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Abstract:

Parkinson’s disease (PD) is characterized by progressive cell death of the
dopaminergic neurons of nigrostriatal pathway. Several causes have been
implicated for PD via neurochemical research including mitochondrial
dysfunction, oxidative stress, and protein misfolding, to list a few. The
novel Catecholamine Regulated Protein 40 (CRP40) has certain
dopaminergic and neuroprotective features that implicate its importance
for PD research. Recent studies using post-mortem brain tissue of patients
with PD found MOT-2/CRP40 depletion in the frontal cortex and substantia
nigra. MOT-2/CRP40 reduction is also observed in striatal brain tissue
samples from a hemi-lesioned preclinical animal model of PD. Most
recently, work done at the University of Laval in collaboration McMaster
University suggests that levels of CRP40 mRNA are in deficit in blood
platelet samples from a primate model of PD.

The studies presented in this thesis suggest that the CRP40 protein has a
dual function with regards to PD. The full-length CRP40 binds dopamine
and, upon injection at the striatum of 6-hydroxydopamine hemi-lesioned
rats, alleviates behavioural symptoms for up to 7 days. On the other hand,
a 7kDA fragment of CRP40 does not bind dopamine, but does confer the
same alleviatory effect upon intra-striatal injection in 6-hydroxydopamine
hemi-lesioned rats. Not only has a protein now been identified with novel
potential as a therapeutic agent for PD, but also the approximate region of
the CRP40 protein responsible for behavioural effects.

The later studies of this thesis show that CRP40 is found dysregulated in
platelets of PD patients and lymphocytes of SCZ patients. This evidence
has revealed CRP40 as a novel PD biomarker, for which on going studies
are now in place to explore the potential of CRP40 as a diagnostic for PD.
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CHAPTER 1

INTRODUCTION TO DOPAMINE



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

1.0 Dopamine

Dopamine (DA) is one of three neurotransmitters termed catecholamines.
These compounds are named for their structure: benzene with two
hydroxyl side groups (catechol ring) and an ethylamine arm (Fitzgerald,
2011). This category also includes epinephrine (Ep) and norepinephrine
(NorEp). Catecholamines are present both as neurotransmitters in the
central nervous system (CNS) and as hormones in the peripheral systems
of the body. Of the total catecholamine concentration found in the CNS,
DA is the most abundant, constituting approximately 80%. DA can be
found in various brain regions; the striatum, nucleus accumbens (NA),
substantia nigra (SN), ventral tegmental area (VTA), olfactory tubercle,
cortex, amygdala, subthalamic nucleus, pituitary, hypothalamus, thalamus,
hippocampus, and cerebellum (Vallone et al., 2000). Only about 1% of the
brain’s synapses are dopaminergic, and over 80% of brain DA is located
within the basal ganglia (Cowan et al., 2001; Siegel et al., 1994). DA is
involved in pathways that regulate motor control, memory, motivation,

reward and desire, addiction, and maternal behavior.
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1.1 Dopamine synthesis and metabolism

DA synthesis occurs at the VTA and SN. Phenylalanine is first acquired
through diet, and is hydroxylated to the amino acid tyrosine, which can
cross the blood-brain barrier (Kopin, 1968; Siegel et al., 1994). Conversion
of tyrosine by rate-limiting enzyme tyrosine hydroxylase (TH) results in
levodopa (L-3,4-dihydroxyphenylalanine; L-DOPA), which is then
converted by the enzyme DOPA decarboxylase to DA (Figure 1a) (Kopin,
1968; Siegel et al., 1994). Hydroxylation of DA produces NorEp, which can
be methylated to form Ep (Figure 1b) (Kopin, 1968; Siegel et al., 1994).
DA is taken up from the cytosol and concentrated in storage vesicles in
the nerve terminal, where it either remains DA or is further processed into
NorEp (Siegel et al., 1994). From there, NorEp can be released into the
cytosol where it is processed into Ep (Siegel et al., 1994).

Excess synaptic DA is collected and deposited into surrounding cells by
the 12-transmembrane domain DA transporter (DAT), where it is either
recycled into vesicles or metabolized (Schultz, 1998; Torres, 2003). This
mechanism of re-uptake silences the signal of DA until the next wave of
vesicular release. Amphetamine and cocaine are DA receptor agonists
that inhibit the reuptake of catecholamines from the synaptic cleft (Siegel
et al., 1994). Cocaine inhibits DAT, while amphetamine competes with DA

by binding DAT (Siegel et al., 1994).
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DA metabolism occurs by function of two catabolic enzymes: monoamine
oxidase (MAO) and catechol-o-methyltransferase (COMT). MAO, located
on the outer membrane of mitochondria, inactivates catecholamines that
are free within the nerve terminal (Siegel et al., 1994). Specifically, oxygen
is used to remove the amine group from DA, converting DA to 3,4-
Dihydroxyphenylacetic acid (DOPAC) (Kopin, 1968; Siegel et al., 1994;
Edmondson, 2004). DOPAC is further metabolized by COMT to form
homovanillic acid (HVA), which can be excreted from the body via
urination (Figure 2) (Matsumoto, 2003). COMT also acts on extraneuronal
DA by introducing a methyl group, converting DA to 3-methoxytyramine (3-
MT) (Siegel et al., 1994; Matsumoto, 2003). 3-MT is further metabolized
by MAO to HVA (Figure 2) (Kopin, 1968; Siegel et al., 1994; Matsumoto,

2003).



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

1.2 Dopamine receptors

Release of DA into the synapse from presynaptic vesicular storage occurs
by calcium-mediated exocytosis. Action potentials that reach the
presynaptic terminal mediate fusion of vesicles with the neuronal
membrane, thereby releasing DA into the synaptic cleft (Figure 3) (Siegel
et al., 1994; Sudhof, 1995). Once released, DA acts as a ligand for one of
five receptor types, depending on the brain region and intended function
(Vallone et al., 2000).

DA receptors act indirectly via second messenger systems to bring about
a post-synaptic response by coupling with G-proteins (Siegel et al., 1994).
The five 7-transmembrane domain receptors (D1, D2, D3, D4, D5) can be
separated into two distinct groups: D1-like receptors (D1 and D5) and D2-
like receptors (D2, D3, and D4). Members of the D1-like group are
responsible for activation of adenylyl cyclase, thereby increasing
concentrations of cyclic adenosine monophosphate (cAMP), mobilizing
calcium stores, and decreasing concentrations of arachidonic acid (Siegel
et al., 1994; Vallone et al., 2000). Conversely, D2-like receptors are
responsible for inhibition of adenylyl cyclase, thereby decreasing
concentrations of cAMP, dampening calcium channel activity, and
increasing concentrations of arachidonic acid (Siegel et al., 1994; Vallone
et al., 2000). Each receptor is localized to specific brain regions (Table 1),

and can be found on both the pre-synaptic and post-synaptic neurons.
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It is the D2 receptor group, specifically, that is implicated in movement and
locomotion (Vallone et al., 2000). D2 receptors have been implicated in
psychosis, movement disorders, and neurodegenerative disease.
Psychotic disorders may be the result of overstimulation of D2 receptors,
while understimulation of D2 receptors is responsible for locomotor
symptoms in neurodegenerative movement disorders like Parkinson’s

disease (PD) (Siegel et al., 1994).
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1.3 Dopaminergic tracts and connectivity

There are four dopaminergic neural pathways: nigrostriatal, mesolimbic,
mesocortical, and tuberoinfundibular. The nigrostriatal pathway is
responsible for modulating movement and locomotion via binding of DA to
D1 and D2 receptors. This pathway originates in the SN, sending axons to
the striatum (Figure 4) (Siegel et al., 1994). The nigrostriatal pathway is
degenerated in PD patients. The mesolimbic pathway influences
motivated behaviour and is implicated in addiction. This pathway
originates in VTA and sends axons to NA (Figure 4) (Siegel et al., 1994).
The mesocortical pathway, involved in aspects of learning and memory,
originates in the VTA and sends axons to the NA and frontal cortex (Figure
4) (Siegel et al., 1994). DA imbalances in the mesolimbic/mesocortical
pathways have been implicated in Schizophrenia (SCZ) and other
psychotic diseases. The tuberoinfundibular pathway is involved in the
stimulation of milk production via connections with the mammary glands
(Vallone et al., 2000). This pathway originates in the hypothalamus,
sending axons to pituitary, median eminence. It is responsible for
regulation of pituitary hormones like prolactin (Siegel et al., 1994).

The neurotoxin 6-hydroxydopamine (6-OHDA) has been found to deplete
the neurotransmitter content of dopaminergic neurons, effectively causing
anterograde degeneration of the entire neuron (Ungerstedt, 1968). In

experiments by Thompson and Moss (1995), 6-OHDA lesioning at the
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prefrontal cortex (PFC) caused an 80% decrease in the number of TH-
containing cells. Interestingly, this PFC lesion caused a nearly 3-fold
increase in DA abundance at the NA compared to non-lesioned controls.
After reproduction and confirmation, this observable fact has become
known as the DA connectivity phenomenon; where a decrease in cortical
DA causes an increase in subcortical DA, and vice versa (Thompson and
Moss, 1995). Karreman and Moghaddam (1996) performed experiments
using a DA receptor agonist and various inhibitory compounds to further
elucidate the mechanisms of the DA connectivity phenomenon. Their
results suggest that the PFC regulates DA concentrations at the striatum
(as predicted by the DA connectivity phenomenon) via mediatory

signalling from the VTA (Karreman and Moghaddam, 1996).
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1.4 Dopamine cytotoxicity

Free DA (molecules of DA not stored in vesicles) can be oxidized to DA
quinones (Van Laar et al.,, 2007; Graham et al., 1978). Quinones are a
form of reactive oxygen species (ROS) and are detrimental to cellular and
genetic health. There are multiple pathways that result in the production of
DA quinones including spontaneous oxidation, protein mediated oxidation,
and oxidation by a metal catalyst (Stokes et al., 1999). For example, the
natural breakdown of DA by MAO produces hydrogen peroxide, a ROS.
Further, hydrogen peroxide can react with transition metals, like iron, to
produce hydroxyl radicals (Stokes et al., 1999). Some naturally occurring
proteins can use DA as an electron donor, converting DA to different
species of electron-deficient DA quinones (Stokes et al., 1999).

The toxicity of DA quinones lies in their ability to target sulfhydryl groups
on cellular proteins and use them in nucleophilic addition reactions. These
groups are often found at protein active sites, any modification to which
can lead to protein inactivation and aggregation (Stokes et al., 1999). DA
quinones also have genotoxic abilities; they can covalently modify DNA
and can cause DNA strand breaks. Extensive inactivation of proteins or
DNA damage can ultimately lead to DA-induced apoptosis of the neuron
(Stokes et al., 1999). Dopaminergic neurons in culture show extensive cell
death following exposure to DA at physiologically-similar concentrations

between 50-200 pM (Michel and Hefti, 1990; Simantov et al., 1996;
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Shinkai et al., 1997; Zhang, 1998). Specifically, DA enhances the
translocation of cytochrome c from the mitochondrion to the cytosol and
activates caspase-3; two important proteins with activational functions in

the intrinsic apoptotic pathway (Figure 5) (Pirger et al., 2009).

10
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coo- Coo- NH+
NH,+ NH,+

Tyrosine HO DOPA HO  Dopamine

Figure 1a: DA synthesis from tyrosine via DOPA (adapted from Siegel et

al., 1994).

H PH  NH
NH,+ NH,+
Phenylethanolamine CH

HO  Dopamine HO  Norepinephrine HO  Epinephrine

Figure 1b: DA conversion to NorEp, and NorEp conversion to Ep (adapted

from Siegel et al., 1994).
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H

HO DOPAC

Figure 2: DA degradation pathways— conversion to HVA via either 3-MT or

DOPAC (adapted from Siegel et al., 1994).
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Figure 3: Synaptic vesicle cycling at the presynaptic terminal (from

Sudhof, 1995).
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Receptor Receptor Localization

D1 Striatum, NA, Olfactory Tubercle, Cortex, Amygdala,
Subthalamic Nucleus

D2 Striatum, NA, Olfactory Tubercle, SN, VTA, Pituitary
(Non-CNS Tissue Localization: Retina, Kidney, Vasculature)

D3 Hypothalamus, Thalamus, Cerebellum, SN

D4 Frontal Cortex, Amygdale, Olfactory Bulb, Hippocampus,
Hypothalamus, Mesencephalon

D5 Thalamus, Hypothalamus

Table 1: Localization of specific DA receptors to different brain regions.

14
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Striatum
# Frontal Cortex
* VTA

SN
* NA

Figure 4: Dopaminergic tracts of the human brain (Groleau, 2013).
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Figure 5: Extrinsic and intrinsic apoptotic pathways.
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CHAPTER 2

INTRODUCTION TO CATECHOLAMINE REGULATED PROTEIN 40
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2.0 Heat shock proteins and molecular chaperones

Molecular chaperones are a class of proteins whose main function is to
ensure the correct folding and functional maturation of other cellular
proteins (Ellis, 1987). They can also disassemble misfolded proteins and
interfere with detrimental protein interactions (Ellis, 1987). Molecular
chaperones function by forming transient complexes with their target
proteins (Schlesinger, 1990). In some cases, the protein-chaperone
interaction occurs under the cooperation of multiple chaperones (Hendrick
and Hartl, 1993).

Molecular chaperones prevent the aggregation of newly translated
polypeptides. The chaperone proteins ensure new peptides stay soluble
by binding their hydrophobic regions; thereby preventing improper folding
that could occur before synthesis is complete (Hendrick and Hartl, 1993;
Becker and Craig, 1994). The chaperone will then disengage by hydrolysis
of adenosine triphosphate (ATP), and the peptide can fold into its final
conformation.

Chaperones also encourage the breakdown of proteins that are either no
longer needed or damaged past the point of rescue. To target proteins for
degradation, chaperones work closely with ubiquitin pathways, as well as
pathways of lysosomal proteolysis and degradation specific to individual

organelles (Hayes and Dice, 1996).
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Heat Shock Proteins of size 70kDa (HSP70) are a family of highly
conserved molecular chaperones containing an amino-terminal ATPase
domain and a variable peptide-binding site at the carboxyl terminal. Some
HSP70s are constitutive, but all are inducible by cell stress (Hendrick and
Hartl, 1993; Becker and Craig, 1994). HSP70s have the ability to protect
the structure and function of cellular proteins by binding the threatened
proteins under conditions of cellular stress. As the concentration of
unbound HSP70s decreases, the cell responds by upregulating HSP70s to
replenish its stock (Becker and Craig, 1994). By binding the exposed
hydrophobic regions of proteins under denaturing stress, these 70kDa
chaperones prevent endangered proteins from precipitating in the cell,
giving them the chance to be reconfigured post-stress (Becker and Craig,

1994).

19
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2.1 Mortalin-2: mitochondrial HSP70

Mortalin-2 (MOT-2, HSPA9, GRP75, mtHSP70; chromosome 5q31.1), a
ubiquitously expressed mitochondrial HSP70 with catecholamine binding
abilities, has many functions within the cell. It is involved in the import of
mitochondrial proteins, production of ATP, rescue of misfolded proteins,
and detection of oxidative stress (Kaul et al., 2007; Deocaris et al., 2008;
Kaul et al., 2012). MOT-2 has two functional domains: an N-terminal
nucleotide-binding domain (ATPase domain), and a C-terminal substrate-
binding domain (Domanico et al., 1993). This mitochondrial chaperone has
been implicated in such diseases as SCZ, Ischemia, PD, and carcinoma,
as well as in Alzheimer’s (AD) and Huntington’s (Kaul, 2007; Deocaris et
al., 2008).

MOT-2 is an important player in the transfer of mitochondrial proteins from
the cytosol to the mitochondrial matrix. Here, the proteins targeted for
transfer must stay partially hydrophobic to be accepted into the matrix and
intermembrane space by mitochondrial membrane pores. MOT-2 prevents
these proteins from conforming into their tertiary and quaternary structures
until they are safely translocated (Hendrick and Hartl, 1993; Becker and
Craig, 1994). Further, MOT-2 can catalyze the disassembly of damaged or
unused mitochondrial proteins within the organelle (Hayes and Dice,

1996).
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Studies using human fibroblasts revealed that normal aging causes a
time-dependant decrease in neuronal concentrations of MOT-2 (Deocaris
et al., 2008). Other factors leading to loss of functional MOT-2 protein in
neurons include environmental toxins and exacerbation of oxidative stress
(Deocaris et al., 2008).

Results from studies overexpressing MOT-2 in mouse astrocytes under
glucose deprivation confirm previous hypotheses that MOT-2 protects
against ischemic astrocyte injury in vitro in the following ways: a) control
cells showed a four-fold increase in ROS compared to MOT-2 treated
cells; b) control cells displayed a 15% mitochondrial membrane
depolarization, whereas MOT-2 treated cells maintained full mitochondrial
membrane potential (MMP); c) control cells exhibited 30% more ATP
depletion compared to MOT-2 treated cells and; d) total astrocytic cell
death was 25% in control cells, while MOT-2 treated cells only suffered a
total of 5% cell death (Voloboueva et al., 2008).

Xu and colleagues (2009) overexpressed MOT-2 to study its protective
effect against ischemia in vivo. MOT-2 treated animals showed a 42%
reduction in size of infarction following middle cerebral artery occlusion
compared to controls. They also showed significantly less damage by
oxidative stress compared to controls (Xu et al., 2009). Post-occlusion
activity of mitochondrial complexes was measured. Results showed more

preservation of function of complex IV in animals treated with MOT-2 than
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any other group or control (Xu et al., 2009). Further, MOT-2 treated
animals suffered 30% more ATP depletion compared to controls and other
treatments. This result compliments those found by Voloboueva and
colleagues— MOT-2 protects against mitochondrial-specific ischemic brain
injury in vivo, displaying impressive neuroprotective properties (Sun et al.,
2006; Voloboueva et al., 2008; Xu et al., 2009).

To date, many publications exist that detail MOT-2’s involvement in
carcinogenesis (Deocaris et al., 2008). Functional MOT-2 binds the
tumour suppressor protein (p53) in the cytoplasm, tethering it there. In
vivo, during high stress, MOT-2 is recruited to the mitochondria for
damage control, leaving p53 unbound and free to induce apoptotic
signalling (Londono et al., 2012) (Figure 5). Underexpression of MOT-2
causes activation of the p53-Bax apoptotic pathway, while overexpression
of MOT-2 causes complete inactivation of p53 leading to constitutive cell
division, immortalization of cells, and carcinomas (Walker et al., 2006;
Bottger et al., 2008).

Specific implications of MOT-2 in PD and SCZ have been growing robustly
over the last decade. These important relationships will be discussed in

sections 3.3 and 8.1.
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2.3 Catecholamine Reqgulated Protein 40kDa

2.3.1 Bovine CRP40

Nair and Mishra (2001) were the first to clone and characterize the novel
Catecholamine Regulated Protein of size 40kDa (CRP40; chromosome
5931.1). This protein of bovine origin that shares homology with HSP70
and MOT-2 (Nair and Mishra, 2001). The bovine CRP40 was found to
covalently associate with DA, Ep, and NorEp, but not with serotonin or
other amines, which implicates its functional specificity to catecholamines
(Nair and Mishra, 2001). It was discovered that bovine CRP40 is induced
by DA when its expression was significantly increased in SH-SY5Y cells
incubated with excess DA (Nair and Mishra, 2001). This increased
expression at high concentrations of DA is inhibited by treatment of cells
with antioxidants, implicating CRP40 in the response pathways associated
with oxidative stress resulting from the oxidation of excess DA (Nair and
Mishra, 2001). Interestingly, after heat shock, cells treated with bovine
CRP40 displayed decreased protein denaturation and aggregation
compared to controls, drawing similarity between the functions of CRP40
and other heat shock proteins/molecular chaperones, including MOT-2

(Nair and Mishra, 2001).
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2.3.2 Human CRP40

More recently, a human CRP40 that shows significant homology with the
bovine strain was cloned and characterized by Gabriele and colleagues
(2009). Messenger ribonucleic acid (mRNA) and protein sequencing
revealed that the human CRP40 is 100% homologous to the C-terminus
substrate-binding domain of human MOT-2 (from exon 10 to exon 17 with
an independent promoter region found at intron 9) (Gabriele et al, 2009)
(Figure 6a & Figure 6b). The human CRP40 protein will be discussed and
examined throughout the remainder of this dissertation.

Covalent affinity labelling was used to localize CRPs to specific regions of
the brain. The relative concentrations of CRPs, conforms to the following
trend from areas of greatest concentration to areas of lower concentration:
Striatum > NA > Olfactory Tubercle > Frontal Cortex > Hypothalamus >
Hippocampus > Cerebellum (Ross et al., 1995). Non-CNS tissues were
also probed; all were negative for CRP labelling including heart, liver,

kidney, skin, spleen, and muscle (Ross et al., 1995).
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2.3.3 Dopaminergic implications of CRP40

Human CRP40 displays DA binding capabilities with low affinity and high
capacity (Figure 7) (Gabriele et al., 2009). Localization studies by Goto
and colleagues (2001) exhibit TH in co-localization with CRP40,
corroborating the theory that CRP40 has catecholamine-specific functions
(Goto et al., 2001).

In SH-SY5Y neuroblastoma, cell treatment with haloperidol (a commonly
used D2 receptor antagonist for treatment of SCZ) caused increased free
synaptic DA and a subsequent increase in the expression of human
CRP40 compared to untreated cells (Gabriele et al., 2009). This result
parallels the bovine finding— CRP40 expression is inducible by high
concentrations of DA.

Further, immunofluorescence results have localized human CRP40 to the
cytoplasm in healthy post-mortem human NA, as well as in drug naive
schizophrenic NA tissue, but to the nucleus in haloperidol-treated
schizophrenic post-mortem tissue. Interestingly, this nuclear translocation
occurs in response to apoptotic pathways set in motion by DA oxidative
stress which strengthens the theory that CRP40 is a neuroprotective agent
(Gabriele et al., 2009). Further implications of CRP40 in the pathogenesis
of SCZ will be discussed in section 8.1, and implications of CRP40 in PD,
another DA-related neurodegenerative disease, will be discussed in

section 3.3.
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In studies using DA D1 and D2 receptor antagonist treatments in rats,
Sharan and colleagues (2000) found that antagonists of each receptor
caused a differential modulation of CRP40 protein expression in vivo. In
animals treated with Haloperidol, a D2 receptor antagonist, there was a
marked increase in striatal CRP40. Haloperidol blocks the D2 receptor DA
binding site, causing an increase in free extracellular DA, in response to
which CRP40 expression was induced. In animals treated with SCH23390,
a D1 receptor antagonist, there was a significant decrease in striatal
CRP40. SCH23390 blocks the D1 receptor DA binding site, thereby also
causing an increase in free extracellular DA. Interestingly, however, this
scenario does not cause an increase in CRP40 protein. It is possible that
D1 receptors have a role in the inducing pathway of CRP40, but that they
cannot carry out such functions when blocked by an antagonist (Sharan et
al., 2000).

Many further studies have been done to tease apart the DA-inducibility of
CRP40. According to experiments by Gabriele and colleagues (2002),
chronic, but not acute, amphetamine treatment causes a marked increase
in CRP40 expression in both the striatum and the NA in rats. The
modulatory effects of amphetamine are specific to CRP40 expression
since the experiments were repeated to investigate expression of HSP70,
with no change found (Gabriele et al., 2002). Similar experiments by

Sharan and colleagues (2003) showed that acute treatment with cocaine,
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which increases extracellular DA, caused a significant increase in CRP40
expression in the striatum and NA of rats. Chronic cocaine treatment
caused a significant CRP40 increase as well, but only in the NA. Further,
cocaine treatment accompanied by anisomycin treatment, which blocks
protein synthesis, inhibited the increase in CRP40 (Sharan et al., 2003).
This finding shows that the increase in CRP40 caused by cocaine
exposure is via upregulation and increased expression, as opposed to
protein translocation. The modulatory effects of cocaine on CRP40
expression are also CRP40 specific since the experiments were repeated
to investigate expression of HSP70, with no change found (Sharan et al.,
2003). In another study, Gabriele and colleagues (2003) found that chronic
Quinpirole (a high affinity D2/D3 receptor agonist) treatment leads to
decreased CRP40 at the striatum, VTA, and PFC, but increased CRP40 at

the NA, as predicted by the DA connectivity phenomenon.
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2.3.4 Neuroprotective functions of CRP40

Cells incubated with human CRP40 showed decreased protein
denaturation and aggregation following heat shock, implicating the human
strain of this protein as a heat shock protein and molecular chaperone
(Gabriele et al., 2009). Previously, a MOT-2 mutant was used to study the
function of the carboxyl terminal (CRP40) in protecting against ischemic
brain injury. CRP40 protected against ischemic brain injury almost as well
as the MOT-2 wildtype (WT) in the following ways: a) primary astrocytes
were protected against ischemic insults in vitro; b) infarct size and
neurological dysfunctions were reduced in vivo; c) protein aggregation
(measured by ubiquitin tagging) was decreased and; d) apoptosis inducing
factor (AlIF) translocation to the nucleus was inhibited (Sun et al., 2006).
These results suggest that CRP40 (the carboxyl terminal of MOT-2)
possesses the impressive neuroprotective properties previously exhibited
by MOT-2 (Sun et al., 2006). This chaperone-like protein has become an
exciting new target for studying neurodegeneration and exploring new

avenues for therapeutics thereof.
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Figure 6a: Alternative splice variance from the Mortalin gene (Gabriele et

al., 2009).

Figure 6b: Crystal structure of MOT-2 substrate binding domain, which is

homologous to CRP40 (Protein Data Bank, 2013)
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One-Site Competition Curve:
CRP40 Fusion Protein Treated with
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Figure 7: Competition curve indicating that CRP40 binds to DA in a low
affinity and high-capacity manner with an approximate 1C50 of 25uM

(Gabriele et al., 2009).
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CHAPTER 3

INTRODUCTION TO PARKINSON'’S DISEASE
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3.0 Global statistics

PD is a universal disease, affecting people of both sexes and of all
ethnicities. PD affects approximately 1% of the population over the age of
65, making it one of the most frequent neurodegenerative disorders
(WHO, 2006). About 0.3% of the general population is affected, which
translates into approximately 100,500 Canadians (Lang and Lozano,
1998). The World Health Organization reports PD at an incidence rate of
roughly 4.5-19 per 100,000 population per year (WHO, 2006). Others
report age-adjusted rates of prevalence in the range of 72-258.8 per
100,000 persons (Marras and Tanner, 2004). Recent data show a higher
proportion of males affected by this disorder compared to females (1.9
males per 1 female), which is in contrast to the previously accepted theory
that PD affects individuals of both sexes equally (Van Den Eeden et al.,

2003).
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3.1 Symptoms and pathophysiology

PD is characterized by progressive cell death specific to the dopaminergic
neurons of the SN. This disease can cause major (>90%) loss of basal
ganglia neurons in its late stages (Siegel et al., 1994). The resulting loss of
DA neurotransmission in the nigrostriatal tract (Figure 4) is associated with
impairments in movement and locomotion. Cardinal symptoms include
muscle tone rigidity, akinesia, postural decline, and tremor at rest (Lang
and Lozano, 1998). Some patients with PD will also suffer from cognitive
and psychiatric dysfunction (Moore et al., 2005). Dementia is becoming
increasingly recognized as a major symptom of PD, and contributes
greatly to shortened life in patients with this disease (Lang and Lozano,
1998).

Currently, diagnosis is confirmed only by clinical criteria, based on how a
patient's symptoms have manifested (Hughes et al., 2001). There is no
definitive biological marker to confirm PD diagnosis, and approximately
25% of patients are misdiagnosed (Rajput et al., 1991; Tolosa et al.,
2006).

Another major characteristic of PD, though not visible until autopsy or
post-mortem study, is the presence of Lewy bodies— plaque-like structures
in the brain. These proteinaceous inclusions form only in the cytoplasm of
surviving dopaminergic neurons (Moore et al., 2005; Londono et al.,

2012). Recent findings suggest that Lewy bodies may be the result of the
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body’s attempt to protect the brain against the progression of PD by
sequestering toxic insoluble proteins in one place so they may be
rendered less harmful (Lang and Lozano, 1998).

The PD pattern of deterioration starts at the ventro-lateral SN and
progresses to the medial-ventral SN. This trend is highly specific to PD,
and is opposite of trends observed in normal aging (Lang and Lozano,
1998).

Several causes have been implicated for PD pathophysiology via
neurochemical research. Those most relevant to the current study include:
mitochondrial dysfunction, oxidative stress, and protein misfolding;
however, others include: excitotoxins, neurotrophic deficiencies, and
abnormal immune response mechanisms (Schapira et al., 1992; Lang and
Lozano, 1998; Hastings, 2009; Sajjad et al., 2010).

Mitochondrial dysfunction in PD occurs as a significant decrease in activity
levels of Complex | proteins in the SN (Moore et al., 2005; Lang and
Lozano, 1998; Hastings, 2009). A defect of this magnitude could be
responsible for energy failure leading to apoptosis, or a weakening of the
cell against such insults as toxins, oxidative stress, or mutagens.

ROS are natural by-products of the electron transport chain (ETC)
responsible for ATP biogenesis in the mitochondria. When the cell and
mitochondria are healthy, these natural toxins are disposed of by various,

highly conserved processes (Lang and Lozano, 1998). However, as
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discussed earlier, if these ROS are not properly controlled, they can react
with proteins, and other cellular molecules, altering their structures and
leading to cell damage or death. Specifically, oxidative stress leads to
rapid proteolytic degradation (Deocaris et al., 2008). Loss of important
chaperones in this manner would ultimately leave unfolded or misfolded
proteins in a non-functional state, creating chaos in a system that requires
intricate balance and homeostasis. As the natural oxidation of excess DA
forms DA quinones, this pathway is of particular interest when conducting
research in the realm of PD.

Genetics have been greatly implicated in the pathophysiology of PD.
Proteins of particular interest to the current research are discussed below.
Variability in the promoter region of gene SNCA has been correlated with
predisposition for sporadic PD as it causes a change in cellular
concentrations of a-synuclein protein. Work with knockout animals
suggests that a-synuclein may be associated with vesicular cycling and
DA neurotransmission by interaction with the DAT (Moore et al., 2005).
a-synuclein overexpression has been shown to cause PD-like symptoms
in animal models since its interaction with DAT causes increased synaptic
DA, which leads to DA-induced apoptosis. Further, a-synuclein can be
found highly aggregated in Lewy bodies, suggesting that an excess of this
protein triggers its precipitation and inclusion (Moore et al., 2005). Finally,

Complex | inhibition in vivo and in vitro causes accumulation of ao-
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synuclein aggregates similar to aggregates found in Lewy Bodies. This
result suggests that Lewy body protein inclusions may result from
mitochondrial dysfunction (Moore et al., 2005).

Insoluble forms of the Parkinson’s disease protein 7 (DJ-1) are also found
in excess in brain tissues of patients with sporadic PD. Studies show that
DJ-1 may have some chaperone-like functions, and may also act as an
antioxidant by scavenging ROS. /n vitro, cells treated with excess DJ-1
were protected against oxidative damage (Taira et al., 2004). Oxidative
stress causes the localization of DJ-1 to the mitochondria where it confers
some protection against mitochondria-induced apoptosis.

The PD-associated protein Parkin is also known to translocate to the
mitochondria in times of oxidative stress (Yang et al., 2011). Parkin has
been implicated in neuroprotection by sustaining mitochondrial function
and suppressing apoptotic pathways (Kuroda et al., 2006; Yang et al.,
2011; Yu et al., 2011). Overexpression of WT Parkin in SH-SYSY cells
decreased ROS production, while mutant Parkin enhanced ROS
production (Kuroda et al., 2006). WT Parkin also prevented apoptosis and
conserved mitochondrial membrane potentials in cells under oxidative

stress (Kuroda et al., 2006).
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3.2 Treatment and prevention

Current options for PD treatment include pharmaceutical therapy and
surgical intervention therapy (National Parkinson Foundation, 2013).
Complimentary treatment options can include exercise and physical
therapy, support groups, occupational therapy, and speech therapy
(National Parkinson Foundation, 2013).

L-DOPA is the most commonly prescribed medicinal treatment for PD.
Unfortunately, L-DOPA fails to stop disease progression and also fails to
treat symptoms after long-term use due to desensitization to the drug’s
effects (Hattoria et al., 2009). Further, L-DOPA, like DA, can auto-oxidize
to a harmful Quinone molecule, which can be dangerous in a system that
is already suffering from oxidative damage and could exacerbate the
neurodegeneration associate with PD progression (Hattoria et al., 2009).
Currently, there are no valid preventions for PD (Nutt and Wooten, 2005).
The most important pipeline now is the search for specific diagnostic tools

that could detect PD in its earliest stages.
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3.3 Implications of MOT-2 and CRP40 in Parkinson’s disease

MOT-2/CRP40 have become an important link between chaperone protein
functions and the pathophysiology of PD. The gene for both MOT-2 and
CRPA40 is found within chromosome 5g31.1, a putative PD locus (Foroud
et al., 20006).

Rotenone, an insecticide/pesticide, is known to interfere with the ETC at
the mitochondria. This neurotoxin can be used to create models of PD in
cells (Jin et al., 2006), and in rats (Sherer, et al., 2003). Recently, it was
discovered that rotenone targets MOT-2 and causes apoptosis triggered
by oxidative stress (Jin et al., 2006).

In cell studies by Yang and colleagues (2011), knockdown of MOT-2 in
Hela cells caused truncation and fragmentation of mitochondria, as well
as an increased rate of apoptosis. Specifically, apoptotic pathways were
activated by ROS accumulation and decreased MMP as a result of
reduced MOT-2 activity (Yang et al., 2011). MOT-2 knockdown, however,
did not stop Parkin from being translocated to the mitochondria (Yang et
al., 2011). This group also tested the effects of WT Parkin overexpression
in HeLa cells with the previously studied MOT-2 knockdown. Results
showed that overexpression of Parkin prevented ROS accumulation and
prevents loss of MMP (Yang et al., 2011). These results suggest that
impaired Parkin function due to decreased interaction with MOT-2 may be

responsible for mitochondrial dysfunction in PD.
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Van Laar and colleagues (2007) conducted a proteomic analysis of rat
brain mitochondria after exposing the tissues to DA quinones as a model
of PD. A significant loss of a specific set of proteins, including MOT-2, was
found.

Similarly, Weiss and colleagues (2006) found that an injection of human
umbilical cord matrix (UCM) stem cells into the striatum of a 6-OHDA
lesioned PD model rat completely alleviates the rotational symptoms
induced by apomorphine injection. Upon proteomic analysis, the authors
collected the 50 most highly expressed proteins from the UCM stem cells.
MOT-2 was among these highly expressed proteins, leading to further
support the hypothesis that MOT-2 has strong implications in PD
pathogenesis, and perhaps possible PD therapeutics (Weiss et al., 2006).

a-synuclein and DJ-1 proteins have been linked, previously, to both
sporadic and familial PD. Both proteins are found aggregated in Lewy
Bodies. Although known to co-localize, a-synuclein and DJ-1 do not
interact directly (Jin et al., 2007). Jin and colleagues (2007) hypothesized
that there must be a docking protein that implicates the two proteins, and
discovered that MOT-2 can be found in complexes with both a-synuclein
and DJ-1. The authors also confirmed that neither a-synuclein nor DJ-1
could be found in complex with one another. As MOT-2 was previously
implicated in PD, this study suggests that it may modulate PD pathology

by interactions with a-synuclein and DJ-1 (Jin et al., 2007; Burbulla et al.,
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2010). Interestingly, MOT-2 has also recently been found to interact with
Parkin (Londono et al., 2012).

Multiple groups have found previously unidentified missense mutations of
MOT-2 in patients with PD that were not present in any healthy control (De
Mena et al., 2009; Burbulla et al., 2010). It is possible that these mutations
could be involved in the pathogenesis of PD via detrimental effects on
MOT-2 chaperone function and its interactions with other proteins, such as
a-synuclein and DJ-1 (De Mena et al., 2009). Further, these mutants have
been implicated in mitochondrial dysfunction in vitro (Burbulla et al., 2010).
Interestingly, of the MOT-2 variants, two separate point mutations are
located at the C-terminal end of MOT-2, from which CRP40 is derived
(Burbulla et al., 2010).

Recent studies using post-mortem brain tissue of patients with PD found a
marked decrease in concentrations of MOT-2 in the frontal cortex and in
mitochondrial samples from the SN (Shi et al., 2008). Specifically, the
trend is quantitative; more severe MOT-2 loss is strongly associated with
disease progression (Shi et al., 2008; Jin et al., 2006; Jin et al., 2007; Van
Laar et al., 2008). MOT-2/CRP40 depletion was also observed in cellular
and preclinical animal models of PD (Jin et al., 2006; Jin et al., 2007,
Chiasserini et al., 2011). This includes the 6-OHDA rat model; striatal
samples exhibit significant reduction of CRP40 protein (Modi et al., 1996).

The 6-OHDA model will be discussed further in section 4.1.
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Most recently, work done by Dr. Gabriele (McMaster University) in
collaboration with Dr. DiPaolo at the University of Laval suggests that
concentrations of CRP40 mRNA are in deficit in blood platelet samples
from a primate model of PD compared to controls (data unpublished)— an

important finding to the studies presented here.
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CHAPTER 4

CRP40 PROTEIN ALLEVIATES BEHAVIOURAL SYMPTOMS IN A RAT

MODEL OF PARKINSON’S DISEASE
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4.0 Objectives

Based on earlier findings, which show that CRP40 has significant
dopaminergic and chaperone-like functions, and may be dysregulated in
PD, the study presented here was designed to demonstrate the potential
functional role of CRP40 in a rat model of PD.

The current objective was to test whether intra-striatal injection of 100ug of
CRP40 protein has an effect on behavioural symptoms in the 6-OHDA
hemi-Parkinson’s rat model. This model, discussed in further detail in
section 4.1, exhibits locomotor dysfunction caused by unilateral
degeneration of the nigrostriatal tract. The animals show measurable
hyper-locomotion, impairments in reaching, increased grip strength, and
full body rotations under the influence of DA receptor agonists
(Ungerstedt, 1970; Jeyasingham et al., 2001; Schober, 2004). For the
current project, tests of locomotor activity and full body rotations, as well
as a test for sensorimotor gating, were employed.

Since early studies of CRP40 suggest that its increased expression
caused increased concentrations of DA in vitro (Gabriele et al., 2010a),
High Performance Liquid Chromatography (HPLC) was used to measure
concentrations of DA in various brain regions post-treatment in order to
elucidate whether a change in DA activity after treatment with CRP40 may

be responsible for its effects on behaviour.
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4.1 6-hydroxydopamine model of PD

6-OHDA has been found to deplete the DA content of dopaminergic
neurons. Specifically, depletion occurs at the nerve terminal when the
toxin is injected into the striatum (Ungerstedt, 1968). Only the area directly
adjacent to the injection is affected by the toxin because only the neurons
that come in direct contact with 6-OHDA are depleted of DA (Ungerstedt,
1968). 6-OHDA is accumulated by catecholamine-containing neurons via
active transport, and destroys them by auto-oxidation and formation of
quinones (Siegel et al., 1994). This anterograde degeneration of the entire
nigrostriatal tract can be used to create reliable lesions in mice, rats, and
primates as animal models of PD.

A lesion using 6-OHDA must deplete 90% of nigral neurons to effectively
decrease extracellular concentrations of DA (Castaneda et al., 1990;
Schwarting and Huston, 1996; Betarbet el al.,, 2002). At that point, the
animals exhibit hyper-locomotion and, since lesioning causes imbalance in
dopaminergic activity between the left and right striatum, rats with
unilateral 6-OHDA lesions show a marked preference for movement of the
head and neck in the direction ipsilateral to their lesion. Amphetamine
injection induces a compulsive full body ipsilateral rotation caused by
increased DA release and decreased DA degradation (Ungerstedt et al.,
1970; Schwarting and Huston, 1996). Any nigral dopaminergic neurons

that remain intact show a response sufficient to maintain a relatively
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normal concentration of DA when activated by amphetamine (pre-synaptic
DA receptor agonist) (Castaneda et al., 1990). Apomorphine (post-
synaptic DA receptor agonist) injection causes a similar compulsive
rotational behaviour, but in the direction contralateral to the lesion by direct
dopamine receptor binding and activation (Ungerstedt et al., 1970;
Schwarting and Huston, 1996). The intensity of the rotations depends
strongly on the extent of the lesion and dopaminergic deficit. As such,
rotational behaviour is considered a symptom of PD in this animal model.
The total number of rotations per fixed time period is used as a measure of
better or worsening symptomology. A holding chamber in which the animal
is confined to a circular shaped floor is used to count rotations, as it has
been confirmed that this constitutes a better arrangement for
measurement than an open field box (Ungerstedt et al., 1970).

Lesions affecting more than 90% of nigral neurons have been found to
cause a 43% increase in post-synaptic binding of apomorphine compared
to non-lesioned controls. This phenomenon is due to super-sensitivity
caused by an increased number of D2 receptors expressed by post-
synaptic striatal neurons (Creese et al., 1977; Siegel et al., 1994; Schober,
2004). This finding explains why unilateral lesions cause unidirectional
rotating behaviour. D1 receptors also become super-sensitized, but in this
case, it is due to a change in affinity state of the receptor, and not a

change in density (Pifl et al., 1992).
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4.2 Methods and materials

4.2.1 Preparation of HDAT-human CRP40-pEGFP1 Plasmid

A CRP40 GFP plasmid was constructed from the GST-CRP40 plasmid
deoxyribonucleic acid (DNA) as used by Gabriele and colleagues (2009).
Forward primer with Kpn2| restriction site TAG TCC GGA ATG GAT TCT
TCT GGA CCC AAG CAT, and reverse primer with Bam H1 site CTA
GGA TCC TTACTG TTT TTC CTC CTT TTG ATC TTC were used. The
amplification was performed as follows: denaturation was done at 94°C
first for 4 minutes, then 40 cycles of 30 seconds. Annealing was then done
at 57°C for 1.2 minutes and extension at 72°C for 2 minutes. Final
extension was done at 72°C for 7 minutes. The purified fragment and
pEGFP-C1 vectors were cut with Kpn2l and Bam H1 and ligated at 37°C
for 1 hour at a ratio of 3:1 (vector:amplicon). The ligated mix was
transformed into One Shot Top 10 competent cells (Invitrogen). The
obtained positive clone was sequenced to confirm correct cloning. The
resulting plasmid was labelled as GFP-CRP40 plasmid DNA.

An amplicon of size 1.5kb was amplified using the forward primer TAG
GGA TCC CGC CAC CAT GGT GAG CAA G and the reverse primer CTA
GGG CCC TTACTG TTT TTC CTC CTT TTG AT. The amplification was
performed as follows: denaturation at 94°C for 4 minutes, then 40 cycles
of 30 seconds, annealing at 55°C for 45 seconds, and extension at 72°C

for 1.15 minutes. Final extension was at 72°C for 7 minutes. The amplicon
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and PCDNA3.1 were cut with Apa1 and BamH1 (Fermentas Fast Digest)
according to manufacturer instructions and ligated by T4DNA ligase
enzyme at a ratio of 1:3 at 25°C overnight. The obtained positive clone
(sequenced to confirm correct cloning) had a Kozaak sequence, GFP tag,
CRP40 plasmid DNA and a BGH pA termination sequence and was
labeled as GFP-CRP —PCDNAS3.1/His/C plasmid DNA.

An amplicon of size 2kb was amplified from GFP-CRP40 -
PCDNAS3.1/His/C using the forward primer TAG GGT ACC CGC CAC CAT
GGT GAG CAA G and reverse primer CTA CTT AAG CCA TAG AGC
CCA CCG CAT C. The amplification was performed as follows:
denaturation at 94°C for 3 minutes, then 35 cycles of 15 seconds at 93°C,
annealing at 56°C for 30 seconds, and extension at 68°C for 2 minutes.
Final extension was at 72°C for 7 minutes using the LongRange PCR kit
(Qiagen). The amplicon and hDAt-PEGFP-C1 vector (as provided by Dr.
Bannon's Lab, McMaster University) were cut with Kpnl and Aflll
(Fermentas Fast Digest), then purified and ligated using t4DNA ligase at
25°C overnight. DNA was then transformed in One Shot Top 10
competent cells (Invitrogen). The obtained positive clone was sequenced
to confirm correct cloning. The final plasmid was labeled as HDAT CRP40

PEGFP1 plasmid DNA.
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4.2.2 Preparation of HDAT-human MOT-2 pEGFP1

RNA was extracted from lymphocytes of a human cancer patient and the
full-length cDNA was synthesized using the LongRange cDNA synthesis
kit (Qiagen), according to manufacturer’s instructions. The MOT-2 full-
length cDNA was obtained using the LongRange cDNA synthesis kit
(Qiagen) and the primers: TAG TCC GGA ATG ATA AGT GCC AGC CGA
GCT G which included a Kpn2l restriction site; and CTA GGA TCC TTA
CTG TTT TTC CTC CTT TTG ATC TTC which included a BamHI
restriction site. The resulting amplicon was 2kb in length with Kpn2l and
BamH1 restriction sites. The amplicon was ligated to pEGFP-C1 using
TADNA ligase after cutting with kpn2l and Bam H1 (Fermentas Fast
Digest) for 30 minutes and purification by gel electrophoresis. The ligation
was done overnight at 25°C. DNA was then transformed in One Shot Top
10 competent cells (Invitrogen). The obtained positive clone was
sequenced to confirm correct cloning (98% homology to MOT-2). This
plasmid was labelled as MOT2-GFP-PEGFP1 plasmid DNA.

To sub-clone the MOT-2 DNA into pCDNAS3.1/His/c, the cDNA was
amplified using forward primer TAG GGA TCC CGC CAC CAT GGT CAG
CAA G containing Bam H1; and reverse primer CTA CTC GAG TTA CTG
TTT TTA TCC TTT TGA TC containing xho1 using the LongRange PCR
kit (Qiagen) with an annealing temp of 53°C. The amplicon and

PCDNAS.1/His/C were cut with BamH1 and xho1 (Fermentas Fast
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Digest), then purified and ligated overnight at 14°C. DNA was then
transformed into One Shot Top 10 competent cells (Invitrogen). The
obtained positive clone was sequenced to confirm correct cloning (99%
homology to MOT-2). This plasmid is labeled as MOT2-PCDNA3.1
plasmid DNA.

To clone the MOT-2 cDNA into an HDAT-pEGFP vector, a full-length
fragment was amplified with forward primer TAG GGT ACC CGC CAC
CAT GGT GAG CAA G and reverse primer CTA CTT AAG CCA TAG
AGC CCA CCG CAT C using the LongRange PCR kit (Qiagen) at an
annealing temp of 56°C. The amplicon and HDAT-PEGFP were cut with
Kpnl and Aflll (Fermentas Fast Digest), then ligated for 1 hour at 25°C.
The ligated mix was transformed into One Shot Top 10 competent cells
(Invitrogen). The obtained positive clone was sequenced to confirm correct
cloning (99% homology to MOT-2). This plasmid is labelled as HDAT-

human MOT2-PEGFP1 plasmid DNA.
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4.2.3 Large scale preparation of HDAT-Crp40-GFP

3ml of Lysogeny broth (LB) Kanamycin (50ug/ml) was inoculated by 100yl
of glycerol stock of HDAT Crp40-GFP in E. Coli and shaken overnight at
37°C. 100ml of the LB Kanamycin was then inoculated with 1ml of
overnight culture. The next day, 4 x 1L was inoculated with 10ml overnight
culture and incubated overnight at 37°C while shaking at 225rpm. Next,
the cells were centrifuged down at 4000rpm for 15 minutes and plasmid
DNA was extracted using the HiSpeed Maxi Kit (Qiagen; 12662) according
to manufacturer’s instructions. The DNA was then eluted and the plasmid

DNA was quantified. The average yield was 10mg/4L of culture.
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4.2.4 Large scale preparation of CRP40 pcdna3.1/His -GFP

3ml of LB Kanamycin (50ug/ml) was inoculated by 100ul of glycerol stock
of HDAT CRP40fl-GFP in E. Coli and shaken overnight at 37°C. 100ml of
the LB Kanamycin was then inoculated with 1ml of overnight culture. The
next day, 4 x 1L was inoculated with 10ml overnight culture and incubated
overnight at 37°C while shaking at 225rpm. Next, the cells were
centrifuged down at 4000rpm for 15 minutes and plasmid DNA was
extracted using the HiSpeed Maxi Kit (Qiagen; 12662) according to
manufacturer’s instructions. The DNA was then eluted and the plasmid

DNA was quantified. The average yield was 10mg/4L of culture.
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4.2.5 Large scale preparation of HDAT-MOT-2-GFP

3ml of LB Kanamycin (50ug/ml) was inoculated by 100ul of glycerol stock
of HDAT MOT-2-GFP in E. Coli and shaken overnight at 37°C. 100ml of
the LB Kanamycin was then inoculated with 1ml of overnight culture. The
next day, 4 x 1L was inoculated with 10ml overnight culture and incubated
overnight at 37°C while shaking at 225rpm. Next, the cells were
centrifuged down at 4000rpm for 15 minutes and plasmid DNA was
extracted using the HiSpeed Maxi Kit (Qiagen; 12662) according to
manufacturer’s instructions. The DNA was then eluted and the plasmid

DNA was quantified. The average yield was 10mg/4L of culture.
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4.2.6 Preparation of CRP40 full-length protein
Expression:
Solutions for this protocol were prepared as follows:

1. One mini C tablet (Roche; 04693116001) in 300ml PBS,

2. Wash buffer: 0.1% TX-100, 0.5M NaCl in PBS with mini C,

3. Elution Buffer: 0.1% Tx-100, 1M NaCl in PBS with mini C.
100ul of glycerol stock CRP40fl-GST plasmid DNA in E.Coli was
transferred to 3ml LB ampicillin (100mg/ml) and incubated overnight at
37°C while shaking at 225rpm. 1ml of overnight culture was then
transferred to 100ml LB ampicillin and grown overnight. 8 x 1L of LB
ampicillin was inoculated with 10ml of overnight culture, and OD was
monitored at 600nm until it reached 0.6. The culture was then induced with
IPTG (100pl of 100mM stock) and incubated at 12°C overnight while
shaking at 225rpm. The cultures were then centrifuged down at 4000rpm
for 15 minutes. The pellet was washed in 100ml PBS and centrifuged
down again at 8000rpm for 10 minutes using a JA20 rotor. The
supernatant was removed and the wet weight of the pellet was calculated.
The pellet was then resuspended in PBS mini C without EDTA so that the

suspension was 250g/L.

53



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

Cell disruption:
The cell disruptor used was Model: TS2/40/AA/AA by Constant Systems
Ltd. The protocol used was for 15,000psi for cytoplasmic proteins

according to manufacturer’s instructions.

Glutathione sepharose binding:

Lysate from cell disruption was centrifuged down at 12,000rpm for 20
minutes using a JA20 rotor, and then clear lysate was collected for
binding. 4 x 1.25ml of sepharose 4FF beads was added to lysate and
centrifuged at 500g for 5 minutes. The supernatant was removed and 5mi
of PBS was added. The mixture was centrifuged down again at 500g for 5
minutes, and the supernatant was removed. The clear lysate was
transferred equally to 4 falcon tubes, closed tightly and covered with
parafilm. The tubes were rocked end to end at 4°C overnight. The bound
lysate was transferred into 4 columns, and the unbound lysate was
allowed to flow through. Each column was then washed with 20ml wash
buffer and with 5ml of PBS without mini C (the serine protease inhibitor will

reduce the efficiency of the cleavage).

On-Column cleavage by thrombin protease:
Enzyme was prepared by mixing 4 x 75ul thrombin enzyme with 4 Xx

1.425ml PBS. Beads on the column were then mixed with 1.5ml of the
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thrombin buffer using a glass rod and left overnight for the completion of
cleavage. The flow-through (F/T) was then collected in 1.5ml eppendorf
tubes from each column. The protein content of the pooled fractions was
checked, and all fractions containing significant amounts of protein were
pooled. Average total volume was 17.5ml. 52.5ul of 100mM PMSF (in
ethanol) was added to the protein and incubated at 37°C for 15 minutes.
The protein was divided into 2 dialysis bags (10,000 MWCo) and dialysed
against 2L PBS, changing the buffer every 12 hours, for 2 days (5
changes in total). Dialysed protein was transferred to 15ml falcon tubes.
The protein was then lyophilized to a powder. The final powder was
resuspended in 0.5ml (x 2) sterile water to get CRP40 protein and was
checked 25ul on a 10% polyacrylamide and stained for purity of the

protein.
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4.2.7 Animals

79 Sprague Dawley lab rats were ordered from Charles River (Boston,
MA); 6 of the animals were non-lesioned controls, and 73 were lesioned
with 6-OHDA at the SN.

After delivery to the Central Animal Facility at McMaster University
(Hamilton, Ontario), all rats were handled by experimenters for 7 days.
Animals were then subjected to a series of behavioural tests for baseline
measures. The test battery included: apomorphine-induced rotation,
locomotor activity (open field), and prepulse inhibition (PPI). Protocols for
these behavioural tests will be described in sections 4.2.8, 4.2.9, and
4.2.10, respectively.

Once all baseline data were collected, the rats were placed under gaseous
anaesthesia and injected with one of the seven treatments at either the SN
or striatum as described in Table 2. Treatments used include: saline sham
(20ul); CRP40 protein (100ug), MOT-2 protein (100ug), CRP40 plasmid
DNA (20pg), MOT-2 plasmid DNA, (20pg), Heat Shock Protein 47
(HSP47) protein (negative control; 100ug), RNA Polymerase 3’ Subunit
(RpoC) protein (negative control; 100ug).

Animals were monitored daily for one week following surgery, and
weighed daily to ensure healthy recovery and weight gain. If a 30%
reduction in body weight was observed, animals were immediately

euthanized as endpoints had been reached.
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All animals were again tested using the same behavioural methods for
apomorphine-induced rotations at days 4, 7, and 10 post-injection.
Animals treated with plasmid DNA were only tested for behaviour on days
7 and 10 post-injection to allow one week for protein synthesis to occur
after injection. Locomotor activity and PPl were not repeated since the
baseline measures were not different between lesioned and non-lesioned
animals. On day 15 post-injection, all rats were sacrificed by isoflurane
overdose and decapitation. Fresh brain tissue was sliced using razor
blades and a brain mould, then micro-punched for specific brain area
samples, and flash frozen on dry ice.

Animals were housed and tested in compliance with the guidelines
described in the Guide to the Care and Use of Experimental Animals
(Canadian Council on Animal Care, 1984; 1993). The McMaster University

Committee for Animal Welfare approved all protocols.
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4.2.8 Behavioural testing: Apomorphine-induced Rotations

The weight of each rat was recorded in grams. Apomorphine diluted in
ascorbate-saline (0.05 mg/kg) was injected subcutaneously at the hind leg
according to weight as follows: weight (g)/1000 = injection volume (ml).
So, for a 2549 rat, 0.254ml of Apomorphine was given.

Once injected, the animal was placed in a clear plastic cylinder and
allowed 5 minutes for habituation. After habituation, a timer was started for
10 minutes and a cell counter was used to manually count the number of
full rotations the animal made until the timer was done. “Total number of
rotations” was recorded. The rat was then placed back in its home cage
and the cylinder was cleaned with 70% ethanol. This protocol was

repeated for all animals.
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4.2.9 Behavioural testing: Locomotor activity

All locomotor tests were performed as close as possible to or during the
dark period of the animals’ light cycle, since rats show maximum activity
during these hours. Locomotor activity was measured in computerized
cages, with multidirectional movements recorded by a computerized
system. Six infrared light beams captured movements via beam
interruption and translate them into a variety of parameters, such as total
distance traveled (cm), and total stereotyped behaviours (repetitive head
movements, hind leg rearing, etc.). Locomotion was recorded for a total of
180 minutes; the first 30 minutes were considered habituation and the last
120 minutes were recorded as actual activity. In the current testing
paradigm, distance traveled every 10 minutes (18 segment log for each

rat) was sampled.
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4.2.10 Behavioural testing: Prepulse inhibition (PPI)

Startle responses were measured using the SR-LAB system (San Diego
Instruments). A speaker, mounted 24cm above the Plexiglas cylinder
containing the animal, provided background noise, prepulse stimuli, and
startle stimuli, controlled by the SR-LAB software. Prepulse stimuli were 3,
6, and 12 decibels (dB) above a 65 dB background white noise. Time lag
from prepulse stimulus and startle stimulus was 100 ms for maximum
inhibition of startle response. Each testing session lasted 25 minutes,
beginning with a 5-minute acclimatization period during which the 65dB
white noise was presented in the background. Next, a series of 5 startle-
pulse alone (120dB, 40ms) trials were presented for use in analyzing
habituation. This series of stimuli was followed by 65 randomized trials
consisting of no pulse (0dB, no additional stimuli other than 65dB
background white noise present), a startle pulse (120dB, 40ms), one of
three prepulse intensities (68dB, 71dB, or 77dB; 20ms) presenting 100ms
preceding the startle pulse, or one of three prepulse intensities alone (for a
total of 7 different trial types). Lastly, another series of five startle-pulse
alone trials was presented. The time between each trial ranges from 10 to
20 seconds to average 15 seconds, with startle responses measured

every 1ms for a 100 ms period after the onset of the startle stimulus.
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4.2.11 Stereotaxic injection surgery: Rat

Prior to beginning surgery, all instruments were thoroughly soaked in liquid
disinfectant (Coldspore; available from the McMaster Central Animal
Facility (CAF)) for 20 minutes and rinsed with sterile double distilled water
(Baxter). All surfaces, towels, and gauze pads used were also sterile.

All animals were weighed, and weight was recorded in grams. The first
animal was placed in the gaseous anaesthetic chamber (oxygen flow: 2.5,
isoflurane flow: 4), and allowed to reach full sedation. The animal was then
shaved from between the ears to between the eyes. The sedated animal
was then mounted on the stereotax using the ear bars and nose cone. The
primary surgeon prepared the injectable drugs as follows: Anaphen:
subcutaneous (0.2ml prevents fluid build-up in lungs), saline:
subcutaneous (5ml for hydration), and Baytril: intramuscular (0.05ml
antibiotic; injected post-surgery). The primary surgeon then scrubbed-in
according to the McMaster CAF survival surgery guidelines.

The primary surgeon cleaned the shaved area on the animal’s head using
3 step prep solutions; available from the McMaster CAF). Someone other
than the primary surgeon applied a generous amount of Lacri-Lube (eye
ointment; available from the McMaster CAF— to ensure the eyes do not dry
out during the procedure), then injected saline and Anaphen.

Anaesthetic maintenance levels are suggested around 2.0; but our lab

used an approximate maintenance level of 3.0 due to the invasive nature
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of this procedure. The primary surgeon made a midline incision in the
scalp from behind the eyes to the area between the ears. The periosteum
was removed using a bone curette. The skin was then retracted using four
haemostats and the incision area was thoroughly cleaned and dried using
sterile gauze or sterile cotton swabs.

Someone other than the primary surgeon located the desired reference
point (Bregma) using the stereotaxic equipment, and recorded the
coordinates, then calculated the desired coordinates for drilling from these
references. Coordinates used for the striatum were: 0.7mm anterior to
Bregma, 3.0mm lateral to midline, and 5.0mm below the skull surface.
Coordinates used for the SN were: 4.8mm anterior to Bregma, 1.8mm
lateral to midline, and 8.2mm below the skull surface. The primary surgeon
then drilled the desired holes with the automatic drill using the foot pedal.
Someone other than the primary surgeon inserted the Hamilton syringe
(25l capacity; mounted to the stereotax) to the desired depth. Infusion
rate was set to 1pl/minute. Five minutes was allowed for infused solution
to diffuse into the skull before retracting the syringe.

Once the Hamilton syringe was retracted, the incision was closed: the
primary surgeon closed the skin using staples while pinching the skin
together using forceps. The animal was then injected with antibiotic Baytril

into the thigh muscle, and removed from the stereotax. The animal was
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placed under a heating lamp for recovery in a clean cage lined with paper

towels.
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4.2.12 Animal sacrifice and tissue collection

Decapitation:

All animals to be sacrificed were taken to the post-mortem room of the
McMaster CAF. While one animal was being sacrificed, the other cages
were left covered in a separate room. Overdose with isoflurane was done
by setting the oxygen flow to 2.5 and anaesthetic flow to 5. The rat was
then placed into the guillotine. The guillotine arm was pushed down in one
swift motion, cutting straight through the animal’s neck and separating the

head from the body.

Tissue collection:

Using scissors and a bone rongeur, the skull was opened from the back
and the brain was cleared of any surrounding bone. Once the entire brain
was exposed, the head was flipped over and the optic nerve was
detached. The brain was then placed in the brain mould and sliced with
razor blades. Slices of interest were chosen according to a rat brain atlas
as follows: SN, NA, VTA, striatum, and mPFC; all others were disposed of.
Using a micro-punch, the areas of interest were removed and placed into
labelled eppendorf tubes, then flash frozen on dry ice. Tissues were kept

frozen at -80°C until needed for analysis.
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4.2.13 High performance liquid chromatography

HPLC for DA analysis was performed as in Culver et al., 2002.

Mobile phase:

Mobile phase was prepared specifically for the detection of DA. The
following ingredients were first combined with 950ml| of double distilled
water: 6.8g sodium acetate (50mM), 4.2g citric acid (20mM), 215mg
sodium octyl sulphate (2mM), 170ul Di-N-Butylamine (1mM), 40mg EDTA
(100uM), 151.1mg potassium chloride, and 40ml HPLC Grade Methanol.
The pH of the solution was measured and adjusted to 3.5. Finally, the

solution was filtered through a 0.5um glass fibre filter.

DA standards:

0.1M PCA was first prepared by diluting 428ul PCA with 50ml of double
distilled water. 0.25mg/ml stock DA was then prepared by dissolving 5mg
DA in 20ml 0.1M PCA. Stock was then diluted to 0.000125mg/ml by
adding 10ul of the 0.25mg/ml stock DA to 19,990ul 0.1M PCA. 0.25mg/mi
stock DHBA was prepared by dissolving 5mg dry DHBA in 20ml 0.1M
PCA. Stock was then diluted to 0.0025mg/ml by adding 10ul of the
0.25mg/ml stock DHBA to 1000ul 0.1M PCA. Five DA standards of equal
volume were prepared with equal concentrations of DHBA (internal

control) according to the following table:
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Mass of DA | Concentration | 0.1M | 0.000125 | 0.0025mg/ | Total

in 20 ul of DAin20 yl | PCA | mg/ml DA | ml DHBA
1]10.5x10*ug | 0.25x10pg/ ul | 970ul | 20 pl 10ul 1000l
211.0x10% g | 0.50x10°ug/ pl | 950ul | 40 pl 10ul 1000l
3|1.5x10%ug | 0.75x10°ug/ pl | 930l | 60 pl 10ul 1000ul
412.0x10%pug | 1.00x10°pg/ pl | 910ul | 80 pl 10ul 1000l
5]2.5x10% g | 1.25x10°ug/ pl | 890ul | 100 pl 10ul 1000l

Each standard sample was vortexed and then filtered into a clean HPLC
vial. Samples were run with 3 x 20ul PCA blanks through the HPLC to

generate a standard curve of DA concentration.

Rat brain tissue (single punch sample) preparation:

PCA+DHBA stock was prepared by adding 10pl of 0.0025mg/ml DHBA
stock to 990ul of 0.1M PCA stock. Tissue samples to be analyzed were
weighed in an eppendorf tube. 100pl of the PCA+DHBA stock was added
to each sample. Samples were homogenized by hand using a sterile
pestle (15-20 strokes), then centrifuged down for 10 seconds. Tissue
samples were then homogenized on ice using dismembrator for 3 x 1
second. Samples were centrifuged down again for 20 minutes at
13,000rpm. At this point, supernatant was collected from each sample and

filtered (13mm, 0.2um syringe filter) into a clean HPLC vial. Filtered
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samples were run through HPLC and concentrations of DA were
calculated by comparing tissue sample concentrations to the standard

curve.
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4.2.14 Data analysis

Apomorphine-induced rotations:

Change in rotations over time across treatment groups was analyzed
using repeated measures ANOVA. Post hoc pairwise contrasts among
treatment groups were examined using the Tukey test. Twenty
observations (9.6%) were coded as missing for the rotation data. Since the
data were assumed to be missing at random, multiple imputation was

implemented in the analysis to maximize statistical power.

Locomotor activity:
Total distance traveled (cm) was compared between groups and across all
time points using multiple one-way ANOVAs performed with Tukey’s post-

hoc test.

PPI:
Percent PPI (%PPI) is calculated for each prepulse intensity. The equation
used to calculate prepulse inhibition is as follows:
%PPI = [(average response magnitude to startle-pulse only trials —
average startle response magnitude to prepulse + startle pulse

trials)/average response magnitude to startle-pulse only trials]*100
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%PPl was compared between groups, at each prepulse intensity, and
across all time points using multiple one-way ANOVAs performed with

Tukey’s post-hoc test.

HPLC:

Analysis of HPLC data was performed as in Culver et al., 2002 using one-

way ANOVAs, and paired t-tests (p<0.05).
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4.3 Results

In the PPI and locomotor activity behavioural tests, 6-OHDA lesioned rats
showed no significant difference from controls at baseline (Figure 8; 9).
For this reason, neither test was used to collect post-treatment data.

None of the treatment or control injections into the SN had any effect on
apomorphine-induce rotational symptoms (Figure 10a-e). Injection of
CRP40 protein into the striatum, however, alleviated the apomorphine-
induced rotational symptoms 4 days after treatment (Figure 11d). Analysis
of rotational behaviour data demonstrated a significant effect across
treatment groups over time (p<0.0001). Pairwise contrasts showed that
the CRP40 protein treatment group displayed significantly decreased
rotations from baseline compared to all other groups and controls on day
four (p<0.0001 for both). CRP40 plasmid, MOT-2 plasmid, and MOT-2
protein injection exhibited a similar alleviatory trend as CRP40 protein, but
results were not significant (Figure 11b; 11c; 11e). None of the control
injections into the striatum had any effect on apomorphine-induced
rotational symptoms (Figure 11a; 11f; 11g; 11h).

HPLC analysis showed no discernable trend in the concentrations of DA in
the SN & striatum of the striatal-injected, or SN injected rats in the
lesioned hemisphere in comparison to concentrations from the same rat in
the non-lesioned hemisphere (data not shown). Due to low group size

(n=2), this study must be repeated in order to validate results.
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4 .4 Discussion

This study examined the effect of CRP40 protein and CRP40 plasmid
injection on the behavioural phenotypes seen in the 6-OHDA rat model of
PD to explore the possible future use of CRP40 as a therapeutic for PD.
From past studies, we know that DA can modulate CRP40 expression
(Gabriele et al., 2007; Gabriele et al., 2009). Further, we know that
knockdown of CRP40 in the medial mPFC causes deficits in DA-
dependant behaviours (Gabriele et al., 2010a). This lead us to believe that
CRP40 can also modulate DA— a functional property that could possibly
be exploited as a potent treatment option for diseases involving
dysfunctional DA regulation.

The results suggest that intra-striatal injection of CRP40 protein transiently
alleviated the rotational symptomology in 6-OHDA hemi-lesioned rats.
Results also indicate that injection of CRP40 protein into the SN did not
have any measurable effect on rotational behaviour. Taken together, the
findings of this study suggest that CRP40 acts either at the presynaptic
terminal (axon terminal) of neurons originating in the SN, or at the
postsynaptic terminal (soma) of neurons originating in the striatum. These
findings are preliminary, and will require further investigation to
demonstrate the mechanisms of CRP40, possible contributions to
neuroprotection and mitochondrial homeostasis, and importance to PD

pathophysiology. Results will need to be validated and extended by
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following up with dose-response and other studies in order to determine
the most effective therapeutic dose of the protein in the rats.

After day four in the CRP40 protein treated group, rotational symptoms
began to return to baseline. CRP40 may be degraded, depleted, or
washed-out over time, therefore, administering a dose of CRP40 on a
weekly basis may be the best approach when conducting long-term
studies of CRP40 as a potential treatment for 6-OHDA hemi-lesioned rats.
As this was a novel pilot study, it was important that appropriate negative
controls were established and validated for use in future studies. HSP47, a
collagen-specific chaperone, was chosen for it similarities in heat shock-
like functions to CRP40 and MOT-2, as well as for its closeness in size
(47kDa) to CRP40 (Nagata et al., 1998). RpoC was chosen because it
shares homologous sequence lengths with CRP40 (Gupta and Smeath,
2007). Neither HSP47 nor RpoC treatment had any effect on rotational
behaviour. These results confirm that HSP47 protein and RpoC protein
are appropriate negative controls for CRP40 treatment in 6-OHDA hemi-
lesioned rats.

HPLC analysis showed no discernable difference in concentrations of DA
in the SN & striatum of any rats. Concentrations in the lesioned
hemisphere were compared to concentrations from the same rat in the

non-lesioned hemisphere for accuracy of internal control. Since the
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experiment yielded unexpected results, studies will be repeated with larger
groups in an attempt to either reproduce or disprove these results.

In summary, these interesting and novel results suggest that CRP40 may
modulate dopaminergic behaviours in the 6-OHDA rat model of PD. Future
experiments will incorporate behavioural tests of gait, grip, and locomotor
activity in a larger group of animals to validate the current results. Future
studies are also in place to explore the therapeutic effects of CRP40 on
the Parkinsonian symptoms of the 1-Methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) mouse model of PD, and to identify the
mechanisms by which CRP40 dysfunction may contribute to PD

pathogenesis.
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Striatal Injection SN Injection No Injection
Saline 10 2 -
CRP40 Plasmid 4 3 -
CRP40 Protein 11 3 -
MOT-2 Plasmid 3 3 -
MOT-2 Protein 2 3 -
RpoC Protein 10 - -
HSP47 Protein 10 - -
No Treatment - - 3
No Lesion - - 6

Table 2: Description of treatment groups and group numbers (n). A total of

56 rats received striatal injections, and 14 rats received SN injections.
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Percent PPl of 6-OHDA hemi-lesioned rats
compared to non-lesioned rats
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Figure 8: %PPI was not significantly different between 6-OHDA lesioned

% PPI

rats (n=24) and non-lesioned (n=6) control rats at baseline.
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Locomotor Activity of 6-OHDA hemi-lesioned rats
compared to non-lesioned rats
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Figure 9: Total distance travelled was not significantly different between 6-
OHDA lesioned rats (n=24) and non-lesioned (n=6) control rats at

baseline.
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Effect of Saline injection to the SN on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 10a: Saline (sham) treated (SN injection) animals (n=2) showed no

difference in number of rotations after treatment from baseline.

Effect of CRP40 plasmid injection to the SN on apomorphine-induced
rotation in 6-OHDA hemi-lesioned rats
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Figure 10b: CRP40 plasmid treated (SN injection) animals (n=3) showed

no difference in number of rotations after treatment from baseline.
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Effect of MOT-2 plasmid injection to the SN on apomorphine-induced
rotation in 6-OHDA hemi-lesioned rats
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Figure 10c: MOT-2 plasmid treated (SN injection) animals (n=3) showed

no difference in number of rotations after treatment from baseline.

Effect of CRP40 fusion protein injection to the SN on apomorphine-induced
rotation in 6-OHDA hemi-lesioned rats
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Figure 10d: CRP40 protein (SN injection) treated animals (n=3) showed

no difference in number of rotations after treatment from baseline.
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Effect of MOT-2 protein injection to the SN on apomorphine-induced
rotation in 6-OHDA hemi-lesioned rats
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Figure 10e: MOT-2 protein (SN injection) treated animals (n=3) showed no

difference in number of rotations after treatment from baseline.
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Effect of Saline injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11a: Saline (sham) treated (striatum injection) animals (n=10)

showed no difference in number of rotations after treatment from baseline.

Effect of CRP40 plasmid injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11b: CRP40 plasmid treated (striatum injection) animals (n=4)
showed some difference (no significance) in number of rotations after

treatment from baseline.
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Effect of MOT-2 plasmid injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11c: MOT-2 plasmid treated animals (striatum injection) (n=3)
showed some difference (no significance) in number of rotations after

treatment from baseline.
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Effect of CRP40 protein injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11d: CRP40 protein treated (striatum injection) animals (n=11)
showed significantly decreased number of rotations at day four after

treatment from baseline (p<0.0001***).
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Effect of MOT-2 protein injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11e: MOT-2 protein treated (striatum injection) animals (n=2)
showed some difference (no significance) in number of rotations after

treatment from baseline.
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Effect of RPOC protein injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11f: RpoC protein treated (striatum injection) animals (n=10)

showed no difference in number of rotations after treatment from baseline.
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Effect of HSP47 protein injection to the striatum on apomorphine-induced
rotations in 6-OHDA hemi-lesioned rats
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Figure 11g: HSP47 protein treated (striatum injection) animals (n=10)

showed no difference in number of rotations after treatment from baseline.
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Apomorphine-inducedrotations in untreated
6-OHDA hemi-lesioned rats
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Figure 11h: Non-treated animals (n=3) showed no difference in number of

rotations on any day from baseline.

86



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

CHAPTER 5

CLONED FRAGMENTS OF CRP40 ALLEVIATE BEHAVIOURAL

SYMPTOMS IN A RAT MODEL OF PARKINSON’S DISEASE

(A PILOT STUDY)
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5.0 Objectives

Based on earlier findings, which have demonstrated that intra-striatal
injection of 100ug of CRP40 protein transiently alleviated rotation
symptoms in the 6-OHDA hemi-lesioned rat model of PD (Figure 11d), the
study presented here was designed to test whether a smaller fragment of
this protein may have a similar behavioural effect. In order to elucidate the
active segment of CRP40, fragments of various sizes were cloned,
expressed and purified by Jovana Lubarda (PhD candidate, McMaster
University) for injection into the striatum of PD rats. The apomorphine-
induced rotations test was used for baseline and post-treatment measures
of behaviour.

Further, since CRP40 binds catecholamines (Figure 7) (Gabriele et al.,
2009), the project was also designed to test whether the most
behaviourally effective fragment of CRP40 also possesses the ability to
bind DA to elucidate whether DA or apomorphine binding is correlated to
the observed changes in behaviour. Receptor binding studies using

tritiated DA were employed to explore this question in detail.
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5.1 Methods and materials

5.1.1 Preparation of CRP40 fragment peptides

Peptide fragments of the full-length CRP40 protein were cloned,
expressed, and purified by Jovana Lubarda. Protocols for these
procedures can be found in detail in her PhD thesis (currently in
preparation; McMaster University, 2013). Peptide fragments tested for
therapeutic efficacy in this study included: 27kDa fragment of CRP40
(named 1,5); 17kDa fragment of CRP40 (named 1,4); and 7kDa fragment

of CRP40 (named 2,4).
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5.1.2 Animals

6 Sprague Dawley lab rats were ordered from Charles River (Boston, MA)
lesioned with 6-OHDA at the SN.

After delivery to the Central Animal Facility at McMaster University
(Hamilton, Ontario) all rats were handled by experimenters for 7 days.
Animals were then subjected to the apomorphine-induced rotations test.
Once all baseline data were collected, the rats were placed under gaseous
anaesthesia and injected with one of three treatments into the striatum as
described in Table 3. Treatments used include: 27kDa fragment of CRP40
(1,5) (65ug); 17kDa fragment of CRP40 (1,4) (41ug); 7kDa fragment of
CRP40 (2,4) (15uQ).

Animals were monitored daily for one week following surgery, and
weighed daily to ensure healthy recovery and weight gain. If a 30%
reduction in body weight was observed, animals were immediately
euthanized as endpoints had been reached.

All animals were again tested using the same behavioural methods for
apomorphine-induced rotations at days 4, 7, and 10 post-injection. On day
15 post-injection, all rats were sacrificed by isoflurane overdose and
decapitation. Fresh brain tissue was sliced using razor blades and a brain
mould, then micro-punched for specific brain area samples, and flash

frozen on dry ice.
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Animals were housed and tested in compliance with the guidelines
described in the Guide to the Care and Use of Experimental Animals
(Canadian Council on Animal Care, 1984; 1993). The McMaster University

Committee for Animal Welfare approved all protocols.
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5.1.3 Behavioural testing: Apomorphine-induced rotations

Performed as described in section 4.2.8.
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5.1.4 Stereotaxic injection surgery: Rat

Performed as described in section 4.211.
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5.1.5 Animal sacrifice and tissue collection

Performed as described in section 4.2.12.
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5.1.6 Competitive binding with tritiated dopamine and cold dopamine

The ability of cold DA to displace bound tritiated dopamine ([°H]-DA) in
CRP40 protein, 7kDa (2,4) fragment, or HSP47 was assessed by
competitively binding [3H]—DA in the presence of different concentrations of
unlabeled DA (in 0.1% ascorbic acid) using the same methodology as in
(Gabriele et al., 2009). Briefly, the binding of [°H]-DA was carried out in
triplicate in 1.0ml of assay buffer containing 1nM of radioligand, the
indicated concentrations of unlabeled DA (0.0 M, 10" M, 10° M, 10° M)
and 10ug of one of CRP40 protein, 7kDa (2,4) fragment, or HSP47. At the
end of incubation, the bound and free ligands were separated by vacuum
filtration through Whatman GF/B filters. The filters were washed with 3 x
5ml of Tris—EDTA buffer and the radioactive counts were determined on a

Beckman scintillation counter.

Assay Buffer was prepared by adding the following components to 500ml
of double distilled water: 25ml 1M Tris-HCI (pH 8; 50 mM), 0.5mI 500mM
EDTA (1mM), 100mM PMSF in ethanol (0.1mM), 0.508g MgCl, - 6H,0
(5mM), 0.0077g DTT (0.1mM), 0.050g Bacitracin (100 ug/ml), and 0.0025g
Soybean Trypsin (5 pg/ml). The final pH was adjusted to 7.4.

Filtration Buffer was prepared by adding the following components to 2L of
double distilled water: 100ml 1M Tris-HCI (pH 8; 50 mM), and 4ml 500mM

EDTA (1mM). The final pH was adjusted to 7.4.
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5.1.7 Competitive binding with tritiated dopamine and cold apomorphine

The ability of cold apomorphine to displace bound tritiated dopamine ([3H]—
DA) in CRP40 protein, 7kDa (2,4) fragment, or HSP47 was assessed by
competitively binding [3H]—DA in the presence of different concentrations of
unlabeled apomorphine (in 0.1% ascorbic acid) using the same
methodology as in (Gabriele et al., 2009). Briefly, the binding of [°H]-DA
was carried out in triplicate in 1.0ml of assay buffer containing 1nM of
radioligand, the indicated concentrations of unlabeled apomorphine (0.0
M, 10" M, 10° M, 10° M) and 10ug of one of CRP40 protein, 7kDa (2,4)
fragment, or HSP47. At the end of incubation, the bound and free ligands
were separated by vacuum filtration through Whatman GF/B filters. The
filters were washed with 3 x 5ml of Tris—EDTA buffer and the radioactive

counts were determined on a Beckman scintillation counter.

Assay Buffer was prepared by adding the following components to 500ml
of double distilled water: 25ml 1M Tris-HCI (pH 8; 50 mM), 0.5mI 500mM
EDTA (1mM), 100mM PMSF in ethanol (0.1mM), 0.508g MgCI2 - 6H20
(5mM), 0.0077g DTT (0.1mM), 0.050g Bacitracin (100 ug/ml), and 0.0025g
Soybean Trypsin (5 pg/ml). The final pH was adjusted to 7.4.

Filtration Buffer was prepared by adding the following components to 2L of
double distilled water: 100ml 1M Tris-HCI (pH 8; 50 mM), and 4ml 500mM

EDTA (1mM). The final pH was adjusted to 7.4.
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5.1.8 Data analysis
Apomorphine-induced rotations:

Performed as in section 4.2.14.

Competitive binding:
Competitive binding was compared between CRP40 protein and 7kDa
(2,4) fragment using an un-paired t-test (p<0.05) for each of apomorphine,

and DA competition.
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5.2 Results

Injection of the 7kDa (2,4) protein fragment into the striatum of 6-OHDA
hemi-lesioned rats alleviated the apomorphine-induced rotational
symptoms four days after treatment (Figure 12a). Both the 27kDa (1,5)
fragment and the 17kDa (1,4) fragment treatments showed a similar trend,
however, group size was too small to validate this result (Figure 12b; 12c).
Analysis of rotations data demonstrated a significant effect across
treatment groups over time (p<0.0001). Pairwise contrasts showed that
the 7kDa (2,4) protein fragment treated group displayed significantly
decreased rotations from baseline compared to all other groups on day
four (p<0.0001).

Comparison of specific binding of [*H]-DA by CRP40 protein in competition
with cold DA to specific binding of [°H]-DA by 7kDa (2,4) fragment in
competition with cold DA revealed a significant difference (p<0.05) (Figure
13a). Comparison of specific binding of [°H]-DA by CRP40 protein in
competition with cold apomorphine to specific binding of [°H]-DA by 7kDa
(2,4) fragment in competition with cold apomorphine also revealed a
significant difference (p<0.05) (Figure 13c). The CRP40 protein binds DA,
as previously reported (Figure 7; Figure 13a) (Gabriele et al., 2009), and
also binds apomorphine (Figure 13c). The 7kDa (2,4) fragment does not

bind either of DA (Figure 13a) or apomorphine (Figure 13c). The HSP47
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protein (negative control) does not bind either of DA (Figure 13b) or

apomorphine (Figure 13d).
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5.3 Discussion

This study examined the effect of CRP40 fragment injection on the
behavioural phenotypes of the 6-OHDA model of PD to identify the
segment of the CRP40 full-length protein responsible for behavioural
effects.

Injection of the 7kDa (2,4) protein fragment (60 amino acids) into the
striatum transiently alleviated the apomorphine-induced rotational
symptoms in 6-OHDA hemi-lesioned rats in a similar trend seen after
treatment with the CRP40 full-length protein. These findings suggest that
the region of CRP40 that confers behavioural effects is located within the
7kDa sequence of the (2,4) fragment. These results require extension by
following up with dose-response and mechanism studies.

After day seven, rotational symptoms began to return to baseline. As such,
the 7kDa (2,4) protein fragment shows a longer therapeutic effect than the
full-length protein. It is possible that protein treatments may become
degraded, depleted or, washed-out over time, and administration of a dose
on a weekly basis may be the best approach when conducting long-term
studies of CRP40 as a potential treatment for 6-OHDA hemi-lesioned rats.
Similar to previous reports by Gabriele and colleagues (2009), the current
binding studies show that the CRP40 full-length protein binds DA (Figure
7; Figure 13a). These novel binding studies also revealed that the CRP40

full-length protein binds apomorphine (Figure 13c), and that the 7kDa (2,4)
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fragment does not bind either of DA (Figure 13a) or apomorphine (Figure
13c). Finally, these studies demonstrate that the HSP47 protein does not
bind either of DA (Figure 13b) or apomorphine (Figure 13d), reinforcing its
use as a valid and appropriate negative control for studies involving
CRP40 and fragments thereof.

In summary, both proteins (the CRP40 protein and the 7kDa (2,4)
fragment) alleviated behavioural symptoms in the 6-OHDA hemi-lesioned
rat model of PD. Since the full-length CRP40 protein was found previously
to bind DA and the 7kDa (2,4) has now been found not to bind DA, these
findings suggest that CRP40 has a dual biological function in PD: binding
and modulation of DA, as well as a behavioural effect (the mechanism of
which is still unknown).

It is possible that behavioural effects are conferred by some indirect
dopaminergic function of CRP40. For example, since rotations in the 6-
OHDA model are due to D2 receptor sensitization, perhaps the 7kDa (2,4)
fragment activates the desensitization of these receptors via
internalization. On the other hand, behavioural changes reported here may
be caused by some other function of this segment of CRP40 altogether.
Future mechanistic studies will focus on elucidating the functional

properties of both the full-length CRP40 and the 7kDa (2,4) fragment.
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Striatal Injection
27kDa (1,5) fragment 1
17kDa (1,4) fragment 1
7kDa (2,4) fragment 4

Table 3: Description of treatment groups and group numbers (n). A total of

6 rats received striatal treatment injections.
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Effect of 7TkDA (2,4) fragment injection to the striatum on
apomorphine induced rotations in 6-OHDA hemi-lesioned rats
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Figure 12a: 7kDa (2,4) protein fragment treated animals (striatum
injection; n=4) showed significantly decreased number of rotations at day

four after treatment from baseline (p<0.0001***).
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Effect of 27kDA (1,5) fragment injection to the striatum on
apomorphine induced rotations in 6-OHDA hemi-lesioned rats

Average Rotations /10 min

Figure 12b: 27kDa (1,5) protein fragment treated animal (striatum
injection; n=1) showed decreased number of rotations at day 4 after

treatment from baseline.
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Effect of 17kDA (1,4) fragment injection to the striatum on
apomorphine induced rotations in 6-OHDA hemi-lesioned rats

-
[=]
g

Average Rotations /10 min

Figure 12c: 17kDa (1,4) protein fragment treated animal (striatum
injection; n=1) showed significantly decreased number of rotations at day

four after treatment from baseline.
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CRP40 Fusion Protein:
Displacement of [H3]-DA with Cold DA
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Figure 13a: Comparison of specific binding of [*H]-DA by CRP40 protein in
competition with cold DA to specific binding of [*H]-DA by 7kDa (2,4)

fragment in competition with cold DA.
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HSP47 Fusion Protein:

Displacement of [H3]-DA with Cold DA
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Figure 13b: Specific

with cold DA.

binding of [*H]-DA by HSP47 protein in competition
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CRP40 Fusion Protein:
Displacement of [H3]-DA with Cold Apomorphine
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7kDa (2,4) Fragment:
Displacement of [H3]-DA with Cold Apomorphine
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Figure 13c: Comparison of specific binding of [°H]-DA by CRP40 protein in
competition with cold apomorphine to specific binding of [*H]-DA by 7kDa

(2,4) fragment in competition with cold apomorphine.
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HSP47 Fusion Protein:
Displacement of [H3]-DA with Cold Apomorphine
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Figure 13d: Specific binding of [*H]-DA by HSP47 protein in competition

with cold apomorphine.
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CHAPTER 6

EFFECTS OF CRP40 ON MEMORY AND COGNITION IN A

TRANSGENIC MOUSE MODEL OF ALZHEIMER’S DISEASE

(A PRELIMINARY STUDY)

110



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

6.0 Alzheimer’'s disease

Dementia affects 1% of people 60 to 69 years old, and 39% of people 90
to 95 years old worldwide (Jorm et al., 1987; Ritchie et al., 1992).

Early symptoms of AD include impairment of learning and memory (Forstl
and Kurz, 1999; Mohs et al., 2000). Late-stage symptoms relate to
cognitive dysfunction including disturbances of thought, perception, affect,
and behaviour (Forstl and Kurz, 1999; Mohs et al., 2000). Morphologically,
brain samples from patients with AD exhibit significant atrophy, as well as
neuritic plaques and neurofibrillary tangles (Yaari and Corey-Bloom,
2007).

Diagnosis of AD is by clinical interview, such as the mini-mental state
examination (MMSE), and behavioural observation. Standardized
examination of patients’ mental state is part of the Diagnostic and
Statistical Manual of Mental Disorders-IV (DSM-1V), which covers memory,
language, perceptual skills, attention, constructive abilities, orientation,
problem solving and functional abilites (American Psychiatric
Association). Recently, a CSF test was introduced for the diagnosis of AD
where 3-amyloid, tau, and phospho-tau-181 are measured as biomarkers
(Marksteiner et al., 2007).

Research based on the pathophysiology of AD has been, and continues to
be, approached from a range of causal hypotheses. For example, there

are theories that relate to amyloid protein pathology, tau protein pathology,
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and dysfunction of the acetylcholine neurotransmitter system.

B-amyloid is abnormally processed in AD neurons, causing fragmentation
of the protein into insoluble peptides that coagulate and form plaques in
the brain (Bayer et al., 2001; Hardy and Selkoe, 2002; Cummings et al.,
1998). It is possible that this protein aggregation causes neuronal
dysfunction, initiates cell death and causes degeneration.

Tau is found hyper-phosphorylated and clustered into inclusion bodies in
the AD brain (Yaari and Corey-Bloom, 2007). These neurofibrillary tangles
are located inside neurons and cause disruption of normal cytoskeletal
architecture, which may cause neuronal cell death leading to
neurodegeneration.

Finally, decreased concentrations of acetylcholine are a cardinal
characteristic of AD, and strongly correlate with the degree of cognitive
impairment in patients (Francis et al., 1993; Perry et al., 1972; Wilcock et
al., 1982; Sims et al., 1983; Francis et al., 1999). Studies show that
dysfunctions exist in the synthesis, release, and re-uptake of acetylcholine
in AD- confirming theories of an underlying broad cholinergic system
failure (Bowen et al., 1976; Davies and Maloney, 1976; Perry et al., 1977,
Rylett, et al., 1983; Francis et al., 1999).

Current options for AD treatment include pharmaceutical therapy and
psychosocial intervention. Patients are prescribed acetylcholinesterase

inhibitors, and may also be prescribed memantine (an NMDA receptor
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antagonist) (Kelly et al., 1997; Farlow et al., 2008). Patients may or may
not undergo intervention as a complimentary management strategy (WHO,

2000).
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6.1 Implications of MOT-2 and CRP40 in Alzheimer’s disease

Chaperone proteins have been examined extensively in the realm of AD.
MOT-2/CRP40 have been found, in a few studies to show some relation to
the pathology of this disease.

Studies show that MOT-2 is regulated by Apo-E in the hippocampus of
patients with AD (Osorio et al., 2007). Apo-E knockout mice, an
experimental model of AD, exhibit exacerbated protein oxidation in the
brain. MOT-2 was found to be among the six most heavily oxidized
proteins found in these mice, suggesting its dysfunction as a contributing
factor to the degeneration seen in patients with AD (Choi et al., 2004).

Cell studies of AD and neurotoxicity display evidence that mitochondrial
import of MOT-2 is significantly declined after treatment with sub-lethal 3-
amyloid causing mitochondrial dysfunction and cell death not unlike the
human disease state (Sirk et al., 2007). Another study using SH-SY5Y
cells found that MOT-2 overexpression actually mitigates (-amyloid-
induced damage and cell death, suggesting protective effects of MOT-
2/CRP40 in AD (Qu et al., 2011).

Since MOT-2/CRP40 show evidence of neuroprotective characteristics,
and MOT-2 exhibits multiple mitochondria-related functions, this protein

could be involved in AD pathophysiology.
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6.2 3xTg-AD triple knockout model of Alzheimer’s disease

The 3xTg-AD triple knockout mouse model of AD has been commonly
used in many recent animal studies of dementia. These mice are
homozygous for three mutant alleles: Psen1 mutation, and co-injected
APPSwe and tauP301L transgenes. The animals are viable, fertile, and
display no initial gross physical or behavioural abnormalities. The 3xTg-AD
mice progressively develop plaques and tangles via B-amyloid peptide
deposition (Oddo et al., 2003). Synaptic transmission and long-term
potentiation are impaired in mice six months of age (Gimenez-Llort et al.,
2007; Sterniczuk et al., 2010). Behaviourally, the 3xTg-AD mice exhibit
reduced exploratory behavior, as well as learning and memory deficits as
tested using the Morris Water Maze (MWM) paradigm (Gimenez-Llort et

al., 2007; Sterniczuk et al., 2010).
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6.3 Objectives

Based on earlier findings, which show that MOT-2 protects against (3-
amyloid-induced cell death and may be dysregulated in AD (Sirk et al.,
2007), and since CRP40 shows similar neuroprotective chaperone
functions to MOT-2, the study presented here was designed to explore
whether CRP40 demonstrates a potential therapeutic role in a mouse
model of AD.

The current objective was to test whether injection of 10ug of CRP40 full-
length protein into the entorhinal cortex has an effect on cognitive
symptoms in the 3xTg-AD mouse model of AD. This model, discussed in
detail in section 6.2, exhibits reduced exploratory behavior, and deficits in
learning and memory. For the current project, the MWM test of learning

and memory was employed.
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6.4 Materials and methods

6.4.1 Preparation of CRP40 full-length protein

Performed as described in section 4.2.6.
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6.4.2 Animals

3xTg-AD mice homozygous for all three mutant alleles (Psen1 mutation
and APPSwe/tauP301L transgenes (Tg(APPSwe,tauP301L)1Lfa)) were
used in this study. Both 3xTg-AD (10) and B6129SF1-J WT control (11)
mice (approximately 50g in weight) were originally from the Jackson
Laboratory (Bar Harbor, ME).

After delivery to the animal housing facility at the Henderson General
Hospital (Hamilton, Ontario), all mice were handled by experimenters for 7
days. Animals were then subjected to the eight-day protocol for the MWM
for baseline measures. Protocols for the MWM tests will be described in
section 6.2.3.

Once all baseline data were collected, mice were placed under gaseous
anaesthesia and injected with one of the two treatments at either the
entorhinal cortex as described in Table 4. Treatments used include:
CRPA40 protein (10ug), and HSP47 protein (negative control; 10ug).
Animals were monitored daily for one week following surgery, and
weighed daily to ensure healthy recovery and weight gain. If a 30%
reduction in body weight was observed, animals were immediately
euthanized as endpoints had been reached.

All animals were again tested using the same behavioural methods for the
eight-day MWM. All mice were sacrificed by carbon monoxide

asphyxiation.
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Animals were housed and tested in compliance with the guidelines
described in the Guide to the Care and Use of Experimental Animals
(Canadian Council on Animal Care, 1984; 1993). The McMaster University

Committee for Animal Welfare approved all protocols.
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6.4.3 Behavioural testing: Morris water maze

The pool used for the MWM task was a circular tank (1.5 m diameter)
painted white and filled with water maintained at 26—29 °C. The maze was
located in a room containing several simple visual, extra-maze cues.
Memory and cognition were measured using Noldus EthoVision software
(Leesburg, VA). The protocol used in this study was adapted from Clinton
et al., 2007 and Sakic et al., 1993.

The eight days of this protocol were carried out as follows: day one— cue
trials, day two— 1% acquisition trial, day three— 2" acquisition trial, day
four— 3™ acquisition trial, day five— 4™ acquisition trial, day six— probe and
extinction trials, day seven— cue reversal trial, day eight—acquisition

reversal trial.
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6.4.4 Stereotaxic injection surgery: Mouse

Prior to beginning surgery, all instruments were thoroughly soaked in liquid
disinfectant (Coldspore; available from the McMaster Central Animal
Facility (CAF)) for 20 minutes and rinsed with sterile double distilled water
(Baxter). All surfaces, towels, and gauze pads used were also sterile.

All animals were weighed, and weight was recorded in grams. Animals
were injected with Ketamine (anaesthetic; intraperitoneal) according to the
guidelines from McMaster CAF for dosage. The animal was then shaved
from between the ears to between the eyes. The sedated animal was then
mounted on the stereotax using the ear bars and incisor bar. The primary
surgeon prepared the injectable drugs as follows: Anaphen: subcutaneous
(0.05ml prevents fluid build-up in lungs), saline: subcutaneous (1ml for
hydration), and Baytril: intramuscular (0.01ml antibiotic; injected post-
surgery). The primary surgeon then scrubbed-in according to the
McMaster CAF survival surgery guidelines.

The primary surgeon cleaned the shaved area on the animal’s head using
3 step prep solutions (available from the McMaster CAF). Someone other
than the primary surgeon applied a generous amount of Lacri-Lube (eye
ointment; available from the McMaster CAF (to ensure the eyes do not dry
out during the procedure), then injected saline and Anaphen.

The primary surgeon made a midline incision in the scalp from behind the

eyes to the area between the ears. The periosteum was removed using a
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bone curette. The skin was then retracted using four haemostats and the
incision area was thoroughly cleaned and dried using sterile gauze or
sterile cotton swabs.

Someone other than the primary surgeon located the desired reference
point (Lambda) and recorded the coordinates. Calculate the desired
coordinates for drilling from these references. Coordinates used for the
entorhinal cortex were: 0.3mm posterior to Lambda, 2.3mm lateral to
midline, and 3.0mm below the skull surface. The desired hole was drilled
with a large gauge needle.

Someone other than the primary surgeon inserted the Hamilton syringe
(10l capacity; mounted to the stereotax) to the desired depth. Infusion
rate was set to 0.1pl/minute. Five minutes was allowed for infused solution
to diffuse into the skull before retracting the syringe.

Once the Hamilton syringe was retracted, the incision was closed: the
primary surgeon closed the skin using VetBond (suture-replacing glue)
pinching the skin together using forceps. The animal was then injected
with antibiotic Baytril into the thigh muscle, and removed from the
stereotax. The animal was placed under a heating lamp for recovery in a

clean cage lined with paper towels.
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6.4.5 Data analysis

Morris Water Maze:

The protocol used for data analysis was adapted from Clinton et al., 2007
and Sakic et al., 1993. Briefly, dependent measure was analyzed by
analysis of variance (ANOVA) and included age, genotype, and MWM
performance (p<0.05). The relationship between behavioural variables
(acquisition latency, memory retention, and learning rate) and genotype

was assessed by Multiple Regression.
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6.5 Results

All mice were tested for baseline MWM performance and results showed a
significant difference (p<0.05) between AD and controls. Specifically, AD
animals performed significantly slower on the MWM paradigm.

Following either CRP40 or HSP47 protein injection, none of the animals

showed any significant difference compared to baseline (data not shown).
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6.6 Discussion

Following either CRP40 or HSP47 protein injection, none of the AD
animals in this study showed any significant difference on MWM
performance from baseline. Specifically, AD animals performed
significantly slower on the MWM paradigm both before and after
treatment. Since all mice were tested for baseline MWM performance, and
results showed a significant difference (p<0.05) between AD and controls
as expected, it can be ruled out that the lack of performance change post-
treatment was due to some issue with the model. As such, this result
suggests that either the invasive nature of the surgeries themselves
confounded any change in MWM performance, or CRP40 protein
treatment was not effective in treating behaviour, cognition, and memory in
this model.

It is possible that due to the confounding effects of invasive surgery, no
conclusive results can be extrapolated from the data. Animals recovered
well from the surgical procedure, however, and there were no significant
indications that mice were injured in such a way that would hinder their
behavioural performance in the MWM paradigm.

It is also possible, and perhaps more probable, that CRP40 does not
confer any therapeutic effect on this animal model of AD. Since this
disease has very little to do with the DA system, it is not likely that CRP40

would be involved directly in the disease process. Instead, it is be more
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probable that previously reported MOT-2 implications in PD (Osorio et al.,
2007; Choi et al., 2004; Sirk et al., 2007; Qu et al., 2011) are specific to
the mitochondrial mother protein, and do not actually implicate CRP40 as

a factor in the pathophysiology of AD.
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Entorhinal Injection

3xTg-AD: 5

HSP47 protein

3xTg-AD: 5

CRPA40 protein

B6129SF1-J 4
WT Control:

HSP47 protein

B6129SF1-J 7
WT Control:

CRPA40 protein

Table 4: Description of treatment groups and group numbers (n). A total of
21 rats received striatal treatment injections: 10 were 3xTg-AD, and 11

were B6129SF1-J WT Control.
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CHAPTER 7

HUMAN BLOOD ANALYSIS REVEALS DIFFERENCES IN GENE

EXPRESSION OF CRP40 IN PARKINSON’S DISEASE
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7.0 Platelets: systemic markers for studying neurodegenerative disease

Blood is an ideal tissue for studies involving live human patients since it is
so easy to harvest and can be separated into cell specific samples using
straightforward protocols. Platelets, specifically, can be collected at high
yield from small amounts of whole blood.

The use of platelets to study CNS disorders is not a new concept. Many
have reported important findings by use of this peripheral tissue. For
example, the effects of mitochondrial dysfunction in ALS can be observed
by studying platelets (Pretorius, 2008; Shrivastava et al., 2011). Further,
AD patients show similar concentrations of serotonin depletion in platelet
samples compared to samples from affected neurons (Kumar et al., 1995;
Dupuis et al., 2010). Most important to the current study is that DJ-1 is
found dysregulated in the human PD blood samples, and the amount of
platelet contamination in these samples can significantly change the
concentration of DJ-1 (Shi et al., 2010). As well, platelets are known to
exhibit concentrations of DA and L-DOPA that mirror catecholamines in
the brains of patients with PD (Blandini et al., 2003).

Platelets are anucleated— they lack a nucleus and, therefore, lack
contamination by nuclear DNA (Binder et al., 2006). Platelets are also rich
in mitochondria (Binder et al., 2006). For this reason, platelets make
excellent tissue samples for studies of mitochondrial dysfunction and

oXxidative stress.
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7.1 Objectives

Based on earlier findings, which show that CRP40 is expressed in blood
cells, may be dysregulated in PD (Jin et al., 2006), and is found in deficit in
the platelets of a primate model of PD, the study presented here was
designed to explore whether blood concentrations of CRP40 mirror
concentrations of CRP40 in the brain of PD patients. Specifically, these
studies tested whether PD subjects show differences in CRP40 mRNA

concentrations in platelets compared to healthy controls.
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7.2 Materials and methods

7.2.1 Study setting and participants

Ethical approval for this study was obtained from McMaster University/St.
Joseph’s Healthcare (Hamilton, Canada). A total of n=31 subjects were
included in the current study (n=18 PD, n=13 controls) (Table 5). The
mean age was 61.1 (£19.5) years and 71.4% of subjects were male. All
subjects gave informed consent prior to enrolment in the study. Diagnosis
of PD was confirmed by physical examination and a second opinion was
attained from a movement disorder specialist. Controls were analyzed by

the same method.
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7.2.2 Preparation of blood samples

Blood (20—30ml) was collected from each subject. Platelets were prepared
as per the following: 10ml of blood was collected in 1.42ml of acetate
citrate dextrose BD vacutainers. The blood was centrifuged (980 g; 2
minutes), and 2/3 of the top layer (platelet-rich plasma region) were
removed and centrifuged again (1200 g; 7 minutes). The pellet was
washed twice in 7ml PBS-EDTA-Bovine Serum Albumin (PEB) solution,
centrifuged (1200 g; 7 minutes), and then resuspended in 1ml of PEB
wash solution. The final platelet pellet was then centrifuged (1200 g; 7
min) in an Eppendorf tube and the supernatant was removed. The pellet
was collected and stored at -80°C.

RNA was extracted from platelet samples using the TRIzol method
(Invitrogen Life Technologies, Canada) according to manufacturer’s
protocols. The TURBO DNA-free kit (Ambion, United States) was used to
remove contaminating any DNA. RNA purity was quantified using a
Beckman spectrophotometer DU-640. cDNA prepared with SuperScript 11|
(Invitrogen Life Technologies, Canada) was used for analysis of
CRP40/MOT-2 mRNA copy numbers. Since MOT-2 is highly homologous

to CRP40, primers amplified both sequences.
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7.2.3 Analysis of CRP40/ MOT-2 mRNA copy numbers

Absolute copy numbers of CRP40/MOT-2 mRNA were determined in
triplicates (10ng cDNA) using real-time reverse-transcriptase polymerase
chain reaction (RT-PCR), as previously optimized in (Gabriele et al.,
2010b). No primer-dimers were detected and transcripts showed optimal
efficiencies. Conditions were optimized to ensure amplifications were in
the exponential phase and efficiencies remained constant throughout.
Representative real-time RT-PCR products each showed 100% homology
with the CRP40 gene regions. Data were normalized against cyclophilin

(human housekeeping gene).
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7.2.4 Data analysis

Student's t-test was used to compare CRP40/MOT-2 mRNA
concentrations between PD subjects and healthy controls. Multiple
regression analysis was used to examine the relationship between health
status and CRP40/MOT-2 mRNA concentration, while controlling for the
potential confounding effects of subject age and sex. Statistical tests were

two-sided with a=0.05.
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7.3 Results

Mean CRP40/MOT-2 mRNA copy numbers were significantly lower
among PD patients compared to controls (p<0.001) (Figure 14) (Lubarda
et al,, 2013). Given imbalances in the age and sex distribution, an
adjusted analysis controlling for these factors was conducted using
multiple regression. The association between PD and CRP40
concentrations remained after controlling for the effects of subject age and

Sex.
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7.4 Discussion

The present study is the first to report significant reductions of
CRP40/MOT-2 mRNA concentrations in the blood of live PD patients
(Lubarda et al., 2013). Previous studies have indicated significant
reductions in CRP40/MOT-2 concentrations in human post-mortem PD
brain specimens; with progressive depletion in the later stages of the
disorder as motor and cognitive symptoms worsen (Jin et al., 2006).
Dysregulation of CRP40/MOT-2 in blood platelets mirrors previous
observations in the brain. The findings of the current study concur with
several studies that have implicated molecular chaperone proteins,
including MOT-2, in oxidative stress and PD (Burbulla et al., 2010; Nair
and Mishra, 2001; Shi et al., 2008).

PD pathogenesis is likely due to the combined effects of increased
oxidative stress and impaired mitochondrial function (Schapira, 2009).
MOT-2, the molecular chaperone from which CRP40 is expressed,
performs various functions related to protein folding, oxidative stress
response, and protection of mitochondria (Burbulla et al., 2010; Nair and
Mishra, 2001; Shi et al., 2008). CRP40/MOT-2 have been linked to
neurodegenerative diseases through interactions with PD-associated
proteins (e.g., DJ-1), and expression from chromosome 5q31.1, a putative

PD locus (Nair and Mishra, 2001; Sklar et al., 2004).
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Recently, PD patients were found to show mutations in the Mortalin-2
gene located within the C-terminal domain of the protein, from which
CRP40 is expressed (Burbulla et al., 2010). Interestingly, the MOT-2 N-
terminus is conserved among 70kDa heat shock proteins while the C-
terminal substrate binding domain varies significantly, indicating the
possibility of distinct roles for CRP40 (Luo et al., 2010). Based on these
findings, the closely related protein, CRP40, requires further investigation
for roles in mitochondrial homeostasis and disorders of oxidative stress
such as PD.

The reduction of CRP40 in PD patient blood presents a compelling finding
and suggests its possible role in the disease process. These findings are
preliminary and require larger sample sizes for validation. Further, since
PD patients in this study differed with regards to treatment (none, anti-PD
medications, other medications), results showing decreased CRP40
cannot be attributed specifically to disease process. Future studies will
analyze separate groups of PD patients as chronically treated or drug
naive. Investigation of CRP40 concentrations in newly diagnosed, drug
naive PD patients will further delineate roles of CRP40 in the PD
pathology, as well as in mitochondrial homeostasis and oxidative stress in
movement-related disease.

These preliminary findings are currently being validated by an on going

blood collection initiative. Drs. Mishra and Gabriele (McMaster University)
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are currently collaborating with the University of Laval, Le Centre
Hospitalier Universitaire de Québec, University of Montreal (Le Centre
Hospitalier de L’Universite to Montreal), and Toronto Western Hospital to
procure blood samples from PD patients and healthy age-matched
controls, as well as AD and stroke patients for use as negative controls.

In summary, these findings suggest that CRP40 is genetically
dysregulated in PD, and can be observed and measured in blood samples
from live patients. The molecular mechanism of CRP40 is incompletely
understood, however, previous results suggest that this protein may be
protective against oxidative damage (Voloboueva et al., 2008; Xu et al.,
2009). These preliminary results provide insight about the implications of
CRP40 in the pathogenesis of PD and present a significant opportunity for

further investigation of molecular chaperone proteins as biomarkers.
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N=31
Health Status
Control 13 (41.9%)
PD 18 (58%)
Age 61.1 (£19.5)
Sex'
Male 20 (71.4%)
Female 8 (28.6%)
Reported as n (%), except for age (mean £ S.D.).
'Frequencies may not sum to N=31 due to missing data.

Table 5: Subject Descriptive Statistics (from Lubarda et al., 2013).
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CRP40/Mortalin mRNA copy numbers in platelet samples
among PD patients compared to controls
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Figure 14: CRP40/MOT-2 mRNA expression in blood platelets is
specifically reduced in PD subjects (n=18) (p<0.001***) compared to

controls (n=13).
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CHAPTER 8

APPLICATIONS FOR SCHIZOPHRENIA:

HUMAN BLOOD ANALYSIS REVEALS DIFFERENCES IN

GENE EXPRESSION OF CRP40

141



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

8.0 Schizophrenia

SCZ affects roughly 7 people per 1,000 adults (mostly within the age
range of 15-35 years) worldwide (WHO, 2013). Major symptoms of this
disease can be categorized as negative (the lack of some normal feature)
and include flattened affect, social withdrawal, and attention impairment;
or positive (the presence of some abnormal feature) and include
hallucinations, delusions, wunusual movements, and disorganized
behaviour (Abi-Dargham et al., 2000; Lewis and Lieberman, 2000;
Seeman and Kapur, 2000; Kasai et al., 2002; North et al., 2007).

There is also a prominent neurodegenerative characteristic of SCZ;
imaging studies show loss of gray matter in the frontal and temporal lobes
(Lim et al., 1996; Pe’rez-Neri et al., 2006; Pasternak et al., 2012).
Morphologically, SCZ brain samples also show reductions in hippocampal
volume, as well as enlargement of the lateral ventricles in comparison to
healthy controls (Kempton et al., 2010; Adriano et al., 2012; Nelson et al.,
1998).

Diagnosis of SCZ is by clinical interview and behavioural observation
(WHO, 1998). Standardized examination of patients’ mental state is part of
the DSM-IV. There is no specific biomarker to confirm SCZ diagnosis.

The pathophysiology of SCZ is widely regarded as a dysfunction of
synaptic connectivity (Martins-de-Souza et al., 2011), but various other

theories for pathology have recently been considered. For example, many
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studies implicate dysfunctional molecular chaperones in the pathogenesis
of SCZ (Schwarz et al., 1999). Recent findings show that genetic
variations of HSP70 are associated with SCZ (Kim et al., 2008; Pae et al.,
2005; Pae et al.,, 2009). Further, dysregulation of HSPA12A has been
found in patients with diagnoses of SCZ (Pongrac et al., 2004).

Other recent studies show that mitochondrial dysfunction and oxidative
stress have considerable impact on the pathology of SCZ. Proteomic
profiling results suggest that human brain tissue from patients with SCZ
display exacerbated ROS production as a result of dysfunctional energy
metabolism (Schwarz et al., 2008). Further, changes to mitochondrial
morphology, and mutations in mitochondrial DNA are also common to
patients with SCZ (Amar et al., 2007, Munakata et al., 2005, Clay et al.,
2011). SCZ patients show higher than normal DA activity in the brain. The
auto-oxidative nature of this neurotransmitter has long been thought to
play a part in the oxidative stress and mitochondrial dysfunction
contributing to the pathogenesis of SCZ (Ben-Shachar et al., 2004).
Current options for SCZ treatment include pharmaceutical therapy,
behavioural therapy, and social rehabilitation. Patients are prescribed
either a conventional or an atypical antipsychotic drug, which may or may

not be complimented by therapy and social intervention (WHO, 1998).
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8.1 Implications of MOT-2 and CRP40 in Schizophrenia

MOT-2/CRP40 have become an important clue towards understanding the
pathophysiology of SCZ. Over several years, Gabriele and colleagues
have made many discoveries along this line of research.

Post-mortem  brain specimens from the Stanley Foundation
Neuropathology Consortium show that SCZ patients have significantly
decreased concentrations of CRP40 protein compared to healthy controls
(Gabriele et al., 2005). Specifically, unmedicated SCZ patients exhibit the
least CRP40, and anti-psychotic treated SCZ patients show CRP40
concentrations between that of untreated SCZ patients and healthy
controls.

More recently, the same authors reported a positive correlation between
lifetime antipsychotic use and CRP40 concentrations in the dorsolateral
PFC of SCZ patients. Patients that had been taking higher doses for
longer periods of time showed higher concentrations of CRP40 expression
(Gabriele et al., 2010b). Antipsychotic drugs bind and block D2 receptors
and dopaminergic firing, causing increased unbound DA at the synapse,
and subsequent upregulation of CRP40 protein. Thus, a dysregulation of
CRP40 may be one cause for the increased DA activity characteristic to
the pathophysiology of SCZ (Gabriele et al., 2010b).

Findings from a rat study using CRP40/MOT2 knockdown in the mPFC

show that underexpression of CRP40/MOT-2 causes DA-dependant
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behavioural impairments (Gabriele et al., 2010a). Antisense knockdown
technology caused sensorimotor gating deficits exhibited in the form of a
significant deficit of startle habituation in the PPI paradigm (Gabriele et al.,
2010a). The same PPI deficit can be seen in well-established animal
models of SCZ, as well as in human SCZ patients. Startle habituation is a
known DA-dependant behaviour, implicating MOT-2 and CRP40 in
dopaminergic regulation and the pathogenesis of SCZ (Gabriele et al.,

2010a).
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8.2 Lymphocytes: systemic markers for studying schizophrenia

Lymphocytes are known to synthesize DA, express DA receptors, and
express DAT (Buttarelli et al., 2011). These findings make them an ideal
candidate for tissue samples used to study dopaminergic diseases of the
CNS. For example, many groups report changes of the expression of DAT
and DA receptors in lymphocytes of patients suffering from PD and SCZ
(Buttarelli et al., 2011).

The use of lymphocytes to study SCZ is not a new concept. Certain
cytokines have been identified as markers of SCZ and can be measured in
lymphocytic samples (Busse et al., 2012). Lymphocytes have also been
used to study apoptotic markers, such as caspase-3 activity, in SCZ
(Djordjevic et al., 2012). Most important to the current study, is that
lymphocytic expression of various genes has been reported as a sensitive
and specific way of discriminating between patients with SCZ and controls
(Maschietto et al., 2012). For this reason, lymphocytes show potential as

biological material for diagnosis of SCZ via biomarker studies.

146



Ph.D. Thesis — S.E. Groleau; McMaster University - Neuroscience

8.3 Objectives

Based on earlier findings, which show that CRP40 is expressed in blood
cells and may be dysregulated in SCZ (Gabriele et al., 2005; Gabriele et
al., 2010b), the study presented here was designed to explore whether
blood concentrations of CRP40 mirror concentrations of CRP40 in the
brain of SCZ patients. Specifically, these studies tested whether newly
diagnosed (drug naive) SCZ subjects show differences in CRP40 mRNA
concentrations in lymphocytes compared to chronic, antipsychotic treated

SCZ subjects, and to healthy controls.
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8.4 Materials and methods

8.4.1 Study setting and patrticipants

Ethical approval was obtained from McMaster University Health
Sciences/St. Joseph’s Healthcare (Hamilton, Ontario). A total of 58
subjects (38 males, 17 females) were recruited and gave informed
consent. Chronic (n=28) and first episode (n=13) subjects met criteria of
the DSM-IV for SCZ, and control participants were included based on lack
of psychiatric illness and substance abuse (Table 6). Chronic SCZ
subjects had undergone treatment with antipsychotic drugs, and first

episode SCZ subjects did not previously undergo drug treatment.
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8.4.2 Preparation of blood samples

Blood (20-30ml) was collected from each subject. White blood cells were
prepared as follows: 10ml of blood was collected in 1.42ml of acetate
citrate dextrose BD vacutainers with 10ml warm phosphate saline buffer
(PBS) and layered over 15ml of Ficoll Paque (GE Healthcare Life
Sciences, Quebec, Canada). The gradient was centrifuged (400 g; 30
minutes). The buffy coat (middle layer visible after spin) was collected,
washed twice with 30ml PBS, and once with 1ml PBS (110 g; 10 minutes).
The pellet was collected and stored at -80°C.

RNA was isolated using the TRIzol method (Invitrogen Life Technologies,
Ontario, Canada) according to manufacturer’s protocols. Contaminating
DNA was removed using the TURBO DNA-free kit (Ambion, Texas,
United States) and quantified using a Beckman spectrophotometer DU-
640. cDNA prepared with SuperScript Il (Invitrogen Life Technologies,
Ontario, Canada) was used for analysis of CRP40/MOT-2 mRNA copy
numbers. MOT-2 is highly homologous to CRP40; therefore, primers used

in this study amplified both CRP40 and MOT-2.
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8.4.3 Analysis of CRP40/ MOT-2 mRNA copy numbers

Absolute copy numbers of CRP40/MOT-2 mRNA were determined in
triplicates (10ng of cDNA) using RT-PCR, as previously optimized in our
laboratory (Gabriele et al, 2010a). No primer-dimers were detected and
transcripts showed optimal efficiencies. Conditions were optimized to
ensure amplifications were in the exponential phase and efficiencies
remained constant throughout. Representative real-time RT-PCR products
each showed 100% homology with the CRP40 gene regions. Data were

normalized against the human housekeeping gene, cyclophilin.
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8.4.4 Data analysis

One-way ANOVA was used to examine differences in concentrations of
CRP40/MOT-2 mRNA across healthy controls, first episode, and chronic
SCZ subjects. Post-hoc pairwise comparisons were conducted using the
Scheffé procedure. Multiple regression analysis was used to examine the
relationship between health status and CRP40/MOT-2 mRNA, controlling
for age, sex, and prescribed treatment. Statistical tests were two-sided
with a=0.05.

Five subjects (8.6%) had missing values for sex and/or antipsychotic drug
treatment. Multiple imputation (iterations=5) was implemented in the

regression model to maximize statistical power (Rubin, 1987).
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8.5 Results

Results showed significant differences in CRP40/MOT-2 mRNA
concentrations across health states (Figure 15) (Groleau et al., 2013).
Post-hoc comparisons suggested significant reductions in CRP40/MOT-2
MmRNA expression among first episode and chronic SCZ subjects
compared to healthy controls (p<0.05). A trend towards decreased
CRP40/MOT-2 concentrations in first episode SCZ compared to chronic
SCZ was observed (p=0.09) (Groleau et al., 2013).

The relationship between health status and CRP40/MOT-2 mRNA
concentrations remained after controlling for sex, age, and antipsychotic
drug treatment (Table 6). Both first episode (p<0.0001) and chronic SCZ
(p<0.0001) subjects had significantly lower CRP40/MOT-2 mRNA
concentrations compared to healthy controls. Potential sex differences in
CRP40/MOT-2 mRNA concentrations are preliminary and require further

study (Table 6).
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8.6 Discussion

Findings presented here suggest that CRP40 is genetically dysregulated
in SCZ, and provide insight about the relationship between CRP40,
antipsychotic drug treatment, and oxidative stress in this disorder.
Previous findings indicate significant reductions in CRP40 expression in
human post-mortem SCZ brain samples (Gabriele et al., 2005). The
current study revealed significant reductions in white blood cell
CRP40/MOT-2 mRNA concentrations across chronic and first episode
SCZ subjects in comparison to healthy controls.

This study supports recent theories that molecular chaperones may play
important roles in CNS disorders (Deocaris et al., 2008; Burbulla et al.,
2010; Pae et al., 2005; Kim et al., 2008). These essential proteins are,
therefore, important to consider in current neurological disease models.
Defects or direct knockdown of the mortalin-2 gene (coding for both MOT-
2 and CRP40) are known to cause mitochondrial impairments, increased
oxidative stress, and increased susceptibility to apoptosis— common
features of neurodegenerative disorders (Liu et al., 2005; Voloboueva et
al., 2007; Xu et al., 2009; Burbulla et al., 2010). Pathological mechanisms
involving impaired chaperone proteins and oxidative damage by
mitochondrial dysfunction, epigenetic changes, and neuronal impairment
can also be applied to SCZ (Yao et al., 2001; Schon and Manfredi, 2003;

Bitanihirwe and Woo, 2011; Ciobica et al., 2011).
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These results also suggest a trend towards lower CRP40 concentrations
in first episode compared to chronic SCZ subjects, which may be related
to antipsychotic drug treatment (Gabriele et al., 2010; Groleau et al.,
2013). Similar findings of differential CRP40 expression in response to
antipsychotic drugs have been reported previously (Gabriele et al., 2002,
2005, 2010a). Specifically, there is a positive correlation between
CRP40/MOT-2 mRNA expression and the amount of antipsychotic drug
treatment throughout total lifespan in post-mortem brains of SCZ patients
(Gabriele et al., 2010b). Interestingly, recent in vitro studies using PC12
cells have shown that some atypical antipsychotic drugs reduce oxidative
stress through upregulation of superoxide dismutase, a key enzyme in
antioxidant defense (Bai et al., 2002; Wei et al., 2003a, 2003b; Park et al.,
2011;). These findings are further supported by reports of increased
oxidative stress in first-episode SCZ patients (Zhang et al., 2009). Taken
together, and considering past evidence of neuroprotection, these studies
suggest that if CRP40 concentrations are increased following
antipsychotic drug use, this may explain reduced oxidative stress in SCZ
patients using atypical antipsychotics. Observed differences in CRP40 in
response to antipsychotic drugs are hypothesis-generating and require
larger sample sizes for further investigation.

In summary, the results of this study present an opportunity for further

investigation of CRP40 involvement in the pathophysiology of SCZ.
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CRP40 shows potential for exploitation as a dynamic marker of SCZ in the

future.
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N=58 Mean +8.D./n (%)
Health Status

Control 17 (29.3%)
First Episode Schizophrenia |13 (22.4%)
Chronic Schizophrenia 28 (48.3%)
Age 407147
Sex

Male 38 (69.1%)
Female 17 (30.9%)
Antipsychotic Drug Treatment!

Atypical 26 (47 3%)
Typical 7(12.7%)

1Chronic group only

Table 6: Subject Descriptive Statistics (from Groleau et al., 2013).
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CRP40/Mortalin mRNA copy numbers in lymphocyte samples among
chronic and first episode SCZ patients compared to controls
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Figure 15: CRP40/MOT-2 mRNA expression in lymphocytes is specifically
reduced in SCZ, both first episode (n=13) (p<0.05*) and chronic (n=28)

(p<0.05%), compared to healthy controls (n=17).
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CHAPTER 9

CONCLUSIONS
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The experiments and results presented in this thesis suggest important
findings to the field of PD research. The full-length CRP40 protein was
found previously to bind DA and the 7kDa (2,4) has now been proven
unable to bind DA. Both proteins, however, alleviate behavioural
symptoms in the 6-OHDA hemi-lesioned rat model of PD. Taken together,
these findings suggest that CRP40 has a dual biological function in PD:
binding and modulation of DA, as well as a therapeutic effect (the
mechanism of which is still unknown). It is possible that behavioural
effects are conferred by some indirect dopaminergic function of CRP40.
For example, since rotations in the 6-OHDA model are due to D2 receptor
sensitization, perhaps the 7kDa (2,4) fragment activates the
desensitization of these receptors via internalization. On the other hand,
behavioural changes reported here may be caused by some other function
of this segment of CRP40 altogether.

Not only has a protein now been identified with novel potential as a
therapeutic agent for PD, but also that this behavioural effect is not due to
a change in DA concentrations. Further, these experiments have
elucidated the approximate region of the CRP40 protein responsible for
therapeutic efficacy (2,4; within 60 amino acids).

A subsequent study presented in this thesis suggests that CRP40 is found

dysregulated in platelets of PD patients. This evidence has revealed
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CRP40 as a novel PD biomarker. On going studies are now in place to
explore the potential of CRP40 as a diagnostic for PD.

The last study presented in this thesis indicates potential for CRP40
applications in SCZ. Since CRP40 was found dysregulated in lymphocytes
of SCZ patients, it shows potential as a novel SCZ biomarker and should

be explored further for use as a diagnostic for this disease.
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CHAPTER 10

FURTHER RESEARCH FOR CRP40 IN NEUROLOGICAL DISEASE
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10.0 Current and on going projects

10.0.1 Human Parkinson’s blood collection and analysis

Drs. Gabriele and Mishra of McMaster University have been awarded a
grant and partnership with the Quebec Consortium for Drug Discovery
(CQDM) for the on going collection of blood samples from PD patients and
control subjects. This project incorporates collaboration with Dr. DiPaolo of
the University of Laval, as well as Dr. Blanchet of the University of
Montreal. The collaborative application between Ontario and Québec
research teams is to foster the recently developed CRP40 technology to
stimulate the growth and development of a young biotechnology company
called CRP40 Inc.

The overall objective of the CQDM project is to build on the work
described in Chapter 7 of this manuscript. Specifically, the goal is to fully
establish and strengthen the diagnostic utility of CRP40 as a biomarker for
PD by comparing the steady state concentrations of CRP40 mRNA among
platelets from patient and control groups as follows: a) patients newly
diagnosed with PD (drug naive) with healthy age-matched controls; b)
patients newly diagnosed with PD with patients currently receiving
dopaminergic drugs for the treatment of PD with healthy age-matched
controls; c) AD patients with healthy age-matched controls and d) stroke

patients with healthy age-matched controls.
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10.0.2 Primate blood collection and analysis

Under the partneship with CQDM and in collaboration with Dr. DiPaolo
(Laval), blood samples from a primate model of PD will also be analyzed
for CRP40 expression.

In order to strengthen the biomarker technology, validation studies will be
performed in the well-established MPTP primate model of PD. Specifically,
animals will be tested for CRP40 steady state mRNA to investigate
whether they corroborate human findings of reduced CRP40 expression in

platelets.
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10.0.3 Standardized RT-PCR test for Parkinson’s disease diagnosis
Current diagnostic methods for PD, which are based on clinical interviews,
are often unreliable and flawed. Diagnosis of PD by current methods may
result in misdiagnosis of up to 25% of patients (Tolosa et al., 2006)

As discussed in Chapter 7, CRP40 mRNA is significantly decreased in
blood platelet samples from patients with PD (Lubarda et al., 2013). These
findings have led to the development of a Real Time RT-PCR-based
diagnostic test. Blood studies in collaboration with CQDM, under the
sponsorship of Merck, Pfizer and Astra-Zeneca, are on going. The
objective is to standardize this test for PD diagnosis by proving that it is
highly reliable, reproducible and affordable, and when introduced in clinical
laboratories, it will facilitate the early identification, intervention and
prevention efforts for PD. Confirming the correct diagnosis of PD will allow
appropriate medication with L-DOPA or other drugs. In fact, diagnosis of
PD in its early stages may allow for earlier therapeutic intervention, which

may mitigate progress of the disease.
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10.1 Future directions

10.1.1 CRP40 as a therapeutic in animal models of Parkinson’s disease
Since CRP40 is a relatively large protein (~40kDa), it cannot cross the
blood-brain barrier. For this reason, various projects have been set in
motion to elucidate the active region of CRP40 protein for use as a
potential therapeutic. The pilot study, presented in Chapter 5 of this
manuscript, suggests that a 7kDa peptide fragment of the full-length
CRP40 exhibits efficacy in alleviating behavioural symptoms in the 6-
OHDA hemi-lesioned rat model of PD.

Using bioinformatics, even smaller fragments of this 7kDa (2,4) peptide
will be designed to incorporate potentially functional motifs (B-strands
and/or a-helices) that may form a structure with the ability to bind either to
a ligand or to another protein in order to confer some function. These new
fragments will then be investigated for their therapeutic efficacy and
biological function in the 6-OHDA, as well as MPTP and genetic, animal

models of PD.
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