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ABSTRACT

Parkinson’s disease (PD) is a neurodegenerative disorder with the loss of
substantia nigra, pars compacts (SNc) neurons as its main pathology. Novel
treatments for PD. include administration of non-immunosuppressant derivatives
of neuroimmunophilin ligands (NILs), such as GPI-1046. Here, we investigate
mRNA changes in the striatum of a 6 -hydroxydopamine (6 -OHDA) model of PD
after treatment with GPI-1046, using National Institutes of Health (NIH) 15K
mouse probes with two-colour DNA microarray hybridization. We compared the
effects oflesioning, treatment and the interaction effects of lesioning and
treatment using a 2 x 2 factorial microarray design. Significant changes were
observed when comparing lesioning to GPI-1046 treatment but not with both
lesioning and treatment. Quantitative polymerase chain reaction (QPCR) was
used to confirm the direct interaction oflesioning and treatment versus no lesion
and vehicle only treatment. A surprising result of the QPCR assay was a
substantial increase in Presenilin 1 in the lesioned treated tissue in a majority of
the animals tested.
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INTRODUCTION

Parkinson’s Disease (PD)

Idiopathic parkinsonism is the most common form of this
neurodegenerative disease, accounting for more than 95% of the PD population
(Mandel et al. 2003). In addition to cytoplasmic Lewy body inclusions, the most
notable neuropathological characteristic of PD is degeneration of the
neuromelanin-containing dopaminergic neurons in the substantia nigra pars
compacta (SNc) of the basal ganglia (Double et al. 2002, Jenner & Olanow 1996,
Lai et al. 2003, Maimone et al. 2001). The SNc neurons have projections that
traverse the medial forebrain bundle to stimulate Dj and D2 receptors in the
caudate and putamen, which is collectively known as the neostriatum (Mink
2003). Hypokinetic extrapyramidal motor disturbances including bradykinesia,
rigidity and tremor occur with a reduction in striatal dopamine (DA) of 80% or
more (Lai et al. 2003, Maimone et al. 2001, Sherer et al. 2002). Cognitive and
psychological impairments are also observed in PD due to degeneration of nonnigral areas such as the dopaminergic ventral tegmental area (VTA), cholinergic
innervation from the nucleus basalis Meynert and noradrenergic locus cemleus
(LC) neurons (Blum et al. 2001).
The etiology of sporadic PD is unknown, although there is speculation that
a combination of environmental and genetic factors as well as accelerated aging
may be involved (Gatto et al. 2002, Revesz et al. 2001, Sherer et al. 2002). Only
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rare PD cases are attributable to genetic causes, such as mutations of the asynuclein and parkin genes, which are inheritable types of PD (Foltynie et al.
2002, Mandel et al. 2003, Tanner et al. 1999). In addition, the mechanisms
underlying dopaminergic cell death in the SNc have not been clearly delineated.
Evidence for the involvement of oxidative stress in the pathogenesis of PD has
been found in postmortem studies showing increased iron, impaired mitochondrial
function and decreased levels of reduced glutathione (GSH) and neurotrophic
factors (Gu et al. 2002, Jenner & Olanow 1996, Mandel et al. 2003, Swerdlow
2002). Since there is no single identifiable cause for PD, symptomatic treatment
rather than prevention is the focus of much parkinsonian related research.

Experimental Parkinsonism

Several in vivo animal models are currently used to investigate PD,
including unilateral 6 -hydroxydopamine (6 -OHDA) lesions, N-methyl-4-phenyl
1,2,3,6-tetrahydropyridine (MPTP) injections and systemic infusion of the
pesticide rotenone. Although neurotoxins are widely used to investigate
neurodegenerative diseases, the usefulness of these models is limited because
neurochemical alterations evoked by exogenous neurotoxins may not accurately
reflect the progressive neuronal loss ofPD or the contribution of nondopaminergic systems (Mandel et al. 2003). However, comparison of
neurodegenerative processes of animal models and human PD disease progression
is expected to reveal some common biological processes.
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Systemic administration ofMPTP crosses the blood-brain barrier (BBB)
and is converted into an active metabolite ! -methyl-4-phenylpyridinium (MPP+)
in glial cells by monoamine oxidase B (MAO-B) (Nicotra & Parvez 2000). MPP+
is transported into the cell by the dopamine transporter (DAT) where cytosolic
MPP* enters the mitochondria, inhibiting complex I activity and resulting in
decreased adenosine triphosphate (ATP) levels that lead to cell death (Speciale
2002). Other brain areas such as the VTA, LC and hypothalamus are also affected
by MPTP treatment (Blum et al. 2001, Da Cunha et al. 2002). Animals with
MPTP lesions also show neuropathologic abnormalities such as rigidity, tremor
and akinesia (Nicotra & Parvez 2000).
Rotenone is highly lipophilic and easily enters the brain to inhibit
mitochondrial complex I activity. Because rotenone does not depend on the DAT
to enter cells, complex I inhibition is uniform in all brain cells. Interestingly,
rotenone selectively destroys nigrostriatal dopaminergic neurons and causes the
formation of a-synuclein and ubiquitin-containing cytoplasmic inclusions similar
to Lewy bodies in SNc cells. Behavioral symptoms such as hypokinesia and
rigidity are also observed in rotenone-lesioned experimental animals (Betarbet et
al. 2000, Sherer et al. 2002).
The neurotoxin 6 -OHDA is a hydroxylated analogue of dopamine that is
taken into catecholamine neurons by the DAT where it destroys the neuron. The
mechanism of toxicity is hypothesized to be similar to that of PD, including
oxidative stress, elevation in iron levels and impaired mitochondrial function.
Because 6 -OHDA is unable to cross the blood-brain barrier and is not selective
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for dopaminergic neurons, 6-OHDA is Intracranially injected into the striatum, the
substantia nigra or the medial forebrain bundle to preferentially destroy SNc
dopaminergic neurons (Blum et al. 2001). The advantage of unilateral lesions is
that they produce quantifiable asymmetric rotations after systemic injection of
amphetamine or apomorphine (Schwarting & Huston 1996) and no obvious
physical impairments to the experimental animals as a result oflesioning. In
addition, the two hemispheres can serve as both experimental and control in the
same animal, although some contralateral effects are possible.

Treatment for PD

Experimental in vivo animal models using neurotoxins allow the
researcher to explore the degenerating process as well as therapeutic interventions
in PD (Speciale 2002). One distinctive feature of PD among neurodegenerative
diseases is that it has an effective pharmacological symptomatic treatment
(Maimone et al. 2001). Levodopa (3,4-dihydroxyphenylalanine or L-dopa), the
precursor to dopamine was introduced as a treatment for PD in the 1960s.
Although there is evidence that L-dopa may be neuroprotective, L-dopa toxicity
can occur with chronic L-dopa supplementation. Symptoms of L-dopa toxicity
include motor complications such as dyskinesia and dystonia, which can interfere
with normal daily activities. L-dopa may be combined with a dopa decarboxylase
inhibitor to reduce peripheral side effects. Notwithstanding the motor
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complications, L-dopa remains the gold standard symptomatic medical
therapeutic for PD (Gatto et al. 2002, Katzenschlager & Lees 2002).
Enhancement of L-dopa therapy has been observed using a combination of
therapies which may reduce the likelihood of developing L-dopa related
complications. Treatment with dopamine receptor agonists is therapeutically less
effective but has the advantage of fewer side effects. Selegiline is a selective
MAO-B inhibitor that may have neuroprotective properties when combined with
L-dopa treatment. Amantadine is an anticholinergic drug that has been shown to
enhance dopamine release when used as an adjunct to L-dopa. Glutamate
antagonists such as remacemide and riluzole, specific for blocking NMDA
receptors have shown some benefit to decrease dyskinesias due to chronic L-dopa
treatment (Gatto et al. 2002).
Neuroregeneration in Parkinsonism from growth factors such as brain-derived
neurotrophic factor (BDNF) and glial cell-derived neurotrophic factor (GDNF)
has been shown in animal models. However, neurotrophic factors exhibit low
penetration of the BBB, lack oral bioavailability and demonstrate abnormal
neuronal sprouting (Hamilton & Steiner 1998, Ogawa & Tanaka 2003, Tanaka et
al. 2003). Recently, a study using GDNF infusion into the putamen of Parkinson
patients was halted as some patients were producing antibodies to the GDNF
protein (Gill et al. 2003, Pearson 2004). GPI-1046, a prototype non
immunosuppressant analog of the immunosuppressant drug tacrolimus (FK-506),
has been found to exhibit similar benefits to growth factor treatment with fewer
adverse events. GPI-1046 and a related molecule GPI-1485 (with oral
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bioavailability) have high penetration of the BBB with no aberrant sprouting. In
addition, these molecules accelerate neurite outgrowth, enhanced neurotrophin
manifestation and activation of antioxidant and anti-inflammatory expression in
both in vivo and in vitro experimental conditions (Campbell et al. 1999, Gold et al.
2004, Steiner et al. 1997a and 1997b, Tanaka et al. 2002 and 2003, Zhang et al.
2001).

NeuroimmunophUin Ligands

Immune responses at the cellular level are initiated by white blood cells
such as lymphocytes and neutrophils. Activation of immune responses by
calcium-activated calcineurin occurs through dephosphorylation of the nuclear
factor of activated T cells (NF-AT). Dephosphoiylated NF-AT is translocated to
the nucleus where it regulates interleukin-2 (IL-2) gene transcription (Dawson
1996). Cytokines such as IL-2 activate helper thymic lymphocytes (Th cells) as
well as activating cytotoxic T lymphocytes (Tc cells) that attack foreign or
infected cells (Campbell et al. 1999, Liu et al. 1991).
After skin grafting or organ transplantation it is desirable to suppress
immune responses to prevent tissue rejection. Immunosuppressant drugs such as
FK506, cyclosporin A (CsA) and rapamycin have been found to suppress immune
responses at the cellular level. The immunophilin ligands have an effector
domain for the phosphatase calcineurin as well a docking site for small, cytosolic
proteins called immunophilins such as cyclophilin or the 12-kDa FK$06-binding
protein (FKBP12). Drug-immimophilin complexes are formed by cyclosporin A
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and cyclophilin or by FK506 and FKBP12. Either of these protein complexes will
inhibit the phosphatase activity of calcineurin and reduce IL-2 transcription and
subsequent T cell activation (Harding et al. 1989, Siekierka et al. 1989). Another
immunosuppressant, rapamycin also binds with PKBP12 without interacting with
calcineurin. The rapamycin-FKBP 12 complex blocks the actions of IL-2 rather
than its transcription (Cameron et al. 1995a and 1995b).
In addition to their role in immune response and suppression,
immunophilin ligands have been found to play a role in protein folding. The
enzymatic activity of cyclophilins and FKBP12 involves catalyzing a slow cistrans (180°) isomerization of proline peptide bonds (peptidyl-prolyl cis-trans
isomerase or rotamase) in oligopeptides during protein synthesis (Fischer et al.
1989, Helekar et al. 1994, Takahashi et al. 1989). This rotamase activity may be a
regulatory one to stabilize channels and optimize calcium release into the
cytoplasm. Inhibition of rotamase activity by FK506/FKBP12 binding may affect
the conformation of ion channels or receptors and increase calcium levels in the
cell (Costantini & Isacson 2003).
FKBP12 is co-localized with calcineurin and is 10 to 50 fold more
abundant in the central nervous system than in the immune system (Steiner et al.
1992). High levels of immunophilins are found in the hippocampus, nigrostriatal
dopaminergic pathway and granule cells of the cerebellum as well as in peripheral
nerve areas (Hamilton & Steiner 1998). Following neuronal injury or lesioning
elevated levels of messenger ribonucleic acid (mRNA) for FKBP12 are found
surrounding the lesioned area. Immunophilin ligands exhibit Mgh-affinity
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binding to immunopMlins and demonstrate neuroprotective as well as
neurotrophic properties at lesion sites (Costantini & Isacson 2000, Gold et al.
1998, Gold et al. 1999, Guo et al. 2001a, Guo et al. 2001b, Klettner et al. 2001,
Sauer et al. 1999). Chronic use of immunosuppressive drugs, however, can result
in serious complications of neurologic function (Eidelman et al. 1991). As a
result, glycosylphosphatidylinositol 1046 (GPI-1046), a non-immunosuppressive
neuroimmunophilin ligand (NIL) devoid of a binding site for calcineurin was
developed to reduce adverse side effects but maintain neurotrophic and
neuroprotective characteristics (Tanaka etal. 2002).
Current knowledge of how NILS produce neurotrophic effects is limited.
It now appears that rotamase activity is not necessary for neuroregenerative
activity and research has revealed that other larger FKBPs are involved in some
regenerative functions (Klettner et al. 2001, Gold et al. 1999, Gold et al. 2004,
Steiner et al. 2003). Tanaka et al. (2002) pretreated SH-SY5Y human
neuroblastoma cells expressing FKBP12 mRNA, and U251 human glioma cell
lysate, which did not express FKBP12 mRNA with GPI-1046. The researchers
found that after exposing cells to hydrogen peroxide (H2 O2 ), GSH levels were
increased in cells pretreated with GPI-1046 in both cell lines. Cell viability was
also increased compared to the DMSO-treated control group. This would indicate
that the antioxidant and neuroprotective properties are not dependent on FKBP12
binding (Tanaka et al 2002). Gold et al. (1999) found that high molecular weight
NILS such as FKBP52 bind with heat shock protein 90 (Hsp90) implicating the
steroid receptor complex in neuroprotection and neuroregeneration.
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Tanaka et al. (2003) found that GPI-1046 treatment of normal mice
increased GDNF and the GDNF family receptor a-1 (GFRa-1) expression levels
In the substantia nigra but not the striatum, suggesting that some neurotrophic
activity ofNILS may be dependent on GDNF activation. The outcome of the in
vivo studies indicates that NILS may act indirectly by enhancing neurotrophins
through a convergence of the neurotrophic and NIL pathways directly, through
intracellular calcium release from IP3 channels to stimulate downstream
transcription factors, or through interactions with several FKBPs to produce
neurotrophic and regenerative function to damaged areas (Steiner et al. 2003).

Microarray Analysis

As outlined above, many pathways may be involved in both the
neurodegeneration of PD or neurotoxic lesions and regeneration due to NIL
treatment. Recently, complementary deoxyribonucleic acid (cDNA) microarray
technology has been developed to study the gene expression profiles o f 15,000
gene sequences simultaneously (Tanaka et al. 2000). Using microarray
technology it is possible to investigate changes in messenger ribonucleic acid
(mRNA) expression due to oxidative stress, inflammatory responses, glutamate
toxicity, iron accumulation, nitric oxide, reduced neurotrophic factors or other
cellular responses concurrently in order to develop better neuroprotective and
therapeutic strategies for neurodegenerative disorders such as PD (Cadet et al.
2001, GrUnblatt et al. 2001, Khan et al. 1999, Mandel et al. 2003, Napolitano et
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al. 2002). Microarray studies to date that identify changes in mRNA expression
relating to PD include MPTP models (Griinblatt et al. 2001, Miller et al. 2004, Xu
et al. 2004, Youdim et al. 2002), 6 -OHDA lesions (Lai et al. 2003, Napolitano et
al. 2002), methamphetamine neurotoxicity (Cadet et al. 2001) as well as human
PD studies (Griinblatt et al. 2004). In addition, treatments for PD such as L-dopa
(Ferrario et al. 2004), neuroprotective strategies such as R-apomorphine (R-APO)
(Griinblatt et al. 2001) and green tea polyphenol epigallocatechine-3-gallate
(EGCG) (Youdim et al. 2002) as well as melatonin (Weinreb et al. 2003) have
employed microarrays to identify changes in mRNA expression.
Several articles have addressed functional genomic changes due to MPTP
lesioning using cDNA microarrays (Griinblatt et al. 2001, Miller et al. 2004, Xu
et al. 2004, and Youdim et al. 2002). Griinblatt et al. (2001) used the MPTP
mouse model ofPD to investigate global gene expression in the SN and striatum.
Fifty-one genes (out of 1200 cDNA probes) were differentially expressed (p<.05)
and 18 genes were additionally analyzed using real-time quantitative polymerase
chain reaction (RT-QPCR). Results were further validated by pretreatment with
R-apomorphine, which was found to attenuate most of the changes due to
oxidative stress and inflammation as a result of MPTP lesioning. The authors
found that dopaminergic neurodegeneration is complex and involves more
systems than oxidative stress could explain. The researchers also revealed
evidence o f cellular protective measures such as upregulation of neurotrophic
factors and anti-inflammatory cytokines. The same researchers (Youdim et al.
2002) extended this work by comparing acute and chronic changes in mRNA
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expression as well as a comparison of neuroprotective drug treatments. Through
microarray analysis they were able to identify differences between early effects of
MPTP lesioning and late effects leading to neuronal degeneration as well as
identifying the neuroprotective effects of R-APO in the PD model. As expected,
many of the changes observed involved oxidative stress, inflammatory events,
glutamate excitotoxicity, nitric oxide (NO), and iron as well as neurotrophic
factors.
The information obtained from microarray studies is clearly based on the
type of probes printed on the array as well as the sophistication of the analysis
software available. Xu et al. (2004), using a mouse MPTP model, found
decreased levels of DA, and its metabolites (DOPAC, HVA), dopamine
transporters, and vesicle monoamine transporter (VMAT) expression with no
change in monoamine oxidases (MAO-A, MAO-B) or catechol Omethyltransferase (COMT). Through microarray analysis, this study concluded
that the reduction in DA metabolites was due to reduced monoamine levels rather
than increased metabolic enzymes. Furthermore, Miller et al. (2004) were able to
combine microarray analysis with sophisticated integrative data mining software
(Affymetrix Data Mining Tool 3.0) to identify small, yet significant changes in
mRNA for cytoskeletal stability and maintenance, synaptic integrity as well as
cell cycle and apoptosis dysregulation after MPTP lesioning.
Researchers using the 6 -OHDA model of PD have also published the
results of microarray experiments. Napolitano et al. (2002) used cDNA
microarrays to investigate unilateral 6 -OHDA lesions and found 50 differentially
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(>2-fold) expressed genes (out of 1176 cDNA probes) in the striatum ofWistar
rats. These researchers found profound changes in kinases involved in the
phosphorylation state of dopamine signaling molecules rather than protein
concentration. Genes regulating serine/threonine and tyrosine protein kinase and
phosphatase were down regulated after 6 -OHDA treatment. Western blot analysis
was used to confirm to phosphorylation status of proteins. It is interesting that
this study did not find large changes in protein expression to coincide with the
down-regulation of mRNA levels. Many studies to date have used QPCR to
validate mRNA changes generated by microarray data without verification that
mRNA changes resulted in increased protein levels. As evidenced by this study,
one caveat of microarray studies is that mRNA changes do not necessarily
translate into functional changes brought about by alterations in protein levels.
A microarray study to examine differential gene expression after L-dopa
treatment (Ferrario et al. 2004) identified genes involved in neurotrophic
mechanisms and plasticity. In situ hybridization confirmed that elevated levels of
growth factor pleiotrophin, myelin basic protein and calmodulin are expressed in
the denervated striatum of L-dopa treated rats. Weinreb et al. (2003)
demonstrated neuroprotective and antiapoptotic patterns of gene expression at low
concentrations (1-10 pM) ofR-APO, DA, EGCG and melatonin but proapoptotic
activity at higher concentrations (50-500 pM). Real-time QPCR and protein
profiles were used to confirm the results. In addition, this research established
that similar gene expression and protein profiles exist for the four neuroprotective
drugs tested.
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The research outlined here is an investigation of the changes in mRNA
levels with 6 -OHDA lesioned rats that were treated with GPI-1046. As a control,
a cohort of lesioned rats was also treated with vehicle (intralipid) only. Previous
research using GPI-1046 treatment after unilateral 6 -OHDA lesioning in rats has
demonstrated regenerative sprouting from spared dopaminergic cells (Steiner et
al. 1997b), restoration of corticostriatal LTP (Zhang et al. 2001), increased striatal
tyrosine hydroxylase (TH) immunoreactivity in the ipsilateral striatum in the
absence o f increased SNc neurons (Ross et al. 2001) and a decrease in duration of
amphetamine-induced circling (Harper et al. 1999). These results indicate that
there is substantial rearrangement of striatal neurons after treatment that restores
function. Therefore, we were interested in determining what gene expression
changes may occur due to immunophilin treatment. Here, we investigated the
mRNA changes that may contribute to the physiological and behavioral changes
observed by other researchers.
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METHODS

Animal Surgery and GP1-1046 Treatment

Five rounds of surgery were necessary in order to generate tissue samples
for sixteen microarray slides. Sprague Dawley rats weighing approximately 250
grams received unilateral microinjections of 6-OHDA according to Carleton
University Animal Care Committee Protocol P03-3. Surgical anesthesia was
induced with either Halothane (0.5-3% in oxygen) (Rounds 1-4) or Isopropane
administration (2.0% in oxygen) (Round 5) alone or in combination with
intraperitoneal (IP) Somnotol injection (< 40 mg/kg). The injection target was the
medial forebrain bundle at stereotaxic co-ordinates bregma, 0.45 cm; lateral, 0.20
cm; dura, 0,78 cm (Paxinos & Watson 1998). All rats received 6 -OHDA
dissolved in 0.04% ascorbic acid sterile saline injected with a Hamilton syringe at
a rate of 0.5 pl/minute.
Two weeks after surgery each rat received an IP injection of the indirect
DA agonist, d-amphetamine (2.5 mg/kg in sterile saline) and rats were observed
for rotational behavior. Fifteen minutes after amphetamine injection each rat was
placed in a large, round, wide-mouth, plastic testing apparatus for fifteen minutes
and the number of turns clockwise or counterclockwise were recorded while the
tester was blind to treatment group identity. Other observations consistent with
amphetamine intoxication, such as piloerection and tail posture were also
recorded during this period.
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Rats were randomly selected to receive a subcutaneous injection of GPI1046 (10 mg/kg) treatment or intralipid with 2% ethanol only (vehicle). No more
than 5 days after rotational behavior was observed, each animal received seven
daily injections of GPI-1046 (10 mg/kg) dissolved in ethanol and mixed with
Intralipid (20%). Ten days after the last GPI-1046 injection the rats were again
tested for rotational behavior.
Because few rats exhibited rotational behavior in the first two rounds of
surgery, we doubled the total 6 -OHDA injected by increasing the volume to 4 pi
(2 pg/ pi) or increasing the concentration (4 pg/ pi) in 2 pi total volume for the
third round of surgery. Since three o f the four rats that received 6 -OHDA with
increased concentration in lower total volume displayed some circling behavior,
the total volume of neurotoxin was reduced to 1 pi (4 pg /pi) in the fourth round
of surgery. It was expected that the lower volume of toxin would decrease
pooling effects in the target area and more precisely target the fibers of the medial
forebrain bundle.
Although the experiment had originally been expected to utilize six to
eight microarray slides, this number was doubled to sixteen after further
discussion with Gary Glonek (February 2004, personal communication), one of
the authors of Factorial Designs for Microarray Experiments (Glonek & Solomon
2004). By doubling the number of slides, we were able to substantially increase
the residual degrees of freedom available. It was therefore necessary to generate
more experimental RNA and therefore a fifth round of surgery was initiated.
This time we used 2 pg 6 -OHDA in 1 pi of 0.04% ascorbic acid in sterile saline.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

16

Tissue Preparation

Animals in Round 1-3 were sacrificed with carbon dioxide (CO2), brains
were removed and the dorsal striatum isolated, sliced and flash frozen on dry ice.
However, only a few rats had large enough lesions to be identified by observing
ipsilateral rotations after d-amphetamine injections. Since large lesions usually
leave few surviving dopamine cells, it was desirable to find another way to
quantify the size of the lesion. Immunostaming TH cells would allow us to
estimate the number of surviving cells in the SNc. Initially, we took the freshly
harvested midbrain and drop fixed the tissue in Lana’s solution. However, high
background signals and non-specific staining due to a large number of blood
vessels prevented clear identification of TH-stained cells.
Conventional methods of perfusing tissue do not preserve RNA integrity.
It seemed logical that since diethylpyrocarbonate (DEPC) - treated water
preserves RNA integrity, perfusion with DEPC-treated 0.1M phosphate buffered
saline (PBS) would not result in degradation of the RNA. A comparison of the
quality of RNA using a QPCR based assay showed that the RNA from DEPCtreated PBS perfused animals was indistinguishable from tissue that was
immediately frozen at -80°C without perfusion. We tested samples of RNA
extracted from DEPC-treated PBS perfused animals and found that the RNA
samples had normal yields and spectrophotometric readings. In addition, DEPCtreated PBS perfused midbrains were found to have clearly defined TH~
immunostained cells suitable for counting the number of surviving cells in the
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SNc. Therefore, all animals sacrificed in Round 4 and 5 were given 1-2 ml
Somnotol and perfused with 60 ml DEPC - treated 0.1M PBS.
After perfusion, the striatum was quickly removed from the brain, taking
care that the lesioned and unlesioned sides were placed separately in labeled 1.5
ml centrifuge tubes and saved on dry ice until stored at - 8 Q°C. The perfused
midbrains were dropped into Lana’s solution [containing 20% paraformaldehyde
(pH 7.2), 0.1M phosphate buffer (pH 7.2) and saturated picric acid]. After one
week, fixed brains were transferred to 30% sucrose and stored at 4°C.

Immunohistochemistrv

In order to count cells in the SNc, the midbrains fixed in Lana’s solution
and stored in 30% sucrose were sliced using a Thermo Shandon electronic
cryotome. Each 40-micron slice was stored in cryoprotectant containing ethylene
glycol, sucrose and 0.1 M phosphate buffer (PB) and stored at -20°C until used for
immunostaining with tyrosine hydroxylase (TH) antibody.
In order to incubate the tissue slices with primary TH antibody, the slices
were first washed individually in phosphate buffered solution (PBS) three times
for 5 minutes with agitation followed by a 30 minute wash with PBS and 0.2%
Triton-X-100 (TX). The TH antibody (mouse monoclonal antibody against TH,
DiaSorin, Stillwater MN) was mixed with antibody diluting buffer (ADB) in a
ratio of 1:5,000 and mixed with 0.2% TX. The tissue in primary TH antibody was
incubated overnight at 4°C with agitation. The next day another 3 washes with
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PBS and TX for 10 minutes at room temperature were followed by 2-hour
incubation in darkened conditions with secondary antibody (CyS-eonjugated
donkey anti-mouse IgG, Jackson Immune Research, USA) in PBS in a ratio of
1:10,000. The second incubation was followed by three washes for 10 minutes
each in PB (no sodium chloride) and TX. Each slice was then transferred to a
microscope slide and a few drops of antifade with DAPI were washed over the
slide for 3 minutes with gentle agitation. Coverslips were mounted using a few
drops of antifade reagent in PBS. Nail polish was used to seal the coverslip on
the slide. TH staining was viewed using a Leica DM RXA fluorescent
microscope and cells containing a nucleus were counted and recorded. TH stained
cell numbers were counted on both the lesioned and unlesioned side. Tissue
samples from three serial sections were counted from each midbrain and those
with at least 20-50% surviving cells on the lesioned side were selected for
microarray analysis.

RNA Extraction and Isolation

Striatal RNA was isolated using TRIzol reagent (a mono-phasic solution
of phenol and guanidine isothiocyanate) according to the manufacturer’s protocol
(Invitrogen Canada Inc. Burlington ON). Briefly, up to 100 mg of frozen
striatum was homogenized in I ml o f TRIzol using a roto-stator. After 5 minutes
at room temperature, 2 0 0 pi of chloroform was added to the homogenized mixture
and the tube was shaken for 15 seconds. After 3 minutes at room temperature the
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tubes were centrifuged for 15 minutes at 12,000 rpm at 4°C. The mixture
separated into three layers with the top, aqueous layer containing the RNA. The
top layer was carefully transferred to a clean microfuge tube and mixed with
500|xl isopropyl alcohol. After ten minutes at room temperature the tubes were
centrifuged for 10 minutes to produce a small RNA pellet. The supernatant was
removed by aspiration and the pellet washed with 75% ethanol (in DEPC-treated
water). The mixture was centrifuged for 5 minutes, the supernatant removed and
the pellet dried at room temperature for 5-10 minutes. The pellet was then
redissolved in 20pl RNase free water. A 1 pi sample o f total RNA was added to
99 pi of IX tris-ethylenediaminetetraacetic acid (TE; 10 mM Tris-HCl, 1 mM
EDTA) buffer and analyzed using a Bio-Rad Smart Spec 3000 spectrophotometer.
RNA samples with a ratio between 1.9 and 2.1 of the wavelength readings at 260
nanometers (nm) and 280 nm on the spectrophotometer were considered to be
good quality for further analysis. One sample of RNA could not be sufficiently
purified (BH-unlesioned side) and another sample was substituted (BF-unlesioned
side). Unused RNA was stored in 50 % ethanol solution at -80 °C.

ePNA Microarray Preparation

Some of the methodologies used in this research were well established at
the Institute of Neuroscience at Carleton University. However, microarray
technology has developed over the past decade and was not an established
technique at the Institute. This research embraced both establishing a working
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protocol for microarray hybridization and analysis as well as the application of
microarray technology. The microarray slides used were purchased from the
Microarray Center at The Ontario Cancer Institute, University Health Network
(UHN) at the University of Toronto. The 15K mouse cDNA slides were chosen
because of the large number of unique sequence probes (15,264 NIA verified
sequences), the large size of the probes [average size is 1.4 - 2.5 kilo bases (kb)]
and the adjacent duplicate spotting of each sequence. Small sequence differences
between the two species (mouse and rat) were not expected to appreciably affect
binding of the probes due to the size of the clones. The 15K mouse array came
with a protocol for direct labeling of the cyanine dyes to the complementary DNA
(cDNA) strands generated from total RNA in a reverse transcription (RT)
reaction. However, hybridized arrays initially exhibited weaker fluorescent
signals on the cyanine 5 channels after laser scanning using the UHN protocol.
Another type of fluorescent dye is the Alexa dye which is reputed to emit
more fluorescence than cyanine dyes and is less likely to lose fluorescence due to
photobleaching after laser scanning (Panchuk-Voloshina et al. 1999). In an effort
to increase the fluorescent signal of the hybridized arrays we followed the
protocol for direct labeling with Alexa 546 and Alexa 647 deoxycytidine
triphosphate (dCTP) (Molecular Probes, Inc. Eugene OR USA). Several attempts
to use the Alexa dyes were unsuccessful with little or no binding of Alexa 546
and no fluorescence with Alexa 647. However, after learning that Alexa Auers
are sensitive to pH outside the range o f 4-10, we discovered that CyDye products
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are also sensitive to basic conditions above pH of 8 (Araersham Biosciences,
Piseataway NJ USA).
In addition to cyanine and Alexa direct labeling, we experimented with an
indirect labeling protocol using 3DNA Array 50 Expression Array Detection Kit
(Genisphere, Inc Hatfield PA USA). One benefit of 3DNA labeling is that
fluorescent dyes are added after clean-up reactions where high pH could decrease
their potency. Unfortunately, high background levels prevented further use of the
protocol, but we were able to exploit a portion of the Genisphere protocol by
using 0.5M NaOH/50 mM ethylenediamine-tetraacetic acid (EDTA) with the
UHN direct labeling. The UHN protocol for RT reaction was left unchanged, but
the stop reaction/probe cleanup portion of the protocol was amended as per the
Genisphere protocol. This resulted in slightly higher expression levels as well as
fairly low background signal (See Table 1).
The following protocol was used for all sixteen experimental microarray
hybridizations:
Reverse transcription to directly label cDNA with either Cyanine 3 (Cy3)
or Cyanine 5 (Cy5) was done in a 40 pi reaction tube containing IX First Strand
reaction buffer, 3.75 pM anchored dT primer, 1.5 nM deoxynucleotide
triphosphates (dNTPs) (500 nM each dATP, dGTP, dTTP), 50 pM dCTP, 25 pM
Cy3 or Cy5 dCTP, 10 nM DTT, 10 pg total RNA and RNase free water to 37 pi.
The reactions were incubated at 65°C for 5 minutes to denature the RNA and then
the reaction was cooled to 4°C while 400 Units of reverse transcriptase enzyme
was added along with 20 Units of RNase inhibitor. The enzymatic mixture was
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incubated at 42°C for 2.5 hours. During the RT reaction mRNA strands were
reverse transcribed into fluorescently labeled cDNA.
The incubated reactions were placed on ice and 7 pi 0.5M NaOH/50mM
EDTA was added to each tube to stop the RT reaction. The tubes were incubated
at 65°C for 10 minutes, placed on ice and 10 pi 1M Tris-HCl (pH 7.5) was added.
The two tubes containing Cy3 mixture and Cy5 mixture were combined into one
tube and 16 pi 10 mM Tris (pH 8.0)/l mM EDTA was added. A Microcon YM30 filter device was used to concentrate the 130 pi mixture to ~5 pi by adding 100
pi IX TE (pH 8.0) to the Microcon reservoir and centrifuging at 14,000 x g for 3
minutes. The RT reaction was then added to the Microcon reservoir and
centrifuged for 10 minutes more. The tube was removed from the reservoir and
replaced with a clean one. Next, 5-pl IX TE buffer (10 mM Tris-HCl, pH 8.0/1
mM EDTA) was added to the reservoir and the sides of the reservoir were tapped
gently. The reservoir was placed upside down in the clean microfuge tube and
centrifuged for 2 minutes. The concentrated cDNA samples were then kept on ice
while the hybridization solution was prepared according to UHN protocol by
combining 5pi yeast transfer RNA and 5-pl calf thymus DNA with 100 pi DIG
Easy Hyb solution. This was heated for 2 minutes at 65°C then 60pl o f the Easy
Hyb mixture was added to the concentrated cDNA (~5pl). This was incubated for
2 minutes at 65°C and the heated mixture was pipetted onto a preheated
microarray slide. After applying a coverslip the slide was placed in a dark, moist
hybridization chamber and incubated overnight (8-18 hours) at 37°C.
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The next day the slides were rinsed in IX saline-sodium citrate buffer
(SSC) and then washed 3 times with gentle agitation for 10 minutes at 50°C in IX
SSC, containing 0.1% sodium dodecyl sulfate (SDS). After washing, the slides
were rinsed in IX SSC, centrifuged briefly to dry and scanned using a GenePix
4000B Microarray Scanner (Axon Instruments Inc., Union City CA). GenePix
Pro 4.0 Array Acquisition and Analysis Software (Axon Instruments Inc., Union
City CA) was used to generate microarray data including the ratios of the 532 nm
wavelengths for Cy3 and 635 nm wavelengths for Cy5.

Experimental Design

The experiment was designed as a 2 x 2 factorial microarray experiment,
with four possible conditions, having two factors (Lesioning and Treatment) with
two levels of each factor (6 -OHDA lesion, right side or no lesion, left side) (GPI1046 treatment or intralipid vehicle treatment). For statistical analysis each gene
is analyzed separately, but the analysis is done simultaneously for each gene on
the two-colour array. We were interested in the genes changing due to treatment
alone, lesioning alone and any interaction effects of lesioning and treatment. The
design allows for both cyanine 3 and cyanine 5 readings at each juncture and a
direct comparison of each experimental condition (Glonek & Solomon 2004,
Yang & Speed 2003) (See Appendix I). In addition we used a dye swap for six of
the eight possible microarray combinations in order to directly compare any dye
effects.
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A similar design was used by Jin ei al. (2001) using SAS1STAT software
for analysis of the ANOVA model. Using 2 fixed factors (sex and genotype) and
two time points, these authors used 24 microarray slides (with dye flips) in order
to identify significant changes in expression with a 1 .2 fold difference.

Statistics

The first step in microarray analysis involved a visual inspection of the
array image and flagging of spots that were irregular. Next, absolute expression
levels were inspected with an automatic flag feature built into the GenePix
programme.
The raw data information was then imported to Acuity 4.0 software (Axon
Instruments Inc, Union City CA) and group data was normalized. Normalization
is necessary due to the possibility that systematic error may occur when analyzing
15,000 genes at once. Systematic error may be due to dye bias, high background
levels due to irregular processing of the microarray slide or spots that are larger or
smaller than normal due to printing irregularities. Normalization can be done on a
local or a global basis. Local normalization is usually considered more accurate
but global normalization can be used when background is uneven. Since all spots
are duplicated (adjacently) the average of the duplicates is calculated to obtain the
spot intensity on the slide for each gene. Acuity 4.0 software compared the ratio
of Cy5/ Cy3 over a number of microarray slides for each spot and tested the
significance of genes expressed differently (either increased or decreased) across
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experiments using a simple t-test P-values < .05 were used to determine if the
spot differences between slides were significant. Those genes found to be
significantly different were considered for further testing using QPCR.
Expression levels for Cy3 and Cy5, as measured by the microarray
scanner, range between 0 and 65,000. With the wide range of possible expression
levels one consideration in our data analysis was the problem that genes with low
expression levels have greater inherent error and higher ratios than highly
expressed genes. Highly expressed genes are less likely to meet the 2-fold cut off
even when they have large differences in expression levels. A large number of
replications of the microarray experiments are not possible due to the high cost of
the printed slides. An article by Mutch et ah (2002), which considers absolute
expression levels in calculating fold change, provided useful information about
the limitations of the 2-fold cutoff in choosing which genes to test with QPCR.
Since we were interested in novel genes, which could have both high and low
expression level changes, p-values were chosen over fold change to indicate
significant changes in mRNA expression in this research.

Real-Time QPCR

Genes identified as changing are typically confirmed as being different by
several methods including in situ hybridization, Western blot analysis and real
time quantitative polymerase chain reaction (QPCR) (Cadet et ah 2001, Grfinblatt
et al. 2001). From a list of 77 genes that were considered differently expressed in
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our initial analysis, we selected ten mRNA sequences for QPCR validation.
Primers of 18-22 base pairs were designed to detect and amplify a 100 base pair
(bp) amplicon. In order to verify that the primer was able to faithfully reproduce
amplicons, a standard curve was generated for each primer. Six dilutions (1/10 —
1/10 *5) (in duplicate) of 100 ng whole rat brain RNA or unlesioned striatal RNA
were used to test primer efficiency. Primers with 100% efficiency were expected
to demonstrate a decrease in the cycle threshold of approximately three cycles
with each dilution. Primers with efficiency less than 80% were redesigned and
another standard curve generated. Primers for synaptophysin were used to
normalize all the QPCR data.
We used ~ 2 pg of total RNA preserved from the microarray hybridization
to prepare cDNA in a 20 pi reverse transcription reaction. QPCR assays were run
in a 25 pi reaction containing iTAQ SYBR Green supermix with ROX [Bio-Rad
Laboratories (Canada) Ltd. Mississauga ON] (2X reaction buffer containing 0.4
mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 0.8 mM dUTP, iTAQ DNA
polymerase, 50 units/ml, 6 mM Mg+2, SYBR Green I dye,l pM ROX internal
reference dye, and stabilizers), 1 pM sense and antisense primers, 2 ng cDNA and
DNase/RNase free water to dilute supermix to IX concentrate.
The reaction was initially heated to 95°C for three minutes to activate the
iTAQ DNA polymerase, followed by 15 seconds at 95° C then the temperature
was lowered to 55°C for 45 seconds. The latter two cycling conditions were
repeated for 45 cycles. Heating the reaction to 95°C for 15 seconds denatures the
two strands of the DNA double helix. The bacterium Thermits aquations (Taq)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

27

DNA polymerase is an enzyme that catalyzes the synthesis of cDNA strands from
the primers and nucleotides in the reaction tube. Because the Taq bacteria live in
hot springs, they are not destroyed by the denaturing temperatures and they are
active at a temperature above the annealing temperature. The optimal temperature
for Taq is 72°C when nucleotides are selectively added onto the 3’ end of the
primer to replicate the desired DNA segment. Since ~ 50,000 nucleotides can be
added in a minute, it takes only a fraction of a second to produce the

100

bp

strand. When the temperature is further reduced to 55°C, two complementary
DNA strands anneal to form a DNA double helix (Becker et al. 2000).
Each cycle doubles the amount of DNA in the tube and the sequence of
interest is amplified exponentially. After each cycle a fluorescence reading of
SYBRGreen, a nucleic acid stain that fluoresces when bound to double strand
DNA, is recorded by the Stratagene MX4000 software. Amplification curves
generated by the QPCR plot number of cycles versus fluorescence and indicate
the cycle threshold (Ct). The fold change levels in RNA can be calculated based
on differences in the number of cycles required to reach the cycle threshold.
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RESULTS

Lesion Assessment

In this experiment there was a great deal of variability in rotational
behavior. Large lesions leave few surviving cells but are identifiable by
quantifiable ipsilateral (to the lesion) rotations. It was necessary to have a small
number of surviving neurons in the SNc in order to effectively treat with GPI1046 so lesion size was further defined by counting the numbers of tyrosine
hydroxylase (TH) immunoreactive cells in the SNc. Rats were selected for
microarray analysis that had at least 20% TH stained neurons in the lesioned SNc.
In order to best match the lesion between groups we chose three serial
sections from each dissected brain. The sections were stained with TH antibody
and examined with 40X magnification in order to measure the lesion size.
Immunostaining indicated 100% lesions on two rats in Round 4 so these were also
not used for microarray hybridization. Round four generated enough tissue for
eight microarray hybridizations. In Round 5, rats displaying some preference for
ipsiversive turning and with dopamine cell loss in the SNc estimated between 50-.
80% were selected for microarray analysis (See Figure 1).
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RNA Isolation. Microarray Hybridization and Analysis

A total of 16 microarray slides, from three separate UHN printing batches
were used for the experiment. Some of the hybridized microarray slides
demonstrated high Cy3 background in the lower quadrant of the slide near the
barcode. Since background is calculated on a local rather than a global basis, spot
signals in this area of the slide were usable. One slide was over six months old
when used and background was very high on this array. All arrays were checked
for quality control. Flagged features (unfound) due to low signal intensity, high
background noise or substandard printing were usually 20-50% of the total spots.
Data generated by Gene Pix Pro 4.0 was imported to Acuity 4.0 and pvalues for significant changes between experimental conditions were generated
from Gene Pix Pro ratios. The group data was normalized in the Acuity
programme (See Table 2). The highest number of changes in gene expression
levels was observed in the interaction of the two main effects, lesioning and
treatment. Fifty-five sequences showed significant changes when both lesioning
and treatment were considered (See Table 3). Twenty sequences were unknown
or expressed sequence tags (ESTs). It is interesting to note that ratios increased in
26/55 and decreased in 29/55 o f the cases where only one of lesioning or
treatment was considered, but levels returned to normal when both or neither were
included (unlesioned/vehicle vs. lesioned/treated), suggesting an equilibrium
effect of treatment after lesioning, but not in the absence of cellular stress. Eight
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mRNA sequences were selected from this group for QPCR assays. Nineteen
genes were differently expressed as a main effect of treatment with 14 increasing
due to treatment and five decreasing after treatment Seven o f these were
expressed sequence tags (ESTs) with no known function. Two of the known
sequences from the treatment group, Growth Arrest Specific Gene 6 (Gas 6 ) and
Blocked Early in Transport l(Betl) were selected for QPCR testing. When
differences due to the main effect of lesioning were considered, only three mRNA
sequences had significant changes, two were ESTs. No mRNA sequences were
selected from this group for QPCR testing.

Rationale for Specific Genes Investigated

See Appendix 2

Real-Time QPCR

From the list of genes changing due to main effects or interaction effects,
ten gene products were selected for their biological significance and tested in a
QPCR assay. Primers were designed from rat mRNA sequences due to their
biological interest. Only the cross design Unlesioned/Vehicle (UNL/VEH) versus
Lesioned/GPI-1046 treated (LES/GPI) was tested in the QPCR assay. As noted
earlier, this interaction effect seems to modulate the disruption observed by either
lesioning or treatment in the LES/VEH vs. UNL/GPI crossover. Therefore, no
significant differences were expected with the QPCR assay. In nine out of the ten
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assays, there were no significant differences in the UNL/VEH vs. LES/GPI
testing (See Figure 2). However, there was a six cycle earlier threshold with the
assay for Presenilin 1 (PS1) in the treated group in 4 out of 6 samples tested (See
Figure 3). Although the original group did not reach significance (p= 11) it
warranted further testing. Therefore, six additional RNA samples were tested
from both groups to confirm the results. Again, four of the six additional treated
samples had PS1 mRNA upreguiation and this time the difference was significant
(p=.01) (See Table 5). This result was unexpected and was not predicted by the
microarray studies.

Blocked Early in Transport 1 (Betl)

The microarray analysis indicated that lesioning without treatment slightly
increased Betl mRNA levels and treatment significantly increased Betl mRNA in
the absence of lesioning (~4 fold) (See Table 4). Although we did not directly test
changes due to GPI-1046 treatment on the QPCR assay, there were no significant
differences in Betl levels between the unlesioned/vehicle and lesioned/treated
groups (p = .11) (See Table 5).

Dispatched Protein 1 (Displ)

Levels of Displ mRNA were significantly increased in tissue of treated
animals on the unlesioned side (~ 6 fold), but were reduced in treated animals on
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the lesioned side on the microarrays (See Table 4). QPCR results did not show
significant mRNA changes between the lesioned/treated and untesioned/vehicle
(p=.17) (Table 5).

Growth Arrest Specific Gene 6 (Gas6|

Gas6 levels were somewhat decreased after lesioning and only slightly
increased after treatment (Table 4). Similar to Betl we did not directly test the
effect of genes changing due to treatment with a QPCR assay. Fold change on the
microarray was not significant with treatment or vehicle and there were also no
significant changes on the QPCR assay of the interaction effects of GPItreated/lesioned levels of Gas6 mRNA and the vehicle-treated/unlesioned tissue
(p=%77) (Table 5) (Figure 2).

Heat responsive protein 12 (Hfspl2)

Levels of Hrspl2 were significantly reduced in unlesioned/GPI-1046
treated tissue when compared with lesioned/vehicle treated tissue ( ~ 2 fold), but
these reductions became more moderate when LES/GPI treated and UNL/VEH
treated tissue (Table 4). No significant differences were found with QPCR (p=.32)
(Table 5).
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Heat-Shock Protein 40 (Hsp40)

Levels of Hsp40 were significantly increased in unlesioned/treated tissue
(~3 fold) but were only slightly changed in tissue that was both lesioned and
treated (Table 4). QPCR assay for LES/GPI vs. UNL/VEH was not significantly
different.

Pax transcription activation domain interacting protein (Paxinl)

Paxipl mRNA levels increased significantly in GPI-treated but unlesioned
tissue when compared with lesioned/untreated tissue (~5 fold), but no significant
changes were noted in GPI-treated/unlesioned tissue compared to unlesioned
/untreated tissue on the microarray slide (See Table 4). The latter comparison was
confirmed by QPCR (p=.13) (See Table 5).

Presenilin (PStt

PS1 levels were increased in unlesioned/GPI-treated tissue on the
microarray slides (~2 fold), but not on the lesioned/GPI treated tissue (Table 4).
A comparison of Lesioned/GPl-treated versus Unlesioned/Vehicle treated tissue
with QPCR did not verify the microarray results. A large increase inPSl levels
was detected with the QPCR in the lesioned/GPI-treated tissue when compared
with unlesioned/vehicle treated tissue (p=.01) (Table 5) (Figure 3).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

34

Serine Palmitoyltransferase, long chain base subunit 1 (Sptlcl)

In the microarray analysis Sptlcl was considerably elevated in GPItreated/unlesioned tissue over vehicle-treated/Iesioned tissue (~3 fold), but
showed a minor decrease in lesioned/GPI-treated assays as compared to
unlesioned/vehicle treated tissue (Table 4). There were no significant differences
in these groups on the QPCR analysis (p-.15) (Table 5).

Svnaptotagmin 11 (Svtll)

Two clones on the UHN microarray indicated changes in Sytl 1 levels.
H3100B02 was decreased in the unlesioned/GPI-1046 treated tissue when
compared to lesioned/vehicle treated mRNA levels of Synaptotagmin. H3026B06
showed an increase in lesioned/GPI-1046 treated mRNA when compared with
untreated/unlesioned tissue (~2 fold). In both clones there was no difference in
Sytl 1 mRNA levels for lesioned/GPI-1046 treated and unlesioned/vehicle treated
ratios (See Table 4). QPCR assay differences were also not significantly different
(p= .89) (Table 5).
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Tyrosinase (Tvrl

The microarray study results indicated that GPI-1046 treatment in the
absence of lesioning decreased Tyr mRNA when compared with
untreated/lesioned tissue (~2 fold). However, both lesioning and GPI-1046
treatment restored Tyr to a level similar to the unlesioned/untreated tissue (Table
4). QPCR assay for Tyr indicated no significant changes with both lesioning and
treatment (p=.18) (Table 5).
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Table 1: Comparison of CY3/5 Dyes and Genisphere

BARCODE
Cy 3/5

Mean 635

Mean 532

Bkgrd 635

Bkgrd 532

With ION NaOH

12451990

707

1197

120

159

12451989

123

1092

46

116

With 0.5M NaOH/50mM EDTA
12693539

828

12600038

847

57

108

1193

59

100

Genisphere
12453365

1201

1265

145

296

12453366

819

959

113

256
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Table 2:

Group normalization constants for data analysis in Acuity 4.0
for each slide in experiment. Large differences in normalization
constants may indicate dye effects or background intensity
differences. 635 indicates the wavelength reading for cyanine 5
labeling and 532 indicates the wavelength reading for cyanine 3.
LES = lesioned UNL = unlesioned GPI = GPI-1046
treatment VEH = intralipid vehicle only

A c u ity

Normalization
Constants
Barcode

Tissue Sample

532 Constant

Tissue San

1.24356
0.82912
1.56476
1.13036
1.05272
1.07718
1.32007
0.590415

LES GPI
LES GPI
UNL VEH
UNL GPI
LES GPI
LES VEH
UNL GPI
UNL VEH

0.804141
1.2061
0.639076
0.884672
0.94992
0.928348
0.757533
1.69372

LES VEH
UNL GPI
LES VEH
UNL VEH
UNL VEH
LES GPI
LES VEH
UNL GPI

1.69346
1.45844
0.914283
1.36021
0.89566
1.64847
1.28506
1.28392

UNL VEH
LES VEH
UNL VEH
LES GPI
UNL GPI
LES VEH
UNL VEH
LES GPI

0.590507
0.685665
1.09375
0.735182
1.1165
0.606672
0.778173
0.778864

LES VEH
UNL VEH
UNL GPI
LES VEH
LES GPI
UNL GPI
LES GPI
UNL VEH

635 Constant

Round 4
12600038
12600040
12600041
12602837
12693538
12693539
12693543
12693544
Round 5
12602838
12748414
12748415
12748416
12748676
12748677
12748678
12748679
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Table 3:

List ©f gene sequences identified as changing in different
experimental conditions from microarray studies. Bold Type
indicates mRNA sequences tested with QPCR assay.

genes changing due t# lesioning and treatment

H3129G02
H3§29€§8
H3O74G01
H3027B08
H3100B02
H3116C08
H3002H03
H3037D04
H3085D04
H3140C07
H3150D02
H3095H09
H3O26B06 H3108G09
H3154D09
H3091A09
H3051C10
H3030C07
H3085F03
H3012B06
H3140G11
H3005H06
H3035H08
H3025H03
H3133C02

Sptkl
Paxipl
Hsp40
EST
S ytll
EST
EST
EST
EST
EST
PS-1
EST
S ytll
Ctbpl
Tyr
Not found
EST
myd
Paip2
Ppplca
Not found
Pcdhal1
EST
Mtif2
LNR42

H3091C07
H3043E06
H3070C07
H3016F06
H3135G07
H3037H08
H3042E01
H3133A08
H3010H09
H3087A04
H3151E02
H3121A02
H3I38C01
H3I43D08
H3101G06

Speer4b
Pdhal
Atp6vlf
Myolc
Ppox
MovlO
DlErtd228e
EST
Trim?
Hsd3b2
EST
Displ
Rps6ka2
StxSa
Cdcal

serine palmitoyltransferase, long chain base subunit
1
Pax transcription activation domain interacting
DnaJ (Hsp40) homolog, subfamilyA, member 3
synaptotagmin 11

Presenilin 1
synaptotagmin 11
C-terminal binding protein 1
tyrosinase

like-glycosyltransferase
Pabp-interacting protein 2
Protein phosphatase 1, catalytic subunit
protocadherin alpha 11
Mitochondrial translational initiation factor 2
L-name related protein
Spermatogenesis associated glutamate (#)-rich protein
4b
pyruvate dehydrogenase El alpha subunit
ATPase, H+ transporting, VI subunit F
Myosin IC
protoporphyrinogen oxidase
Moloney leukemia virus 10
DNA segment, Chr 1,
Tripartite motif protein 7
Hydroxysteroid dehydrogenase-2 delta <5>-3-beta
Dispatched homolog 1
ribosomal protein S6 kinase 90 kD polypeptide 2
syntaxin 5a
cell division cycle associated 1
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p-value

0.0007
0.0001
0.0009
0.0008
0.001
0.0006
0.002
0.001
0.0002
0.0006
0.0012

0.0023
0.0015
0.0027
0.0051
0.0015
0.0016
0.0037
0.0012
0.0012
0.002
0.003
0.0035
0.0003
0.0007
0.0012
0.0009
0.0018

0.0002
0.0057
0.0008
0.0055
0.0024
0.002
0.0059
0.0055
0.0017
0.0068
0.0025

39
H3041E08
H3O41FI0
H3062C07
H3130B03
H3122B07
H3131H12
H3158H09
H3028A09
H3U7G08
H3077H01
H3104G08
H3001H08
H3089F04
H3109E04
H3104E07

EST
Neu3
Phc3
EST
H rspJ2
Rpl37a
EST
Bach2
Casp8ap2
Rnf38
Not found
Adm
EST
Car9
Ramp2

Neuraminidase 3
Polyhomeotic-like 3
Heat-responsive protein 12
Ribosomal protein L37a
similar to phophoimositide 3-kinase
BTB and CNC homology 2
Caspase 8 associated protein 2
Ring finger protein 38
Adrenomedullin
Carbonic anhydrase 9
Receptor-activity modifying protein 2

0.003
0.0051
0.003
0.0082
0.0028
0.0019
0.0082
0.0032
0.0083
0.0016
0.0071
0.0044
0.0018
0.0046
0.0069

genes changing due to treatment
H3045A04
H3100G08
H3015A07

DlErtd259e
Acatl
EST

DNA segment, Chr 1 ERATO Doi 259
Acetyl-coenzyme A acetyltransferase 1

0.0058
0.0028
0.004

genes changing due to lesioning
H3002G02
H3145G10
H3142AOS
H3126G04
H3138A05
H3135A04
H3136G10
H3049B02
H3001G09
H3158C03
H3151E04

EST
D13Wsu64e
Ulk2
Not found
EST
Not found
mBSC2
Ptp4a3
IAK3
Meal
Not found

H3142E10
H3062A06

PacsinS
EST

H3143A12

Betl

H3153C12
H3159C10
H3054C06
H3U6A01
H31541U7

Hnrpu
Pspcl
Png
EST
Gas 6

DNA segment Chr 13, Wayne State University 64
Unc-51 like kinase 2

sodium/potassium/chloride transporters
Protein tyrosine phosphatase 4a3
weakly similar to JAK3 tyrosine-protein kinase
male enhanced antigen 1
Protein kinase C and casein kinase substrate in neurons
3
Blocked early in transport 1 homolog goigi vesicular
membrane trafficking protein p l8
heterogeneous nuclear ribonucieoprotein U nuclear
matrix protein spl20
Paraspeckle protein 1
Phospholipase c neighboring
Growth arrest spectific 6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

0.0003
0.0001
0.0002
0.0014
0.0006

0.0021
0.0048
0.0021
0.004
0.0004
0.004
0.0041
0.0168
0.0007
0.0046
0.0091
0.0248
0.0015
0.0053

Table 4:

Ratios |CyS (635nm)/Cy3 (532 nm)Jgenerated by microarray
studies of genes selected for QPCR Testing. U=Unlesioned
L=6 -OHDA Lesioned V=Intralipid Vehicle Treatment
T= GPI-1046 Treatment

Genes Changing Due to Lesioning and Treatment
Clone ID Name 12693543 12748677 12748678 12748679 12693538

UT/LV

UT/LV

LT/UV

H3129G02 Spticl

2.74

3.092

0.795

0.746

H3029C08 Paxipl

5.624

6.485

1.302

1.269

1.07

H3074G01 Hsp40

3.524

3.599

0.685

0.875

0.726

H3100B02 Syt11

0.698

0.736

1.107

1.084

1.05

H3150D02 PS-1

1.738

1.69

1.023

1.081

0.969

H3026B06 Syt11

2.053

1.831

1.045

1.128

1.074

H3121A02 D ispi

5.65

7.712

1.029

0.795

1.242

H3122B07 Hrsp12

0.341

0.419

0.797

0.792

0.885

H3154D09 Tyr

0.435

0.509

1.203

1.16

1.362

LT/UV

LT/UV
0.668

Genes Changing Due to GPI-1046 Treatment
12600041 12602838 12748414 12748676 12600040

UV/LV UV/LV UV/LV

UT/LT

UT/LT

H3143A12 Bet1

0.749

0.931

0.581

4.047

3.593

H3154E07 Gas 6

0.782

0.695

0.681

1.394

1.21
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Table 5; Cycle Thresholds and significance generated by QPCR assay to
compare Lesioned/GPI-treated tissue to Uniesioned/Intralipid
Vehicle treated anim a S.
Identified
Moose
Sequence

Mat
Sequence
for
RT-QPCR

Avg.
Ct
LES/
GPI

Avg.
Ct
UNL/
VEH

Blocked
early
in transport
1 homolog

H3143A12

NM019251

2.57

2.28

Dispatched
homolog 1

H3121A02

XM213964

5.85

Growth
Arrest
Specific
gene 6

H3154E07

BC070S81

Heat
Responsive
Protein 12
Heat Shock
Protein 40
DnajaJ
(Hsp40)
homolog
subfamily A
member 3
Pax
Transcripttion
activation
interacting

H3122B07

Ct
Std.
Dev.

n *=

Pvalue

.32/
.25

12

.11

5.43

.45/
.54

12

.17

2.23

2.14

.66/
.70

24

.77

NM031714

2.42

2.73

.48/
.54

12

.32

H3074G01

XM233767

2.41

1.52

1.73/
1.69

12

.19

H3029C08

XM231271

12.19

13.02

.93/
.91

12

.13

Preseniiin 1

H3150D02

BC070887

7.57

12.97

12

.11

Presenilin I
Serine
Palmitoyl
transferase
Long chain
base
subunit 1

H3150D02

BC070887

6.99

12.76

24

.01

H3129(302

XM341495

2.88

2.93

.53/
.73

24

.15

Synaptotagmin 11

H3100B02
H3026B06

NM031667

-.17

-.20

.47/
.18

12

.89

Tyrosinase

H3154D09

XM238901

11.05

11.81

.64/
1.06

12

.18

Primer
Name

3.86/
6.44
2.50/
6.39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 1: Tyrosine Hydroxylase (TH) staining
of substantia nigra pars compacta (SNc)
LHS shows unlesioned SNc with TH staining
RHS shows lesioned SNc with TH staining
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Figure 2: QPCR Amplification Curves
A. Growth Arrest Specific Amplification Curves from QPCR Assay showing no
difference in cycle threshold (reflecting mRNA expression) between
Lesioned/GPI-1046 treated and Unlesioned/Vehicle treated tissue
B. Presenilin 1 mRNA levels increased in Lesioned/GPI-1046 treated tissue as
indicated by lower cycle threshold ( 6 cycles) than Unlesioned/Vehicle treated
sample.
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DISCUSSION

M icroarrav Analysis

Our microarray analysis found that depending on the comparison under
consideration, between three and 55 gene products were differently expressed.
We chose from the list those genes that had a biological function that was of
interest with respect to GPI-1046 treatment. Although one of the strengths of
microarray analysis is to identify unknown genes we excluded EST validation
from our QPCR analysis as it was beyond the scope of the current study to clone
30 or more gene products. From the list of gene products that were consistently
different between arrays we selected ten mRNA sequences that were deemed
biologically interesting for validation by QPCR methodology.
The number of genes changing due to lesioning was small (3) which is not
surprising since we were lesioning the SNc and testing tissue from the striatum.
Also sufficient time had passed since lesioning that early immediate gene changes
would no longer be active in the affected region. It is possible that the same
temporal and spatial rationale can be applied to the moderate number of genes
changing due to treatment alone (19). It is interesting to note that proteins
involved in phosphorylation activity were well represented in the treatment group
(Gas6 , Ptp4a3, Ulk2, and JAK3), similar to the study by Napolitano et al. (2002).
The microarray experiment was designed so that differences in gene
expression could be assessed at each level of 6 -OHDA lesioning
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(lesioned/unlesioned) and each level of treatment (GPI-1046 treated/intralipid
vehicle only). An interesting finding of the microarray study was that significant
changes (> or < 2 fold differences) that were noted due to GPI-1046 treatment on
the unlesioned side returned to normal levels ( - 1 : 1 ) on the lesioned side in nine of
the ten gene products tested with QPCR assays. From these results it would
appear that GPI-1046 might work by restoring physiological levels of gene
products to the lesioned area (whether up- or down regulated). As noted in the
introduction, other novel treatments for PD, such as BDNF can produce abnormal
sprouting and connectivity, a problem not encountered with GPI-1046 treatment.
It would appear that although treatment may disrupt the equilibrium on the
unlesioned side, it is somehow able to restore normal levels of gene function to
the lesioned striatum and suggests that global transcription regulation is altered.

QPCR Assay

Several of the genes selected for QPCR assay testing related to cell
growth, proliferation, regionalization and differentiation (Displ, Hsp40, Paxipl,
and Sptlcl). Levels of these gene products were found to be elevated greater than
two fold when comparing the cross design involving a single factor (Lesioning
only vs. Treatment only). However, gene products were not significantly
different (—1 : 1 ) when both lesioning and treatment vs. neither lesioning nor
treatment (vehicle) were compared. Given the assumption that unlesioned/vehicle
samples represent normal physiological levels of the gene products, there is some
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indication that GPI-1046 treatment may restore stable levels of mRNA products
to the striatum ipsilateral to the lesion, while disrupting levels on the contralateral
side.
Two genes decreased greater than two fold in the microarray analysis
(Hrspl2 and Tyr) when comparing lesioning only to treatment only. Both
sequences did not show significant differences between the control
(unlesioned/untreated) and experimental groups (lesioned/GPI-1046 treated)
groups. The homogeneity of control vs. experimental comparisons was confirmed
by QPCR in nine of ten sequences tested.
The one anomaly to our QPCR findings was presenilin 1, which was
elevated in the lesioned/GPI-1046 treated tissue in 8/12 animals tested for QPCR
testing, but not in the microarray results. Although PS-1 abnormality is usually
associated with Alzheimer’s disease there is some evidence that amyloid
precursor protein (APP) synthesis and secretion is regulated by
neuroimmunophilin ligands (Lee & Wurtman 2000). Furthermore, researchers
have suggested that PD and AD share the accumulation of neuronal inclusions in
the pathology of both diseases and that a common pathway may involve
mutations in amyloid precursor protein and the presenilins (Bertoli-Avella et al.
2004). As stated in Appendix II, presenilin is important for Notchl initiated
transcription as well as normal processing of APP. Since PS1 levels are increased
in the lesioned/GPI-1046 treated tissue it would appear that APP processing may
be increased in these cells through elevated levels of PS1.
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Lee & Wurtman (2000) found that APP secretion was increased with
immunosuppressants such as cyclosporin A and FK-506 and proposed that
analogues such as GPI-1046 would also produce this neurotrophic effect
Presenilins are a component of the y-secretase enzyme complex and mutations of
presenilins are thought to be responsible for the release of pathogenic beta
amyloid (AP) from the APP molecule through a proteolytic cleavage (Koo &
Kopan 2004). However, it was recently reported that presenilin deficient mice
exhibited memory impairments as well as deficits in N-methyl d-aspartate
(NMDA) receptor mediated responses. It was further reported that loss of
presenilin resulted in reduced levels of cyclic-AMP element binding protein
(CREB) and its target genes such as brain-derived neurotrophic factor (BDNF).
The authors concluded presenilins play an essential role in neuron survival,
synaptic plasticity as well as learning and memory (Saura et al. 2004). Although
excessive levels of presenilin mutations cause the accumulation of pathologic A(3
accumulation, the up-regulation of non-mutated presenilins demonstrated here
may have a neurotrophic function in the striatum. This may be due to increased
processing of APP molecules, and confirmation of this result through Western
blot analysis would be desirable to determine if only PS1 mRNA is present, or if
the protein product is increased in the cell, as well. Although presenilin did not
reveal changes in expression according to the microarray results, it is possible that
the mouse sequence on the microarray was different than the rat sequence used to
test PSlon the QPCR and this could account for the discrepancy in the two
methods.
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Summary and Conclusions

At the outset, we wanted to establish a working protocol for microarray
hybridization in order to determine which genes were changing as a result of
immunophilin treatment by using microarray technology. We have demonstrated
that overall the protocol can be used to produce data showing that gene expression
changes can be predicted with some reliability. We were surprised to learn that
greater than or less than two-fold changes were rarely occurring when comparing
the control (unlesioned, vehicle treated) to the experimental tissue (lesioned, GPI1046 treated). It would appear that GPI-1046 treatment without lesioning disturbs
mRNA expression in the striatum; lesioning with GPI-1046 treatment does not in
the gene sequences we tested.

Future Directions

In order to verify disruptions in mRNA levels when only lesioning or
treatments are compared, it would be desirable to test these ratios using a QPCR
assay. Microarray analysis using SNc cells would give more information about
the changes in the cells rather than the connectivity investigated here. In addition,
time course experiments would give more information about the early and late
effects in mRNA expression. Future work in this area could also involve more
complex analysis of the data in order to predict groups of genes that are
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functionally related and up-or down-regulated together. Custom microarrays may
also be used to further identify groups of genes that may be coordinately
regulated. As mentioned in the introduction, not all mRNA changes result in
changes in protein expression so Western blots may be used to determine if
changes in mRNA expression result in altered protein levels. Although we were
not able to fully explore the ANOVA model design due to software limitations,
this work will be ongoing and additional small changes in the GPI-1046
treated/lesioned versus vehicle treated/unlesioned may become significant when
the full power of the experimental design is utilized.
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Appendix 1: Experimental Design

3 Genes changing
UNL/VEH

due to lesioning

UNUGPI

55 Genes

Changing
(interaction)
19 Genes
Changing
doe to
treatment

LES/VEH

LES/GPI

Each line represents one microarray slide. The arrow-head represents cyanine 5
labeling and the arrow-tail of the line represents cyanine 3 labeling.
Statistical analysis compares two (or more) lines rather than comparing different
labeling within the same line.
Adapted from Bowtell & Sambrook (2003) p.519
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Appendix 2s Rationale for Genes of Interest

Blocked Early in Transport I (Belli

Blocked early in transport 1 encodes ER-Golgi v-soluble Nethylmaleimide-sensitive factor attachment protein (SNAP) receptors (v-SNARE)
protein to transport vesicles from the endoplasmic reticulum (ER) to the Golgi
apparatus (Kipnis et al. 2004). In order for vesicles to dock on the correct target
membrane SNARE proteins, such as Betl, on both the transport vesicle and target
compartment, must be paired (Tai & Banfield 2001). Disruption of transport of
essential cellular proteins, such as G-proteins, could be harmful to the cell and so
changes in the levels of Betl mRNA are biologically important.

Dispatched Protein 1 (Displ)

Hedgehog (Hh) proteins are involved in cell growth and differentiation
and are important organizers during animal development. Hh proteins are
secreted molecules that undergo posttranslational modification to covalently
attach a cholesterol moiety on the carboxyl-terminal (C-terminus) and a palmitate
at the amino-terminal (N-terminus) (Cohen 2003). The hydrophobic cholesterolmodification serves to anchor Hh to the plasma membrane and limit the range o f
activity of Hh proteins. Dispatched 1 interacts in partnership with Hh proteins to
delete the cholesterol modification and to permit more potent and longer-raage
intercellular Hh protein signaling (Peters et al. 2004).
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As mentioned in the introduction, Napolitano et at. (2002) found some
cellular changes were at the level of phosphorylation but unchanged in protein
expression levels. Growth arrest specific gene 6 phosphorylates the tyrosine
kinase domain of Axl, a receptor tyrosine kinase (RTK) (Yanagita 2004). Gas6 is
a vitamin K-dependent secreted protein, structurally similar to anticoagulation
factor protein S, which is expressed at high levels in growth-arrested cells and is
distributed throughout the central nervous system (CNS) (Melaragno et d . 1999,
Tsaioun 1999). There is evidence that Gas6 is found in precursor T-cells and
monocytes that are activated during an initial inflammatory response following
injury. In contrast, Gas6 /Axl at high concentrations is reported to have an anti
inflammatory effect so the outcome of Gas6 /Axl interactions may be dependent
on the timing or abundance of Gas 6 expression (Melaragno et al. 1999). In the
developing nervous system protein-tyrosine phosphorylation is important for the
regulation of survival, including cell division, differentiation, proliferation and
migration (Crosier & Crosier 1997). Gas 6 binding provides a structural link
between cell adhesion receptors and growth factor-related cell differentiation. One
RTK, Tyro3 (also called Dtk) has a wide pattern of expression in the brain and
may function as a neurotrophic factor receptor. In conditions of stress, Gas 6
increases cell survival in the presence of Axl and its anti-apoptotic properties may
be important for neuron survival in normal and pathologic aging (Tsaioun 1999).
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Heat responsive protein 12 (HrspI2)

Heat responsive protein 12 kDa has significant sequence similarity to heat
shock protein 70 (Hsp70) with an atypical response to heat shock that
demonstrates oscillatory patterns of expression after an initial increase in Hrspl2
mRNA rather than continuous increases as demonstrated by other heat shock
proteins. Hrspl2 is a translational inhibitor that may work to inhibit protein
synthesis and DNA-proliferation. Levels of Hrspl2 mRNA have been observed
to decrease dramatically in highly proliferating cells (Samuel et al. 1997,
Schmiedeknecht et al. 1997)). Although the function of Hrsp!2 is unknown, it is
expressed at high levels in the kidney and liver as well as in the visual system,
particularly in the lens where many structural proteins are closely related to heat
shock proteins. A recent cDNA microarray study found that Hrspl2 mRNA is
up-regulated in the lens of the visual system of transgenic mice over-expressing
Pax6 (paired box gene 6 ), a gene identified with development of the visual system
(Chauhan et al. 2002).

Heat-Shock Protein 40 (Hsp481

Heat-shock protein (Hsp) mRNA changes are interesting in the context of
NIL treatment since Immunophilins such as PKBP52 and FKBP51 are co-factors
within Hsp90/receptor heterocomplexes with steroid-binding activity. In a
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stepwise assembly, Hsp40 and Hsp 70 combine with adenosine triphosphate
(ATP), Hsp90 and steroid receptors to permit high-affinity steroid binding (Pratt
& Toft 2003). Constitutive heat shock proteins such as heat shock cognate 70
(HSC70) perform housekeeping functions and are involved in chaperone
functions to assist in protein folding as well as protein translocation of misfolded
proteins into the cytoplasm for proteolysis (Cohen & Kelly 2003), antigen
presentation and steroid receptor function (Nair et al. 1997, Pratt & Toft 1997,
2003). Constitutive Hsp may also be activated by oxidative stress but not with
heat shock stress (Bemardini et al. 2004). Inducible forms of heat shock proteins,
such as HSP70 are diagnostic markers for stressful stimuli such as fever,
ischemia, inflammation, neurodegenerative disease or exposure to excitotoxins. In
addition, heat shock proteins are associated with cell cycle, proliferation and
differentiation and may have anti-apoptotic influence (Milani et al. 2002).
Inducible Hsp mRNA is observed in the area peripheral to the injury within hours.
Hsp protein expression follows several hours later and persists for days in cell
populations that are resistant to injury but Hsp protein is not highly expressed in
degenerating neurons (Yenari 2002).

Pax transcription activation domain interacting protein (Paxipl)

Pax transactivation domain-interacting protein interacts with the pairedbox gene (Pax) family of transcription regulators. Paxipl has been shown to
inhibit the transcription of glucagons by the Pax 2 transcription factors
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(Hoffineister et al. 2002). The Pax family of transcription factors has a highly
conserved DNA sequence found in many vertebrates as well as Drosophila
melanogaster suggesting a fundamental role for these genes common among
many different species. Since Pax gene expression is spatially and temporally
restricted, it may be involved in brain regionalization during development, as well
maintaining regional identity in the adult brain (Barr 2001, Wehr & Grass 1996).
Paxipl is essential to normal development as it appears to affect chromatin
condensation when cells are entering mitosis. In Paxipl-null mutants DNA is
replicated but shows evidence of damage and few Paxipl-null embryos survive
more than a few days. Therefore, Paxipl may be a component of the DNA
damage/repair pathway that facilitates cell proliferation during development. In
addition, Paxipl is omnipresent in all cells suggesting that it is an essential
component of universal cellular processes (Cho et al. 2003).

Presenilin (PSD

Presenilin mutations have a pathogenic influence in the generation of pamyloid plaques in Alzheimer’s disease (AD), but unaltered PS has an important
proteolytic function in the cell for regulating turnover of signaling molecules
during development as well as maintaining neuronal survival in adulthood (Koo
& Kopan 2004). PS interacts with calcium-binding proteins such as calsenilin,
sorcin and calmyrin, and has a modulatory effect on calcium homeostasis.
Presenilin-modulation of intracellular calcium levels also affects glutamatergic
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systems of uptake and response in neurons. Presenilin is the catalytic component
of the y-secretase protease complex that is involved in Notch signaling. Notch
proteins are transcription co-activators that are membrane-bound until released by
y-secretase. After release the Notch intracellular domain (NICD) moves from the
cytoplasm to the nucleus to co-activate transcriptional machinery. Notch is
important in the process of cell fate determination through lateral inhibition
during development (Koo & Kopan 2004, Thinakaran & Parent 2004) and NICD
modulates neurite extension and maintenance in the adult (Figueroa et al. 2002).
In addition, PS and Notch are necessary for the maintenance, though not the
generation, of neural stem cells in the adult CNS (Hitoshi et al. 2002,2004) and
PS has been shown to interact with the anti-apoptotic molecule Bcl-2 (Alberici et
al. 1999).

Serine Palmitoyltransferase. long chain base subunit 1 (Sptlclt

Palmitoylation is a post-translational modification of a protein through the
addition of a lipid palmitate to increase hydrophobicity, facilitate interaction with
the lipid bilayer of cell membranes or to alter protein function. The thioester
bond that links palmitate to the post-translational protein is reversible and labile,
which is important for regulating neuronal development and synaptic function.
Palmitoylation is important during development to control neurite extension and
cell differentiation. In the adult brain palmitoylation modifies synaptic vesicles at
the presynaptic nerve terminal (Husseini & Bredt 2002).
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Serine Palmitoyltransferase is the rate-limiting enzyme in the production
of ceramide, a product stored in the Golgi apparatus and a substrate for
sphingolipid synthesis (Denny & Smith 2004). Ceramide is elevated in apoptosis,
growth arrest and cell differentiation. Serine palmitoyltransferase is up-regulated
in response to stress and apoptosis but it has also been found to be required for
normal cellular function (Perry 2002).

Synaptotagmin is thought to be the calcium (Ca2+) sensor responsible for
Ca -dependent neurotransmitter release. These integral membrane proteins have
binding sites for calcium which change its biochemical properties and cause
binding to membrane fusion proteins such as SNARE proteins and membrane
lipids. Synaptotagminl does not however, control the amount of neurotransmitter
release, but rather synchronizes the rapid release of neurotransmitters associated
with elevated Ca2+levels in the cell (Nishiki & Augustine 2004).

Tyrosinase fTvrt

Tyrosinase is a membrane glycoprotein that regulates the synthesis of
pigment in mammalian cells. Tyrosinase enzymatically catalyzes the
hydroxylation of tyrosine to dihydroxyphenylalanine (DOPA) and oxidation to
DOPA quinine, the first two steps in the synthesis of melanin, which protects the
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cell from radiation. Tyrosinase activity depends on interaction with the chaperone
protein calnexin for proper folding and maturation (Petrescu et a l 2003).
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