor that was applied post
stoke. As various cells express NOX4, we are
now looking for the cell type that is responsible
for detrimental ROS production by NOX4. In
this study, we also investigate the role of other
vascular NOX isoforms, namely NOX2 and
NOX5. It has been generally agreed that the
NOX1 subtype does not play a role in stroke
disease.

Methods: To validate the NOX family as a
target, two different cell-specific NOX4 knock-
out mouse strains have been created, by
deleting the NOX4 gene in endothelial (eNOX4
KO) or smooth muscle cells (sNOX4 KO). The
global NOX2 KO is commercially available. As
NOXS5 is not expressed in mice, an endothelial
NOX5 knock-in model (eNOX5 Kl) has been
created. Stroke surgery (middle cerebral artery
occlusion) is performed on those animals and
several parameters, such as infarct volume,
neurological function or blood-brain-barrier
disruption, are measured.

Results: Young male eNOX4 KO animals
were protected from ischemic stoke injury with
regard to infarct size, neurological scores,
edema and survival. Also apoptosis, oxidative
and nitrative stress was reduced 24h after
stroke in those animals. This phenotype was
neither observed in female or older mice, nor
in a permanent stroke model. Preliminary
experiments in SNOX4 KOs show that SNOX4
does not seem to play a role in cerebral
ischemia-reperfusion. With regard to NOX2, all
KO animals (male, female, young and adult)
were slightly protected from stroke. In our
NOX5 KI animals, a worse neurological
outcome was only observed in the female
cohort.

Conclusion: The neuroprotection previously
observed in our global NOX4 KO mice was
clearly confirmed in young eNOX4 KO mice,
although to smaller extent (50% versus 75%
reduction in infarct size). Endothelial NOX4
thus seems to be the major vascular player
(compared to sNOX4). However, the higher
neuroprotection that was achieved in global
NOX4 KOs points also towards a contribution
from the neuronal NOX4. NOX2 also seems to

87

mediate neurological damage after stroke,
however, only to a minor degree (infarcts
reduced by 17%). Regarding the role of NOX5,
female eNOX5 Kl mice had larger infarcts,
what could either be explained by a gender
effect or also by a dose effect, as females
were homozygous for NOX5 whereas males
were hemizygous. To summarize the major
outcomes of this study it can be said that
several NOX isoforms are implicated in stroke
pathology, however to different extents.
Finally, NOX4 still seems to be the most
promising target for neuroprotective stroke
therapy.

Reference: Kleinschnitz et al, PLoS Biol. 2010
Sep 21;8(9). pii: €1000479.

INTRAVENTRICULAR ERYTHROCYTE
LYSIS AND HYDROCEPHALUS
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Objectives: Intraventricular hemorrhage (IVH)
occurs in up to 50% of patients with primary
intracerebral hemorrhage and 45% of patients
with aneurysmal subarachnoid hemorrhage.
Recent studies have found IVH is a predictor
of poor outcome after intracerebral
hemorrhage (1). Hydrocephalus develops in
55% patients with IVH. Our recent study
showed that iron has a role in hydrocephalus
development following IVH (2). This study
investigated the role of erythrocyte lysis in
hydrocephalus. The effect of deferoxamine
(DFX), an iron chelator, on erythrocyte lysis-
induced hydrocephalus and brain injury was
also determined.

Methods: There were two parts in this study.
First, male Sprague-Dawley rats received an
injection of 30-pl of saline, packed or lysed
erythrocytes into the right lateral ventricle.
Rats were euthanized at 24 hours later after
magnetic resonance imaging (MRI) and the
brain were used for brain water content
measurement,  Western blotting, and
immunohistochemistry. Second, rats received
intraventricular injection of 30-ul of lysed
erythrocytes mixed with DFX (5 mg) or saline
and were euthanized 24 hours later for the

brain water content determination and
immunohistochemistry after MRI scans.
Results: Lysed erythrocytes resulted in



significant ventricular enlargement (67.9 %
10.0 mm®, n=15) compared with the saline
control (15.4 + 1.9 mm?, n=15, p< 0.01) and
packed erythrocytes (24.1 + 6.2 mm?® n=15,
p< 0.01) at 24 hours. Intraventricular injection
of lysed erythrocytes, but not packed RBCs
caused significant brain edema formation,
blood-brain barrier disruption and neuronal
death (p< 0.01). Lysed erythrocytes also
upregulated heme oxygenase-1, superoxide
dismutase and ferritin levels in the
periventricular area and in hippocampus. In
our proof of concept experiments, co-injection
of DFX with lysed erythrocytes resulted in
smaller ventricular enlargement (47.8 £+ 17.8
vs. 59.9 + 15.7 mm® with saline co-injection,
n=15, p< 0.05) and less neuronal death in the
hippocampus (p< 0.05). There was a tendency
for less brain edema in the DFX-treated group,
but the results did not reach significance.

Conclusions: Intraventricular erythrocyte lysis
causes hydrocephalus, blood-brain barrier
disruption, brain edema, and neuronal death.
The hydrocephalus induced by erythrocyte
lysate can be reduced by DFX. These results
suggest that erythrocyte lysis and iron are two
potential therapeutic targets for hydrocephalus
after IVH.
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ROLE OF IRON IN BRAIN LIPOCALIN 2
EXPRESSION AFTER INTRACEREBRAL
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Objectives: Brain iron overload has a
detrimental role in brain injury after
intracerebral hemorrhage (ICH) (1, 2).

Lipocalin 2 (LCN2), a siderophore-binding
protein, is involved in cellular iron transport.
The present study investigated the role of iron
in brain LCN2 expression after ICH.
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Methods: Male Sprague-Dawley rats had an
intracaudate injection of autologous blood
(200-ply or iron (30-ul, 1 mM FeCl,). Control
rats received needle insertion or saline
injection. Some ICH rats were treated with
either vehicle or deferoxamine (100 mg/kg at 2
hours and then every 12 hours). Brain LCN2
expression was determined by Western blot
analysis (and expressed as a ratio to B-actin)
and immunohistochemistry. Real time PCR
was also used to confirm brain LCN2
expression.

Results: LCN2 positive cells were found in the
ipsilateral but not the contralateral basal
ganglia after ICH. Western blotting showed
that LCN2 protein levels in the ipsilateral basal
ganglia were significantly increased at day 1,
remained high at days 3 and 7, and then
decreased markedly at day 14 after ICH.

Immunoreactivity of LCN2 was very weak in
sham brain but increased significantly after
ICH. LCN2 positive cells were astrocyte-like.
By Western blot, the LCN2/B-actin ratio the
ipsilateral basal ganglia was 71-fold higher
than in contralateral basal ganglia (2.70 + 0.46
vs. 0.04 = 0.01, p< 0.001) and 84-fold higher
than in sham animals (0.92 + 0.14 vs. 0.01 +
0.01, p< 0.001) at 3 days after ICH. Double-
labeling showed that LCN2 immunoreactivity
co-localized with glial fibrillary acid protein
immunoreactivity after ICH. LCN2
immunoreactivity rarely co-localized with
neuronal nuclear antigen in cortex.

Real time PCR was used to elucidate whether
the increase in LCN2 after ICH was related to
increased brain LCN2 mRNA expression.
Expression in the ipsilateral basal ganglia
increased 6.5-fold after ICH compared to
contralateral (p< 0.05).

The effects of iron on brain LCN2 levels were
also examined. LCN2 positive cells were found
in the ipsilateral basal ganglia after injection of
iron but not saline. Iron injection caused a 136-
fold increase of LCN2 protein levels at day 3
(ratio of LCN2/B-actin: 1.77 + 0.43 vs. 0.013 £
0.004 in saline controls, p< 0.01). ICH-induced
LCN2 expression was attenuated by the iron
chelator, deferoxamine. Thus, deferoxamine
reduced ICH-induced LCN2 upregulation at
day 7 (p< 0.01).

Conclusions: Our findings indicate a role of
iron in brain LCN2 upregulation after ICH. It
also suggests that LCN2 may play an



important role in the handling of iron released
from the hematoma during clot resolution.
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INHIBITION OF S100B/RAGE- RELATED
PATHWAY PREVENTS SUBARACHNOID
HEMORRHAGE (SAH)-ASSOCIATED
NEUROINFLAMMATION AND
NEUROLOGIC DYSFUNCTION IN RATS
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Objective: Multiple lines of evidence have
indicated a dramatic elevation of S100B in
both- CSF and serum samples from
subarachnoid hemorrhage (SAH) patients.
However, the pathological role of this
astrocyte-derived protein, if any, remains
unclear. In a previous study, we found that:

(1) protein expression of both S100B, and its
receptor, the receptor for advanced glycation
end products (RAGE), is elevated in SAH rats;

(2) activation of RAGE-related pathway

contributes to cerebral arteriolar dilating
dysfunction.
Since  RAGE activation is linked to the

occurrence and exacerbation of inflammatory
reactions, and neuroinflammation is a
contributor to cerebrovascular dysfunction, we
suspect that

(1) RAGE-S100B activation pathway is
involved in post-SAH neuroinflammation; and

(2) preventing RAGE activation, using either
S100B inhibitor (ONO-2506) or a RAGE decoy
protein [soluble RAGE (sRAGE)], attenuates
SAH-associated  neuroinflammation, and
recovers neurological function.
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Methods:
groups:

Rats were randomized into four

(1) sham surgical controls,

(2) vehicle-treated SAH controls,

(3) ONO-2506-treated SAH rats, and

(4) sSRAGE-treated SAH rats.

SRAGE solution were delivered
intracerebroventicularly at 30 min following

SAH via an osmotic pump. The SAH model
involved suture perforation of the anterior

cerebral artery. Neuroinflammation was
qguantified via recording adhesion and
infiltration of Rhodamine-6G-labeled

leukocytes through a closed cranial window.
The window was implanted 24h post-SAH,
followed by initiation of Rhodamine-6G iv
infusion. Measurements of pial venular
leukocyte adhesion (PVLA) were started right
after the onset of Rhodamine-6G infusion. This
was followed by a 2h period of leukocyte
extravasation analysis. PVLA was expressed
as the % of the pial venular area occupied by
adherent Rhodamine-6G-labeled leukocytes
within the venular margins. Neurobehavioral
function, which included spontaneous activity,
muscle tone, and neurologic reflex, was
evaluated at 48 h post-SAH in all groups.

Results: Compared to the sham surgical
group, a substantial increased PVLA was
observed in vehicle-treated animals (10.8+2.2
% vs 2.7£0.1 % in sham), with a profound
leukocyte extravascular infiltration revealed
during the 2h extended observation period
(infiltration index was 4.8+2.8%). No sign of
infiltration was found in the sham surgical
group. Both ONO-2506 and sRAGE
treatments  significantly decreased SAH-
associated PVLA (5.5+0.2% with ONO-2506-
treatment, and 5.5+0.3% with SRAGE-
treatment), with complete elimination of
leukocyte extravasation. Additionally, SAH
was associated with a marked neurological
deficit (11.6+0.9, compared to 20.5+0.5 in
sham group), which was significantly restored
by either ONO-2506 or sSRAGE treatments
(16.7+1.3 and 18.7 +1.4 for ONO2506- and
SRAGE-treated group, respectively).

Conclusion: Activation of the S100B/RAGE
signaling pathway plays an important role in
mediating neuroinflammation that contributes
to neurological deficit following SAH. Blockade



of the S100B-RAGE interaction represents a
promising clinical strategy for SAH treatment.

2 hr after initial

initial

sham

vehicle

SsRAGE

Fig. 1. Representative images captured at 24 h post-SAH
(initial, left column) showing the effect of inhibition of
S100B (via ONO-2506) or RAGE (via SRAGE) on SAH-
associated pial venular leukocyte adhesion. The
observation period was extended for an additional 2 hours
(2hr after initial, right column) to evaluate the severity of
SAH-induced leukocyte extravasation.

[Leukocyte adhesion]

EFFECTS OF CILOSTAZOL ON CEREBRAL
VASOSPASM AFTER ANEURYSMAL
SUBARACHNOID HEMORRHAGE: A
MULTICENTER PROSPECTIVE,
RANDOMIZED, OPEN-LABEL BLINDED
END POINT TRIAL

H. Kinouchi, N. Senbokuya, Y. Nishiyama, K.
Kanemaru, T. Yagi, H. Yoshioka, K.
Hashimoto, T. Horikoshi

Department of Neurosurgery, University of
Yamanashi, Chuo, Japan

Objectives: Cerebral vasospasm following
aneurysmal subarachnoid hemorrhage (SAH)
is a major cause of subsequent morbidity and
mortality. Cilostazol, a selective inhibitor of
phosphodiesterase 3, may attenuate cerebral
vasospasm because of its antiplatelet and
vasodilatory  effects™ A multicenter
prospective randomized trial was conducted to
investigate the effect of cilostazol on cerebral
vasospasm.

Material and methods: Patients admitted with
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SAH caused by a ruptured anterior circulation
aneurysm who were in Hunt and Kosnik
Grades | to IV and were treated by clipping
within 72 hours of SAH onset were enrolled at
7 neurosurgical sites in Japan. These patients
were assigned to one of 2 groups: the usual
therapy group (control group) or the add-on
100 mg cilostazol twice daily group (cilostazol
group). The group assignments were done by

a computer-generated randomization
sequence. The primary study end point was
the onset of symptomatic vasospasm.

Secondary end points were the onset of
angiographic vasospasm and new cerebral
infarctions related to cerebral vasospasm,
clinical outcome as assessed by the modified
Rankin scale, and length of hospitalization. All
end points were assessed for the intention-to-
treat population.

Results: Between November 2009 and
December 2010, 114 patients with SAH were
treated by clipping within 72 hours from the
onset of SAH and were screened. Five
patients were excluded because no consent
was given. Thus, 109 patients were randomly
assigned to the cilostazol group (n = 54) or the
control group (n = 55). Symptomatic
vasospasm occurred in 13% (n = 7) of the
cilostazol group and in 40% (n = 22) of the
control group (p = 0.0021, Fisher exact test).
The incidence of angiographic vasospasm was
significantly lower in the cilostazol group than
in the control group (50% vs 77%; p = 0.0055,
Fisher exact test). Multiple logistic analyses
demonstrated that nonuse of cilostazol is an
independent factor for symptomatic and
angiographic vasospasm. The incidence of
new cerebral infarctions was also significantly
lower in the cilostazol group than in the control
group (11% vs 29%; p = 0.0304, Fisher exact
test). Clinical outcomes at 1, 3, and 6 months
after SAH in the cilostazol group were better
than those in the control group, although a
significant difference was not shown. There
was also no significant difference in the length
of hospitalization between the groups. No
severe adverse event occurred during the
study period.

Conclusion: Oral administration of cilostazol
is effective in preventing cerebral vasospasm
with a low risk of severe adverse events.
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unique antithrombotic agent. Curr Pharm Des
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ASPIRIN ATTENUATES INFLAMMATION IN
THE WALL OF HUMAN CEREBRAL
ANEURYSMS: PRELIMINARY RESULTS

D. Hasan
University of lowa, lowa City, 1A, USA

Background: Inflammatory  cells and
molecules play a critical role in formation and
rupture of cerebral aneurysms. Recently, an
epidemiologic study reported that aspirin
decreases the risk of aneurysm rupture. The
goal of this study was to determine effects of
aspirin on inflammatory cells and molecules in
the wall of human cerebral aneurysms, using
radiographic and histological techniques.

Methods: Ten prospectively enrolled patients
harboring 11 unruptured intracranial
aneurysms were randomized into aspirin-
treated (81 mg daily) and untreated (control)
groups. Aneurysms were imaged at baseline
using ferumoxytol-enhanced MRI to estimate
uptake by macrophages. After three months,
all 10 patients were re-imaged before
undergoing microsurgical clipping. Aneurysm
tissues were collected for immunostaining with
monoclonal antibodies for cyclooxygenase-1
(COX-1), cyclooxygenase-2 (COX-2),
microsomal prostaglandin  E2 synthase-1
(mPGES-1) and macrophages.

Results: A decrease in signal intensity on
ferumoxytol-enhanced MRI was observed after
three months of aspirin treatment. Expression
of COX-2 (but not COX-1), mPGES-1, and
macrophages was lower in the aspirin group
than the control group.

Conclusion: These preliminary results
provide radiographic and histological evidence
that aspirin attenuates the inflammatory
process in the wall of human cerebral
aneurysms.
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DETOXIFICATION OF HEMOGLOBIN IS
NEUROPROTECTIVE AFTER
INTRACEREBRAL HEMORRHAGE; PRE-
CLINICAL STUDIES

X. Zhao, G.-H. Sun, S. Song, J. Zhang, R.
Strong, J.C. Grotta, J. Aronowski

Neurology, University of Texas, Medical
School at Houston, Houston, TX, USA

After intracerebral hemorrhage (ICH), a large
amount of hemoglobin (Hb) is released into
brain parenchyma due to intra-hematoma
hemolysis, causing oxidative stress, delayed
brain edema and secondary brain injury. Thus,
it is critical to effectively detoxify the
extracellular Hb around hematoma in order for
reducing the hemolytic products-mediated
cytotoxicity within the affected brain. We had
reported that  haptoglobin (Hp), an
endogenous  Hb-binding  protein, could
neutralize Hb and play cytoprotective role after
ICH. Hp is normally produced in liver and
secreted into bloodstream, and plays
hemocytoprotective function by neutralizing
the Hb resulting from the erythrocyte lysis.
After ICH, we find that Hp can be synthesized
in brain by oligodendrocytes, and that this
synthesis can be further upregulated by
sulforaphane (SF), an activator of the nuclear
factor-erythroid 2 p45-related factor 2 (Nrf2).
Our study indicated that the brain Hp produced
by oligodendrocytes is biologically functional
and it can effectively neutralize Hb and protect
neurons and oligodendrocytes from hemolytic
products mediated cytotoxicity. Although Hp
could temporarily neutralize Hb by forming Hb-
Hp complex, the final removal of Hb-Hp
complexes from extracellular space is
mediated by macrophages via the Hb
scavenger receptor, CD163. CD163 is present
on perivascular macrophages in brain, where
its expression is regulated by numerous pro-
and anti-inflammatory cytokines. Here, we find
that CD163"-macrophages are robustly
increased in brain around hematoma after ICH
and that treatment with an anti-inflammatory
glucocorticoid, dexamethasone (DEX), can
further increase CD163 expression.
Interestingly, co-treatment of animals after ICH
with SF (to upregulate Hp) and DEX (to
stimulate the expression of CD163) was more
robust in reduced brain edema, neuronal
damage, and the neurological deficits than SF
or DEX alone. We suggest that the effective
Hb-detoxification after ICH is instrumental to
prevent secondary brain injury after ICH. We



also propose that the approach based on SF
and DEX combination has potential
therapeutic relevance as management for
ICH-mediated injury.

MULTIMODAL IMAGING OF MICROGLIAL
ACTIVATION AND MATRIX-
METALLOPROTEINASES AFTER
EXPERIMENTAL STROKE

B. Zinnhardtl, T. Viell, A. Vrachimisl’z, A.
Faust'?, L. Wachsmuth®, S. Hermann®, K.
Kopkaz, C. Faber®, F. Dollé*, B. Tavititan*, M.
Schafers'?, M.T. Kuhlmann®, A.H. Jacobs*?**®

lEuropean Institute for Molecular Imaging
(EIMI), 2Department of Nuclear Medicine and
Interdisciplinary Centre for Clinical Research
gIZKF) of the University Medical Center,
Department Clinical Radiology of the
University Medical Center, Westfalische
Wilhelms-Universitat (WWU), Mlnster,
Germany, “CEA, Service Hospitalier Frédéric
Joliot, Orsay, France, *Department of
Geriatrics, Johanniter Hospital, Bonn,
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Introduction: Ischemic stroke is the most
common neurological disorder and the second
leading cause of death worldwide. In the
cascade of molecular changes following acute
cerebral ischemia, activation of the immune
response and tissue factors are known to be
key factors in promoting, on the one hand, the
extent of tissue damage and, on the other
hand, in serving tissue repair functions.
Imaging approaches aiming at increasing the
understanding of the temporal and spatial
dynamics of the immune system and tissue
factors shall improve our understanding of
deciphering “bad” and “good” activation states.

Aim: To establish two new radiotracers for
MPET imaging of microglial activation and
matrix-metallo  proteinases (MMPs) after
cerebral ischemia in a mouse model of
transient middle cerebral artery occlusion
(MCAO0) to reveal possible spatial interactions
of these two histopathological hallmarks after
ischemic stroke.

Methods: 53 mice were subjected to transient
(30 min) MCAo. Success of surgery was
verified intraoperatively via Laser Doppler and
by 99mTc-hexamethylpropyleneamine oxime
(HMPAQO) PSPECT imaging one day post
operation. Two weeks after surgery, surviving
mice (n=10) were subjected to PPET imaging
using the tracers [18F]DPA-714 and [18F]BR-
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351 for molecular imaging of microglial
activation and MMP activation respectively.
[**F]DPA-714 PPET images were acquired 45-
75 min post i.v. injection of 10 MBq [18F]DPA-
714. [®F]BR-351 PPET images were acquired
95-110 min post iv. injection of 10 MBq
[*®F]BR-351. Lesion-to-background ratios (L/B)
were calculated between the ischemic and the
contralateral control hemisphere. T2-weighted
MMRI was conducted for identification of stroke
location and size and co-registration to WPET
and PSPECT images. Immunohistochemistry
is being performed in coronal sections
employing antibodies for microglia (Iba-1) and
MMP (anti-MMP-2/MMP-9).

Results: N=7 mice showed an infarction on
T2-weighted pMRI in the right MCA territory.
All mice reveal pronounced [18F]DPA-714
tracer accumulation in and around the infarct
region compared to the contralateral reference
region (3,23+ 2,22). Also, [“F]BR-351
accumulation was observed in and around the
infarct region (1,47+ 0,97). In 6/7 mice
[®F]BR-351 tracer signal accumulation
occurred patrtially in areas with increased DPA
accumulation. The in vivo findings are
currently quantified and being validated using
immunohistochemical analysis for microglial-
and MMP activation.

Conclusion: Radiotracer accumulation in and
around the infarct zone indicates microglial
and MMP activation in the infarcted region 2
weeks after transient MCAo.
Immunohistochemical verification is ongoing.
[**F]DPA-714 and [*®*F]BR-351 may serve as a
potential marker combination to study
neuroinflammatory reactions and tissue
remodelling of the CNS in vivo.

The research leading to these results has
received funding in part by a fellowship of the
NRW Research School Cell Dynamics and
Disease to B. Zinnhardt and the EU 7th
Framework  Programme (FP7/2007-2013)
under grant agreement n° 278850 (INMiND).

IN VITRO AND IN VIVO EVIDENCE THAT
MESENCHYMAL STEM CELLS DRIVE
PROTECTIVE M2 MICROGLIA
POLARIZATION

E.R. zanier’, L. Riganti®, F. Pischiutta’, E.
Turola®, S. Fumagallil, C. Peregol, G.
D'amico®, D. Lecca’, E. Biagis, M.P.
Abbracchio®, C. Verderio®, M.G. De Simoni*
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Objectives: We have previously shown that
microglia activation is associated with a
protective phenotype after acute brain injury
and that infused stem cells induce a microglial
switch toward a nonphagocytic phenotype (1).
Here we investigate if human mesenchymal
stem cells (hMSC) can drive M2 microglial
polarization.

Methods: Primary murine microglial cultures
were exposed for 72h to:

1) TNF/INFy for M1 classical activation;
2) hMSC;

3) TNF/INFy followed 2h later by hMSC
coculture.

Unexposed cultures served as controls. Co-
cultures were then analyzed for marker
expression of M1 (iNOS and COX2) and of M2
(CD206 and Ym1) by real time RT-PCR and
immunohistochemistry. C57Bl/6 mice were
subjected to sham or traumatic (TBI) brain
injury. PBS or MSC (150,000/5ul) were infused
intracerebroventricularly 24h later. Mice were
sacrificed 72h or 7 days post-injury for real
time RT-PCR or immunohistochemistry
respectively.

Results: experiments on primary murine
microglial cultures showed that

1) M1 classical activation induced an up-
regulation of the pro-inflammatory genes iNOS
compared to controls,

2) exposure to MSC decreased Cox2 and
increased CD206 and Ym1 mRNA and protein
expression compared to controls and to M1
classical activated cells, thus polarizing
microglia towards M2 phenotype

3) MSC exposure after M1 classical stimulus
was able to partially revert the M1 polarization
as shown by the decrease of iINOS, Cox2 and
increase of Ym1l and CD206 compared to
controls and to M1 classical activated cells.

In vivo experiments showed that TBI induced a
comparable increase in CD11b expression (a
marker of microglia activation) in MSC treated
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(345%) and untreated (342%) mice. Notably
MSC infusion in TBI mice induced a significant
up-regulation of the microglia M2 markers
Ym1 (200%) and Arginasel (182%) compared
to TBI-PBS mice, thus showing a protective
microglial phenotypic switch. Furthermore
guantification of coexpression changes of
microglia after MSC transplantation by
confocal microscopy, revealed a selective
decrease of Ym1-CD68 double positive cells
compared to TBI-PBS mice.

Conclusions: This study shows that, both in
vitro and in vivo, MSC activate a M2 microglial
phenotype. Furthermore in vivo data indicate a
reduction in content of lysosomes in M2
polarized microglia in TBI MSC mice
compared to controls suggesting an increase
of the M2a subpopulation that is involved in
growth stimulation and tissue repair (2).

References:
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THE LINK BETWEEN STRESS RESPONSE,
IMMUNOMODULATION AND INFECTIONS
IN MICE AND MEN WITH
CEREBROVASCULAR DISEASES

A. Liesz', E. Mracsko®, J. Purrucker*, P.P.
Nawroth?, H. Riiger’, M. Mohlenbruch®, W.
Hacke', R. Veltkamp®

'Department of Neurology, “Department of
Endocrinology, 3Department of
Neuroradiology, University Heidelberg,
Heidelberg, Germany

Objectives: Infectious complications are the
leading cause of mortality in the subacute
phase after acute brain injury. Current
concepts assume a stress-mediated immune
suppression as the underlying cause of
increased susceptibility to infections. However,
this assumption was proposed only for
ischemic  stroke and the  molecular
mechanisms are unsufficiently investigated.
We therefore performed a prospective study
analyzing 184 patients with cerebrovascular
diseases and additionally investigated the
interaction between the sympathetic nervous
system (SNS), the hypothalamic-pituitary-
adrenal (HPA) axis and their impact on



leukocyte subpopulations in
stroke.

experimental

Methods: Blood samples of patients with TIA,
stroke, ICH and controls were quantified for
catecholamines and metabolites, ACTH,
cortisol, differential blood cell counts, serum
cytokines and infection markers at day 1, 2, 3,
and 7 and at follow-up at 2-3 month. Clinical
parameters and microbiological results were
analyzed. Multivariate regression analyses
were performed for determination  of
independent predictors of immune dysfunction
or infections. Experimental brain ischemia was

induced in mouse models of transient
ischemia-reperfusion  with  varying MCA
occlusion times. Stress and immune

biomarkers were measured corresponding to
the clinical study protocol at various time
points after stroke. Adrenoreceptor (AR) and
glucocorticoid-receptor (GCR)  expression
were investigated on different leukocyte
subpopulations. Specific AR (a, B, B1, f2) and
GCR-blockage as well as treatment paradigms
(catecholamine and dexamethasone) were
used to detect their impact on lymphocyte
number and function.

Results: Increase of stress mediators
(catecholamines, cortisol) was detected in
blood and urine only of patients with large
ischemic and hemorrhagic strokes but not
after TIA and small lesions. A marked
lymphocytopenia occurred after large strokes
and after small and large ICH already within
24h and remained until 7d. Furthermore,
immunemodulation in these patients was
revealed by manifold increased production of
key cytokines. The same patient groups had
significantly increased clinical and laboratory
infection markers and positive bacterial
cultures. Intriguingly, despite the apparent
association of stress mediator increase with
immune dysfunction and infections,
multivariate regression analysis in this large
study population detected only clinical severity
(NIHSS) and age as independent variables of
lymphocytopenia. On the other side,
lymphoctopenia and admission to ICU were
the only early independent variables and had
high predictive values for infections within the
first week after brain lesion. Correspondingly,
in experimental stroke models only large
lesions induced immune-dysfunction. Also in
experimental stroke, catecholamines did not
affect lymphocyte numbers but their ability to
produce IFN-y - this effect was specifically
mediated via B2-AR on lymphocytes. In
contrast, treatment with a GCR-antagonist
prevented lymphocytopenia by reduced
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splenic apoptosis in large experimental stroke
but also increased catecholamine secretion
and altered leukocyte-sensitivity to
catecholamines.

Conclusions:  This translational  study
demonstrates the importance of immune-
dysfunction after acute severe cerebrovascular
events in patients and experimental models
and sets lymphocytes at the center of this

complex phenomenon. We showed
lymphocytopenia within 24h of onset to be a
valuable predictive marker of subacute

infections. Analyzing SNS and HPA axis
interaction with lymphocytes in experimental
stroke was able to detect the specific
receptors and pathways involved.

INCIDENCE OF PLUGGED CAPILLARIES IN
MOUSE MODELS OF AD CAN BE
REDUCED BY ANTIBODIES TO
LEUKOCYTE MARKERS

N. Nishimura', C.J. Kersbergen®, I. Ivasyk®,
J.C. Cruz-Hernandez", J. Zhou', J.D. Beverly",
G. Otte', P. Karlsson', E. Slack®, T.P.
Santisakultarm®, C. ladecola?, C.B. Schaffer*

'Biomedical Engineering, Cornell University,
Ithaca, 2Neurology and Neuroscience, Weill
Medical College of Cornell University, New
York, NY, USA

Objectives: Alzheimer's disease (AD) is
characterized by the aggregation of amyloid-
beta which eventually accumulates into dense
plaques scattered throughout the brain.
Clinical research and experimental work
suggest that cerebral blood flow is impaired in
AD. In addition, chronically increased
inflammation is observed in both AD patients
and animal models of AD. We hypothesize
that inflammation could contribute to the
reductions in blood flow in AD by leukocyte
plugging of capillaries.

Methods: We used in vivo two-photon excited
fluorescence microscopy to examine cortical
blood flow in mouse models of AD (B6.Cg-
Tg(APPswe,PSEN1dE9)85Dbo/J)  implanted
with cranial windows. We label the blood
vessels by intravenous injection of Texas red-
conjugated dextran. To determine whether
individual brain microvessels are stalled or
flowing, we monitor the movement of non-
fluorescent blood cells within the dye-labeled
blood plasma. Additionally, methoxy-X04 is
used to fluorescently label the amyloid
plagues. Intravenous rhodamine-6G enables



the discrimination of red blood cells and
leukocytes. Heart rate and saturation of
peripheral oxygen were monitored during
imaging using a pulse oximeter.

Results: In previous work, we found that in
wild type littermates of the Alzheimer mice, the
fraction of capillaries stalled in the cortex to be
0.3%, while in same-aged transgenic mice this
fraction rises to 1.6%. We found that
approximately two-thirds of the stalled vessels
were plugged by leukocytes. The majority of
plugged capillaries in both AD and wild type
animals reperfuse with a ~2 minute half-life,
but about 20% of the stalls in AD mice remain
for an hour or more. We also find that some
capillaries are plugged repeatedly (Fig. 1),
indicating that these vessels may mark a
‘hotspot” of inflammation and leukocyte
adhesion. In order to test the hypothesis that
leukocytes drive the plugging of these vessels,
we treated AD mice with intravenous injections
of monoclonal antibodies against LFA-1 (4
mg/kg, clone M17/4). One to two days after
injection, the mice were imaged and we found
that the number of stalls was reduced by an
average of 53% (standard deviation 43%, 4
mice) compared to before the injection. In
animals injected with saline, the number of
stalls was increased by 38% (2 mice)
compared to before the injection.

Conclusions: These data suggest that
modulating inflammation in  Alzheimer's
disease could decrease chronic leukocyte

adhesion and capillary plugging. Because the
progression of AD has been linked to vascular
pathology and hypoperfusion, addressing
blood flow in AD could provide an interesting
target for manipulating the disease.
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IDENTIFICATION OF INFLAMMATORY
MARKERS TO DISTINGUISH LARGE -
FROM SMALL VESSEL DISEASE IN
PATIENTS WITH ACUTE ISCHEMIC
STROKE
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Shanghai, China

Objectives: The early identification of non-
cardioembolic stroke subtype is important for
personalized treatment. In this study, we aim
to determine plasma biomarkers for
distinguishing cerebral large- from small
vessel disease after stroke.

Methods: 99 patients with non-cardioembolic
stroke were divided into large artery athero-
sclerosis (LAA) and small-artery occlusion
(SAO) according to TOAST classification. A
panel of plasma inflammatory markers
including  leukocyte, lymphocyte, CRP,
fibrinogen, D-dimer, CD40L, IFN-y, IL-1a, IL-
1B, IL-6, IL-8, IL-17 and TNF-a were
measured within 72 hours following cerebral
ischemia. The relation of biomarkers with
stroke subtype was further studied. All
statistical data analysis was performed by
SPSS 17.0 software.

Results: We found that only CRP were closely
associated with stroke subtype (p< 0.05).
Compared to SAO subgroup, the plasma
levels of CRP was higher in LAA subgroup.
The predictive efficiency of CRP more than 3.2
for LAA was 85.7% sensitivity. The influencing
factor of CRP includes IL-6, lymphocyte,
fibrinogen and D-dimer.

Conclusion: CRP can be served as a
potential biomarker for the diagnosis of non-
cardioembolic stroke subtype.



POST-ISCHEMIC ADMINISTRATION OF A
POTENT PTEN INHIBITOR REDUCES
SPONTANEOUS LUNG INFECTION
FOLLOWING EXPERIMENTAL STROKE
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Post-stroke bacterial pneumonia is the most
common complication following stroke, which
not only increases mortalities but also
exacerbates brain infarction (Harms et al,
2008; Meisel et al., 2004) .This study
investigated the effects of bpv, a potent PTEN
inhibitor, on stroke-induced lung bacterial
infection. Adult male mice were subjected to 1
hour middle cerebral artery occlusion (MCAO).
Bpv was administered daily, starting at 24
hours after MCAO. Compared to vehicle
treatment, post-ischemic administration of bpv
significantly reduced mortalities of MCAO mice
from 3 to 7 days after MCAO, a period during
which the major cause of mouse death
following MCAO is reported to be lung
bacterial infection (Prass et al, 2003).
Consistently, bpv remarkably reduced lung
bacterial loads and ameliorated lung tissue
damage at 4 days after MCAO. PTEN deletion
is reported to prevent mice from developing
pneumonia and increase animal survival in the
experimental pneumonia by acting on Akt
activation to improve macrophage
phagocytosis (Schabbauer et al., 2010). We
found that cerebral ischemia significantly
decreased local PTEN phosphorylation
(inactivation) and reduced Akt activation
(phosphorylation) in the lung at 4 days after
MCAO. Bpv treatment increased PTEN
phosphorylation (inactivation) and restored Akt
activation in the Ilung following MCAO.
Furthermore, bpv enhanced macrophage
phagocytosis of bacteria in vitro. Therefore,
our data indicate that post-ischemic
administration of bpv reduced mortalities

96

following experimental stroke via reducing lung
bacterial infection. Furthermore, our data
provided evidence, for the first time,
suggesting that stroke-activated PTEN and
subsequently impaired local Akt inactivation in
the lung contribute to post-stroke spontaneous
pneumonia. Restoration of lung Akt activation
and subsequent enhancement of macrophage
phagocytosis in part mediated bpv beneficial
effects on post-stroke lung bacterial infection.

Harms, H., Prass, K., Meisel, C., Klehmet, J.,
Rogge, W., Drenckhahn, C., Gohler, J.,
Bereswill, S., Gobel, U., Wernecke, K.D., Wolf,
T., Arnold, G., Halle, E., Volk, H.D., Dirnagl,
U., Meisel, A., 2008. Preventive antibacterial

therapy in acute ischemic stroke: a
randomized controlled trial. PLoS One. 3,
e2158.

Meisel, C., Prass, K., Braun, J., Victorov, I.,
Wolf, T., Megow, D., Halle, E., Volk, H.D.,
Dirnagl, U., Meisel, A., 2004. Preventive
antibacterial treatment improves the general
medical and neurological outcome in a mouse
model of stroke. Stroke. 35, 2-6.

Prass, K., Meisel, C., Hoflich, C., Braun, J.,
Halle, E., Wolf, T., Ruscher, K., Victorov, I.V.,
Priller, J., Dirnagl, U., Volk, H.D., Meisel, A.,
2003.  Stroke-induced  immunodeficiency
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I., Mesteri, I., Doninger, B., Binder, B.R.,
Knapp, S., 2010. Myeloid PTEN promotes
inflammation but impairs bactericidal activities
during murine pneumococcal pneumonia. J
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THYMOSIN BETA 4 PROMOTES BRAIN
AND SPINAL CORD REMODELING AND
IMPROVES FUNCTIONAL RECOVERY IN
RATS AFTER TRAUMATIC BRAIN INJURY
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System, Detroit, *Physics, Oakland University,
Rochester, Ml, USA

Objectives: Despite improvements in the
supportive and rehabilitative care of traumatic
brain injury (TBI) patients, TBI leads to



mortality and disability. There are no
pharmacological treatments for TBI. Our
previous studies demonstrate that thymosin
betad (TP4), a small multifunctional peptide,
significantly improves functional recovery in
animal models of stroke, experimental
autoimmune encephalomyelitis and TBI. In this
study, we investigated the mechanisms
underlying the Tp4 therapeutic effect after TBI
in rats.

Methods: TBI was induced by using the
controlled cortical impact (CCI) injury in adult
male Wistar rats. CCI rats received
intraperitoneal (ip) injection of either saline or
TBR4 (6 mg/kg, RegeneRx Biopharmaceuticals
Inc, Bethesda, MD) starting at 24 hours post
injury and then every third day for 2 weeks.
The modified Morris water maze test was
performed one month after TBI to evaluate
spatial learning function. The modified
neurological severity score (MNSS) test and
footfault test were performed to measure
sensorimotor function. Rats were sacrificed at
35 days after  TBI (n=6-10/group).
Immunostaining was performed for assay of
angiogenesis and neurogenesis. Another set
of rats was sacrificed at 2 days after TBI
(n=3/group) for Western blot assay of
angiopoietin 1(Angl), Akt, cAMP responsive
element-binding protein (CREB), p38 mitogen-
activated protein kinase (p38MAPK), and
extracellular signal regulated kinase (ERK)
expression. An additional set of rats was
injected with biotinylated dextran amine into
the contralateral intact cortex before injury for
anterograde labeling of the corticospinal track
(CST) (n=3/goup). These rats were sacrificed
at 35 days post injury. Their cervical and
lumbar spinal cords were processed for
measurement of midline-crossing axons.

Results: TR4 treatment initiated 24 hr post
injury did not alter cortical lesion volume, but
significantly improved spatial learning and
sensorimotor  functional  recovery, and
promoted angiogenesis and neurogenesis, as
well as increased expression of Angl, p-Akt,
p-CREB, p-p38MAPK and decreased p-ERK
in both the injured cortex and hippocampus
compared to saline treatment (p< 0.05). Tp4
administration significantly promoted axonal
sprouting from the intact side into the
denervated side in both of the cervical and
lumbar enlargements in CCI rats after TBI
compared to saline treatment (p< 0.05). The
number of axons crossing at the cervical
(R?=0.955, p< 0.001) and lumbar (R*=0.8487,
p< 0.001) spinal cord was highly and inversely
correlated to the incidence of forelimb and

97

hindlimb footfaults examined at day 35 after
TBI, respectively. The total number of axons
crossing at both the cervical and lumbar spinal
cord was highly and inversely correlated to the
MNSS score assessed at day 35 after TBI
(R2:0.862, p=0.007). s These data imply that
CST fibers originating from the contralesional
intact cerebral hemisphere are capable of
sprouting into the denervated spinal cord after
TBIl and TR4 treatment, which may at least
partially contribute to functional recovery.

Conclusions: These data suggest that the
therapeutic effects of TB4 may be mediated
through activation of Angl, p-Akt, p-CREB, p-
p38MAPK and inhibition of p-ERK signaling
pathways, which may subsequently induce
neurorestoration  including  angiogenesis,
neurogenesis, and axonal remodeling, thereby
leading to improvement in functional recovery
after TBI in rats.

CANNABINOID RECEPTOR DENSITY IS
INCREASED IN A NEWBORN PIGLET BUT
NOT AN ADULT RAT MODEL OF
TRAUMATIC BRAIN INJURY

C. Donat?, K. Gaber?, F. Fischer®, B. Walter®,
W. Deuther-Conrad®, R. Bauer*, J.
Meixensberger?, P. Brust*

'Department of Neuroradiopharmaceuticals,
Institute of Radiopharmacy, Helmholtz-
Zentrum Dresden-Rossendorf, Research Site
Leipzig, 2Department of Neurosurgery,
University of Leipzig, Leipzig, *Heinrich Braun
Hospital Zwickau, Zwickau, “Institute of
Molecular Cell Biology & Center for Sepsis
Control and Care (CSCC), Jena University
Hospital, Jena, Germany

Objectives: Traumatic brain injury (TBI) is a
leading cause of death and disability in the
paediatric age group and also among adults,
causing lifelong impairments and concomitant
socioeconomic  consequences. There is
evidence from animal experiments and patient
studies that cannabinoid signalling is involved
in TBI, either by modulating
neuroinflammation, as well as for
neuroprotective pathways. However, almost
no data exist on changes of cannabinoid
receptors (CBR) after TBI. The present study
was performed to investigate CBR in two
different animal models of TBI. The
identification of disease-related targets within
the cannabinoid system is a precondition for
potential molecular imaging of TBI patients
with  Positron-Emission-Tomography (PET),



e.g. for monitoring of a neuroprotective
pharmacotherapy.

Methods: Thirteen female newborn piglets
(post-TBI survival time: 6 h) underwent
moderate fluid percussion (FP) injury (n = 7) or
sham operation (n = 6) with an impact
pressure of 3.8 £ 0.3 atmospheres.
Furthermore, male Sprague-Dawley rats were
randomized into three groups (post-TBI
survival time: 6, 24, and 72 h), anaesthetized
and subjected to sham injury/craniotomy
(control, n = 3-5) or mild-to-moderate
controlled cortical impact injury (CCI) (n =5, 2
mm depth at 4 m/sec). From brains of both
species, cryostat sections were cut (rat 12 um,
pig 20 um) and density of CB1/2R ([*H]CP-
55,940) and CB1R ([’H]SR141716A) was
assessed with in vitro autoradiography. If
appropriate, CB1- and CB2-specific ligands
SR141716A and SR144528, respectively,
were applied for receptor blockade.

Results: In the newborn piglet model, we
found a statistically significant overall increase
of [PH]CP-55,940 binding in the brains of
injured animals (15 of 24 investigated brain
regions, including cerebral cortex,
hippocampus, thalamus hypothalamus and
midbrain; max: +140%, mean: +47%). No
significant  increases in [3H]SR141716A
binding were observed. In contrast, adult rats
exhibited no statistically significant changes in
CBR density, although some brain regions
showed increases/decreases up to 30% of
[®H]CP-55,940 binding.

Conclusions: In conclusion, the expression
density of CBR is significantly altered after
experimental TBI in newborn piglets. Because
CB1R show no significant alterations after
injury, it is very likely, that the increases are of
CB2R origin, probably due to activated
microglia. This data therefore suggests an
involvement of cannabinoid mechanisms in
paediatric TBI.

In a mild-to-moderate adult rat model, no
statistically significant changes in CBR density
are found, which can either be attributed to
species differences, e.g. brain morphology, or
differences in the severity of the employed
models.

The identification of the underlying
mechanisms, supported for instance by
molecular imaging with PET, could help to
detect clinically relevant neuroreceptor
changes after TBI and provide valuable
insights which may prove helpful in the
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development of cannabinoid-based

neuroprotectants.

CAVEOLIN EXPRESSIONS AND
FUNCTIONS AFTER JUVENILE
TRAUMATIC BRAIN INJURY

A.M. Fukuda®, D.O. Ajao", D. Sorensen?, J.
Badaut’

'Physiology Department, Pediatrics and
Physiology Departments, Loma Linda
University, Loma Linda, CA, USA

Introduction:  Caveolins are  structural
proteins involved in caveolae formation. A
subdomain within the caveolins called the
caveolin-scaffolding-domain (CSD) function as
a modulator of activities of several signaling
molecules. Recently, a synthetic peptide
mimicking the CSD has become available
(cav-AP), and was shown to reproduce well-
known CSD functions such as the inhibition of
the Endothelial Nitric Oxide Synthase (eNOS).
Three isoforms of caveolin (cav-1,2 and 3) are
known to be present in the mammalian brain
and are hypothesized to be involved in the
blood-brain barrier (BBB) and cerebral blood
flow (CBF) dysfunctions after brain injury.
Traumatic brain injury (TBI) is one of the major
causes of death and disability in children and
adolescents, and results in a complex cascade
of events including the disruption of the BBB
and CBF changes. Studies in Cav-1 knockout
mice suggested a beneficial role of this protein
on the recovery of the neurovascular unit
(NVU) after stroke.

Objective: We hypothesized that the increase
of cav-1 is beneficial by facilitating the
recovery of the NVU after juvenile-TBI (jTBI).
We explored the changes of the caveolin
expression and distribution after jTBI, which
may contribute to the pathological changes
within the NVU. We then tested whether
injection of Cav-AP would result in improved
BBB recovery and decreased edema
translating into improved behavior.

Methods: The model of jTBI was controlled-
cortical-impact on post-natal 17 day-old rats.
The changes in the level of Cav-1, 2, 3, the
BBB properties (IgG and claudin 5 staining),
and in the level of eNOS were evaluated at
1,3,7 and 60 days (d) post-injury. The role of
Cav-1 post-jTBI was evaluated using cav-AP
i.p. injection at 3h post-jTBI. Outcomes were
measured at 1 and 3d after jTBI using MRI (T2



to evaluate edema), behavior (rotarod), and
BBB phenotype changes.

Results: BBB was disrupted at 1 and 3d after
injury and went back to normal by 7d as
observed via increased IgG extravasation.
Cav-1 was increased in the endothelial cells
and reactive astrocytes within the perilesional-
cortex by 36% at 1d, 105% at 3d, 92% at 7d
and 88% at 60d compared to the shams (p<
0.05,n=5 each group). In contrast, cav-2
expression, only present in the endothelium,
was not modified over-time after injury. Cav-3
was increased in the border of the lesion in the
reactive astrocytes at 1 and 3d after injury.

Cav-AP treatment prevented BBB disruption
(decreased 1gG extravasation), decreased
edema (T2 values of cav-AP treated jTBI
67.22+ 4.59ms vs non-treated jTBI 89.97 +
4.59ms) and improved behavior functions as
observed via the rotarod test (time spent on
rotarod before falling off for Cav-AP was 30%
3s vs non-treated 19+ 2s, n=4).

Conclusions: The increase of Cav-1 in the
endothelium after jTBI may be contributing to
the recovery of the disrupted BBB after injury
through the CSD. This hypothesis was tested
via the injection of the peptide mimicking the
Cav-1 CSD (Cav-AP), which facilitated
functional recovery associated with decreased
BBB disruption and less edema. Thus, the
Cav-AP may be a potential clinical tool to treat
jTBI.

HISTONE DEACETYLASE INHIBITION
PREVENTS WHITE MATTER LESIONS BY
TITRATING MICROGLIA/MACROPHAGE
POLARIZATION FOLLOWING
EXPERIMENTAL TRAUMATIC BRAIN
INJURY

G. Wang*?, X. Hu*? Y. Guo*, X. Jiang*, H.
Pu', L. Mao'?, A.K.-F. Liou?, R.K. Leak?®, Y.
Gaol’z, J. Chen*?

'State Key Laboratory of Medical Neurobiology
and Institute of Brain Science, Fudan
University, Shanghai, China, 2Department of
Neurology, University of Pittsburgh School of
Medicine, *Division of Pharmaceutical
Sciences, Mylan School of Pharmacy,
Duquesne University, Pittsburgh, PA, USA

Objectives: Traumatic brain injury (TBI) is a
major cause of death and disability in young
adults. TBI results not only in grey matter
damage but also severe white matter injury
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(WMI). This WMI correlates with the long-term
deficits in motor and cognitive function in TBI
patients (Brain. 2011, 134:449-63). Thus, the
singular emphasis of most preclinical TBI
studies on the protection of gray matter may
explain the failure of experimental therapeutic
agents in patients (Trends Pharmacol Sci.
2010, 31:596-604). We recently reported the
potent neuroprotective effects of Scriptaid, a
novel inhibitor of class I/l histone deacetylase,
against TBI (Neurotherapeutics. 2012, [Epub
ahead of print]). However, the effects of
Scriptaid on long-term neurological functions
and WMI following TBI remain elusive.

Methods: TBI was induced in C57/BL6 mice
by a controlled cortical impact (CCl). Scriptaid
was administered at 3.5 mg/kg 6 hours after
injury. Motor deficits were determined using
the rotarod, hang wire, cylinder, and foot fault
tests. Animals were sacrificed up to 35 days
post-TBl. WMI was evaluated by myelin-
specific Luxol fast blue staining,
immunohistochemical staining for myelin basic
protein (MBP) and neurofilament SMI-32, and
Western immunoblotting for MBP. Electron
microscopy was used to detect myelinated and
unmyelinated fiber damage in the corpus
callosum. White matter inflammation after TBI
was characterized by the quantification of pro-
inflammatory cytokines. Reverse-transcriptase
polymerase chain reaction and
immunohistochemical staining for M1 and M2
markers were performed to characterize
microglia/macrophage phenotypic changes in
cerebral white matter. In vitro experiments
using a conditioned medium transfer system
were used to further elucidate the effect of
Scriptaid on microglia/macrophage
polarization and the effect of
microglia/macrophage phenotype on the fate
of injured oligodendrocytes.

Results: Scriptaid elicited robust white matter
protection at 35 days after TBI, as
demonstrated by reductions in abnormally
dephosphorylated neurofilament proteins SMI-
32, increases in MBP staining and luxol blue

positive myelin as well as preserved
myelination. Scriptaid also mitigated
inflammatory responses elicited by CCI.

Moreover, microglia/macrophages surrounding
the brain lesions were shifted from the M1
phenotype to M2 by Scriptaid. In vitro
experiments revealed that Scriptaid primes
microglial polarization towards the protective
M2 phenotype. As expected, M1 microglia-
conditioned media exacerbated oxygen
glucose deprivation (OGD)-induced
oligodendrocytes death. In contrast, M2



microglia-conditioned media
oligodendrocytes against OGD.

protected

Conclusions: Our results indicate that
Scriptaid improves long term neurological
outcomes after TBI through potent protection
of white matter. Furthermore, HDAC inhibitors
may attenuate WMI by shifting the balance
towards  beneficial  microglia/macrophage
responses.

METABOLIC CHANGES IN TRAUMATIZED
CULTURED HUMAN ASTROCYTES

S.M. Wolahan?, I.B. Wanner?, T.C. Glenn*

'Department of Neurosurgery, 2Semel Institute
for Neuroscience and Human Behavior, UCLA,
Los Angeles, CA, USA

Objectives: The objective of this study is to
determine astrocytic changes in metabolic
function acutely after trauma in a newly
developed human astrocyte mechanical injury
culture model. Cerebral metabolic changes
and dysfunction in response to traumatic brain
injury (TBI) have been attributed to a
neurometabolic cascade which plays a central
role in severity and complications following
TBI. We have evidence for injury-inflicted loss
of key glycolytic enzymes due to leaking from
transiently membrane porated cells that could
contribute this metabolic dysfunction. We
hypothesize that astrocytes initially respond to
trauma by increasing glycolytic rates but are
unable to sustain this response after enzymes
leak from cells with damaged membranes,
resulting in glycolytic depression.

Methods: Human primary cortical astrocytes
were purified, expanded, and matured in vitro
and grown on deformable membranes [1].
Defined pressure pulses abruptly deflect
deformable culture bottoms and stretch the
cells [2]. Transient mechanoporation was
monitored by passive uptake of propidium
iodine (PI) and dye-conjugated dextrans using
time-lapse imaging. Conditioned medium was
collected from injured and control cell cultures
at 5 and 48 hours post-stretching. Released
enzymes were identified using 2D gel
electrophoresis and mass spectrometry [3]
and confirmed by western blotting. Nuclear
magnetic resonance (NMR) spectroscopy was
used to measure metabolic concentrations in
the medium.

Results: Mechanical trauma resulted in a
transient loss in astrocyte membrane integrity
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shown by uptake of PI and various size
dextran rhodamine tracers by injured cells.
Compromised cells identified by PI uptake
coincide  with  astrocytes that show
morphological signs of cell injury, including
beading and fragmentation. Lactate
dehydrogenase along with several key
glycolytic enzymes, including glyeraldehyde 3-
phosphate dehydrogenase, aldolase C, alpha
enolase, and phosphoglycerate kinase were
released from traumatized astrocytes as
shown by a larger than 1.8 fold fluid increase
of the enzymes. Increased fluid enzyme levels
were associated with a depletion of these
enzymes from the injured cells, as
demonstrated by reduced aldolase C
immunofluorescence in Pl-positive, injured
astrocytes. We probed astrocyte metabolism
by monitoring the fluid metabolite profile 48 hrs
post-stretch in injured and control astrocytes
and observed a significant decrease in
pyruvate concentrations in mildly stretched
astrocyte medium (0.1+0.02 v 0.2+0.02,
p=0.03) resulting in a significantly higher
lactate-pyruvate ratio (LPR) after stretch
(59.245.5 v 46.8+5.0, p=0.04).

Conclusions: Our data show for the first time
traumatic injury-induced metabolic changes in
human astrocytes. Transient membrane
permeability is associated with cellular enzyme
release. Significantly decreased pyruvate
levels suggest depressed glycolysis in injured
compared to control cells. Low pyruvate
translates to a significantly elevated LPR. LPR
is used clinically to assess the metabolic state
of cerebral tissue as an elevated LPR predicts
tissue atrophy [4]. Future studies correlating
enzymatic release to metabolic activity using
stable isotope-labeled substrate metabolism
monitored with *C NMR spectroscopy are
planned.
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LONG-TERM EFFECTS OF MILD AND
MODERATE-SEVERE BRAIN INJURY ON
COGNITIVE FUNCTION AND LOCAL
FUNCTIONAL CONNECTIVITY DENSITY

A. Livn}/-Ezerl, M. Weiserl, T. Kushnirl, S.
Harnof™, D. Tomasiz, C. Hoffmannl, E.
Fruchter®, A. Biegon™®

'Sheba Medical Center, Ramat Gan, Israel,
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Introduction: Traumatic brain injury (TBI) is a
major cause of death and disability. Cognitive
deficits, especially memory deficits, are
extremely common in  TBI survivors.
Functional connectivity in the default mode
network may also be altered due to TBI and
contribute to cognitive deficits.

Aims: To assess the influence of injury
severity determined by initial Glasgow Coma
Scale (GCS) on cognitive deficits and patterns
of brain activation during resting state
condition in long-term TBI survivors compared
to age and sex matched healthy controls.

Methods: Forty-seven TBI survivors and 35
age matched healthy controls were
administered 3 cognitive tests: the similarities-
R, which assesses verbal abstraction,
arithmetic- R, which assesses mathematical
reasoning and Raven's progressive matrices-R
(RPM-R), which measures non-verbal abstract
reasoning. All subjects had performed
equivalent tests at age 17 as part of pre-
military screening and results were obtained
from the Israeli Defense Forces database. TBI
survivors were tested a year or more after
injury (Mean, SD=34.9, 16.6 months). Both pre
and post-morbid scores were standardized
based on population means and SD. A
difference in z-scores between post and pre
injury scores (post-pre injury) was calculated
for each individual. The TBI group was
stratified by initial Glasgow Coma Scale (GCS)
scores to mild (mTBI, GCS=13-15, N=18) and
moderate-severe (msTBI, GCS=3-12, N=29)
injury groups and their post-pre injury scores
were compared using a one way analysis of
covariance controlling for significant
differences in premorbid baseline scores. Post
hoc analyses were then conducted to evaluate
pairwise differences among adjusted means.
Ten mTBlI and 8 msTBI patients were
additionally scanned during a resting-state
condition of 5 min in which subjects were
instructed to relax and close their eyes. These
patients were compared to 40 healthy control
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subjects from the Cambridge research site of
the "1000 Functional Connectomes" Project
(http://lwww.nitrc.org/projects/fcon_1000/).
Brain activations were assessed with
functional magnetic resonance imaging (fMRI)
using a 3T MRI system (HDxt, GE). The
preprocessed image time series underwent
functional connectivity density mapping
(FCDM) to compute the strength of the local
FCD (Tomasi and Volkow 2010, 2011).

Results: Significant (p=0.001) declines in
RPM-R performance were observed in both
mTBI (Mean, SE= -0.54, 0.22) and msTBI
(Mean, SE= -0.80, 0.19) groups relative to
controls (Mean, SE= 0.12, 0.16). For
similarities-R the msTBI group had the
greatest decline (Mean, SE= -0.051 0.14),
significantly greater than controls (Mean, SE=
-.016, 0.13) and mTBI (Mean, SE=.027, 0.17).
No effect of TBI was found for the arithmetic-
R. In addition, msTBI patients exhibited higher
short range FCD in the cerebellum and lower
short range FCD in frontal and parietal areas
compared to healthy controls. mTBl was
associated with similar decreases in FCD in
cortical areas but no increase in cerebellum.

Conclusions: These results indicate that TBI
has long-term  effects on  cognitive
performance and the pattern of local FCD in
resting-state condition; and these effects are
modulated by injury severity.
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LAMINAR NEURAL ACTIVITY AND FLOW-
METABOLISM COUPLINGS IN CEREBRAL
CORTEX
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University, New Haven, CT, USA

Introduction:  Neuroanatomical variations
across cortical lamina are well characterized
[1,2,3,4]. However layer-specific variations of
neurophysiologic, hemodynamic, and
metabolic measurements are needed to



interpret high-resolution functional magnetic
resonance imaging (fMRI) data. We examined
the degree to which neurovascular and
neurometabolic couplings vary across three
transcortical segments (i.e., each ~600 pm
thick) along the vertical axis of the rat's
primary somatosensory cortex during forepaw

stimulation [5]. We measured dynamic
responses of blood oxygenation level-
dependent (BOLD; gradient-echo) signal,

blood volume (CBV; superparamagnetic iron
oxide) and blood flow (CBF; arterial spin
labeling and laser-Dopper flowmetry) as well
as high impedance extracellular recordings of
local field potential (LFP) and multi-unit activity
(MUA).

Methods: Animal preparations:
Anesthetized Sprague-Dawley rats were
tracheotomized and artificially ventilated. Initial
isoflurane anesthesia was switched to i.p. a-
chloralose (80mg initial dose, then 40
mg/kg/hr) after the surgery. Electrical forepaw
stimulations were applied (0.3ms, 3Hz, 2mA)
for 30s duration. Neurophysiological
measurements (n=32): Tiny burr holes above
the contralateral forepaw somatosensory
regions were drilled into rat sculls and high
impedance tungsten microelectrodes together
with micro laser-Doppler probes were inserted
gradually into the cortex (0.3 mm, 1 mm, and
1.5 mm depths). MUA and LFP were extracted
from the raw signal with band-pass (300-
3000Hz), and low pass (< 150 Hz) filters,
respectively. CBF data were calculated from
LDF signals. fMRI measurements (n=24): All
fMRI data (BOLD and CBV) were obtained on
a modified 11.7T Varian horizontal-bore
spectrometer using a 1H surface coil (3 = 1.4
cm). The images were acquired with gradient
echo EPI sequence (TR/TE = 1000/15) [4].
CMRg, calculations: CMRg, signals were
derived from the BOLD, CBV and CBF signals
using the calibrated fMRI equation (M=0.4) [6].

Results: Layer-specific BOLD, CBV, and CBF
responses were combined to calculate
changes in oxidative metabolism (CMRg,) by
calibrated fMRI at 11.7T. Both BOLD and CBV
responses decreased from superficial to deep
lamina (Figure 1). However BOLD and CBV
responses were not well correlated with layer-
specific neural measures; LFP responses
were uniform throughout the cortex, whereas
MUA responses were weakest superficially. In
contrast CBF responses were quite
consistently stable across lamina similar to
LFP responses. However CMRg, responses
varied across lamina but in a correlated
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manner with MUA responses, both being
significantly smaller in superficial lamina.

Upper Middle Lower

0 |

-l

o

1]

>

[11]

[&]

('

1]

[&]

o~

o

14

=

o

<

2

s

o

w

- |

[Figure 1.]

Discussion: Overall these results reveal
transcortical uncoupling of BOLD and CBV
responses with either neural measure,

whereas MUA and CMRg, responses seem to
be uncoupled from LFP and CBF responses in
superficial layers. Therefore fMRI proxies for
transcortical MUA-based and LFP-based
neural measures could potentially be achieved
with high-resolution CMRg, and CBF mapping,
respectively.
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HYPOGLYCEMIA ACTIVATION OF
CEREBRAL BLOOD FLOW IS MEDIATED
BY GLUT-2 GLUCOSE TRANSPORTER
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Introduction: Deletion of GLUT2 might
influent hormonal responses upon
hypoglycemia. We aimed to determine the
effect of deleting GLUT2™ on cerebral blood
flow at euglycemia and upon hypoglycemia at
9.4T.

Methods:

Animals: Male GLUT2” mice with transgenic
re-expression of GLUT1 in the pancreatic b

cells (RIPGLUT1GLUT2"), aged 16-20"
weeks, were maintained under 1-2%
isoflurane anesthesia. Breathing rate was

controlled (>100bpm) in order to maintain
PaCO, in the physiological range (35-
45mmHg). Glycemia was measured from tail
bleeds using glucometers (Bayer Breeze2),
immediately before and after MR
measurements, which lasted approximately 90
minutes in total. After an initial scan at basal
(random fed) glycemia, a five-minute bolus
and followed by a continuous rate at 0.1-
0.2u/ml  of insulin infusion was used
(25.2+5.9UIl/kg insulin in WT mice and
15.1+#1.6Ul/kg insulin in RIPGLUT1GLUT2"
mice ) to induce hypoglycemia in all mice.
Once near-steady state hypoglycemia was
established (glycemia < 2mM), animals were
scanned again.

MR measurements: All MR measurements
were performed in a horizontal 9.4T magnet
(26cm-diameter bore). CBF was measured
using a well-established continuous arterial
spin labeling (CASL) technique in combination
with a home-built actively-detuned system.
Four segmented semi-adiabatic EPI sequence
was adopted with a labeling module to
implement the CASL sequence (3 consecutive
2mm-thick slices, 23x15mm? 128x64 data
matrix). Cerebral blood flow (CBF) was
assessed at euglycemia (random feed) and
hypoglycemia.
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Data analysis: CBF maps were calculated
from 16 paired labeled and controlled images
with a labeling efficiency 0.8. Significant
difference was when p< 0.05.

Results and discussion: Random-fed
glycemia under anesthesia was 10.1+1.4mM
(meanzSDs, 8.6-12.4mM) in WT mice and
7.8£t2.9mM (meantSDs, 4.3-12.4mM) in
RIPGLUT1GLUT2-/- mice. At euglycemia,
CBF was globally higher in RIPGLUT1GLUT2
" mice and significantly so in hippocampus
(Figure 1, Table 1). During the insulin infusion,
glycemia dropped to 1.6+£0.2mM (meanzSDs,
1.2-2.3mM) in WT mice and 1.2+0.1mM (0.9-
1.6mM) in knockout mice. In WT mice
hypoglycemia elicited robust CBF changes (>
30% increase vs euglycemia). Strikingly, in
RIPGLUT1GLUT2" this response was
suppressed in all measured brain regions
(Figure 2). In conclusion, the GLUT-2 glucose
transporter plays a key role in the CBF
response to hypoglycemia. This to our
knowledge is the first report of a role for a
glucose transporter in hypoglycemia-induced
CBF increase.

a) CBF maps of one W1 mouse at euglycemia (left) and hypoglycemia (right)
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[Figure 1 Typical calculated CBF maps]
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MODULATION OF CORTICAL PERFUSION
AND SENSORY-EVOKED HEMODYNAMIC
RESPONSES BY SELECTIVE
OPTOGENETIC STIMULATION OF LOCUS
COERULEUS NORADRENERGIC
NEURONS

X. Toussay', M. Wyss?, B. Weber?, A.
Adamantidis®, E. Hamel*

"Montreal Neurological Institute, McGill
University, Montreal, QC, Canada, 2Institute of
Pharmacology and Toxicology, Department of
Nuclear Medicine, University of Zurich,
University Hospital Zurich, Zurich, Switzerland,
3Douglas Hospital Research Centre,
Department of Psychiatry, McGill University,
Montreal, QC, Canada

Background and objectives: Changes in
hemodynamic signals are commonly used as
surrogate markers to map changes in neural
activity in functional brain imaging techniques.
However, the exact mechanisms that govern
neurovascular coupling are still only partially
understood and, particularly, under conditions
of altered cortical states (1-2). The locus
coeruleus-noradrenergic (LC-NA) system is a
potent modulator of cortical activity, promoting
arousal, cortical neuronal activity (3) and
enhancing  synaptically-evoked neuronal
excitation (4). Here, we investigated whether
the optogenetic activation of LC-NA neurons
modulates cortical cerebral blood flow (CBF)
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and the neurovascular coupling response to
sensory stimulation.

Methods: Under isoflurane anesthesia, a Cre-
recombinase-dependent channelrhodopsin-2
(ChR2-eYFP) adeno-associated virus (rAAV)
was injected stereotaxically lateral to the LC
(anteroposterior (AP): 5.45 mm; mediolateral
(ML): £1.28 mm; dorsoventral (DV): 3.65 mm)
in dopamine B-hydroxylase (DBH)-Cre mice
(3). After viral injection, optical fiber implants
were placed slightly above the LC. Four weeks
after surgery, mice were anesthetised
(ketamine/xylazine), placed in a stereotaxic

frame and prepared for optical LC-NA
stimulation (blue light, 473 nm). In some
experiments, sub-threshold LC

photostimulations were designed to precede (<
10 sec) mechanical whisker stimulation (8-
10Hz, 20s). Changes in CBF were measured
in the parietal cortex with laser Doppler
flowmetry. At the end of the experiment,
ChR2-eYFP expression was verified in each
animal brains.

Results: Successful transgene expression
was confirmed by selective ChR2-eYFP
expression in NA neurons throughout the
entire LC by fluorescence (green) microscopy.
Photostimulation (pulse width: 10-100 ms;
frequency: 1-10Hz; and total duration: 5-10s)
of the LC induced significant changes in
cortical CBF. Maximal CBF increases (+32.4%
at peak over baseline value, p< 0.05) were
obtained with 100 ms light pulses delivered at
2Hz over 10s. Photostimulation at other
wavelengths had no effect, thus excluding a
non-specific light effect. Whisker stimulation
elicited CBF increases in the contralateral
somatosensory cortex (+19%, p< 0.01), a
response significantly potentiated (+24.3%, p<
0.05) by ipsilateral LC-NA optogenetic
stimulation. Blockade of a-adrenoceptors with
the non-selective antagonist phentolamine (10
mg/kg, i.p.) significantly reduced the CBF
responses to LC photostimulation and whisker
stimulation, and prevented the LC-potentiating
effects on the neurovascular coupling
response to sensory stimulation.

Conclusions: These data show that selective
optogenetic activation of homogenous NA
neurons of the LC increases cortical perfusion
in part through a-adrenoceptor activation, a
neurovascular coupling response totally
compatible with the role of the LC-NA system
in enhancing arousal and cortical activity.
Moreover, our findings show a facilitating
modulatory role of the LC-NA system on the
hemodynamic response to sensory



stimulation, consistent with previous effects of
the LC on the activity of barrel field
somatosensory neurons (5).
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GLUTATHIONE IS A KEY REGULATOR OF
ASTROCYTE CONTRIBUTIONS TO
NEUROVASCULAR COUPLING
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Objectives: Neurovascular coupling and
arteriole dilation are known to be mediated in
part by increased astrocyte calcium (Ca2+)
which triggers phospholipase A2 activation,
arachidonic acid (AA) formation and
prostaglandin (PgE;) synthesis'?. As the type
of PgE, synthase®* expressed in astrocytes
requires the cofactor glutathione (GSH), we
investigated the effect of altering GSH levels in
vitro on astrocyte [Ca”]-evoked PgE, release
and vasodilation. In vivo, we investigated
whether cerebral blood flow (CBF) responses
to whisker pad stimulation and hypercapnia
(10% CO,) are attenuated when brain GSH
levels are decreased.
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Methods: Hippocampal slices from juvenile
Sprague-Dawley rats were superfused with
aCSF bubbled with 20% O, 5% CO,,
balanced N,. Astrocytes were loaded with an
IPs-caged compound and/or the ca®*-
indicator, rhod-2/AM. A two-photon laser-
scanning  microscope  (Zeiss LSM510-
Axioskop-2 fitted with a 40x-W/1.0 numerical
aperture objective lens) coupled to a
Chameleon ultra-tunable ultra-fast laser
(~100fs pulses, 76MHz, Coherent) provided
excitation of rhod-2 and was used to uncage
IP;. Arterioles were imaged by acquiring the
transmitted laser light and using IR-DIC optics.
Quantification of lumen diameter and ca*
changes were performed offline using ImageJ.
PgE, release and tissue GSH levels were
measured by biochemical assay.
Immunohistochemistry was performed using
antibodies against cPGES (Cayman chemical)
and mPGES-1 (Agrisera) and markers for
astrocytes (GFAP, Sigma) and neurons
(MAP2, Chemicon). For in vivo experiments,
male Wistar rats (250-370g) were used.
80mg/ml buthionine sulfoximine (BSO) or
saline was infused into the right whisker barrel
cortex. 24 hours post-injection, animals were
anesthetized and laser Doppler flowmetry
used to measure evoked blood flow responses
to whisker pad stimulation and hypercapnia.

Results: The enzymes necessary for the
production of PgE, (COX-1 and mPGES-1) are
expressed in  astrocytes.  Furthermore,
astrocyte [Ca2+]i-evoked vasodilation and PgE,
release are blocked by the COX-1 inhibitor
SC560, as is the CBF response to
hypercapnia in vivo. Together these data
suggest that PgE, is required for astrocyte-
induced vasodilation.

In vitro, we demonstrate that PgE, efflux
triggered by increased astrocytic [Ca2+]i is
decreased when tissue GSH levels are
reduced by treatment with BSO. Astrocyte
[Ca2+]i transients evoke vasodilation in control
slices, but induce only small constrictions in
BSO-treated slices. In vivo, we found that the
CBF increase evoked by whisker pad
stimulation is attenuated when GSH levels are
reduced. Furthermore, we demonstrate that
astrocyte dependent PgE, synthesis is critical
for the hypercapnia induced CBF increase and
that decreased tissue GSH levels result in

attenuation of the CBF response to
hypercapnia.
Conclusions: Our data suggest that

downstream of [Ca2+]i-evoked AA release in



astrocytes, the component of functional
hyperaemia mediated by PgE, release from
astrocytes requires GSH. Following stroke,
when oxidative stress occurs and GSH levels
decrease, the reduced vasodilatory effect of
PgE, may underlie prolonged decrease of
blood flow that contributes to neuronal
damage.
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SEGMENTAL VARIATION IN CAPILLARY
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Objectives: The dogma that cerebral blood
flow is controlled solely by arterioles has been
challenged with findings that pericytes can
control capillary diameter and that damage to
pericytes contributes to the long-lasting
decrease in blood flow that occurs after stroke
(1, 2). Pericytes contain several of the
contractile proteins that have previously been
found in smooth muscle cells and the
contractility of cultured pericytes is well
established (3, 4). In cerebellar slice
preparations, noradrenaline resulted in
constriction of capillaries by pericytes which
was reversed by glutamate (1), suggesting a
general capacity of capillaries to increase
blood supply locally. However, a recent study
on the behavior of brain pericytes in vivo
suggested that pericytes do not dilate
capillaries physiologically (5). Thus, the extent
to which pericytes in capillaries are
responsible for the blood flow increase
induced by normal neural activity is still
uncertain.

Methods: In the current project we applied
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two-photon microscopy to examine pericytes
in the live, a-chloralose anaesthetized, mouse
brain (n=12). To visualize the pericytes we
used a transgenic mouse that expresses a red
fluorescent protein in the pericytes under
control of the NG2 promoter (Ng2 DsRed).
Pericyte and capillary contraction/dilation were
imaged upon increased activation of the
cerebral cortex evoked by whisker pad
stimulation (3Hz, 15s). Linescans were used to
measure arteriole and capillary blood flow,
after injection of FITC-dextran (6). Blood-
pressure, blood-gases and CO, in the expired
air was monitored during the experiment, to
ensure that the animal was kept under
physiological conditions.

Results: Vessel diameter in layer IlI-lll of the
whisker barrel cortex was measured at several
locations in each FITC-dextran filled vessel
and correlated with pericyte location.
Somatosensory stimulation triggered a dilation
and velocity increase in pre-capillary arterioles
and capillaries, and changes in diameter were
observed also in small (< 4 um) capillaries.
The frequency of responders (vessel
segments with more than a 2% diameter
change) was greater near pericyte cell bodies
(n=154) than between pericytes (n=309; Shi
square, p=0.004) for capillaries and ditto pre-
capillaries (pericyte n=32; between-pericyte
n=52; p=0.001). Furthermore the dilation was
larger near pericytes than between pericytes
both in capillaries (K-S p=0.0013) and pre-
capillaries (K-S p=0.0016). Time to max
velocity after stimulation onset was longer in
pre-capillary arterioles (n=17) than capillaries
(n=47, 28.0+4.2s vs. 19.5+1.8s; mean = SD,
students t-test p=0.0347).

Conclusions: We here provide evidence for
segmental variation in capillary diameter and
flow in response to somatosensory stimulation,
which may suggest that pericytes on
capillaries are involved in the mechanisms that
underlie functional hyperaemia.
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NEUROVASCULAR HETEROGENEITY IN
MURINE CEREBRAL CAPILLARIES UNDER
ELECTRICAL AND CHEMICAL
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Introduction: Neurovascular coupling is a
phenomenon that adjusts cerebral blood flow
according to the metabolic needs of brain
tissue [1]. It is central in our understanding of
cerebral energy homeostasis and in the use of
modern neuroimaging techniques to study
brain function. Recent studies [2] suggest that
not only cerebral blood flow, but also capillary
transit time heterogeneity (CTTH) which
originates from multifaceted blood flow
variations in a highly interconnected capillary
network, can determines oxygen availability. In
this study, we used two-photon microscopy to
measure the red blood cell (RBC) velocity and
diameter changes in multi capillaries of mouse
cerebral cortex. We also used
electrophysiology to record the local field
potentials, in order to monitor neuronal
activities in response to stimulations.

Methods: Mice were anesthetized by
Ketamine-xylazine. Vital signs were monitored
all through the experiment. A femoral catheter
was made to intravenously (i.v.) inject FITC-
dextran, which stained the plasma. A cranial
window was made over somatosensory cortex
of the mice. RBCs in multi capillaries were
visualized by using two-photon microscope. A
glass pipette was guided by the microscope
and inserted into the stimulated cortex region
and local field potentials were recorded.
Linescans were made by two-photon
microscope to monitor the RBC velocities and
diameter changes in multi capillaries and
precapillary arteriole. Forepaw electrical
stimulation (3 Hz, pulse duration of 0.2 ms,
amplitude of 5-20 V) was applied;
Acetazolamide (increase flow speed) and
Phenylephrine (increase blood pressure) were
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injected i.v. to disturb the flow while monitoring
flow and diameter changes in capillaries.

Results:

1. Flow heterogeneity was calculated as the
standard deviation of multi capillaries flow in
one capillary network, which can stand for
CTTH. Flow heterogeneity was found to
decrease and diameter of precapillary arteriole
increased when applying forepaw stimulation.
When injecting i.v. Acetazomamide, flow
heterogeneity was decreased by 20%; on top
of that, i.v. injection of Phenylephrine can lead
to slight increase of flow heterogeneity, but still
statistically significant lower than control.

2. Two types of capillaries can be classified -
‘active' and 'passive'. Passive capillaries can
passively change or even reverse the flow
velocity according to the pressure change of
the both ends, and therefore have larger flow
heterogeneity with time; while active capillaries
seemingly interact with nearby neurovascular
unit and actively regulate blood flow.

Discussion: This study suggests a new
dimension of neurovascular coupling - CTTH,
which affects oxygen availability in capillary
network. Stimulus which elicit neuron activities
will decrease CTTH and increase oxygen
availability. In terms of CTTH affecting
oxygenation, 'active' capillaries should be used
for calculating CTTH instead of 'passive'
capillaries. Pericytes, contractile cells in the
wall of capillaries, are thought to involve in the
mechanism of CTTH.

Reference:

[1] Roy CS, Sherrington C. On the regulation
of the blood-supply of the brain. The Journal of
Physiology. 1890;11(1-2):85.

[2] Jespersen SN, QOstergaard L. The Roles of
Cerebral Blood Flow, Capillary Transit Time
Heterogeneity and Oxygen Tension in Brain
Oxygenation and Metabolism. J Cereb Blood
Flow Metab. 2012; 32: 264-277.
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Objectives: Traumatic brain injury (TBI) is a
major cause of mortality and disability in young
adults and lacks an effective therapeutic
strategy. Similar to ischemic injury, TBI injures
both gray and white matter. Although white
matter injury contributes to short and long term
neurological deficits, studies of white matter
injury or recovery after TBI are still limited.
Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN), a potent regulator of
the PI3K/Akt pathway, is known to attenuate
injury from TBI (1). The present study
therefore investigates the modulatory role of
PTEN in white matter injury induced by TBI.

Methods: Heterozygous brain-specific
PTEN™" knockout (KO) mice were used in lieu
of homozygous PTEN” KO mice in this study
as the latter possess anatomical abnormalities
in their brain and die within 2 weeks.
Heterozygous brain-specific PTEN" KO mice
were derived from heterozygous brain-specific
hGFAP Cre*” mice and homozygous PTEN
loxP™ mice. Age-matched mice were
subjected to controlled cortical impact (CCl,
velocity, 3.5 m/sec; duration, 150 msec; depth,
1.5mm) or sham surgery. At 7 days post-
injury, motor deficits were measured by wire-
hang, cylinder and foot-fault tests. Tissue
volume loss in CCI mice was determined by
summing the area of loss in serial, Nissl-
stained coronal sections. White matter injury
was measured by the differential intensity of
immunofluorescent staining for matured
oligodendrocytes with anti-myelin basic protein
(MBP) and for loss of neurofilament integrity
with anti-SMI32.

Results: Unlike homozygous brain-specific
PTEN” KO mice, heterozygous brain-specific
PTEN" KO mice exhibited no detectable
physiological and behavioral changes.
Nevertheless, endogenous PTEN levels were
decreased by at least 60% with a concomitant
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increase in GFAP, as shown by Western blot
analysis. At 7 days post-CCl, heterozygous
PTEN" KO mice experienced significantly
less tissue loss compared to age-matched
controls. However, CCI elicited comparable
motor asymmetry in heterozygous PTEN" KO
mice and control mice as measured by
cylinder and foot-fault tests. Superior
performance of these mice in the wire-hanging
test indicated enhanced myodynamia. With
regard to white matter injury, heterozygous
PTEN" KO mice retained significantly higher
MBP staining, suggesting less damage to
myelin  sheaths and oligodendrocytes.
Concomitantly, the intensity of SMI32 was
lower in these mice, indicating greater
preservation of neurofilament integrity.

Conclusions: Decreasing endogenous PTEN
expression in heterozygous PTEN"" KO mice
increases myodynamia but has no impact on
motor asymmetry. Moreover, these mice
experience significantly less tissue loss and
white matter injury from CCI. This is the first
demonstration of the modulatory impact of
PTEN on white matter. Our findings
demonstrate that downregulation of PTEN
may be a viable therapeutic approach to
improve the recovery of white matter and help
stroke victims.
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COGNITIVE IMPAIRMENT IN A MOUSE
MODEL OF VASCULAR DEMENTIA
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Objectives: Subcortical vascular dementia
(vaD) is the second most common form of
dementia. It is characterized by a reduction of
cerebral blood flow (CBF) predominantly in the
white matter, as well as white matter disruption
induced by diffuse demyelination and axonal
loss, and progressive cognitive decline.
Interestingly, inflammatory changes and strong
activation of astrocytes (reactive astrocytosis)
occur early in the disease course. However,



the signaling pathways underlying these
cellular changes, as well as their contribution
to cognitive impairment, have largely remained
unknown’.

Methods: Using the bilateral carotid artery
stenosis (BCAS) model of VaD? in mice, we
determined  the  contribution of the
proinflammatory transcription factor NF-kB in
activated astrocytes to disease progression.
To this end, we used a mouse line expressing
a dominant negative variant of the NF-kB
inhibitor IkBa specifically in astrocytes (GFAP-
IkBa-dn mice)®. These mice were subjected to
BCAS, and compared to wildtype littermates
subjected to BCAS as well as sham-operated
mice. Changes in CBF were monitored by
longitudinal Laser-Speckle measurements.
White matter damage was quantified using
magnetic resonance diffusion tensor imaging
(DTI). Cognitive and motor function was
assessed using a series of behavioral tests
(Open Field, Novel Object Location, Y-Maze).
In addition, neurodegenerative and
inflammatory changes were determined using
biochemical and immunohistochemical
methods.

Results: BCAS resulted in a CBF reduction by
~30 % that was similar in all groups. We
detected increased expression of the p65
subunit of NF-kB in wildtype mice after BCAS,
indicating NF-kB activation. This increase was
attenuated in GFAP-IkBa-dn mice after BCAS.
DTI revealed prominent changes in axial and
radial diffusivity, indicating axonal damage and
demyelination, in wildtype mice subjected to
BCAS, but these changes were attenuated in
GFAP-IkBa-dn after BCAS. Accordingly,
histological and biochemical markers of
demyelination, axonal loss and inflammation
were less pronounced in GFAP-IkBa-dn mice.
Finally, preliminary data suggest that, while
motor function remained unchanged in all
groups, decline of spatial memory function
after BCAS was ameliorated in GFAP-IkBa-dn
mice compared to wildtype littermates.

Conclusions: Our data suggest that activation
of NF-kB and downstream proinflammatory
changes in astrocytes contribute to
neurodegeneration and cognitive decline in
VaD, and that pharmacological intervention of
these inflammatory pathways may prove
therapeutically beneficial.
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POST-ACUTE CXCL12 GENE THERAPY
PROTECTS AGAINST CEREBRAL WHITE
MATTER INJURY BY PROMOTING
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Objectives: Our previous study showed that
inhibition of binding of chemotactic attractor
CXCL12 with its receptor CXCR4 protects
blood-brain barrier integrity and reduces
inflammatory response during acute ischemia
in mice.! CXCL12 was known to attract
progenitor cells that might be beneficial for
neurovascular regeneration. However, the
detailed function of CXCL12 in post-acute
ischemia remains unclear. In this study, we
aim to investigate the effects of adeno-
associated virus mediated CXCL12 (AAV-
CXCL12) gene therapy on the proliferation and
migration of oligodendrocyte progenitor cells
and remyelination during the post-acute phase
after ischemic stroke.

Methods: Thirty-six adult ICR male mice
received sterotactical injection of AAV-
CXCL12 into the perifocal area one week after
middle cerebral artery occlusion (MCAO).
Brain atrophic volume and neurobehavioral
tests were examined to evaluate the outcomes
following  AAV-CXCL12 gene transfer.
Oligodendrocyte progenitor cells (OPCs)
proliferation and migration were semi-
quantified by CD140a cell staining in
subventricular zone (SVZ) and perifocal area.



Remyelization was evaluated by myelin-
binding protein (MBP) cell staining in perifocal
area. Inflammation response was determined
by myeloperoxidase expression and activity
assay.

Results: CXCL12 was expressed in perifocal
area for at least four weeks after AAV-CXCL12
gene transfer. The CXCL12 gene treated
group exhibited significantly reduced brain
atrophic volume (20+15 vs. 54 (mm®), n=6,
p< 0.05) and improvement of neurological
score (2.3+1.1 vs. 1.5+£0.7, n=15, p< 0.05) and
motor function (30+11 vs. 45+15 (s), n=7, p<
0.05) at five weeks after MCAO compared to
control groups received AAV-GFP. Further
study showed that OPCs proliferation (2.1
folds increase, p< 0.01, 3 weeks after MCAO;
1.5 folds increase, p< 0.05, 5 weeks after
MCAO; Figure 1A), migration (1.5 folds
increase, p< 0.05, 3 weeks after MCAO; 2.5
folds increase, p=0.01, 5 weeks after MCAO;
Figure 1B) and remyelination (2.1 folds
increase, p< 0.05, 5 weeks after MCAO) were
improved in CXCL12 transduced mice
compared to the control. In addition, AAV
mediated delayed CXCL12 h gene expression
in the recovery phase did not elicit focal
inflammation response.
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Figure 1. AAV mediated CXCL12 gene
therapy  promoted OPCs  proliferation,
migration and remyelination after MCAO in
AAV-CXCL12 group. Bar graph showed semi-
quantification of CD140a" cells in SVZ and
perifocal area after 3 and 5 weeks of MCAO in
AAV-GFP (o) and AAV-CXCL12 (w)
transduced mice. n=3. *, p< 0.05; #, p< 0.01;
AAV-CXCL12 vs. AAV-GFP (mean + SD), IOD
represents integral optical density.

Conclusions: Post-acute CXCL12 gene
therapy is beneficial for white matter recovery
without eliciting inflammatory response. Such
recovery might be related to the proliferation
and migration of oligodendrocyte progenitor
cells mediated by CXCL12.
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A NEW RAT MODEL OF STRESS-INDUCED
DEPRESSION ASSOCIATED WITH AGE-
RELATED, SELECTIVE WHITE MATTER
INJURY

H. Ono', H. Imai®, S. Miyawaki', H. Horikawa?,
T. Ochi', A. Ito*, S. Miyata®, M. Kurachi®, Y.
Ishizaki®, H. Yamagata®, H. Nakatomi®, M.
Mikuni?, N. Saito®

lDepartment of Neurosurgery, Graduate
School of Medicine, The University of Tokyo,
Tokyo, “Department of Psychiatry and
Neuroscience, Gunma University Graduate
School of Medicine, 3Department of Molecular
and Cellular Neurobiology, Gunma University
Graduate School of Medicine, Gunma,
*Division of Neuropsychiatry, Department of
Neuroscience, Yamaguchi University School
of Medicine, Yamaguchi, Japan

Background: Recently, late onset depression
(LOD) is an important area of research given
the growing elderly population in developed
countries. The occurrence of white matter
hyperintensities on T2-weighted magnetic
resonance images is more frequent in patients
with  LOD, compared with early-onset
depression. This fact indicates that deep white
matter injuries (WMIs) may provoke some kind
of vulnerability leading to depression with daily
stress. In this study, we have developed a
selective WMI rat model with restraint stress
(RS) to evaluate stress vulnerability and
depression related to WMI.

Methods: Sprague-Dawley rats (302-380g,
total n=62) were used in this study. Selective
WMI was induced under general anesthesia
with bilateral endothelin-1 (0.5ug/pl)
stereotaxically injected into the internal
capsule. Sham animals received stereotaxic
injections of phosphate buffered saline. 2
hours of RS was induced for 13 days. Animals
were randomly assigned to 4 groups: WMI
with RS (group 1, n=23); sham operation with
RS (group2, n=17); WMI no RS (group3,
n=11); sham operation, no RS (group 4,
n=11). Two weeks after stereotaxic surgery ,
group 1 and 2 animals received 2 hours of RS
a day, for 13 days. Body weight (BW) was
recorded daily and the animals underwent a



forced swimming test (FST) on the day
following the 13th RS day to evaluate
depressive-like state. Serum corticosterone
level was measured. Animals were euthanized
after the FST, and brain sections analyzed
with histology to confirm WMI in the internal
capsule. Ladder test was conducted to
analyze neurological status on the day before
the first stress day.

Result: RS significantly suppressed weight
gain in groups 1 and 2 compared with the non
RS groups. Moreover the change in BW over
time in group 1 was significantly different from
group 2 (p=0.0013).
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The immobility time on the FST for group 1
(mean 369.6 second) was longer than that of
other groups (311.4, 283.7 and 259.9 second).
Corticosterone levels were elevated at the 7th
stress day and returned to basal levels at the
13th day in both RS groups. Histopathology
confirmed selective damage within the internal
capsule and the volume of the lesions were
not significantly different between groups 1
and 3. Also neurological analysis showed no
significant difference among 4 groups.

Consideration: We have investigated whether
animals with selective WMI showed evidence
of increased stress-induced depressive
behavior. Accompanied with WMI, repeated
RS induced a reduction in weight gain and
prolongation of the immobility time in the FST.
These results provide some preliminary
evidence that WMI could influence stress
vulnerability. One proposed etiology for LOD is
the vascular depression hypothesis, where
ischemic lesions in deep white matter disrupt
projections to the frontal cortex. We have
confirmed the connectivity of WMI with rostral
frontal and caudate nucleus by using the
retrograde tracer, Fluoro-gold. Although further
study is needed, this study provides the first
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evidence that changes in the frontal cortex
caused by WMI may have the potential to
contribute to stress vulnerability.

SERUM AND CSF BIOMARKER LEVELS
CORRELATE WITH BIOMECHANICAL
RESPONSE AND AXONAL INJURY LEVELS
IN CLOSED HEAD IMPACT TRAUMATIC
BRAIN INJURY

L. Zhang, Y. Li, S. Kallakuri, J.M. Cavanaugh

Biomedical Engineering, Wayne State
University, Detroit, MI, USA

Biomarkers have been studied in various TBI
models and clinical settings in an effort to
monitor the severity and progression of TBI.
There is a lack of unified, biomechanically
relevant injury models and direct correlation
between tissue injury severity and levels of
biomarkers. A head impact model was used to
screen reliable biomarkers for various injury
severities.

Anesthetized male Sprague-Dawley rats were
subjected to TBI by a modified Marmarou
impact acceleration device from 1.25, 1.75 and
2.25m heights (n=8/group, including controls).
Linear and angular responses of the head
were directly measured with two transducers
affixed to the skull. Twenty-four hours post-
trauma, CSF and blood were collected just
before perfusion. CSF and serum levels of
amyloid beta (AB) 1-42, neurofilament H (NF-
H), glial fibrillary acid protein (GFAP) and
interleukin (IL-6) were assessed by ELISA.
Traumatic axonal injury (TAI) number
accounted the total number of B-APP-reactive
axonal swellings and retraction balls in the CC
in each animal. Bivariate correlation was
analyzed to correlate biomechanical
parameters, with TAl number in CC and
biomarker levels.

Compared to controls, significantly higher CSF
and serum NF-H levels were observed in all
impact groups, except 1.25m group in serum.
CSF and serum NF-H levels at 2.25m were
significantly higher than in other heights, and
CSF and serum NF-H levels at 1.75 m were
significantly higher than at 1.25m. In both CSF
and serum, GFAP levels were significantly
higher at 2.25m compared to other heights
and controls. Though no significant difference
in CSF and serum GFAP levels between
1.75m and 1.25m, these groups were
significantly higher than controls. TBI rats also
showed significantly higher levels of IL-6



versus control in both CSF and serum.
However no significant difference was
observed between TBI rats. Levels of AR were
not significantly different between groups.
Pearson's correlation analysis showed NF-H
and GFAP levels in CSF had positive
correlation with power (p< 0.001), average
linear acceleration (p< 0.01) and surface
righting (p< 0.01), which are strong predictors
for TAIl in our previous study. NF-H and GFAP
levels in serum also showed good correlation
with power, average and linear acceleration,
and surface righting (p< 0.01). Both CSF and
serum NF-H levels had good correlation with
TAl number in CC (r’=0.607, r’=0.600,
respectively). GFAP in CSF also showed good
correlation with TAl number in CC (r220.622),
but no correlation was observed between
serum GFAP and TAI number (r*=0.164).

Correlations between the biomechanical
parameters, biomarker levels, and TAlI number
in CC indicated that NF-H and GFAP in CSF
and serum were reliable predictors for severe
TBI in this model, whereas CSF NF-H was
also a good indicator for mild TBI. GFAP in
CSF and serum was a good indicator of
mild/moderate TBI. Furthermore, the levels of
NF-H and GFAP in CSF and serum had
positive correlation with power and average
linear acceleration, and CSF and serum NF-H,
as well as CSF GFAP correlated well with
quantified TAI in CC, suggesting they are
directly related to the severity of the
mechanical trauma to the brain.

CHARACTERIZATION OF WHITE MATTER
INJURY BY DIFFUSION TENSOR MRI'IN A
RAT MODEL OF CHRONIC CEREBRAL
HYPOPERFUSION

D.B. Back', B.-R. Choi®, J.-S. Han®, J.-H.
Seo', W.J. Moon®, B.R. Kim®, J. Lee®, H.Y.
Kim*

'Neurology, ’Neurology and Biological
Sciences, *Biological Sciences, “Radiology,
®Rehabilitation Medicine, Konkuk University,
Seoul, Republic of Korea

Background: White matter lesions, resulting
from chronic cerebral hypoperfusion, have
been suggested as a culprit of cognitive
impairments in  patients with  vascular
dementia. Using diffusion tensor MRI (DTI),
we investigated characteristics of white matter
injury in a rat model of chronic cerebral
hypoperfusion and possible attenuation of
white matter injury by cilostazol, a potent
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antiplatelet agent working as a
phophodiesterase 3 inhibitor.

Methods: In Wistar rats, chronic cerebral
hypoperfusion was modeled by permanent
occlusion of bilateral common carotid arteries.
The experimental animals were divided into
the cilostazol group (n=4) and the vehicle
group (n=5). White matter injury was
investigated by serial DTl at 1 week and 5
weeks after hypoperfusion. Parameters for
white  matter injury, including fractional
anisotropy (FA), trace, axial diffusivity (All), and
radial diffusivity (AL) were evaluated in the
white matter of the cranial nerve, such as optic
chiasm, or brain parenchymal white matter,
such as corpus callosum and external capsule.
Values of each parameter, compared to those
of baseline, were evaluated by t-test and serial
changes of two groups by paired t-test.

Results: Both experimental groups showed
significantly reduced FA in the optic chiasm,
compared to the baseline FA (p< 0.05). In the
serial DTI study, vehicle group showed
significant ongoing decrease of FA in the optic
chiasm, compared to the cilostazol group

(p=0.034). The vehicle group showed
significant  ongoing elevation of trace
(p=0.024), All (p=0.044), and ALl(p=0.042)

values of the corpus callosum. Compared to
the vehicle group, white matter injury was
attenuated in the cilostazol group.

Conclusion: Characteristics of white matter
injury  resulting from chronic  cerebral
hypoperfusion may consist of demyelination
and ongoing vasogenic edema with loss of
tissue integrity. Cilostazol may have protective
effect for the white matter injury by chronic
cerebral hypoperfusion.

BrainPET Program

[*'C]CIMBI-36 BINDS 5-HT,5 AND 5-HT ¢
RECEPTORS IN THE NON-HUMAN
PRIMATE BRAIN - A COMPARISON STUDY
WITH [**C]MDL 100907

S.J. Finnema', V. Stepanovl, A. Ettrupz, R.
Nakao', N. Amini*, G.M. Knudsen?, C. Halldin*

lDepartment of Clinical Neuroscience,
Karolinska Institutet, Stockholm, Sweden,
“Cimbi and Neurobiology Research Unit,
Rigshospitalet and University of Copenhagen,
Copenhagen, Denmark



Objectives: Agonist PET radioligands have
potential for evaluation of the high affinity state
of G protein-coupled receptors in vivo. Very
recently the first agonist radioligands for the
serotonin-2A (5-HT,,) receptor have been
reported [1] and we previously described the
initial evaluation of [llC]Cimbi-36 in non-
human primates [2]. In the current study, we
compared the regional receptor binding of the
5-HT,a receptor agonist ['C]Cimbi-36 and the
5-HT,a receptor antagonist [*C]MDL 100907.
In addition, we evaluated the in vivo 5-HT,
receptor subtype selectivity of [*'C]Cimbi-36
by performing blocking studies with the 5-HT ¢
receptor selective antagonist SB 242084.

Methods: A total of 14 PET measurements
were conducted in five rhesus monkeys on six
experimental days. On each day, baseline
PET measurements were obtained after an i.v.
bolus injection of [**C]Cimbi-36 and ['*C]MDL
100907. The two baseline PET measurements
were conducted 2.5 hours apart and the order
of radioligands was randomized. On two of the
experimental days a third PET measurement
was conducted, in which [“'C]Cimbi-36 was
injected after pretreatment with SB 242084
(1.0 mg/kg, i.v.). PET measurements were
performed for two hours and conducted in the
HRRT PET system. Quantification of
radioligand binding was performed using
kinetic modeling with the simplified reference
tissue model (SRTM). The outcome measure
was the non-displaceable binding potential
estimate (BPyp), obtained using the cerebellar
cortex as reference region. The relative BPyp
of [*'C]Cimbi-36 was defined as a percentage
of [""C]MDL 100907 BPyp in the given regions.

Results: In general, ["C]JMDL 100907
provided higher BPyp estimates than
["'C]Cimbi-36, e.g. 2.7+0.4 vs. 1.5+0.3 in
neocortex. The mean relative BPyp of
[110]Cimbi-36 was consistently 50-60% across
striatum and neocortex, but higher in several
other brain regions, including hippocampus
(116£26%), midbrain (112+57%), amygdala
(86+23%) and thalamus (78+£16%) (n=6).
Administration of SB 242084 reduced
[110]Cimbi-36 BP\p estimates completely in
the choroid plexus; partly in the midbrain (88
and 57%), hippocampus (45 and 69%) and
amygdala (14 and 38%); but not in the
neocortex (-1 and -2%) (n=2).
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Conclusions: The current study indicates that
there are differences in the regional receptor
binding of [“'C]Cimbi-36 and [‘‘C]MDL
100907. These regional difference are likely
related to ["'C]Cimbi-36 binding to 5-HT,c
receptors. Thus [‘'C]Cimbi-36 provides the
unique opportunity for specific examination of
5-HT,, receptors in the neocortex and of 5-
HT,c receptors in the choroid plexus.
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CHARACTERIZATION OF [**F]PF-05270430
AS A NOVEL PET RADIOTRACER TO
IMAGE THE PHOSPHODIESTERASE-2A
(PDE2A) BINDING SITES IN NON-HUMAN
PRIMATES

N. Nabulsi*, M. Naganawa', M. Skadden?, L.
Zhang?, C. Helal®, E.M. Beck?, A. Villalobos?,
S.-F. Lin', S. Najafzadeh®, D. Labaree®, L.
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'PET Center, Department of Diagnostic
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Objectives: Phosphodiesterase-2A (PDE2A)
is a dual-substrate enzyme for both cyclic
AMP and cyclic GMP, with the highest levels
of expression in the limbic and basal ganglia
brain circuitry. In preclinical studies, PDE2A
inhibitors are found to enhance cognitive
function, and thus are pursued as potential
therapeutic agents for the treatment of
cognitive impairment. PF-05270430 is a potent
PDEZ2A inhibitor with excellent selectivity over
other PDE subtypes. The purpose of this study
was to evaluate the ability of the novel
radiotracer [18F]PF-05270430 to image and



guantify the PDE2A binding sites in non-
human primates.

Methods: [**F]PF-05270430 was synthesized
via [®Flfluorination of a tosylate precursor.
Brain PET scans in rhesus monkeys were
acquired on the Focus-220 for up to 180 min.
Arterial blood samples were collected for
measurement of radioactive metabolites and
tracer free fraction in the plasma, and for
generation of arterial input function for kinetic
analysis. Regional time-activity curves (TACs)
were measured in ten brain regions including
striatum, neocortical regions, and cerebellum.
TACs were analyzed with one- and two- tissue
compartment models (1T and 2T) and the
multilinear analysis method (MA1) to derive
regional distribution volumes (V) and binding
potentials (BPyp, using the cerebellum as a
reference region). The Simplified Reference
Tissue Model (SRTM) was also evaluated for
determination of regional BPyp. Variability in
model-derived binding parameters between
test and retest scans was calculated as
%diff=100x|retest-test|/(test+retest)x2.
Blocking studies with PDE2A inhibitors were
conducted to assess in vivo binding specificity
of the radiotracer.

Results: [‘°F]PF-05270430 was prepared in
>99% radiochemical purity and mean specific
activity of 3.3 mCi/nmol (n = 8) at end of
synthesis. The peripheral metabolism rate of
[*°F]PF-05270430 was moderate. Plasma free
fraction was 19 + 3 % (n = 7). Tracer uptake in
the brain was rapid, with peak levels at ~5 min
after injection. The highest level of uptake was
in the striatum, with intermediate levels in
other regions and lowest level in the
cerebellum. Model fitting selected the MA1 as
the optimal model for derivation of regional V+
and BPyp. SRTM was also suitable for
calculation of regional BPyp without the use of
arterial input data. A scan duration of 120 min
was sufficient to reliably quantify regional Vr
and BPyp. Test-retest variability in high-
binding regions (putamen, caudate, and
nucleus accumbens) was 4 + 6%, 13 = 6%,
and 13 + 7%, respectively, for Vi(MAL),
BP\p(MA1), and BP\p(SRTM). Pretreatment
with a structurally similar selective PDE2A
inhibitor at a dose of 2.0 mg/kg (sc) reduced
[*F]PF-05270430 BPyo by ~72%, while a
reduction of ~48% was seen when unlabeled
PF-05270430 (65 ug/kg, iv) was co-injected
with [**F]PF-05270430.

Conclusions: We characterized the binding
specificity and imaging quality of the first
selective PDE2A tracer in rhesus monkeys
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and demonstrated that [**F]JPF-05270430 can
be used to reliably quantify PDE2A binding
sites in vivo. Based on its favorable imaging
properties, this novel radiotracer has been
advanced to further evaluation in humans.

A PET SCANNER WITH 0.6 MM
RESOLUTION DESIGNED FOR
NEUROIMAGING IN MICE

Y. Yang', J. Bec!, J. Zhou', M. Zhang', M.S.
Judenhofer?, X. Bai*, K. Di*, Y. Wu', K.S.
Shah?, R. Farrell®, J. Qi*, S.R. Cherry*

lDepartment of Biomedical Engineering, UC
Davis, Davis, CA, “Radiation Monitoring
Devices Inc, Watertown, MA, USA

Objectives: To build and evaluate a prototype
small-animal positron emission tomography
(PET) scanner for imaging the mouse brain
that approaches the resolution limits set by the
physics of positron emission and annihilation.

Methods: The scanner consists of 16 dual-
ended readout tapered scintillation detectors
arranged in a ring of diameter 61 mm. The
scintillator arrays consist of 14x14 lutetium
oxyorthosilicate (LSO) elements, with a crystal
size of 0.43x0.43 mm? at the front end and
0.80x0.43 mm? at the back end. The crystal
elements are 13 mm long. The axial field of
view is 7 mm and transaxial field of view is 40
mm. The arrays are read out by an 8x8 mm?
and a 13x8 mm? position-sensitive avalanche
photodiodes placed at opposite ends of the
scintillator array to provide depth-of-interaction
information. The intrinsic spatial resolution,
sensitivity and reconstructed spatial resolution
of the scanner were measured. First phantom
and in-vivo mouse images were acquired.

Results: The sensitivity of the scanner at
center of the field of view is 1.1% for a lower
energy threshold of 100 keV and 0.6% for a
lower energy threshold of 250 keV. The
average detector intrinsic spatial resolution in
the axial direction is 0.61 mm. The spatial
resolution within a field of view that can
accommodate the entire mouse brain is better
than 0.6 mm using a ML-EM reconstruction
algorithm of line/point sources. Sources were
reconstructed in a warm background to ensure
they were not artificially improved due to the
non-negativity constraint in the ML-EM
algorithm. Images of a micro hot-rod phantom
showed that rods with diameter down to 0.5
mm can be resolved. First in vivo studies were
obtained using ®F_fluoride and confirmed that



0.6 mm resolution can be achieved in the
mouse head in vivo.

Conclusions: A prototype preclinical PET
scanner dedicated to mouse brain imaging
with a spatial resolution less than 0.6 mm was
developed. The performance of the scanner
was measured and phantom and in-vivo
studies performed. Brain imaging studies with
BE_fluorodeoxyglucose  as  well  as
neuroreceptor ligands will be acquired. Future
plans are to add more detector rings to extend
the axial field of view of the scanner and
increase sensitivity.

[Figure]
Figure:

(&) Schematic of the prototype scanner
showing the 16 dual-ended tapered detectors;

(b) Photograph of completed scanner;

(c) Image of a micro hot rod phantom showing
that 0.5 mm are resolved,;

(d) Coronal section of juvenile mouse head
showing the ability to image the 0.2-0.3 mm
thick skull with 18F-fluoride.

BRAIN PET IMAGING OF FREELY MOVING
RATS: SYSTEM DESIGN AND PILOT
ANIMAL DATA

A. Kyme'? R. Fulton®***, J. Eisenhuth®, G.
Angelis™?, W. Ryder"?, K. Popovic*?, V. Zhou®,
R. Bashar?, S. Meikle'?
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Objective: The objective of this work is to
develop a PET imaging system for
simultaneously measuring the brain function
and behaviour of freely moving rats.

Introduction: Small animal positron emission
tomography (PET) is a vital tool for non-
invasive, longitudinal  investigations in
laboratory animals. In particular, brain PET
has the potential to improve our understanding
of the molecular origins of debilitating brain
disorders such as dementia, depression and
schizophrenia. In most imaging studies
involving animals, anaesthesia is used to
prevent motion which would otherwise result in
corrupted images of the radiotracer
biodistribution. However, anaesthetics are
known to interfere with key biological
processes [1]. Moreover, imaging unconscious
animals precludes the study of brain function
during learning tasks and complex behaviours.
In this paper we describe a system under
development that overcomes these limitations
by enabling the brain of an awake, freely
moving rat to be imaged while simultaneously
studying its behaviour in response to
environmental or drug stimuli.

Methods: The imaging system is based on a
commercial small animal PET scanner
(Siemens Focus 220) in conjunction with a
robot-controlled observation chamber and
optical motion tracking to provide the animal
head pose in real time [2] (figure 1). Head
pose measurements (obtained at 30 Hz with
0.2 mm r.m.s accuracy) from the tracking
system serve two purposes: they are
translated into robot manipulator movements
aimed at maintaining the rat's head centrally in
the PET field-of-view; and they are used within
an event-by-event image reconstruction
algorithm that corrects for motion. To validate
the system, a rat was administered 60 MBq of
®F.FDG and imaged for 20 minutes while
awake and moving freely within the
observation chamber. During this time the
animal made numerous complete turns within
the scanner. For comparison, the animal was
then imaged (motionless) under anaesthesia.
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Results: Figure 2 shows orthogonal
reconstructed slices of the brain of the freely
moving animal with motion correction (left
column) and the same animal motionless
under anaesthesia (right column). The results
are qualitatively comparable and indicate the
feasibility of observing the brain and its
internal structures when motion compensation
is applied. We are currently working on
methods to optimise the quantitative accuracy
of brain PET measurements in awake animals,
including corrections for photon attenuation
and partial volume effect.

Motion- Motion-Free
Compensated (Anaesthetised)

[Figure 2]

Conclusions: A system has been developed
to simultaneously measure the brain function

and behaviour of freely moving rats. Pilot data
confirm the feasibility of the system for
obtaining useful brain images. Further work is
in progress to improve the quantitative
accuracy of these images. We conclude that
imaging the brain function of a freely moving
animal with PET is feasible, making
simultaneous studies of behaviour and brain
function a realistic and exciting prospect.
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COMPARISON BETWEEN BETA-
MICROPROBE AND MICROPET IN
INVESTIGATING RECEPTOR BINDING
EXEMPLIFIED BY THE MGLUR5 TRACER
[11C]ABP688
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M. Schmidt®, X. Langlois®, S. Stroobants'?, S.
Staelens®

"Molecular Imaging Center Antwerp, University
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University Hospital Antwerp, Edegem,
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Objectives: Beta-microprobes are
radiosensitive probes implanted
stereotactically in anesthetized animals. They
are used to record regional real-time kinetics
of positron-emitters and are suggested as an
alternative to microPET. The present study
aims to compare the capacity of both
microPET and beta-microprobes to measure
binding of [11C]JABP688, an allosterically
bound mGIuR5 tracer. It has high affinity for
various brain regions, including striatum. Due
to low specific binding, the cerebellum is a
suitable reference region for image analysis.

Methods: Three experiments were performed

i) rats (n=6) were anesthetised, positioned into
the microPET Inveon scanner and injected
with [11C]JABP688 (iv., < 3 nmol/kg) at
initiation of a dynamic scan (1h). Images were
normalized to a [11C]ABP688 rat brain
template and time-activity curves (TAC) were
extracted from a VOI-template containing
striatum and cerebellum. Non-displaceable
binding potential (BP\p) and R1, the rate of



delivery of the tracer to the tissue were
calculated using the simplified reference tissue
model (SRTM) with the cerebellum as
reference;

ii) rats (n=6) were anesthetised, implanted with
two beta-microprobes: one in the striatum
(stereotactic coordinates: AP +0.2, ML 3.0, DV
-6.0) and one in the cerebellum (AP -11.8, ML
0.0, DV -3.5). Recording of radioactivity (1h)
was started at the time of [11C]ABP688
injection. Both TACs, BPyps and R1 were
determined similarly as in the microPET
experiment;

i) rats (n=6) were implanted with dummy
beta-microprobes in an identical way as in the
beta-microprobe experiment. Dummy probes
were identically coated as the beta-microprobe
and were secured to the skull with dental
cement after implantation. Animals were then
transferred to the microPET scanner, injected,
scanned and analysed similar to the first
experiment.

Results: Average BPyp in the striatum for the
microPET experiment was 2.49 +/- 0.13
closely resembling those observed in previous
studies. The BPyp for the beta-microprobe
experiment was significantly (p< 0.05) lower
i.e. 1.14 +/- 0.31 and suffered from higher
variability. Further, microPET images of
dummy-probe implanted animals revealed
significantly lower BPyp and R1 values at the
side of implantation in comparison with the
intact side (Fig.). BPyp and R1 values are 2.51
+/- 0.12 and 0.72 +/- 0.07 at the intact site and
2.16 +/- 0.19 and 0.46 +/- 0.05 at the side of
implantation respectively.

Figure: TACs for both microPET
(a) and beta-microprobe

(b) experiments, with larger variance for beta-
microprobes in comparison with microPET. In

(c) the results of the dummy-probe implanted
microPET scanned animals are indicated:
significantly lower BPyp and R1 in the striatum
at the side of implantation in comparison with
the intact side.
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Conclusions: Implantation of beta-
microprobes gives rise to a lower rate of
delivery of the tracer to the tissue and
significantly affects the BPyp values. Further,
high variability and the lack of intra-animal
comparison in beta-microprobe experiments,
contribute to the necessity of high animal
numbers. This study thus reveals a number of
disadvantages inherent to the use of beta-
microprobes relative to microPET as a means
to measure radioligand binding in the rat brain.

ACTIVATED ASTROCYTES OVEREXPRESS
TSPO AND ARE DETECTED BY TSPO-
RADIOLIGANDS
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UPE-C, Creteil, *SHFJ, Commissariat &
Energie Atomique, Orsay, France

Under neuroinflammatory condition, it is widely
considered that TSPO PET signal reveals
reactive microglia. As astrocytes and microglia
are both involved in neuroinflammatory
processes but play very different roles, the
objective is to determine in vivo whether
reactive astrocytes can also overexpress
TSPO and yield to a detectable TSPO PET
signal.

We used a model of selective astrocyte



activation through lentiviral gene transfer of
the cytokine ciliary neurotrophic factor (CNTF).
Sprague-Dawley rats were injected with lenti-
LacZ (control) and lenti-CNTF in the left and
right striatum, respectively.

Rats were analyzed between 2 and 6 months
after injection, as CNTF effects are stable for
at least 6 months. Animals were scanned on a
Concorde Focus 220 microPET using two
recently-developed and on-site available
TSPO-radioligands [**F]DPA-714 and
["'C]SSR180575. TSPO selectivity of these
radioligands was assessed through
displacement and blocking studies with
unlabelled PK11195.

T2-weighted MRI was performed on a 7-Tesla
system to confirm the injection site and define
anatomical regions of interest (ROI) in the
striata through PET/MRI co-registration. The
mean activity concentration values in the ROIs
were calculated to obtain regional time activity
curves.

One week after PET scan, rats were
euthanized. Immunohistochemistry ~ was
performed on frozen sections with GFAP,
ED1/CD68, IBA1 and Vimentin-targeted
primary antibodies. Staining intensity on
digitized sections was evaluated in the
striatum on 6-8 slices per rat, using a
computer based image analysis system.
Double fluorescent immunostaining was also
performed on free floating sections with
primary antibodies directed against GFAP,
CD11b, TSPO and Vimentin.

GFAP histological volume was reconstructed
in 3D and co-registrated with the
corresponding PET volume to compare GFAP
and TSPO localization.

We confirmed that CNTF induced a strong
activation of astrocytes with a significant
increase in GFAP and vimentin
immunoreactivity while minimal microglial
activation was observed with only a small
increase in IBA1 and ED1/CD68 staining (1.2-
fold). TSPO immunoreactivity was increased in
the striatum injected with lenti-CNTF, in an
area that overlapped with the GFAP-positive
area. Cells that overexpressed TSPO in this
striatum were also strongly immunoreactive for
GFAP. There was a minimal expression of
TSPO in CD11b-positive microglia, that was
not different from the one observed in the
controlateral side.

Both [‘*F]DPA-714

and [''C]SSR180575
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highlighted a significant increased binding in
the lenti-CNTF-injected striatum, as compared
with the contralateral side. Following pre-
saturation with PK11195, the uptake of both
radioligands was faster and higher than in the
standard experiment and was followed by a
rapid wash-out of radioactivity to the same low
level for both sides. In the displacement
studies, injection of PK11195 induced a fast
decline in the binding of both [*°*F]DPA-714
and ["'C]SSR180575 in the lenti-CNTF-
injected striatum.

Volumes of [**F]DPA-714 and
["'C]SSR180575  binding  unambiguously
coincided with the GFAP-positive

reconstructed volume.

We showed that reactive astrocytes
overexpress TSPO, yielding to a significant
and selective binding of TSPO radioligands.
Therefore, caution must be used to interpret
TSPO PET imaging in animals or patients
because reactive astrocytes can contribute to
the signal in addition to reactive microglia.

CBF MEASURED BY 150-WATER-PET AND
ASL-MRI SIMULTANEOUSLY IN AN
INTEGRATED 3TMR-BRAINPET

H. Herzog", K. Zhang', J. Mauler', C. Filss',
E. Rota Kops', L. Tellmann®, T. Fischer?, B.
Brocke?, W. Sturm?, A. Buck?, N.J. Shah®

!Inst. of Neuroscience and Medicine - 4,
Forschungszentrum Juelich GmbH, Juelich,
2Dept. of Psycholog%/, Technical University
Dresden, Dresden, “Dept. of Neurology,
RWTH Aachen University, Aachen, 4Dept.
Nuclear Medizine, ETH and University
Zuerich, Zuerich, Germany

Introduction: Measurements of cerebral
blood flow (CBF) using 150-water-PET and
ASL-MRI have been compared previously.
Until now the two procedures were not
performed simultaneously. Using a 3TMR-
BrainPET, which integrates a BrainPET
developed by Siemens as an insert in a
Siemens 3T MAGNETOM MRI, we studied
150-water-PET and ASL-MRI simultaneously.
Here we report our first experiences.

Material and methods: Four healthy male
volunteers (20 - 30 yrs) were studied in the
3TMR-BrainPET twice. At each study 555
MBq 150-water were intravenously injected as
a fast bolus four times with intervals of 15 min.
At the time of injection the BrainPET listmode



acquisition was started for 3 min. During this
period arterial blood was withdrawn from a
radial artery and the time-activity curve (TAC)
of whole blood was monitored with an MR-
compatible bloodsampler (Swisstrace®). The
BrainPET data were corrected and
reconstructed into quantitative images. The
optimum image resolution is 3mm before and
5 mm after filtering. Combining these images
and the blood data corrected for delay and
dispersion into the autographic 150-water
method quantitative CBF images became
available. In two measurements blood could
not be sampled. In this case an image derived
input function (IDIF) was applied, which was
defined with volumes-of-interest (VOIs) placed
over the internal carotid arteries (CA) in an
MPRAGE image and transferred to the PET
images. The IDIF was corrected for partial
volume effect and spillover utilizing other data
sets of the same subject with both arterial
blood and CA-TAC. Two minutes prior to each
PET scan a pseudo-Continuous Arterial Spin
Labeling (pCASL) sequence was started for 6
min. pCASL uses a 1.4s train of RF and
gradient pulses to invert the magnetization of
blood water flowing through the labeling plane.
The labeling plane was selected on a time of
flight angiography to ensure optimal
orientation of the carotid and vertebral arteries.
A delay of 1s between labeling and readout
guaranteed blood perfusion of the majority of
the voxels. The pre-saturation pulses are
applied to the imaging region before labeling
to avoid spin perturbation in imaging planes
caused by the labeling train. Using readouts
with single-shot 2DEPI, 100 measurements
with 50 pairs of label-control volumes were
obtained. Explicit sequence parameters were:
o/TE/TR=90°/14/4150ms, dim: 64x64x26,
Partial Fourier=6/8, voxel size: 3.4x3.4x5mm3.
ASL-CBF was quantified using the ASLtbx in
MATLAB.

Results: The visual comparison between
PET-CBF- und ASL-CBF-images revealed a
good agreement. The ASL-CBF-images
presented minor artifacts at the outer cortical
border. Evaluating a whole-brain VOI and
averaging over all measurements (n=4x8=32)
PET-CBF was 49.2+10.6 ml/100g/min and
ASL-CBF 36.9+5.22 ml/100g/min.  After
normalizing all images in the MNI space and
averaging all PET- and ASL-images,
respectively, the white matter CBF at the level
of the centrum semiovale was 25.8+2.3
ml/100g/min  for PET and 18.8+5.8
ml/100g/min for ASL. The corresponding gray
matter CBF was 59.5+7.6 ml/100g/min and
61.2+12.5 ml/100g/min.
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Conclusion: The simultaneous MR-PET study
of CBF with 150-Wasser-PET and ASL-MRI
allowed a first direct comparison of both
methods in humans. The observed differences
are to be examined in further subjects.

ROBUST VOI BASED ANALYSIS OF
MGLURS5 IMAGING IN RAT BRAIN USING
["'C]ABP688

J. Verhaeghel, T. Wyckhuysl, L. Wyffelsl'z, M.
Schmidt®, X. Langlois®, S. Stroobants™?, S.
Staelens’

"Molecular Imaging Center Antwerp, University
of Antwerp, Wilrijk, “Nuclear Medicine,
University Hospital Antwerp, Edegem,
3Department of Neuroscience, Janssen
Pharmaceutica NV, Beerse, Belgium

Objectives: Normalization is an important
step in small-animal PET/CT imaging of the
brain that maps the PET data from different
subjects into a common stereotaxic space
using a template image. Ideally a PET
template mimics the uptake of the given tracer.
In this study a PET template of [""C]ABP688, a
tracer for mGIuR5, has been developed.
Additionally, alternative CT and PET/CT
templates were developed.

Methods: Rats (n=11) received two dynamic
["'C]JABP688 PET/CT scans (1h) in a test-
retest protocol. Time summed PET,
thresholded CT and a weighted sum of both
images were used to create a PET, a CT and
a PET/CT template respectively by iterative
elastic registering and averaging these 22
brain scans. Additionally, a T2 weighted MRI
and high count [''C]JABP688 PET/CT scan of a
single rat was performed. The aforementioned
average PET, CT and PET/CT images were
then co-registered to the high count PET/CT
that was aligned with the MR. To form the final
template, these images were then transformed
to the stereotaxic space according to the
normalization of the animal's MR to an existing
MR image in the stereotaxic space. To
evaluate if PET, CT or PET/CT normalization
is preferred, each test-retest scan was
normalized according to the three different
templates. Non-displaceable binding potential
(BPnp) and ABPyp (test-retest) of [*'C]JABP688
was calculated for five predefined regions
(Figure). In an additional experiment (n=6),
[11C]ABP688 specific binding was completely
blocked. After normalizing these images, the
number of skull pixels that were erroneously



normalized into the cerebellum was counted to
qguantify the normalization procedure in this
challenging case.

Results: For all tested regions, the mean
ABPyp, was lowest for the PET based
registration (Figure) indicating that
normalization using this template is more
robust, although these differences were not
significant. The variability of ABPyp was
however always lower for the PET based
method (Figure) (significant (p< 0.05) in frontal
cortex and hippocampus). Also, the absolute
BP\p value from the CT based normalization
was significantly different from the BPyp value
from PET and PET/CT based normalization.
The largest difference in BPyp between the
PET and CT based method was 23% (frontal
cortex). For the blocking experiment on the
other hand, the number of skull pixels that
were normalized into the cerebellum was
largest for the PET based and lowest for the
CT based normalization. Differences were

significant.
Figure: The three templates, mean and

coefficient of variation (COV) of ABPyp for
test-retest
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[Figure 1]

Conclusions: Rat brain templates for
[11C]ABP688 imaging were developed. When
specific binding was present the use of the
PET template resulted in the best test-retest
performance. The use of the CT template
drastically increased test-retest variability.
When no specific binding was present due to a
blocking challenge a large number of skull
pixels were normalized into brain regions
when using the PET template, which could be
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remedied by using the CT template. In both
the test-retest and blocking experiment, the
results of the PET/CT template was ranked
intermediate.

PHARMACOKINETIC MODEL BASED
GROUPWISE IMAGE REGISTRATION OF
4D BRAIN PET DATA AND ITS IMPACT ON
CLINICAL OCCUPANCY STUDIES WITH
["'C]-(+)-PHNO

J. Jiao™?, G.E. Searle?, J.A. Schnabel*, R.N.
Gunn'?®

'Oxford University, Oxford, 2lmanova Limited,
3Imperial College, London, UK

Aims: Subject motion can introduce significant
errors into measured PET emission data that
are then propagated into inaccurate biological
parameter estimates. We present a Kkinetic
model based spatio-temporal image
registration method for 4D brain PET data that
registers all image frames together in a
groupwise manner. The performance of the
method is then assessed using realistic
phantom and clinical data from an occupancy
study with the D3 preferring PET radioligand
[*'C]-(+)-PHNO and a D3 antagonist.

Methods: 8 healthy volunteers each received
a high resolution T1 MRI scan and up to three
["'C]-(+)-PHNO PET scans (one at baseline
and up to two further scans between 1.5 and
29 hours after administration of a single oral
dose of 5 - 300 mg of GSK618334). Arterial
blood was sampled for input function
generation and venous blood for measurement
of GSK618334 plasma concentration. For
validation purposes, a motion-free 4D [*'C]-
(+)-PHNO phantom was first developed, using
data from one subject with negligible motion.
Known rigid-body head motion was applied to
the phantom data to generate a range of
simulated datasets. A pharmacokinetic model
based groupwise image registration motion
correction algorithm (GIR method [1]) was
applied to both simulated and measured data
sets. D3 relevant ROIs were manually
delineated as described previously and
applied to dynamic data to generate time
activity curves (TACs) [2]. A two-tissue
compartment model (2TC) was applied to the
realigned TAC data to derive BPyp estimates.
For the measured data, a competitive binding
model accounting for 2-site binding and PHNO
mass dose effects was used to model the
relationship between [11C]-(+)-PHNO BP\p and
the plasma concentration of GSK618334 [3].



We also compared GIR with a frame-by-frame
registration method based on the normalised
mutual information (FBF method).

Results: Simulation results in Figl (b) show
that GIR provided more accurate estimates of
occupancy. For measured data, the residual
sum of squares from 2TC model fit was lowest
with GIR (54.6£28.1% of the non-motion
corrected values across all TACs, whereas
FBF was 71.7+42.6%). In addition, 4.78% of
FBF corrected TACs led to problems in
convergence for the optimiser, whereas all
TACs derived from GIR were fitted
successfully. In the competitive binding
analysis, the residual sum of squares was
mostly lowest for GIR corrected data sets
(FBF values in brackets) 60.3(73.8)%,
71.6(97.3)%,  63.5(52.8)%, 69.3(77.5)%,
93.1(108.2) % and 113.2(91.2) % of the non-
motion corrected values for structures SN, GP,
VST, CD, PU and TH.
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Conclusions: Application of pharmacokinetic
model based groupwise image registration
significantly improves the accuracy of
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quantitative ["'C]-(+)-PHNO PET neuroimaging
studies. This method is applicable to all
dynamic brain PET imaging studies due to the
incorporation of a generic kinetic model.
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IMPACT OF PARTIAL VOLUME
CORRECTION AND BRAIN ATROPHY ON
AMYLOID IMAGING QUANTIFICATION
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Objectives: The goal of this study is to
evaluate the impact of partial volume effects
(PVE) and brain atrophy on amyloid imaging
guantification in both cross sectional and
longitudinal studies using simulation and
clinical data.

Methods: MR images of six participants with
low, medium and high cortical thicknesses
were chosen from our Knight Alzheimer
Disease Research Center (KADRC) cohort to
use as the anatomical references for creating
simulated images. Partial-volume-corrected
regional time-activity curves (TAC) from five
participants with different amyloid load were
used as the functional references for the
simulation. Simulated dynamic PET data was
created for each combination of MR data and
PET data. The simulated image was then
smoothed to PET resolution. For three out of
the six subjects, a second MR scan was also
used to create additional simulations to
evaluate the impact of atrophy on longitudinal
studies. In the clinical study, 90 participants
enrolled at KADRC with repeated imaging
sessions were included. Each imaging session
included a PiB PET and a T1l-weighted
magnetization-prepared rapid gradient echo
(MPRAGE) sequence. FreeSurfer v5.1
(Martinos Center for Biomedical Imaging,
Charlestown, Massachusetts, USA) was used
to segment the T1l-weighted MRI for each



participant. Regional quantification was
performed using Logan graphical analysis.
PVE corrections (PVC) were performed using
both a two-component (PVC2C) approach and
a regional-spread-function (RSF) technique.

Results: The simulation study demonstrated
that in a cross-sectional analysis, without PVC,
there was an underestimation of both regional
and global BP,q. For a particular amyloid load
the estimated BP,y positively correlated with
cortical thickness. The slope of the linear
relationship increased together with the
amyloid load. Both PVC techniques were able
to keep the estimated BP,y unchanged with
different cortical thicknesses. However, there
is a differential underestimation of the actual
BP,q for the PVC2C method, with minimal
underestimation at low amyloid load and large
underestimation at high amyloid load. Similar
patterns of PVE were observed in longitudinal
simulation study and false decreases in BPq
were observed without PVC. Both PVC
techniques were able to reduce the impact of
PVE, although the RSF technique was more
stable. In the clinical study, the baseline BP 4
was highly correlated between the PVC and
uncorrected results (r=0.982 for PVC2C and
r=0.990 for RSF). Among the 42 participants
whose baseline MCBP were greater than 1.06
in the longitudinal study, decreased global
BP,y was observed in 9 participants and
decreased precuneus BP,q was observed in
11 participants. When RSF PVC was
performed, 4 of the 9 decreases in global BP,4
reversed, and 7 of the 11 decreases in
precuneus BP,y4 reversed. When PVC2C was
performed, decreased global BP,y was
observed in 8 participants, and decreased
precuneus BP,y was observed in 8
participants.

Conclusions: The simulation and patient
study demonstrate the importance of PVC in
guantitative amyloid imaging studies. Both
PVC2C and RSF techniques were able to
reduce the impact of PVE in amyloid load
guantification, while the RSF technique is
more effective in reducing false decreases in
BP,q for longitudinal studies.
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PERFORMANCE EVALUATION OF AN
INTEGRATIVE SOFTWARE ENVIRONMENT
FOR ANALYSIS OF MULTI-MODALITY
NEUROIMAGING DATA IN PEDIATRIC
EPILEPSY
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Objectives: The objective of this study was to
guantitatively assess the spatial accuracy of a
method that allows parcellation of the cortical
surface in native space that yields finite
cortical elements (FCEs) that are homotopic
across  subjects. These FCEs are
subsequently used to integrate information
obtained from PET, diffusion tensor imaging
(DTI) and intracranial electrocorticography
(ECoG) into a cohesive computational
framework. The integration of complementing
modalities is likely to improve our
understanding of mechanisms involved in
seizure propagation.

Methods: FCEs in native space were created
using landmark-constrained conformal
mapping. A set of 9 major cortical landmarks
was manually defined in native space and
mapped onto a sphere based on a conformal
transformation. Landmarks were then aligned
on the sphere and a recursive parcellation
scheme was applied to create 512 finite
surface elements that were subsequently
transferred back into native space. The
surface elements were subsequently extended
10mm inside the brain, thus creating 256
FCEs for each hemisphere that are homotopic
across subjects. To assess the spatial
accuracy of the FCEs, we compared our
method to results derived using the Freesurfer
software in 10 normal subjects with respect to
the cortical parcellation of 5 cortical territories
per hemisphere. Moreover, to demonstrate
usefulness for integrative analysis in clinical
epilepsy research, we applied this framework
to 7 young children who underwent presurgical
evaluation and compared the obtained
functional/connectivity patterns against 12
age-matched normal children. All children
underwent FDG PET and MR/DTI imaging,
moreover ECoG was performed in children
who underwent two-stage epilepsy surgery.
Connectivity analysis using probabilistic fiber
tracking was performed between areas of



ECoG defined seizure onset or PET defined
abnormalities and the remaining cortex.

Results: The agreement between cortical
parcellation performed using Freesurfer and
our FCEs was higher than 80% for all
anatomical territories, with highest agreement
in the frontal/central area (92%) and lowest
agreement in the parieto-occipital lobe (81%,
see Figure 1A). No L/R differences were
determined. Variance of FDG PET tracer
distribution was highest in the temporal lobe
(19%) and lowest in the frontal lobe (16%).
Application of our method in children with
epilepsy showed only few PET abnormalities
within the EEG confirmed seizure onset area,
however, PET abnormalities were frequently
observed adjacent to this area in the temporal
and parietal lobes. This result confirms the
hypothesis that PET abnormalities represent
functional barriers that disconnect adjacent
brain regions from ictal involvement.
Moreover, connectivity analysis showed that
cortical areas representing PET abnormalities
in the parieto-temporal lobe have unilaterally
lower connectivity to the frontal lobe (see
Figure 1B).

Conclusions: Using the developed software
tool, quantitative results obtained from diverse
imaging modalities can be merged into a
single data structure. Application to clinical
data  suggests that functional PET
abnormalities are frequently located in the
borderzone to EEG-defined seizure onset
regions. Moreover, in addition to decreased
fractional anisotropy (FA), the cortical
distribution pattern of fibers originating in the
seizure onset zone or from the functional
abnormality region differs from a normative
pattern.

ADEQUACY OF KINETIC MODEL FOR *0O-
BASED CMRO, IN PET - CLEARANCE
AFTER INTRA-CAROTID *0O-
RADIOACTIVITY BOLUS INJECTION ON
MACACA FASCICULARRIS
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Yamamoto®, Y. Hori', J. Enmi*, H.
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Introduction: Regional cerebral metabolic
rate of oxygen (CMRO,) and oxygen extraction
fraction (OEF) have been quantitatively
assessed using *O-labeled oxygen (*°0,) and
PET both in experimental animals and human.
A number of mathematical formulations have
been proposed for several PET scanning
protocols. There was a common assumption,
in which the extracted O, from the capillary
bed to the brain tissue is metabolised
immediately to become labeled water (H,"°0),
so that backflux of '°0, from the brain is
negligibly small. Encouraging results were
shown in early 70's [1] but was suffered from a
large level of background, due to the single
photon detector design. Seki et al [2] recently
claimed that the clearance after bolus
administration of °O,-labeled Oxy-hemoglobin
(*>0,-Hb) into the carotid artery of rats differs
from that after the bolus injection of H,'O,
suggestin% the limitation of the compartment
model in * O, PET, unless technical errors are
present, attributed to the difficulty in small
animal experiments. This study was aimed at
evaluating whether or not the clearance of °O,
from brain is identical to that for H, 0.
Adequacy of the assumption of instantaneous
metabolism of *°0, to become H,'O was then
investigated.

Methods: Three sets of PET experiments
were carried out on 2 monkeys of body weight
7.0-7.5 kg. Blood samples with *O,-Hb, and
with C*O-hemoglobin (C**0-Hb), as well as
H,"°O-saline of approximately 20 MBq in 0.4
mL were injected into the carotid artery by
slow bolus (< 3 sec), immediately after the
initiation of PET scanninq using an ECAT HR
scanner in listmode. The 0,-Hb and C*°0-Hb
were prepared using the previously presented
artificial lung, by circulation the venous blood
with the introduction of *0, and C*O gases.
Dynamic images were reconstructed using
FBP for 30x1 sec, 15x2 sec, 12x5 sec, and
18x10 sec, in total 5min. Five sets of ROIs
were defined on reconstructed images in the
middle-carotid artery territory of the injected
hemisphere on different slice levels. Time-
activity curves were fitted to a single
exponential function, and then the clearance
slolps)es were compared between °O,-Hb and
H,™0.

Results: Typical coincidence counting rate of
the whole PET gantry was approximately 35
kcps, 60 kcps and 30 kcps at peak,
corresponding to the *0,-Hb, H,™O and
C™®0-Hb, respectively. Deadtime loss was <
5% at all scans. The clearance slopes were
close to each other between 15Oz-Hb and



H,™O (no significant difference), while much
faster for C*°O-Hb.
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Conclusion: The clearance of ™0
radioactivity for *>0,-Hb was identical to that
for H,"0, suggesting that negligible amount of
back diffusion of non-metabolized *°0, is a
good approximation. Sophisticated
mathematical approaches may further
contribute to improve accuracy in the
guantitative assessment of CMRO; in vivo.
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PET DEMONSTRATES FUNCTIONAL
RECOVERY AFTER TRANSPLANTATION
OF INDUCED PLURIPOTENT STEM CELLS
IN A RAT MODEL OF CEREBRAL
ISCHEMIC INJURY
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Aim: The purpose of this study was to
evaluate the therapeutic efficacy of induced
pluripotent stem cells (iPSCs) in a rat model of
cerebral ischemia with use of
fluorodeoxyglucose '*F  (**F-FDG) micro-
positron emission tomography (PET) imaging.

Methods: Middle cerebral artery occlusion
was used to establish cerebral ischemia.
Twenty-four rats were randomly assigned to
one of three groups: iPSCs treatment,
embryonic stem cells (ESCs) treatment, and
phosphate-buffered saline (PBS) injection
groups. After neurological function tests ancé

F-FDG microPET were performed, 1.0 X 10
suspended iPSCs or ESCs were injected
stereotactically into the left lateral ventricle.
The treatment response was evaluated weekly
by ¥ FDG PET scans and neurological
function tests. Histological analyses and
autoradiographic imaging were performed at 4
weeks after stem cell transplantation.

Results: Compared with the PBS injection
group, higher '®F-FDG accumulation in the
ipsilateral cerebral infarction was observed in
both the iIPSCs and ESCs treatment groups
during the 4-week period (P < 0.05). ®*F-FDG
accumulation in the ipsilateral cerebral
infarction increased steadily over time in the
iPSCs treatment group. At 1 and 2 weeks after
stem cell transplantation, significant recovery
of glucose metabolism was found in the ESCs
treatment group (P < 0.05), which then
decreased gradually. The neurological score in
both stem cell-treated groups was significantly
lower than that in the PBS group, which
indicated functional improvement.
Immunohistochemical analysis demonstrated
that transplanted stem

cells survived and migrated close to the
ischemic region and most of the stem cells
expressed protein markers for cells of interest.

Conclusion: 'F-FDG microPET imaging
demonstrated metabolic recovery after iPSCs
and ESCs transplantation in the rat model of
cerebral ischemia. iPSCs could be considered
a potentially better therapeutic approach than
ESCs and are worthy of further translational
investigation.



HIERARCHICAL ORGANIZATION OF THE
SEROTONERGIC SYSTEM: A MULTI-
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Introduction: The serotonergic system is a
highly diverse composition of various pre- and
postsynaptic receptor subtypes and the
serotonin transporter. Previous in vivo and
postmortem studies revealed a rather distinct
distribution  pattern of these proteins
throughout the human brain [1-2]. The cerebral
cortex has often been subdivided into
numerous areas characterized by structural,
functional and cytoarchitectonic features [3]
while protein-based organizations schemes
are lacking. In the current study we propose a
new organizational model of the brain based
on protein distributions of the serotonergic
system including the major inhibitory (5-HTa
and 5-HT:g), the major excitatory (5-HT,a)

receptors and the transporter (SERT) of
healthy subjects.

Methods: Dynamic PET scans were
performed in 95 healthy  subjects

(age=28.0+6.9 years; 59% males) divided into
4 groups using the selective radioligands
[carbonyl-""CIWAY100635  for  5-HTqa,
[*®Flaltanserin for 5-HT s, [*'C]P943 for 5-HT 5
and [11C]DASB for SERT. After motion
correction and spatial normalization in SPM8
dynamic PET scans were quantified from
radioactivity concentrations by a multi-linear
reference tissue model (MRTMZ2; 5HT,, 5-
HT.s, SERT; BPyp) and a bolus/infusion
approach (5HT,s; BPp) in PMOD 3.3. A
standard template in MNI stereotactic space
served for ROI delineation. The ROI template
based on the macro-anatomical criteria
according to AAL (automated anatomical
labeling) including 52 regions [4]. Similarities
between receptor distribution patterns were
analyzed by means of a hierarchical cluster
analysis using Euclidean distances in
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combination with the Ward-linkage method as
implemented in R2.15.0. All values were z-
transformed across areas prior to analysis in
order to establish equal weight between the
protein bindings.

Results: Receptor densities as represented
by binding potentials were computed for all
ROIs. Hierarchical cluster analysis of group-
average BP values revealed two main protein-
distinct clusters. The first exclusively
comprised subcortical areas such as the raphe
nuclei, thalamus, pallidum, caudate nucleus,
putamen, midbrain, and striatum, whereas in
the second the remaining cortical areas were
aggregated. Of note is the strikingly
pronounced dissimilarity between these two
clusters given by the high distance. In the
cortical cluster occipital, parietal and frontal
ROIs displayed closer similarities than
temporal ROIls. Basal ganglia ROIs showed
shorter Euclidean distance than raphe nuclei
in the subcortical cluster.

Discussion: We quantified in vivo PET data of
4 key proteins of the serotonergic system and
subsequently used a data-driven approach to
identify brain regions of similar features within
the serotonergic system. Interestingly, spatially
distant ROIs such as the subcortical areas
were identified with close molecular similarity
in contrast to cortical ROIs as given by the
large Euclidean distance between these two
clusters. The two clusters found were in
accordance with the familiar classification of
cortical und subcortical ROIs. Furthermore,
temporal ROIs but also some frontal ROIs
(ACC, Insula) exert a similar role as opposed
to the remaining lobes. This result reflects an
explicit hierarchical organization of the
serotonergic  system and  emphasizes
functions and interactions of the binding
proteins beyond topologies.
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Objectives: Positron Emission Tomography
(PET) is used to quantify active inflammatory
processes by targeting the translocator protein
(TSPO), which is up regulated in activated
macrophages and microglia across various
brain diseases. In vitro, human tlssue samples
have been shown to bind to 2™ generation
TSPO radioligands, such as 'C-PBR28, with
either high affinity (HABs), low affinity (LABS)
or a mixture of the two (MABs). The
expression of these different binding sites in
human is encoded by the rs6971
polymorphism in the TSPO gene!, and it was
predicted that the specific S|gnal from PET
ligands in vivo would vary accordingly. It was
also predicted from in silico biomathematics
that “'C-PBR28 would have a high specific to
nonspecific ratio and that there would be a
significant specific TSPO signal in the healthy
human brain®. Here we assess these
predictions in vivo in humans with *'C-PBR28
by evaluating the signal in different genetic
groups at baseline, at follow-up three-months
later and after blockade with a novel anxiolytic
XBD173%!

Methods: 18 healthy human subjects (10
HABs, 6 MABs and 2 LABs) were genotyped
for the rs6971 polymorphism and underwent
90 min PET scans with arterial sampling
following bolus injection of 'c-PBR28. 10 5
HABs, 3 MABs, and 2 LABs) were scanned
twice 3 months apart, 6 (3 HABs and 3 MABs)
were scanned at baseline only and 2 (HABS)
were scanned at baseline and following pre-
blockade with 90mg or 45mg of XBD173. A 2-
tissue-compartment model described the data
well and enabled estimation of the total
volume of distribution (V1) in the examined
regions of interest (ROIs). The
nondisplaceable volume of distribution (Vyp)
was estimated using three different methods: i)
by assuming no specific binding in the LABs,
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thus VT HAB_2VT maR-VND; ||) by a plot r6|a.t|ng
the V+ of HABs and MABS, VT HAB- VT mag = R
(V1 _nag-Ynp), Where R s related to the
HAB/LAB binding affinity ratio; and iii) by the
Scc)u?ancy pIOt VT base™ VT block _OCC(VT base”

Results: A significant difference was found
between the V; of HABs and MABs across all
ROIs (Figure 1). V; was not quantifiable using
2TC for LABs in agreement with previous
studies®. The test-retest variability (VAR: the
mean of [2|test-retest|/[test+retest]) within a
three-month period is around 25%. The Vyp
estimated by the three methods was i)
VND:l.38, ||) VND:l.92, and |||) VND:1-891
which implies the BPyp in the normal human
brain for HABs ranges from 1.75 to 3.04 in the
ROIs examined and is consistent with the in
silico biomathematical predictions of BPyp 1as
=3.99%,

Conclusions: The in vivo TSPO signal of *'C-
PBR28 is consistent with the prediction from in
vitro data, genetic data and an in silico
biomathematical model. The tracer shows high
specific signal in the healthy human brain.
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Objectives: Phosphodiesterase-2A (PDE2A)
is an enzyme that hydrolyzes the intracellular
second messenger molecules cyclic AMP and
cyclic GMP. PDEZ2A inhibitors have been
shown to enhance memory [1] and cognitive
function [2] in rats. [‘°F]JPF-05270430 is a
novel PET radiotracer with high affinity and
selectivity for PDE2A. The purpose of this
study was to evaluate [lSF]PF—05270430 in the
human brain and examine the test-retest
variability of binding parameters measured
with the tracer.

Methods: The radiotracer [18F]PF—0527O430
was synthesized via displacement of a tosylate
precursor with K[18F]. Five male healthy
volunteers underwent 2 dynamic PET scans 3-
5 days apart. PET images were acquired using
an ECAT EXACT HR+ scanner with a scan
time of 120 min. Arterial blood samples were
collected for measurement of free fraction and
radioactive metabolites, and for generation of
the arterial input function. Brain regional time-
activity curves (TACs) were measured in ten
regions including striatum, neocortical regions,
and cerebellum. TACs were analyzed with
one- and two- tissue compartment models (1T
and 2T) and the multilinear analysis method
(MA1) to derive distribution volumes (V+) and
binding potentials (BPyp) using the cerebellum
as a reference region. Variability in model-
derived tissue binding parameters was
assessed wusing the following formula:
%diff=100x|retest-test|/(test+retest)x2.

Results: [*°F]PF-05270430 was prepared in
>99% radiochemical purity and specific activity
of 124 + 46 MBg/nmol (n = 10) at the end of
synthesis. Plasma free fraction was 13 + 3 %
(n = 9). The fraction of [**F]PF-05270430 in
plasma decreased moderately over time, from
55 + 8 % at 30 min to 40 £ 5 % at 120 min
post tracer injection. Distribution of [“*F]PF-
05270430 was heterogeneous in the human
brain, with highest uptake in the putamen and
caudate, followed by neocortical regions, and
lowest in the cerebellum. Uptake of [lBF]PF-

127

05270430 displayed a peak at ~5 min post
injection, followed by rapid clearance in all
regions. While 2T fits were better than those of
the 1T model, the 2T parameters sometimes
could not be reliably estimated. After excluding
estimates with largest standard errors, there
was an excellent agreement between the MA1
and 2T model estimates. Therefore, MA1 was
chosen as the method of choice for modeling
analysis. Reproducibility of estimates was
similar across regions. Test-retest variability of
V: and BPyp values in whole brain was 8 + 4
% and 13 £ 11 %, respectively.

Conclusions: This is the first demonstration
of a PDE2A-specific tracer suitable for the
imaging and quantification of PDE2A binding
sites in vivo. Evaluation in humans indicated
that [‘®F]PF-05270430 displayed several
favorable properties as a PET tracer for the
quantification of PDE2A binding sites, such as
fast uptake kinetics, distribution in accordance
to regional PDE2A densities, binding
specificity, and excellent reproducibility of
regional binding parameters. The cerebellum
was used as a reference region due to its
lowest uptake. However, a blocking study is
required to evaluate the validity of the
cerebellum as a reference region.
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Objectives: The translocator protein 18kDa
(TSPO) is the biomarker of interest for
neuroinflammation in PET imaging. In search
of specific and sensitive radioligands for



TSPO, the carbon 11 labelled SSR180575
ligand (Thominiaux et al. 2010) revealed highly
specific binding in different rodent models of
astrocytic activation (Lavisse et al. 2012) and
neuroinflammation (Chauveau et al. 2011).
Here we present a longitudinal follow up study
in a non-human primate model of
neuroinflammation evaluating the specificity
and sensitivity of the ligand to detect early
versus late inflammatory conditions.

Methods: Three cynomolgus monkeys
underwent first a test-retest scan, followed by
presaturation and displacement studies using
different doses of PK11195 (1-5mg/kg).
Dynamic PET data were acquired during 120
min (FOCUS220, Siemens) and imaging was
performed under propofol anesthesia with
constant monitoring of physiologic parameters.
Then, an excitotoxic lesion was induced in the
left striatum by stereotactic quinolinate
injections. The animals were subsequently
imaged at day 2, 9, 16, 23 and 46 after lesion
and at the end of the study sacrificed for
histological analysis. Brain PET data were
coregistered to the corresponding T2-weighted
MR images acquired on a 7T Varian scanner
at different time points during the follow up
study. Time activity curves extracted from
different brain regions were expressed in SUV
by normalizing for injected dose and body
weight, allowing the comparison between and
within animals over different time points. Total
volume of distribution was calculated using the
graphical method of Logan with fitted arterial
input functions.

Results: In the healthy brain a specific and
reversible binding of ''C-SSR180575 was
observed homogeneously all over the brain.
Despite this ubiquitous distribution of the
tracer in the normal condition, a clear increase
in binding was observed in the quinolinate
injected striatum as soon as 48h after
excitotoxic lesion. The binding of the
radioligand in the inflammatory lesion was
visible up to two weeks after lesion, reaching a
maximal contrast at nine days.

Conclusions: The present study reveals a
promising specificity and sensitivity of “'C-
SSR180575 for the TSPO in vivo. Ongoing in
vivo/postmortem correlations between the PET
data and various immunohistological sections
for GFAP, Ibal, CD68, TSPO and NeuN will
yield complementary information regarding the
cellular events associated with this increased
binding. The early binding of 1C-SSR180575
after the induction of the excitotoxic lesion,
suggests binding to the TSPO in activated
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microglia in addition to the previously
observed binding to the TSPO in activated
astocytes (Lavisse et al.2012).
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Objectives: Metablotropic glutamate receptor
type 1 (mGIuR1) has been reported to be a
candidate of a drug target for the treatment of
the central nervous system diseases, such as
stroke, epilepsy, pain, cerebellar ataxia,
Parkinson's diseases, anxiety, and mood
disorders. N-[4-[6-(isoPropyIamino)pyrimidin-4-
yl]-1,3-thiazol-2-yl]-4-[ *C]methoxy-N-
methylbenzamide  ([*'CJITMM),  recently
developed by Fujinaga et al. [1], is a potential
PET radioligand for mapping mGIuR1 in the
brain. In this study, we Performed the initial
clinical PET study using [*'C]ITMM.

Methods: Dynamic [*'C]ITMM PET scans (90-
min) in two-dimensional mode were performed
in five healthy male volunteers (23 + 2 years
old). The injected dose was 579 + 48 MBq and
the specific activity was 85 + 23 MBg/nmol.
During the scan, arterial blood was sampled at
various time intervals, and the fraction of the
parent compound in plasma was determined
by HPLC analysis. ROIs were placed on the
cerebellar and frontal cortices, thalamus,
striatum, and pons. Total distribution volume
(V1) for each ROI was estimated by the two-
tissue compartment model. The static
[MC]ITMM PET images (40-60 min after
injection) were anatomically normalized and
the mean images expressed as the
standardized uptake value (SUV, g/mL) were
calculated.



Results: ["'C]ITMM was much more stable
peripherally in humans than in rodents; the
percentage of unchanged form in the plasma
remaining 62% + 8% at 60 min after
administration. The metabolite-uncorrected
plasma radioactivity concentrations were
higher than that of whole-blood suggesting
plasma protein binding of [*'C]ITMM.
["'C]ITMM heterogeneously distributed in the
brain. Radioactivity in the cerebellar cortex
was the highest and continuously increased
over 30 min and then reached plateau.
Radioactivities in the other regions were
rapidly reached constant level, then remain
plateau in the thalamus or slightly decreased
in the frontal cortex, striatum, pons. The
regional V; was the highest in the cerebellar
cortex (2.58 + 0.27), followed by the thalamus
(1.06 £ 0.18), frontal cortex (0.73 £ 0.09), pons
(0.53 = 0.19), and striatum (0.52 = 0.11). This
regional distribution pattern of Vi was
consistent with the static SUV images and it
was also consistent with the known distribution
of mGIuR1 in the primate brain [2].

Conclusion: ['C]ITMM was suggested to be
applicable for further evaluations as a PET
radioligand for mapping MmGIuR1 in human
brain.
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(@) Anatomically normalized mean static
images acquired for 40-60 min after injection
with corresponding MRI and

(b) mean time-activity curves of [*'C]ITMM (n =
).
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Background: Although selective serotonin
reuptake inhibitors (SSRIs) are commonly



prescribed to treat mood and anxiety disorders
in children, concerns have arisen regarding
their routine use. Two of the safety concerns
include the possible increased risk of suicidal
thoughts [1] and the potential long-lasting
effects on the developing brain. No
prospective study to date has examined the
long-term effects of SSRIs on the developing
brain. This study examined the effects of
prepubertal fluoxetine administration on
serotonin transporter (SERT) and serotonin 1A
(5-HT1,) receptor in monkeys.

Methods: Thirty-two age- and weight-matched
rhesus monkeys from four annual birth cohorts
were randomly assigned to normal rearing or
maternal separation conditions at birth. The
rearing conditions for maternally-separated
and normally-reared monkeys have been
described elsewhere [2]. Fluoxetine was
administered at age two and continued for one
year. To rule out any confounding effects of
residual SSRI in brain on our PET
measurements, monkeys were scanned at
least 1.5 years after drug washout. All
monkeys (4.7 £ 0.3 yrs. and 7.5 £ 0.3 kg)
underwent 2-hour scans on the microPET
Focus 220 using two PET serotonergic
radioligands: ['CIDASB and [''CIRWAY,
selective for SERT and 5-HT;5 receptor,
respectively. Dynamic PET images were co-
register