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(57) ABSTRACT

The present invention identifies the changes in gene expres-
sion associated with Parkinson’s Disease by examining mul-
tiregional gene expression from normal brain and brain of
Parkinson’s Disease. The present also identifies the changes
in gene expression associated with Parkinson’s Disease by
examining the expression of genes from normal blood and
from the blood of patients with Parkinson’s Disease. In
another aspect, the present invention identifies expression
profiles which serve as useful diagnostic markers as well as
markers that can be used to monitor disease states, disease
progression, drug toxicity, drug efficacy and drug metabo-
lism.
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Figure showing fold change values for MRPS6, CHORDC1, SLC38A2
& PRKACB genes in the Amygdala and Substantia Niagra of post
mortem human PD brains
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Figure showing MRPS6 gene expression normalized
to 18S, B2M. ACTB & HPRT1 in blood of PD subjects.
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Figure showing SLC5A3 gene expression normalized to 18S,
B2M, ACTB & HPRT1 in blood of PD patients.
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GENE EXPRESSION PROFILING OF
PARKINSON’S DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the national stage entry of International
Application No. PCT/US2007/082132, filed Oct. 22, 2007,
which is entitled to priority to U.S. Provisional Patent Appli-
cation No. 60/852,966, which was filed on Oct. 20, 2006, both
of which are incorporated by reference in their entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Mar. 15, 2012, is named 7230-59.txt and is
78,145 bytes in size.

BACKGROUND OF THE INVENTION

Parkinson’s Disease (PD) is one of the major progressive
neurological disorders for which no preventative or long-term
effective treatment strategies are available. Idiopathic PD is a
multisystem disorder with a multifactorial etiology and
diverse clinical phenotype. The risk of developing PD
increases with age, and afflicted individuals are usually adults
over 40. PD occurs in all parts of the world, and affects more
than one million individuals in the United States alone.

PD is characterized by degeneration of dopaminergic neu-
rons of the substantia nigra. The substantia nigra is a portion
of the lower brain, or brain stem, that helps control voluntary
movements. The shortage of dopamine in the brain caused by
the loss of these neurons is believed to cause the observable
disease symptoms.

The symptoms of PD may vary from patient to patient. The
most common symptom is a paucity of movement: That is,
rigidity characterized by an increased stiffness of voluntary
skeletal muscles. Additional symptoms include resting
tremor, bradykinesia (slowness of movement), poor balance,
and problems walking. Common secondary symptoms
include depression, sleep disturbance, dizziness, stooped
posture, dementia, and problems with speech, breathing, and
swallowing. The symptoms become progressively worse and
ultimately result in death.

The primary cause of Parkinson’s Disease is not known.
Polymorphism in certain genes appears to be a risk factor, but
there is no direct evidence for the causal relationship between
polymorphism and increased risk of PD. Only a small per-
centage (<5%) of patients develop PD that may be linked to
the currently known gene mutations (1). In familial PD, muta-
tion in the synuclein gene is associated with the disease, but a
direct role of this gene in degeneration of dopaminergic neu-
rons remains to be established. Although mutations in the
Parkin gene have been associated with autosomal recessive
juvenile Parkinson’s Disease, the role of this gene mutation in
causing degeneration of dopaminergic neurons has not been
defined. In idiopathic PD, epigenetic (mitochondria, mem-
branes, protein modifications) rather than genetic events may
be primary targets which, when impaired, initiate degenera-
tion of dopaminergic neurons, eventually leading to cell
death.

Although the nature of neurotoxins that cause degeneration
in dopaminergic neurons in PD is not well understood, oxi-
dative stress is one of the intermediary risk factors that could
initiate and/or promote such degeneration. Therefore, supple-
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mentation with antioxidants may prevent or reduce the rate of
PD progression. Supplementation with multiple antioxidants
atappropriate doses is desirable because: various types of free
radicals are produced in vivo, antioxidants vary in their ability
to quench different free radicals, and cellular environments
vary with respect to their lipid and aqueous phases. L-dihy-
droxyphenylalanine (L-dopa) is one of the agents used in the
treatment of PD.

In addition to genome-wide association studies, which
have identified polymorphisms that potentially confer sus-
ceptibility to PD (2), gene array surveys of the substantia
nigra (SN) and other regions of the brain have provided some
insights into the biological, cellular and molecular pathways
implicated in PD (3-7).

There is a continuing need to identify genes and gene
products that are associated with Parkinson’s Disease or the
progression of Parkinson’s Disease, to provide means for
screening, diagnosing, and evaluating Parkinson’s Disease
patients and patients suspected of having Parkinson’s Dis-
ease. By identifying such genes and gene products, Parkin-
son’s Disease treatments can be identified, evaluated, and
may be selected for individualized care of PD patients.

SUMMARY OF THE INVENTION

The present disclosure identifies changes in gene expres-
sion that are associated with Parkinson’s Disease. These
changes in gene expression were identified by examining
gene expression in multiple regions of normal brain samples
and brain samples from patients having Parkinson’s Disease.
The gene expression analysis disclosed herein includes an
analysis of multiple brain regions of PD patients, as well as an
analysis of gene expression in the blood of PD patients, as
compared to controls. As discussed more fully herein, genes
or gene products that display differential gene expression in
multiple regions of a PD brain, as compared to corresponding
samples from control populations, are desirable as diagnostic
and prognostic markers of PD.

In one aspect, the invention provides a method of diagnos-
ing Parkinson’s Disease in a patient. In this aspect, the
method comprises detecting the level of expression of one or
more genes from Tables 4-6 in a biological sample from the
patient. The differential expression of these genes as com-
pared to corresponding control levels is indicative of Parkin-
son’s Disease.

In certain embodiments of the invention, the biological
sample is a biological fluid, such as blood, urine, cerebrospi-
nal fluid, or lymph, from the patient. Further, the biological
sample may be derived from the biological fluid, such as a
sample derived from blood.

In certain embodiments of the invention, the patient being
tested is exhibiting symptoms of Parkinson’s Disease or is
being treated for Parkinson’s Disease, making an evaluation
of the patient for the presence of PD necessary. In these and
other embodiments, the Parkinson’s Disease is idiopathic
Parkinson’s Disease. In certain embodiments, the patient is
known to be susceptible to PD, for example, on the basis of
genotyping. Such genotyping may be conducted in addition
to the gene expression analyses disclosed herein for further
evaluation of the patient’s disease state.

In another aspect, the invention provides a method for
evaluating Parkinson’s Disease in a patient. In this aspect, the
method comprises determining a first level of expression of
one or more genes from Tables 4-6 in a biological sample
from the Parkinson’s Disease patient. A treatment for Parkin-
son’s Disease, or a candidate treatment, may then be admin-
istered to the patient if necessary. At least a second level of
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expression of the genes is subsequently determined in a bio-
logical sample that is obtained from the patient during the
course of the treatment. Where the genes in the first sample
are differentially expressed as compared to the second sample
(or third, fourth, and so on), the treatment or candidate treat-
ment is identified as being effective for treatment of the Par-
kinson’s Disease. For example, L.-dopa is known to produce
free radicals during its normal metabolism. L-dopa may lead
to the gene expression changes disclosed in the present inven-
tion, which may therefore be used to monitor drug efficacy.
Thus, in this embodiment, the patient is undergoing therapy
with L-dopa, and gene expression values monitored during
treatment.

Any method of gene expression analysis may be used in
accordance with the present invention, and such methods are
well known in the art. For example, in certain embodiments,
the level of expression of one or more genes listed in Tables
4-6 are determined by a nucleic acid polymerization or
hybridization technology. For example, suitable assays
include RT-PCR, northern blotting, and functionally similar
techniques.

The genes identified herein as useful diagnostic and prog-
nostic markers for PD are differentially expressed in one or
more brain regions of Parkinson’s Disease patients, as well as
in other tissues. For example, such brain regions include
substantia nigra, ventral tegmental area, cingulate cortex
(BA35), insular cortex, amygdala, nucleus basalis, caudate,
putamen, nucleus accumbens, globus pallidus, mediodorsal
thalamus, pulvinar, subthalamic nucleus, nucleus ambiguous,
cerebellar hemisphere, anterior cerebellar vermis, dorsal
raphe, locus ceruleus, hypothalamus, hippocampus and
reticular formation.

As disclosed herein, the genes identified in Tables 4-6 are
differentially expressed in PD, including the following genes:
Mitochondrial Ribosome Protein S6 (MRPS6), Solute Car-
rier Family 5, member 3 (SLCS5A3), Histone 1, H2bd
(H1ST1H2BD), RNA Binding Motif Protein 3 (RBM3), Sol-
ute Carrier Family 38, member 2 (SLC38A2), Cysteine/His-
tidine-rich Domain-Containing Zinc Binding Protein 1
(CHORDC1), Cold Inducible RNA Binding Protein
(CIRBP), cAMP dependent protein kinase, beta catalytic sub-
unit PRKACB, Stress-induced Phosphoprotein (STIP1),
Hypothetical Protein FLI33814, FUS Interacting Protein
(serine/arginine-rich) 1 (FUSIP1), and Suppressor of Varie-
gation4-20homolog 1 (SUV420H1). Table 4 lists these genes
along with the number of brain regions for which they are
differentially expressed, and the fold change in gene expres-
sion. The methods of the invention may determine the levels
or changes in gene expression of one, two, five, ten, all, or
nearly all, of these genes, or the level of their corresponding
gene products (e.g., translation products) as discussed below.

In certain embodiments of the invention, the methods
involve determining the levels of expression or changes in
expression of at least two of MRP6, SLC5A3, and PRKACB.
For example, MRP6 and SLCS5A3 are expressed at higher
levels in PD patients, while PRKACB is expressed at lower
levels in PD patients.

As discussed herein, these aspects of the invention may be
embodied in the form of a kit for diagnosing Parkinson’s
Disease. The kit may be designed for use in any gene expres-
sion assay. Generally, the kit includes a plurality of probes or
aplurality of primers for detecting the expression level of one,
or two or more, genes listed in Tables 4-6, including those
listed above. The kit further includes the necessary reagents
for detecting gene expression levels in a sample. The kit may
also contain one or more solid supports having attached
thereto the one or more probe oligonucleotides. For example,
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the solid support may be an oligonucleotide array. The kits
may further comprise one or more reagents for use with the
arrays, one or more signal detection and/or array-processing
instruments, one or more gene expression databases, and one
or more analysis and database management software pack-
ages.

In another aspect, the invention involves diagnosing Par-
kinson’s Disease in a patient by detecting the level of one or
more translation products in a biological sample from the
patient. Such biological samples include biological fluids
such as blood and blood products. The translation products
detected in accordance with this aspect are the translation
products of genes listed in Tables 4-6, including those listed
above. Where there is a difference in the levels of the trans-
lation products in the sample as compared to control levels (as
described herein), the patient is identified as having Parkin-
son’s Disease.

In another aspect, the invention provides a method for
evaluating Parkinson’s Disease in a patient. The method com-
prises initially determining a first level of one or more trans-
lation products in a biological sample from a Parkinson’s
Disease patient. These translation products are the translation
products of the genes listed in Tables 4-6, including those
listed above. The first level of the gene products may be
determined prior to treatment for PD. The patient may then be
administered a treatment for Parkinson’s Disease if necessary
(e.g., L-dopa), and subsequently, at least a second level of the
gene products is determined in a second biological sample
obtained from the patient during the course of the treatment.
Where a difference in the levels of the gene products in the
first sample as compared to the second sample is detected, the
treatment is determined to be effective for the treatment of
Parkinson’s Disease. In certain, embodiments, the first and
second levels are also compared to the levels in healthy con-
trols to further evaluate the efficacy of the treatment.

In accordance with this aspect, the translation products
may be detected by any known method, including an immu-
nological assay such as ELISA.

In accordance with these aspects, the invention may be
embodied in the form of a kit for diagnosing Parkinson’s
Disease. The kit may be designed to detect gene products in
accordance with any known immunological assay format,
including ELISA and absorbent strip assays. Generally, the
kit includes a plurality of antibodies for detecting the level of
two or more gene products, the gene products being transla-
tion products of the genes listed in Tables 4-6, including those
listed above. For example, the kit may comprise antibodies
that recognize one, two, or all of MRP6, SLC5A3, and
PRKACB, along with necessary reagents for detecting anti-
gen/antibody reactions.

The invention further includes methods of screening for an
agent capable of modulating the onset or progression of Par-
kinson’s Disease, comprising the steps of exposing a cell to
the agent; and detecting the expression level of one or more
genes from Tables 4-6. Where the agent modulates the expres-
sion of the genes listed in Tables 4-6, as disclosed herein, the
agent is a candidate agent for treating or mimicking Parkin-
son’s Disease.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a graph depicting quality control (QC) parameters
for RNA. The relationships between RNA QC (determined by
the average of the 5/3 signal ratios of f-actin and GapDH
across Plus 2.0 chips) and the postmortem interval (PMI) in
SN show no effect of the PMI on the QC measurements.
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FIG. 2 is the regional brain sample tiling chart. Columns
represent gene chips from individual subjects and rows rep-
resent gene chips used per regional comparison. Data from a
total 0499 gene chips (283 from 22 PD patients and 216 from
23 aged control subjects) and from 21 regions passed RNA
and microarray quality control and were used is our analysis.

FIG. 3 is a frequency pyramid showing the number of
candidate genes (number inside pyramid) significantly regu-
lated according to the number of brain regions (shown in
rectangular box). Four genes topped the pyramid. Details of
these genes are presented in Table 4.

FIG. 4 shows the results of MRPS6 gene expression (fold
change “FC”) in PD patients versus normal aged controls:
Gene array (caudate FC=2.7, SE=0.1 and insula FC=2.7,
SE=0.1) and RT-PCR (caudate FC=2.6, SE=0.3 and insula
FC=2.4, SE=0.3) methods produced similar levels of overex-
pression in 2 blindly selected regions (insula and caudate).
Results of the comparisons of MRPS6 expression between
groups were statistically significant (p<0.01) in both regions
with both methods.

FIG. 5 shows the fold change in expression of MRPS6,
CHORDCI1, PRKACB, and SLC38A2 in the Amygdala and
Substantia Niagra of post-mortem PD patients versus normal
aged controls as determined by real-time RT-PCR.

FIG. 6 shows the fold change in gene expression of MRPS6
in blood from three PD patients versus that from blood of
three control patients, as measured by RT-PCR. The expres-
sion of MRPS6 was normalized with respect to four known
housekeeping genes, 18S rRNA, B2M, ACTB, and HPRT1.
However, only HPRT1 was not disregulated in PD blood, and
therefore, it was used as the standard housekeeping gene.

FIG. 7 shows the fold change in gene expression of
SLCS5A3 in blood from three PD patients versus that from
blood of three control patients, as measured by RT-PCR. The
expression of SLC5A3 was normalized with respect to four
known housekeeping genes, 18S rRNA, B2M, ACTB, and
HPRT1. As described in FIG. 6, only HPRT1 was not dis-
regulated in PD blood. Thus, it was used as the standard
housekeeping gene.

DETAILED DESCRIPTION OF EMBODIMENTS

Many biological functions are accomplished by altering
the expression of various genes through transcriptional (e.g.,
through control of initiation, provision of RNA precursors,
RNA processing, etc.) and/or translational control. For
example, fundamental biological processes such as cell cycle,
cell differentiation and cell death, are often characterized by
the variations in the expression levels of groups of genes.

Changes in gene expression also are associated with patho-
genesis. For example, the lack of sufficient expression of
functional tumor suppressor genes and/or the over expression
of oncogene/protooncogenes could lead to tumorgenesis or
hyperplastic growth of cells (Marshall, (1991) Cell, 64, 313-
326; Weinberg, (1991) Science, 254, 1138-1146). Thus,
changes in the expression levels of particular genes serve as
signposts for the presence and progression of various dis-
eases.

The present inventors have examined tissue samples from
multiple regions of normal brain and from known Parkinson’s
Disease samples, to identify the changes in gene expression
associated with Parkinson’s Disease. These changes in gene
expression, also referred to as expression profiles, provide
diagnostic markers as well as markers to monitor disease
states, disease progression, and drug efficacy.

As shown herein, nucleic acid samples of isolated tissues
from multiple brain regions of individuals with Parkinson’s
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Disease, and from individuals without the disease, were
applied to a DNA microarray. Multiregional gene expression
analysis was then performed to identify genes with increased
or decreased expression in subsets of Parkinson’s Disease
patients. Exemplary genes that are differentially expressed in
PD brain samples are listed in Tables 4-6.

Gene microarrays were performed utilizing Affymetrix
gene chips. Brain specimens from different cortical and sub-
cortical regions were taken from PD and normal aged brain
donors. Only samples satisfying strict RNA and microarray
quality criteria were utilized in the multiregional compari-
sons between PD patients and controls. Gene expression was
considered significantly different if the fold change was
>=x1.3, and p-values were =0.05.

The present inventors have also examined blood samples
from Parkinson’s Disease patients to identify or confirm the
changes in gene expression associated with Parkinson’s Dis-
ease.

Nucleic Acid-Based Assay Formats

The present invention includes methods that quantify
expression levels in clinical samples as well as methods that
determine whether a gene of interest is expressed at all or
expressed above a threshold (e.g., a control threshold) in
clinical samples. Thus, an assay which provides a “yes or no”
result without necessarily providing quantification of gene
expression is within the scope of the present invention. Thus,
the invention may involve quantitative or qualitative assess-
ment of gene expression.

The genes identified as being differentially expressed in
Parkinson’s Disease may be used in a variety of nucleic acid
detection assays to detect or quantify the expression level of
a gene or multiple genes in a given sample. For example,
traditional Northern blotting, nuclease protection, RT-PCR
and differential display methods may be used for detecting
gene expression levels, including Taqgman and flap endonu-
clease assays. Additional assays include array or chip hybrid-
ization-based methods, which are convenient when determin-
ing the expression levels of a larger number of genes.

In some embodiments, the invention may employ reverse
transcription polymerase chain reaction (RT-PCR), which is a
sensitive method for the detection of mRNA, including low
abundant mRNAs present in clinical tissue samples. The
application of fluorescence techniques to RT-PCR combined
with suitable instrumentation has led to quantitative RT-PCR
methods that combine amplification, detection and quantifi-
cation in a closed system. Two commonly used quantitative
RT-PCR techniques are the Tagman RT-PCR assay (ABI,
Foster City, USA) and the Lightcycler assay (Roche, USA).

Thus, in one embodiment of the present invention, the
method comprises conducting real-time quantitative PCR
(TagMan) with sample-derived RNA and control RNA. Hol-
land, et al., PNAS 88:7276-7280 (1991) describe an assay
known as a Tagman assay. The 5' to 3' exonuclease activity of
Taq polymerase is employed in a polymerase chain reaction
product detection system to generate a specific detectable
signal concomitantly with amplification. An oligonucleotide
probe, nonextendable at the 3' end, labeled at the 5' end, and
designed to hybridize within the target sequence, is intro-
duced into the polymerase chain reaction assay. Annealing of
the probe to one of the polymerase chain reaction product
strands during the course of amplification generates a sub-
strate suitable for exonuclease activity. During amplification,
the 5' to 3' exonuclease activity of Taq polymerase degrades
the probe into smaller fragments that can be differentiated
from undegraded probe. A version of this assay is also
described in Gelfand et al., in U.S. Pat. No. 5,210,015, which
is hereby incorporated by reference.
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Further, U.S. Pat. No. 5,491,063 to Fisher, et al., provides
a Tagman-type assay. The method of Fisher et al. provides a
reaction that results in the cleavage of single-stranded oligo-
nucleotide probes labeled with a light-emitting label wherein
the reaction is carried out in the presence of a DNA binding
compound that interacts with the label to modify the light
emission of the label. The method utilizes the change in light
emission of the labeled probe that results from degradation of
the probe. The methods are applicable in general to assays
that utilize a reaction that results in cleavage of oligonucle-
otide probes, and in particular, to homogeneous amplifica-
tion/detection assays where hybridized probe is cleaved con-
comitant with primer extension.

The TagMan detection assays offer several advantages over
the classical PCR assays. First, the TagMan assays combine
the sensitivity of PCR along with hybridization of the internal
oligonucleotide sequence that is present in a target sequence.
Following PCR, samples do not have to be separated on
agarose gels, and the subsequent Southern blots and hybrid-
ization steps that are necessary to verify the identity of the
PCR products is eliminated. Using the TagMan system, the
assays are completed within 2.5 h. Further, the methodology
involved in the assay process makes possible the handling of
large numbers of samples efficiently and without cross-con-
tamination and is therefore adaptable for robotic sampling. As
a result, large numbers of test samples can be processed in a
very short period of time using the TagMan assay. Another
advantage of the TagMan system is the potential for multi-
plexing. Since different fluorescent reporter dyes can be used
to construct probes, the expression of several different genes
associated with PD could be assayed in the same PCR reac-
tion, thereby reducing the labor costs that would be incurred
if each of the tests were performed individually.

In other embodiments, the invention employs detection
and quantification of RNA levels in real-time using nucleic
acid sequence based amplification (NASBA) combined with
molecular beacon detection molecules. NASBA is a singe-
step isothermal RNA-specific amplification method that
amplifies mRNA in a double stranded DNA environment, and
this method has recently proven useful in the detection of
various mRNAs, and in the detection of both viral and bacte-
rial RNA in clinical samples.

In yet other embodiments, the invention uses an assay
employing a flap endonuclease, such as the Invader™ assay
(Third Wave Technologies). In the case of using the invader
method, an invader probe containing a sequence specific to
the region 3' to a target site, and a primary probe containing a
sequence specific to the region 5' to the target site of a tem-
plate and an unrelated flap sequence, are prepared. Cleavase
is then allowed to act in the presence of these probes, the
target molecule, as well as a FRET probe containing a
sequence complementary to the flap sequence and an auto-
complementary sequence that is labeled with both a fluores-
cent dye and a quencher. When the primary probe hybridizes
with the template, the 3' end of the invader probe penetrates
the target site, and this structure is cleaved by the Cleavase
resulting in dissociation of the flap. The flap binds to the
FRET probe and the fluorescent dye portion is cleaved by the
Cleavase resulting in emission of fluorescence.

The invention may also employ hybridization-based
assays. Nucleic acid hybridization simply involves contact-
ing a probe and target nucleic acid under conditions where the
probe and its complementary target can form stable hybrid
duplexes through complementary base pairing (see Lockhart
et al., (1999) WO 99/32660). The nucleic acids that do not
form hybrid duplexes are then washed away leaving the
hybridized nucleic acids to be detected, typically through
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detection of an attached detectable label. It is generally rec-
ognized that nucleic acids are denatured by increasing the
temperature or decreasing the salt concentration of the buffer
containing the nucleic acids.

Under low stringency conditions (e.g., low temperature
and/or high salt) hybrid duplexes (e.g., DNA-DNA, RNA-
RNA or RNA-DNA) will form even where the annealed
sequences are not perfectly complementary. Thus specificity
ofhybridization is reduced at lower stringency. Conversely, at
higher stringency (e.g., higher temperature or lower salt)
successful hybridization requires fewer mismatches. One of
skill in the art will appreciate that hybridization conditions
may be selected to provide any degree of stringency. In a
preferred embodiment, hybridization is performed at low
stringency, in this case in 6xSSPE-T at 37° C. (0.005% Triton
x-100) to ensure hybridization and then subsequent washes
are performed at higher stringency (e.g., IxSSPE-T at37° C.)
to eliminate mismatched hybrid duplexes. Successive washes
may be performed at increasingly higher stringency (e.g.,
down to as low as 0.25xSSPET at 37° C. to 50° C.) until a
desired level of hybridization specificity is obtained. Strin-
gency can also be increased by addition of agents such as
formamide. Hybridization specificity may be evaluated by
comparison of hybridization to the test probes with hybrid-
ization to the various controls that can be present (e.g.,
expression level control, normalization control, mismatch
controls, etc.).

In general, there is a tradeoff between hybridization speci-
ficity (stringency) and signal intensity. Thus, in a preferred
embodiment, the wash is performed at the highest stringency
that produces consistent results and that provides a signal
intensity greater than approximately 10% of the background
intensity. Thus, in a preferred embodiment, the hybridized
array may be washed at successively higher stringency solu-
tions and read between each wash. Analysis of the data sets
thus produced will reveal a wash stringency above which the
hybridization pattern is not appreciably altered and which
provides adequate signal for the particular oligonucleotide
probes of interest.

The hybridized nucleic acids are typically detected by
detecting one or more labels attached to the sample nucleic
acids. The labels may be incorporated by any of a number of
means well known to those of skill in the art (see Lockhart et
al., (1999) WO 99/32660).

When employing hybridization formats, solution-based
and solid support-based assay formats may be employed.
Solid supports containing oligonucleotide probes for differ-
entially expressed genes of the invention can be filters, poly-
vinyl chloride dishes, silicon or glass based chips, etc. Such
wafers and hybridization methods are widely available, for
example, those disclosed by Beattie (WO 95/11755). Any
solid surface to which oligonucleotides can be bound, either
directly or indirectly, either covalently or non-covalently, can
be used. An exemplary solid support is a high density array or
DNA chip. These contain a particular oligonucleotide probe
in a predetermined location on the array. Each predetermined
location may contain more than one molecule of the probe,
but each molecule within the predetermined location has an
identical sequence. Such predetermined locations are termed
features. There may be, for example, about 2, 10, 100, 1000 to
10,000; 100,000 or 400,000 of such features on a single solid
support. The solid support, or the area within which the
probes are attached may be on the order of a square centime-
ter.

Oligonucleotide probe arrays for expression monitoring
can be made and used according to any techniques known in
the art (see for example, Lockhart et al., (1996) Nat. Biotech-
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nol. 14, 1675-1680; McGall et al., (1996) Proc. Nat. Acad.
Sci. USA 93, 13555-13460). Such probe arrays may contain
at least two or more oligonucleotides that are complementary
to or hybridize to two or more of the genes described herein.
Such arrays may also contain oligonucleotides that are
complementary or hybridize to at least about 2,3, 4,5,6,7, 8,
9,10, 20, 30, 50, or all of the genes described herein as being
differentially expressed in PD.

The mRNA or reversed transcribed mRNA may optionally
be cloned or amplified. The cloning itself does not appear to
bias the representation of mRNA within a population. How-
ever, it may be preferable to use polyA+RNA as a source, as
it can be used with less processing steps.

The sequences of the expression marker genes are in the
public databases. Table 4 provides the Affymetrix fragment
ID for several genes that are differentially expressed in PD, as
well as the SEQ ID NOS. The column labeled “Gene Symbol”
refers to the abbreviated names of the genes correlating the
Affymetrix gene fragment ID. Table 6 further lists the
GeneBank accession IDs for the differentially expressed
genes, which are hereby incorporated by reference.

Probes based on the sequences of the genes described
herein may be prepared by any commonly available method.
Oligonucleotide probes for assaying the tissue or cell sample
are preferably of sufficient length to specifically hybridize
only to appropriate, complementary genes or transcripts.
Typically the oligonucleotide probes will be at least 10, 12,
14, 16, 18, 20 or 25 nucleotides in length. In some cases
longer probes of at least 30, 40, or 50 nucleotides will be
desirable.

As wused herein, oligonucleotide sequences that are
complementary to one or more of the genes described herein,
refers to oligonucleotides that are capable of hybridizing
under stringent conditions to at least part of the nucleotide
sequence of said genes. Such hybridizable oligonucleotides
will typically exhibit at least about 75% sequence identity at
the nucleotide level to said genes, preferably about 80% or
85% sequence identity or more preferably about 90% or 95%
or more sequence identity to said genes. In some embodi-
ments, the oligonucleotide probes are identical to a portion of
the genes disclosed herein, and usually identical in a range of
10-30 nucleotides, such as 15-20 nucleotides.

The terms “background” or “background signal intensity”
refer to hybridization signals resulting from non-specific
binding, or other interactions, for example between a labeled
target nucleic acid and components of the oligonucleotide
array (e.g., the oligonucleotide probes, control probes, the
array substrate, etc.). Background signals may also be pro-
duced by intrinsic fluorescence of the array components
themselves. A single background signal can be calculated for
the entire array, or a different background signal may be
calculated for each target nucleic acid. In a preferred embodi-
ment, background is calculated as the average hybridization
signal intensity for the lowest 5% to 10% of the probes in the
array, or, where a different background signal is calculated for
each target gene, for the lowest 5% to 10% of the probes for
each gene. Of course, one of skill in the art will appreciate that
where the probes to a particular gene hybridize well and thus
appear to be specifically binding to a target sequence, they
should not be used in a background signal calculation. Alter-
natively, background may be calculated as the average
hybridization signal intensity produced by hybridization to
probes that are not complementary to any sequence found in
the sample (e.g., probes directed to nucleic acids of the oppo-
site sense or to genes not found in the sample such as bacterial
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genes). Background can also be calculated as the average
signal intensity produced by regions of the array that lack any
probes at all.

The phrase “hybridizing specifically to” refers to the bind-
ing, duplexing or hybridizing of a molecule substantially to or
only to a particular nucleotide sequence or sequences under
stringent conditions when that sequence is present in a com-
plex mixture (e.g., total cellular) DNA or RNA.

The term “mismatch control” or “mismatch probe” refer to
a probe whose sequence is deliberately selected not to be
perfectly complementary to a particular target sequence. For
each mismatch (MM) control in a high-density array there
typically exists a corresponding perfect match (PM) probe
that is perfectly complementary to the same particular target
sequence. The mismatch may comprise one or more bases.

While the mismatch(es) may be located anywhere in the
mismatch probe, terminal mismatches are less desirable as a
terminal mismatch is less likely to prevent hybridization of
the target sequence. In a particularly preferred embodiment,
the mismatch is located at or near the center of the probe such
that the mismatch is most likely to destabilize the duplex with
the target sequence under the test hybridization conditions.
The term “perfect match probe” refers to a probe that has a
sequence that is perfectly complementary to a particular tar-
get sequence. The test probe is typically perfectly comple-
mentary to a portion (subsequence) of the target sequence.
The perfect match (PM) probe can be a “test probe”, a “nor-
malization control” probe, an expression level control probe
and the like. A perfect match control or perfect match probe
is, however, distinguished from a “mismatch control” or
“mismatch probe.”

As used herein a “probe” is defined as a nucleic acid,
capable of binding to a target nucleic acid of complementary
sequence through one or more types of chemical bonds, usu-
ally through complementary base pairing, usually through
hydrogen bond formation. As used herein, a probe may
include natural (i.e., A, G, U, C or T) or modified bases
(7-deazaguanosine, inosine, etc.). In addition, the bases in
probes may be joined by a linkage other than a phosphodiester
bond, so long as it does not interfere with hybridization. Thus,
probes may be peptide nucleic acids in which the constituent
bases are joined by peptide bonds rather than phosphodiester
linkages.

The term “stringent conditions” refers to conditions under
which a probe will hybridize to its target subsequence, but
with only insubstantial hybridization to other sequences or to
other sequences such that the difference may be identified.
Stringent conditions are sequence-dependent and will be dif-
ferent in different circumstances. Longer sequences hybrid-
ize specifically at higher temperatures. Generally, stringent
conditions are selected to be about 5° C. lower than the
thermal melting point (Tm) for the specific sequence at a
defined ionic strength and pH.

Typically, stringent conditions will be those in which the
salt concentration is at least about 0.01 to 1.0 M sodium ion
concentration (or other salts) at pH 7.0 to 8.3 and the tem-
perature is at least about 30° C. for short probes (e.g., 10 to 50
nucleotide). Stringent conditions may also be achieved with
the addition of destabilizing agents such as formamide.

The “percentage of sequence identity” or “sequence iden-
tity” is determined by comparing two optimally aligned
sequences or subsequences over a comparison window or
span, wherein the portion of the polynucleotide sequence in
the comparison window may optionally comprise additions
ordeletions (i.e., gaps) as compared to the reference sequence
(which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated
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by determining the number of positions at which the identical
monomer unit (e.g., nucleic acid base or amino acid residue)
occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the
total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of
sequence identity. Percentage sequence identity when calcu-
lated using the programs GAP or BESTFIT (see below) is
calculated using default gap weights.

Homology or identity may be determined by BLAST (Ba-
sic Local Alignment Search Tool) analysis using the algo-
rithm employed by the programs blastp, blastn, blastx, thlastn
and tblastx (Karlin et al., (1990) Proc. Natl. Acad. Sci. USA
87, 2264-2268 and Altschul, (1993) I. Mol. Evol. 36, 290-
300, fully incorporated by reference) which are tailored for
sequence similarity searching. The approach used by the
BLAST program is to first consider similar segments between
a query sequence and a database sequence, then to evaluate
the statistical significance of all matches that are identified
and finally to summarize only those matches which satisfy a
preselected threshold of significance. For a discussion of
basic issues in similarity searching of sequence databases, see
Altschul etal., (1994) Nature Genet. 6, 119-129) which s filly
incorporated by reference. The search parameters for histo-
gram, descriptions, alignments, expect (i.e., the statistical
significance threshold for reporting matches against database
sequences), cutoff, matrix and filter are at the default settings.
The default scoring matrix used by blastp, blastx, tblastn, and
tblastx is the BLOSUMG62 matrix (Henikoff et al., (1992)
Proc. Natl. Acad. Sci. USA 89, 10915-10919, fully incorpo-
rated by reference). Four blastn parameters were adjusted as
follows: Q=10 (gap creation penalty); R=10 (gap extension
penalty); wink=1 (generates word hits at every Wink™ posi-
tion along the query); and gapw=16 (sets the window width
within which gapped alignments are generated). The equiva-
lent Blastp parameter settings were Q=9; R=2; wink=1; and
gapw=32. A Bestfit comparison between sequences, avail-
able in the GCG package version 10.0, uses DNA parameters
GAP=50 (gap creation penalty) and LEN=3 (gap extension
penalty) and the equivalent settings in protein comparisons
are GAP=8 and LEN=2.

The design of appropriate probes for hybridizing to a par-
ticular target nucleic acid, and as configured for any appro-
priate nucleic acid detection assay, is well known, and dis-
cussed supra.

Further, with respect to arrays, one of skill in the art will
appreciate that an enormous number of array designs are
suitable for the practice of this invention, where array
embodiments are desirable. The array will typically include a
number of probes that specifically hybridize to the sequences
of interest. See WO 99/32660 for methods of producing
probes for a given gene or genes. In addition, in a preferred
embodiment, the array will include one or more control
probes.

High density array chips of the invention include “test
probes.” Test probes may be oligonucleotides that range from
about 5 to about 500 or about 5 to about 50 nucleotides, more
preferably from about 10 to about 40 nucleotides and most
preferably from about 15 to about 40 nucleotides in length. In
other particularly preferred embodiments the probes are
about 20 to 25 nucleotides in length. In another preferred
embodiment, test probes are double or single strand DNA
sequences. DNA sequences are isolated or cloned from natu-
ral sources or amplified from natural sources using natural
nucleic acid as templates. These probes have sequences
complementary to particular subsequences of the genes
whose expression they are designed to detect. Thus, the test
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probes are capable of specifically hybridizing to the target
nucleic acid they are to detect.

In addition to test probes that bind the target nucleic acid(s)
of interest, the high density array can contain a number of
control probes. The control probes fall into three categories
referred to herein as (1) normalization controls; (2) expres-
sion level controls; and (3) mismatch controls.

Normalization controls are oligonucleotide or other
nucleic acid probes that are complementary to labeled refer-
ence oligonucleotides or other nucleic acid sequences that are
added to the nucleic acid sample. The signals obtained from
the normalization controls after hybridization provide a con-
trol for variations in hybridization conditions, label intensity,
“reading” efficiency and other factors that may cause the
signal of a perfect hybridization to vary between arrays. In a
preferred embodiment, signals (e.g., fluorescence intensity)
read from all other probes in the array are divided by the
signal (e.g., fluorescence intensity) from the control probes
thereby normalizing the measurements.

Virtually any probe may serve as a normalization control.
However, it is recognized that hybridization efficiency varies
with base composition and probe length. Preferred normal-
ization probes are selected to reflect the average length of the
other probes present in the array, however, they can be
selected to cover a range of lengths. The normalization con-
trol(s) can also be selected to reflect the (average) base com-
position of the other probes in the array, however in a pre-
ferred embodiment, only one or a few probes are used and
they are selected such that they hybridize well (i.e., no sec-
ondary structure) and do not match any target-specific probes.

Expression level controls are probes that hybridize specifi-
cally with constitutively expressed genes in the biological
sample. Virtually any constitutively expressed gene provides
a suitable target for expression level controls. Typical expres-
sion level control probes have sequences complementary to
subsequences of constitutively expressed “housekeeping
genes” including, but not limited to the f-actin gene, the
transferrin receptor gene, the GAPDH gene, the HPRT1 gene,
and the like. As disclosed herein, the HPRT1 gene is particu-
larly suitable as a control for expression, since HPRT1 is not
differentially expressed in PD patients.

Mismatch controls may also be provided for the probes to
the target genes, for expression level controls or for normal-
ization controls. Mismatch controls are oligonucleotide
probes or other nucleic acid probes identical to their corre-
sponding test or control probes except for the presence of one
or more mismatched bases. A mismatched base is a base
selected so that it is not complementary to the corresponding
base in the target sequence to which the probe would other-
wise specifically hybridize. One or more mismatches are
selected such that under appropriate hybridization conditions
(e.g., stringent conditions) the test or control probe would be
expected to hybridize with its target sequence, but the mis-
match probe would not hybridize (or would hybridize to a
significantly lesser extent). Preferred mismatch probes con-
tain a central mismatch. Thus, for example, where a probe is
a twenty-mer, a corresponding mismatch probe will have the
identical sequence except for a single base mismatch (e.g.,
substituting a G, a C or a T for an A) at any of positions 6
through 14 (the central mismatch).

Mismatch probes thus provide a control for non-specific
binding or cross hybridization to a nucleic acid in the sample
other than the target to which the probe is directed. Mismatch
probes also indicate whether a hybridization is specific or not.
For example, if the target is present the perfect match probes
should be consistently brighter than the mismatch probes. In
addition, if all central mismatches are present, the mismatch
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probes can be used to detect a mutation. The difference in
intensity between the perfect match and the mismatch probe
(IBM)-I(MM)) provides a good measure of the concentration
of the hybridized material.

Nucleic Acid Samples

As is apparent to one of ordinary skill in the art, nucleic
acid samples used in the methods and assays of the invention
may be prepared by any available method or process. Meth-
ods of isolating total mRNA are also well known to those of
skill in the art. For example, methods of isolation and purifi-
cation of nucleic acids are described in detail in Chapter 3 of
Laboratory Techniques in Biochemistry and Molecular Biol-
ogy: Hybridization With Nucleic Acid Probes, Part I Theory
and Nucleic Acid Preparation, Tijssen, (1993) (editor)
Elsevier Press. Such samples include RNA samples, but also
include cDNA synthesized from a mRNA sample isolated
from a cell or tissue of interest. Such samples also include
DNA amplified from the cDNA, and an RNA transcribed
from the amplified DNA. One of skill in the art would appre-
ciate that it is desirable to inhibit or destroy RNase present in
homogenates before homogenates can be used.

Biological samples may be of any biological tissue or fluid
or cells. Typical clinical samples include, but are not limited
to, sputum, blood, blood-cells (e.g., white cells), tissue or fine
needle biopsy samples, urine, lymph, cerebrospinal fluid,
peritoneal fluid, and pleural fluid, or cells therefrom.

Biological samples may also include sections of tissues,
such as frozen sections or formalin fixed sections taken for
histological purposes. In one embodiment, the tissues for the
gene expression analysis are brain tissues, which includes
brain tissue derived from several regions of the brain. Typical
brain tissue samples include, but are not limited to, substantia
nigra, ventral tegmental area, cingulate cortex (BA35), insu-
lar cortex, amygdala, nucleus basalis, caudate, putamen,
nucleus accumbens, globus pallidus, mediodorsal thalamus,
pulvinar, subthalamic nucleus, nucleus ambiguous, cerebel-
lar hemisphere, anterior cerebellar vermis, dorsal raphe, locus
ceruleus, hypothalamus, hippocampus and reticular forma-
tion. The tissues may be obtained from postmortem brain
specimens or live patients.

Databases

The present invention includes relational databases con-
taining sequence information, for instance for the genes of
Tables 4-6, as well as gene expression information in various
tissue samples, including brain and blood samples. Databases
may also contain information associated with a given
sequence or tissue sample such as descriptive information
about the gene associated with the sequence information, or
descriptive information concerning the clinical status of the
tissue sample, or the patient from which the sample was
derived. The database may be designed to include different
parts, for instance a sequences database and a gene expression
database. Methods for the configuration and construction of
such databases are widely available, for instance, see Aker-
blom et al., (1999) U.S. Pat. No. 5,953,727, which is herein
incorporated by reference in its entirety.

A database of the invention may include gene expression
information for about 2, 3, 4, 5,6, 7, 8, 9, 10, 15, 20, 25, 30,
50,75, 100, 200, 500, 1000 or more genes, wherein the gene
expression information is from diseased brain tissues or con-
trols as described herein.

The databases of the invention may be linked to an outside
or external database. In a preferred embodiment, as described
in Tables 4-6, the external database is GenBank and the asso-
ciated databases maintained by the National Center for Bio-
technology Information (NCBI).
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Any appropriate computer platform may be used to per-
form the necessary comparisons between sequence informa-
tion, gene expression information and any other information
in the database or provided as an input. For example, a large
number of computer workstations are available from a variety
of manufacturers, such has those available from Silicon
Graphics. Client-server environments, database servers and
networks are also widely available and appropriate platforms
for the databases of the invention.

The databases of the invention may be used to produce,
among other things, electronic Northerns to allow the user to
determine the cell type or tissue in which a given gene is
expressed and to allow determination of the abundance or
expression level of a given gene in a particular tissue or cell.

The databases of the invention may also be used to present
information identifying the expression level in a tissue or cell
of a set of genes comprising at least one gene in Tables 4-6
comprising the step of comparing the expression level of at
least one gene in Tables 4-6 in the tissue to the level of
expression of the gene in the database. Such methods may be
used to predict the physiological state of a given tissue by
comparing the level of expression of a gene or genes in Tables
4-6 from a sample to the expression levels found in tissue
from normal brain and brain of Parkinson’s Disease patients.
Such methods may also be used in the drug or agent screening
assays as described below.

Detection Reports

As described above, the methods, databases and computer
systems of the invention can be used to produce, deliver
and/or send a detection or diagnosis report. The detection
report of the invention typically comprises information or
data related to the results of the practice of a method of the
invention. For instance, the practice of a method of identify-
ing genes associated with Parkinson’s Disease as herein
described may result in the preparation or production of a
report describing the results of the method. The report may
comprise information related to the candidate genes predicted
by the comparison of at least one diseased sample to at least
one normal sample. The report may also present information
concerning the nucleic acid hybridization data, such as the
integrity of the data as well as information inputted by the
user of the database and methods of the invention, such as
information used to annotate the nucleic acid hybridization
data. As described elsewhere in this specification, the report
may be generated by a server or computer system to which is
loaded nucleic acid hybridization data by a user. The report
related to that nucleic acid data may be generated and deliv-
ered to the user via remote means such as a password secured
environment available over the internet or via available com-
puter communication means such as email.

Antibody-Based Detection Methods

The present invention also employs methods for detecting
the translation products of the genes listed in Tables 4-6 in
clinical samples such as those described herein. For example,
the present invention provides blood-based assays for diag-
nosing Parkinson’s Disease by detecting the level of one or
more proteins (encoded by genes in Tables 4-6) present in the
blood. Numerous antibody-based detection formats are well
known in the art, and include ELISA, radioimmunoassays,
immunoblots, Western blots, flow cytometry, immunofluo-
rescence, immunoprecipitation, and other related techniques.
The antibodies may be provided in a diagnostic kit that incor-
porates at least one of these procedures to detect the transla-
tion products of the genes described herein as being differen-
tially expressed in PD. The kit may contain other
components, packaging, instructions, or other material to aid
the detection of the protein and use of the kit.
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In this aspect of the invention, the method may include a
step of comparing the level of the PD biomarker expression in
a clinical sample to a baseline level (also known as a control
level) of biomarker expression. According to the present
invention, a “baseline level” is a control level, and in some
embodiments a normal or non-PD level. Therefore, it can be
determined, based on the control or baseline level of biomar-
ker expression, whether a sample to be evaluated for PD has
ameasurable increase, decrease, or substantially no change in
biomarker expression, as compared to the baseline level. In
certain embodiments, the baseline can be indicative of a par-
ticular stage of PD which will allow a patient’s sample to be
“staged.” In yet another embodiment, the baseline level can
be established from a previous sample from the patient being
tested, so that the disease state of a patient can be monitored
over time and/or so that the efficacy of a given therapeutic
protocol can be evaluated over time.

The method for establishing a baseline level of biomarker
expression or activity is selected based on the sample type, the
tissue or organ from which the sample is obtained, the status
of the patient to be evaluated, and, as discussed above, the
focus or goal of the assay (e.g., diagnosis, staging, monitor-
ing). Preferably, the method is the same method that will be
used to evaluate the sample in the patient. In one embodiment,
when the goal of the assay is diagnosis of PD, it is desirable to
take the control sample from a population of cells, a tissue or
a bodily fluid which is believed to represent a “normal” cell,
tissue, or bodily fluid.

Various immunoassays known in the art can be used in
conjunction with the present invention, including but not
limited to, competitive and non-competitive assay systems
using techniques such as radioimmunoassays, ELISA (en-
zyme linked immunosorbent assay), “sandwich” immunoas-
says, immunoradiometric assays, gel diffusion precipitation
reactions, immunodiffusion assays, in situ immunoassays
(using colloidal gold, enzyme or radioisotope labels, for
example), western blots, precipitation reactions, agglutina-
tion assays (e.g., gel agglutination assays, hemagglutination
assays), complement fixation assays, immunofluorescence
assays, protein A assays, and immunoelectrophoresis assays.
Inone embodiment, antibody binding is detected by detecting
a label on the primary antibody. In another embodiment, the
primary antibody is detected by detecting binding of a sec-
ondary antibody or reagent to the primary antibody. In a
further embodiment, the secondary antibody is labeled. Many
means are known in the art for detecting binding in an immu-
noassay and are within the scope of the present invention.
Drug Screening

As described above, the genes and gene expression infor-
mation provided in Tables 4-6 may be used as diagnostic
markers for the prediction or identification of PD. For
instance, a clinical sample from a patient may be assayed by
any of the methods described above, and the expression levels
from a gene or genes from Tables 4-6, may be compared to the
expression levels found in non-diseased samples, and/or
expression levels found in samples from Parkinson’s Disease
patients. Comparison of the expression data, as well as avail-
able sequence or other information may be done by
researcher or diagnostician or may be done with the aid of a
computer and databases as described above.

As described above, the genes and gene expression infor-
mation provided in Tables 4-6 may also be used as markers for
the monitoring PD progression, for instance, the development
of Parkinson’s Disease. For instance, a brain tissue sample or
other sample from a patient may be assayed by any of the
methods described above, and the expression levels in the
sample from a gene or genes from Table 4 may be compared
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to the expression levels found in normal and tissue of Parkin-
son’s Disease. Comparison of the expression data, as well as
available sequence or other information may be done by
researcher or diagnostician or may be done with the aid of a
computer and databases as described above.

According to the present invention, the genes identified in
Tables 4-6 may also be used as markers to evaluate the effects
of a candidate drug or agent on a cell, particularly a Parkin-
son’s Disease cell or tissue sample. A candidate drug or agent
can be screened for the ability to simulate the transcription or
expression of a given marker or markers (drug targets) or to
down-regulate or counteract the transcription or expression of
a marker or markers. According to the present invention, one
can also compare the specificity of drugs’ effects by looking
at the number of markers which the drugs have and comparing
them. More specific drugs will have fewer transcriptional
targets. Similar sets of markers identified for two drugs indi-
cates a similarity of effects.

Assays to monitor the expression of a marker or markers as
defined in Tables 4-6 may utilize any available means of
monitoring for changes in the expression level of the nucleic
acids of the invention. As used herein, an agent is said to
modulate the expression of a nucleic acid of the invention if it
is capable of up- or down-regulating expression of the nucleic
acid in a cell.

In one assay format, gene chips containing probes to at
least two genes from Tables 4-6 may be used to directly
monitor or detect changes in gene expression in the treated or
exposed cell as described in more detail above. In another
format, cell lines that contain reporter gene fusions between
the open reading frame and/or the 3' or 5' regulatory regions of
a gene in Tables 4-6 and any assayable fusion partner may be
prepared. Numerous assayable fusion partners are known and
readily available including the firefly luciferase gene and the
gene encoding chloramphenicol acetyltransferase (Alam et
al., (1990) Anal. Biochem. 188, 245-254). Cell lines contain-
ing the reporter gene fusions are then exposed to the agent to
be tested under appropriate conditions and time. Differential
expression of the reporter gene between samples exposed to
the agent and control samples identifies agents which modu-
late the expression of the nucleic acid.

Additional assay formats may be used to monitor the abil-
ity of the agent to modulate the expression of a gene identified
in Tables 4-6. For instance, as described above, mRNA
expression may be monitored directly by hybridization of
probes to the nucleic acids of the invention. Cell lines are
exposed to the agent to be tested under appropriate conditions
and time and total RNA or mRNA is isolated by standard
procedures such those disclosed in Sambrook et al., (1989)
Molecular Cloning—A Laboratory Manual, Cold Spring
Harbor Laboratory Press).

Inanother assay format, cells or cell lines are first identified
which express the gene products of the invention physiologi-
cally. Cell and/or cell lines so identified would be expected to
comprise the necessary cellular machinery such that the fidel-
ity of modulation of the transcriptional apparatus is main-
tained with regard to exogenous contact of agent with appro-
priate surface transduction mechanisms and/or the cytosolic
cascades. Such cell lines may be, but are not required to be,
derived from brain tissue. Further, such cells or cell lines may
be transduced or transfected with an expression vehicle (e.g.,
a plasmid or viral vector) construct comprising an operable
non-translated 5'-promoter containing end of the structural
gene encoding the instant gene products fused to one or more
antigenic fragments, which are peculiar to the instant gene
products, wherein said fragments are under the transcrip-
tional control of said promoter and are expressed as polypep-
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tides whose molecular weight can be distinguished from the
naturally occurring polypeptides or may further comprise an
immunologically distinct tag. Such a process is well known in
the art (see Sambrook et al., (1989) Molecular Cloning—A
Laboratory Manual, Cold Spring Harbor Laboratory Press).

Cells or cell lines transduced or transfected as outlined
above are then contacted with agents under appropriate con-
ditions; for example, the agent comprises a pharmaceutically
acceptable excipient and is contacted with cells comprised in
an aqueous physiological buffer such as phosphate buffered
saline (PBS) at physiological pH, Eagles balanced salt solu-
tion (BSS) at physiological pH, PBS or BSS comprising
serum or conditioned media comprising PBS or BSS and
serum incubated at 37° C. Said conditions may be modulated
as deemed necessary by one of skill in the art. Subsequent to
contacting the cells with the agent, said cells will be disrupted
and the polypeptides of the lysate are fractionated such that a
polypeptide fraction is pooled and contacted with an antibody
to be further processed by immunological assay (e.g., ELISA,
immunoprecipitation or Western blot). The pool of proteins
isolated from the “agent-contacted” sample will be compared
with a control sample where only the excipient is contacted
with the cells and an increase or decrease in the immunologi-
cally generated signal from the “agent-contacted” sample
compared to the control will be used to distinguish the effec-
tiveness of the agent.

Another embodiment of the present invention provides
methods for identifying agents that modulate the levels, con-
centration or at least one activity of a protein(s) encoded by
the genes in Tables 4-6. Such methods or assays may utilize
any means of monitoring or detecting the desired activity.

In one format, the relative amounts of a protein of the
invention between a cell population that has been exposed to
the agent to be tested compared to an unexposed control cell
population may be assayed. In this format, probes such as
specific antibodies are used to monitor the differential expres-
sion of the protein in the different cell populations. Cell lines
or populations are exposed to the agent to be tested under
appropriate conditions and time. Cellular lysates may be pre-
pared from the exposed cell line or population and a control,
unexposed cell line or population. The cellular lysates are
then analyzed with the probe, such as a specific antibody.

Agents that are assayed in the above methods can be ran-
domly selected or rationally selected or designed. As used
herein, an agent is said to be randomly selected when the
agent is chosen randomly without considering the specific
sequences involved in the association of the a protein of the
invention alone or with its associated substrates, binding part-
ners, etc. An example of randomly selected agents is the use
a chemical library or a peptide combinatorial library, or a
growth broth of an organism.

As used herein, an agent is said to be rationally selected or
designed when the agent is chosen on a nonrandom basis
which takes into account the sequence of the target site and/or
its conformation in connection with the agents action. Agents
can be rationally selected or rationally designed by utilizing
the peptide sequences that make up these sites.

For example, a rationally selected peptide agent can be a
peptide whose amino acid sequence is identical to or a deriva-
tive of any functional consensus site.

The agents of the present invention can be, as examples,
peptides, small molecules, vitamin derivatives, as well as
carbohydrates. Dominant negative proteins, DNA encoding
these proteins, antibodies to these proteins, peptide fragments
of these proteins or mimics of these proteins may be intro-
duced into cells to affect function. “Mimic” as used herein
refers to the modification of a region or several regions of a
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peptide molecule to provide a structure chemically different
from the parent peptide but topographically and functionally
similar to the parent peptide (see Grant, (1995) in Molecular
Biology and Biotechnology Meyers (editor) VCH Publish-
ers). A skilled artisan can readily recognize that there is no
limit as to the structural nature of the agents of the present
invention.

Without further description, it is believed that one of ordi-
nary skill in the art can, using the preceding description and
the following illustrative examples, make and utilize the com-
pounds of the present invention and practice the claimed
methods. The following working examples therefore, specifi-
cally point out the preferred embodiments of the present
invention, and are not to be construed as limiting in any way
the remainder of the disclosure.

EXAMPLES
Methods

Subjects and Biological Samples

Postmortem brain tissue was obtained from 21 brain areas
in two groups of Caucasian subjects diagnosed with neuro-
pathologically confirmed PD (n=22) or aged individuals with
no history or pathological diagnosis of neurologic or psychi-
atric disease (n=23). All subjects consented during life to
donate their brain after death to the University of Miami/NPF
Brain Endowment Bank (UM/BEB). All subjects completed
either a disease (PD and other movement disorders) or aged
control registry form (normal, aged donors) providing infor-
mation about demographics, clinical diagnosis, medications,
environmental and drug and alcohol exposures, personal and
family history, and activities of daily living. Yearly updates on
all brain donors were obtained until death. Medical and hos-
pital records were collected on an annual basis and all perti-
nent information was entered into a database. The clinical and
pathological diagnosis of PD was based on the UK PD Soci-
ety Brain Bank diagnostic criteria (9) and the severity of PD
at death was assessed using the Hoehn and Yahr (HY) scale
(10). All clinical records were reviewed by a movement dis-
orders specialist (S.P.) to ensure that subjects met diagnostic
criteria.

An agonal-state questionnaire (25 items) provided infor-
mation about the events 48 h prior to death (time, date, place
and cause of death, treating physician, mean 48 h axillary
temperature, presence and type of infection, co-morbidities,
medication, presence of feeding tube, catheters, IV lines,
PEG, oxygen, state of feeding and activity and DNR status).
This information was completed by the treating physician or
nurse immediately after death and was used for exclusion of
patients with prolonged agonal states or death related events
that are known to influence RNA quality (i.e. prolonged
hypoxia or intubation). Although death certificates on all
patients were available, they were not used as a source of
information since they can introduce significant bias in PD
(11). Since agonal state may affect the RNA expression pro-
file of postmortem brain tissue, care was taken to match
subject groups as closely as possible for age, gender, PMI,
and brain pH.

Regional samples of postmortem brain were taken from
frozen coronal blocks based on surface landmarks and cytoar-
chitectural landmarks. The regional analysis included 21 dif-
ferent brain regions (substantia nigra, ventral tegmental area,
cingulate cortex (BA35), insular cortex, amygdala, nucleus
basalis, caudate, putamen, nucleus accumbens, globus palli-
dus, mediodorsal thalamus, pulvinar, subthalamic nucleus,
nucleus ambiguous, cerebellar hemisphere, anterior cerebel-
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lar vermis, dorsal raphe, locus ceruleus, hypothalamus, hip-
pocampus and reticular formation).
Microarray Experiments

Total RNA isolation and biotin-labeled cRNA synthesis
were performed by Gene Logic Inc. (Gaithersburg, Md.)
using a TriZol method and RNEasy columns, according to
Affymetrix (Santa Clara, Calif.) specifications from 50 mg of
each regional sample. Extractions of RNA used in the present
study had a minimum A260/A280 ratio of more than 1.9. The
samples were further checked for evidence of degradation
and integrity. Samples had a minimum 28S/18S ratio of more
than 1.6 (2100 Bioanalyzer; Agilent Technologies, Palo Alto,
Calif.). We used the Human Genome U133 Plus 2.0 Gene-
Chip array with 54,000 probe sets representing more than
47,000 transcripts derived from approximately 38,500 well-
substantiated human genes (Affymtrix). GeneChip analysis
was performed with Microarray Analysis Suite version 5.0,
Data Mining Tool 2.0, and Microarray database software
(Affymetrix). The genes represented on the GeneChip were
globally normalized and scaled to a signal intensity of 100.

The different measures of microarray RNA integrity are
shown for the substantia nigra in Table 1. The same values
were compared in all 21 regions to filter samples for quality
control to meet criteria for inclusion in the final analysis.
Microarray quality control parameters included the follow-
ing: noise (RawQ), consistent number of genes detected as
present across arrays, consistent scale factors, and consistent
[-actin and glyceraldehyde-3-phosphate dehydrogenase 53"
signal ratios.

Data Analysis

We performed a gene expression survey for each of the 21
individual regions comparing end-stage PD patients and nor-
mal aged individuals. From a total of 945 samples obtained
from the 21 brain regions from PD brain donors (n=22) and
normal aged controls (n=23), a total of 499 (52.8%) passed
the microarray brain quality control were used in the final
expression data analysis. The total number of samples per
region per subject is presented as a tilling chart and is shown
in FIG. 1. We selected genes for analysis on the basis of
“present calls” by Microarray Analysis Suite 5.0. In the
present study, for a gene to be included, it had to be present
(detectable) in at least 75% of the subjects to reduce the
chances of false-positive findings. Expression data were ana-
lyzed using Genesis (Genelogic, Gaithersburg, Md.) and
AVADIS software (Strand Genomics, Redwood City, Calif.).
Gene expression values were floored to 1 and then log2-
transformed. One-way analysis of variance was performed
for each gene to identify statistically significant gene expres-
sion changes. Two criteria were used to determine whether a
gene was differentially expressed. The cutoffs for inclusion
were a 1-way analysis of variance p value =0.01 and a fold-
change (FC) of +1.3.

Target Validation

Cases included in the microarray analysis were used for the
quantitative real-time polymerase chain reaction (RT-PCR)
for selected target validation. For validation of the top candi-
date gene, we blindly selected two regions (caudate and
insula) for RT-PCR experiments. Three housekeeping genes
(beta actin, GAPDH and cyclophilin) were used to generate a
normalization factor for quantitative comparisons across
groups (PD n=22 and aged controls n=23).

Total RNA was isolated using the TriZol reagent (Invitro-
gen, Carlsbad, Calif.) according to the manufacturer’s
instructions. The concentration of RNA was determined by
spectrophotometry, using GeneQuant II (Amersham Bio-
sciences, Uppsala, Sweden). Reverse transcription was per-
formed with SuperScript™ First-Strand Synthesis System
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(Invitrogen). Real-time PCR reactions were run in 96-well
PCR plates using an ABI Prism 7300 sequence detection
system (Applied Biosystems, Foster City, Calif.). Each 50 pl
reaction contained cDNA template generated from RNA, 900
nM of gene specific primers for MRPS6 (5'-ATGG-
GATCTCTGCCC CAGTCA-3', [SEQ ID NO:29] and
5'-CAAGTGCTCACCATGCTTT-3' [SEQ ID NO:30]), 250
nM probe (5-FAM TTTTTATGCACCCACCGCAGC-3'
[SEQ ID NO:31]) and Tagman Universal PCR Master Mix
(Applied Biosystems) containing Hot Goldstar DNA Poly-
merase, dN'TPs, uracil-N-glycosylase, and passive reference.
PCR cycle was run at 50° C. for 2 min, 95° C. for 10 min, 40
cycles of 95° C. for 15 sec, and 60° C. for 1 min. At the end of
PCR cycling steps, data were collected by the Sequence
Detector Software (SDS version 2.1, Applied Biosystems).
All measurements were performed in triplicates and the gene
expression levels calculated as an average of triplicates. To
normalize the intersample variation associated with RNA
preparation, 3 housekeeping genes (cyclophilin, f-actin and
glyceraldehyde-3-phosphate dehydrogenase) were quanti-
fied for all samples to obtain the normalization factor using a
Visual Basic Application (VBA) for MS Excel termed
geNorm as described in (12).

Additional Target Validation

Real-time RT-PCR was performed for MRPS6,
CHORDCI1, PRKCAB, and SLC38A2 using brain tissue
from the substantia nigra and amygdale of 15 Parkinson’s
Disease human post-mortem brains. The gene expression of
these genes from the PD patients was compared to that of
eight control subjects. This additional target validation was
conducted in a different cohort of PD cases than those
described above.

Total RNA was isolated using the TriZol reagent (Invitro-
gen, Carlsbad, Calif.) according to the manufacturer’s
instructions. The concentration of RNA was determined by
spectrophotometry, using Nanodrop-1000 (Nanodrop Tech-
nologies, Wilmington, D.C.). Reverse transcription was per-
formed with a High-Capacity cDNA Reverse Transcription
kit using random primers from Applied Biosystems (Foster
City, Calif.). Gene expression levels were measured in each
sample by real-time PCR using the ABI 7900HT Thermocy-
cler. Expression levels were normalized with respect to an
internal reference 18S rRNA. All samples were run in tripli-
cate. cDNA was amplified with the Tagman Universal PCR
master mix reagent (Applied Biosystems, Foster City, Calif.)
using the following cycling parameters: 2 minutes at 50° C.,
10 minutes at 95° C., 40 cycles: 15 seconds at 95° C. and 1
minute at 60° C. The target cDNA from MRPS6, CHORDCI1,
PRKCAB, and SLLC38A2 was amplified using ABI MGB
probe and primer set assay IDs Hs00606808_ml,
Hs00854389_g1, and Hs00255854_ml1, respectively and
normalized with respect to the 18S rRNA control (ABI MGB
probe and primer set assay ID Hs99999901_s1). Data was
analyzed using software RQ manager 1.2 from Applied Bio-
systems (Foster City, Calif.).

Gene Expression in Blood

Real-time RT-PCR was also performed to measure the
expression of MRPS6 and SLC5A3 in blood samples from
three Parkinson’s Disease patients and three control subjects.
The expression of MRPS6 and SLC5A3 was normalized with
respect to four known housekeeping genes, 18S rRNA, B2M,
ACTB, and HPRT1. However, only HPRT1 was not disregu-
lated in PD blood, and therefore, it was used as the standard
housekeeping gene. Gene expression for CHORDCI,
PRKACB, and SLC38A2 in blood were also measured.
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Results

The RNA quality parameters for all subjects are shown in
Table 1 for two blindly selected regions (insula and caudate—
also used for RT-PCR validation) and the substantia nigra.
Analysis of the quality control parameters showed no signifi-
cant differences in age, brain pH, post mortem interval or
RNA QC values between aged control and PD groups. Table
2 lists the demographic information, age at death, cause of
death, PMI and brain pH values for PD and control subjects.
These results demonstrate the subjects were well matched on
these variables, including the number of individuals with
sudden versus prolonged terminal cause of death. The clinical
characteristics of the PD subjects included in the gene expres-
sion survey are summarized in Table 3. All PD subjects had
advanced disease with H&R stage 0f4.5+0.7. Consistent with
previous reports, RNA quality control parameters showed no
effect of PMI even in a brain region that is one of the most
severely affected with advanced disease (FIG. 2).

To reduce the number of comparisons and the chances of
false positives, we conducted a multiregional survey to iden-
tify and cluster select genes that were significantly expressed
across the different comparison regions. A frequency pyra-
mid indicating the number of target brain regions in which
these candidate genes were significantly expressed is shown
in FIG. 3. A list of these top candidate genes associated with
PD is presented (Table 4), together with biological function
and chromosomal location (Table 5). In Table 6 lists these and
other genes that are differentially expressed in PD, along with
the GeneBank ID. The nucleotide sequences of these genes,
which are in the public domain, are hereby incorporated by
reference. Topping the list was MRPS6, a nuclear encoded
mitochondrial ribosomal protein, that was significantly
upregulated with a 2.1 mean fold change for 20 out of 21
regions (p=0.001). The only brain region in which the
MRPS6 was not differentially expressed was the hippocam-
pus.

Gene Ontology analysis of the top candidate genes identi-
fied in the multiregional analysis suggests involvement of
genes having to do with response to stress in end-stage dis-
ease, including STIP1 and CIRBP (Tables 4 and 5). Another
gene of interest was the solute carrier family member 2
(SLC38A2), which functions to transport glutamine. This
gene product was upregulated 1.7 fold in PD compared to
control subjects. We observed in 18 of the 21 PD brain regions
surveyed, a marked ~2 fold decrease for the cAMP dependent
protein kinase, beta catalytic subunit (PRKACB). The gene
has been implicated in a number of different cellular pro-
cesses, including cell growth and death and long-term poten-
tiation in the CNS.

The expression levels of MRPS6 was confirmed by quan-
titative RT-PCR analyses in 2 selected regions (caudate
nucleus and insula). The validation results are presented in
FIG. 4. We used three control genes (GAPDH, beta actin and
cyclophilin) to normalize expression data for MRPS6. The
correlation between the microarray and RT-PCR data using
the three controls genes for RT-PCR were consistent for this
gene product (data not shown). Analysis of the MRPS6 gene
in PD patients compared to normal aged controls was of the
same order of magnitude as seen from the microarray experi-
ments. The fold-change values determined from microarray
(caudate FC=2.7%0.1 and insula FC=2.7+0.1) were in good
agreement with expression levels determined by RT-PCR
(caudate FC=2.6+0.3 and insula FC=2.4+0.3) methods.
These results demonstrate that the differential expression of
MRPS6 was confirmed by both methods on independent
samples from the same individuals.
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Additional target validation was performed using real-time
RT-PCR to measure the gene expression of MRPSG6,
CHORDCI1, PRKACB, and SLLC38A2 in the substantia nigra
and amygdala from a different cohort of PD cases. Signifi-
cantly higher levels of expression for MRPS6, CHORDC1,
and SLC38A2 were observed in the substantia nigra and
amygdala of the PD post-mortem brain (FIG. 5). In contrast,
the levels of expression for PRKACB were significantly
lower in the substantia nigra and amygdala of the PD post-
mortem brain. These results are identical to those derived
from gene expression studies from the other cohort run on the
Affymetrix U133 Plus 2 gene chip.

Gene expression was also measured in blood. As indicated
in FIGS. 6 and 7, the expression of MRPS6 and SLC5A3 was
significantly higher in blood samples from PD patients in
comparison to control subjects. These results demonstrate
that a correlation exists between the expression of genes in
brain tissue and blood samples from patients with Parkin-
son’s Disease, and indicate that blood testing can be used to
detect genes associated with Parkinson’s Disease.
Discussion

Gene expression profiling is done usually on a few select
brain regions, providing a measurement of transcript numbers
at a particular point in the sequence of a continuing process.
The expression levels of specific gene transcripts in postmor-
tem brain tissues may be either ‘state’ or ‘trait’ dependent,
reflecting a complex interplay of disease relevant changes in
cellular processes, structure and function. This report pro-
vides the first extensive multiregional gene expression profil-
ing survey in PD, to identify common transcripts that are
regulated reproducibly throughout a large number of the total
number of brain regions surveyed.

Using this unbiased approach, we have identified MRPS6
as a top candidate gene associated with PD. MRPS6 was
significantly upregulated in 20 out of 21 regions studied
approximately three-fold that of normal aged controls. The
original MRPS6 frag, 212944 _at, is now called SLC5A3 (the
solute carrier family 5 member 3 gene). SLC5A3 corresponds
to Fragment IDs. 212944 _at and 1553313_s_at. The expres-
sion levels of MRPS6, represented by Fragment IDs
213164 _at and 224919_at, in PD were confirmed by quanti-
tative RT-PCR. A total of 3 other high probability genes were
differentially expressed in addition to the MRPS6, including
the histone 1 (HIST1H2BD), RNA binding motif protein 3
(RBM3), and solute carrier family 38, member 2 (SLC38A2),
a sodium-coupled glutamine transporter (13) in 20 out of 21
regions surveyed. Other genes of interest that were regulated
throughout most of the brain regions surveyed were the cys-
teine and histidine-rich containing zinc binding protein 1
(CHORDC1), the cold inducible RNA binding protein
(CIRBP), a heat shock protein 90-interacting protein (14),
cAMP dependent protein kinase, beta catalytic subunit
PRKACB (PKBACB), and a stress-induced phosphoprotein
(STIPY).

Mitochondrial dysfunction caused either by genetic
defects (i.e. PINK1 and DJ1 mutations) and/or environmental
factors (MPTP, rotenone or paraquat toxicity) causes parkin-
sonism in vivo in mice and primate models (1, 15). PD is a
multisystem disorder that affects autonomic, limbic and
somatomotor systems with advanced disease staging. Our
finding ofincreased expression of MRPS6 in PD patients may
be associated with a disorder of energy metabolism with
development of PD-related pathology.

Nuclear MRP genes are associated with mitochondrial dis-
ease (20, 21). It is estimated that there are about 100 different
human mitochondrial ribosomal proteins (16) all of which are
encoded by nuclear genes (17). They are essential building
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blocks for the 55S mammalian mitochondrial ribosome,
which translates mitochondrial mRNAs for the 13 essential
components of the OXPHOS (17). The mammalian mitori-
bosome differs significantly from the ancestral 70S ribosome
(18) in that it has lost it has lost nearly half the RNA present
in bacterial mitoribosomes and gained “extra” proteins
(MRPs) (19), which can have additional properties (multi-
functional) and have been implicated, among others, in apo-
ptosis and cellular degeneration (20).

Since mitochondrial ribosomes are responsible for trans-
lating the 13 mRNAs for essential proteins of the OXPHOS,
mutations in these proteins have significant consequences.
Several of the MRP genes map to chromosomal loci associ-
ated with neurological/neurodegenerative diseases (17).
These range from mild, late-onset disorders, such as age-
related sensorineural hearing impairment or ocular myopathy
(PEO), to devastating and usually fatal infantile disorders,
such as Leigh syndrome (also known as fatal necrotizing
encephalopathy) (21). MRPs have been linked also to dis-
eases affecting specific neuronal populations including non-
syndromic hearing loss (22), spinocerebellar ataxia with
blindness and deafness (6p23-p21) (17), Usher Syndrome,
type 1E (21q21) (23), Leigh Syndrome (9q34, 11ql3,
19p13.3, and 5q11) (24), Russell-Silver Syndrome (7p11.2,
17923-q24) (25), the Stuve-Wiedemann Syndrome (1p34)
(26) and the multiple mitochondrial dysfunctions syndrome
(2p14-p13) (27).

Mitochondrial dysfunction plays a key role in many sig-
naling pathways leading to cell death (28, 29). The precise
mechanisms underlying the role of mitochondria in apoptosis
(30) and the number of proteins involved remain unclear (31).
Recently, MRPS29 shares sequence homology with death-
associated protein 3 (DAP3) (32-35). DAP3 is a GTP binding
protein that mediates interferon-, tumor necrosis factor- and
FAS-induced cell death (20). When over-expressed, it causes
apoptosis in a number of different types of mammalian cells
(33, 34). Although its precise role in the induction of cell
death is not known, it functions downstream of the death-
inducing signaling complex, but upstream of the some mem-
bers of the caspase family (33, 34). A second pro-apoptotic
protein of unknown function is programmed cell death pro-
tein 9 (PDCD?9 or p52) (designated MRP-S30) (20). Yoo et al.
(36), demonstrated that the mitoribosomal protein MRPL41
enhances p53 stability and contributes to p53-induced apop-
tosis in response to growth-inhibitory conditions. The tumor
suppressor p53 is a key regulator of both the cell cycle and cell
proliferation (36). The p53 protein is a potent transcription
factor, which activates target genes, and triggers growth
arrest, DNA repair, or apoptosis in response to cellular geno-
toxic stresses (37, 38). MRPLA41 protein enhances the trans-
location of p53 to the mitochondria, thereby inducing apop-
tosis. While the function of MRPS6 is at present unknown, the
link to pro-apoptotic mechanisms demonstrated for other
members of the mitoribosomal family makes this protein a
potentially relevant gene target for PD pathophysiology.

The expression of the § catalytic subunit of cAMP-depen-
dent protein kinase (PRKACB) gene was significantly down-
regulated in our multiregional comparisons between PD sub-
jects and normal, aged controls. PRKACB regulates the
function of the neurotrophin receptor p75 by phosphorylation
(39). Several p75 neurotrophin receptor mediated activities
have been proposed, including enhancement of axonal out-
growth (40, 41) and modulating dopaminergic synaptic trans-
mission (42). A recent report suggests metaplasticity of the
late-phase of long-term potentiation includes a crictical role
for cAMP/protein kinase A signaling (REF). A disruption in
this pathway in advanced PD, might suggest a loss of input
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specific synaptic facilitation and relative imbalance due to
loss of protein kinase A activity. Another gene of interest
identified in our study is the solute carrier family 38, member
2 (SLC38A2), a sodium-coupled glutamine transporter.
SLC28A2 is thought to be involved in the glutamate-
glutamine cycle (13). Glutamate released into the extracellu-
lar space is cleared by glutamate transporters (expressed in
neuronal cells and glial cells), terminating neurotransmis-
sion. Glutamate is converted to glutamine by glutamine syn-
thetase (43) and then re-released through glutamine trans-
porters, like SLC38A2) (44) for uptake by glutaminergic
neurons as an immediate precursor of glutamate (13). The
upregulation of SLC38A2 may link this transporter with a
dysregulation of glutaminergic pathways, consistent with the
excitotoxic theory of neurodegeneration proposed for PD
(45).

Additional findings of our multiregion, gene expression
study are consistent with our current understanding of PD.
Two of our top candidate genes (FUSIP1 and PRKACB) map
near the chromosomal locus (1p36) which has shown signifi-
cant linkage to PD and harbors three relevant loci: PARK6
(pink1) (46), PARK7 (dj1) (47) and PARKY (unknown gene)
(48). One more, SLC38A2 maps on the same region with
PARKS (LRRK2) (49). Recent evidence (PNAS 103(36)
"13520-13525, 2006) suggests that a reduction in PINK1
function leads to a PD-associated neurodegeneration. Thus a
reduction in two of our top genes, FUSIP1 and PRKACB,
located on the same chromosomal location as PINK1 (1g36.1
and 0.11) might suggest a similar PD-associated neurodegen-
eration.

The present invention is not to be limited in scope by the
specific embodiments described which are intended as single
illustrations of individual aspects of the invention, and func-
tionally equivalent methods and components are within the
scope of the invention. Indeed, various modifications of the
invention, in addition to those shown and described herein,
will become apparent to those skilled in the art from the
foregoing description and accompanying drawings using no
more than routine experimentation. Such modifications and
equivalents are intended to fall within the scope of the
appended claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated by refer-
ence into the specification to the same extent as if each indi-
vidual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference.

Citation or discussion of a reference herein shall not be
construed as an admission that such is prior art to the present
invention.
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TABLE 1

Quality Control Parameters for Brain Sample Microarrays

B-Actin GapDH
SN Number Age (yr) Ratio Ratio RNA QC Present Calls
CTRL 11 77.9 £13.09 0.33 £0.11 0.60 = 0.14 0.46 £ 0.11 24296 £ 753.24
PD 16 7517381 0.28 £ 0.09 0.58 £0.11 0.42 £ 0.09 24982 £ 837.18
Insula
CTRL 11 733 £4.02 0.35 £0.04 0.62 = 0.04 0.48 +0.04 25633.9 £ 360.5
PD 12 72.2£3.13 0.35 £0.03 0.66 = 0.04 0.50 £ 0.03 24892.5 £ 582.5
Caudate
CTRL 14 60 = 7.02 0.302 £ 0.04 0.625 £-0.05 0.464 £0.04 24154.28 = 546.5
PD 10 73 £3.07 0.31 £0.02 0.625 = 0.047 0.45 £0.04 26259.44 = 337.2
% Scale
SN Present RAWQ Factor PMI
CTRL 444+78 1.53 £0.08  2.00 £0.24 82=x2.1
PD 455+£1.50 1.60+0.23 1.85x0.26 74+£1.6
Insula

CTRL 46.8 6.8 1.74£0.05 145 +0.07 9.3+2.0
PD 456 1.2 1.53+£0.14 2.03+0.29 7.
Caudate

n
—_
o

CTRL 51.14 7.2 1.63+0.06 1.78 £0.18 10.2 =2.00
PD 48.10 £ 6.6 1.61+0.06 1.61 £0.13 69+ 1.8

*Samples were obtained from the 2 blindly selected sample regions and the substantia nigra. RNA quality control parameters
(including B-actin and GAPDH signal ratios) were consistent across chips. Values were derived fromresults of Microarray Analysis
Suite version 5.0 analysis (available at: http://www.affymetrix.com).

TABLE 2

Demographic details, cause of death and RNA quality-determining parameters

Age at

Code Gender death Cause of Death PMI Ph
C1 M 74 Lung Cancer 4 6.52
C2 F 90 Congestive Heart Failure 5 6.08
C3 F 90 Respiratory Failure 5 6.12
C4 F 83 Chronic renal failure 13 6.52
() F 85 Metastatic cancer of lung 3 6.04
C6 M 46 Myocardial infarction 7 6.5
C7 F 85 Obstructive Pulmonary Disease 15 6.53
C8 F 82 Malignant Melanoma 5 6.92
Cc9 F 84 Cardiorespiratory Arrest 4 6.01
C10 F 90 Heart and Respiratory Failure 3 6
Cl1 M 88 Multiple organ failure 3 6.03
C12 F 84 Cerebrovascular Accident 9 5.96
C13 M 85 Myelodisplastic syndrome 11 6.06
Cl4 M 80 Myelodisplastic syndrome 12 6.08
C15 F 85 Respiratory failure 4 6.3
Cl16 F 83 Cardiopulmonary arrest 4 6.16
C17 F 88 Ischemic Heart Disease 11 5.93
C18 M 65 IHD 9 6.64
C19 M 70 Cardiac arrest 9 6.18
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TABLE 2-continued
Demographic details, cause of death and RNA quality-determining parameters
Age at
Code Gender death Cause of Death PMI Ph
C20 M 65 Ischemic Heart Disease 6 6.49
C21 M 65 Heart Disease 10 6.45
C22 M 65 Cardiac arrest 12 6.78
C23 M 68 Cardiac arrest 16 6
Total 23  11M/13F  78.2 +11.4 Sudden death 10/Prolonged 13 78+41 63=x03
PD1 F 65 Cardiopulmonary failure 4 6.28
PD2 M 75 Infectious disease/THD 15 6.36
PD3 M 77 PD 4 6.38
PD4 M 71 IHD 6 6.00
PDS5 M 74 PD/THD 4 6.41
PD6 M 63 Cardiopulmonary failure/PD 5 6.42
PD7 M 88 Aspiration/PD 20 6.48
PD8 M 66 PD 5 6.42
PD9 F 86 Cardiopulmonary failure 5 6.59
PD10 M 78 PD 5 6.16
PDI11 M 71 Intestinal Bleeding 12 6.05
PD12 F 60 Stroke 4 6.29
PD13 F 66 Respiratory failure 10 6.51
PD14 M 83 PD 2 5.96
PD15 M 74 PD 8 6.42
PD16 M 72 Pneumonia 6 5.88
PD17 M 69 PD/Cancer 3 6.00
PD18 M 82 Cardiopulmonary failure 4 5.79
PD19 M 73 Coronary Artery Disease 11 5.92
PD20 M 76 Pneumonia/PD 5 5.97
PD21 M 81 Coronary Artery Disease 5 6.02
PD22 F 78 Coronary Artery Disease/PD 6 6.39
Total 22 17M/5F 74 +7.4  Sudden death 11/Prolonged 12 6.8+48 62x02
TABLE 3
Clinical characteristics of Parkinson’s Disease subjects
Age at Disease Onset Autonomic
Code  Gender Onset Duration H&Y  Symptom Dementia  Depression  Dyskinesia Dysfunction
PD1 F 50 15 4 Tremor No No Yes No
PD2 M 67 8 5 Gait No No No No
PD3 M 64 13 5 Gait No No Yes No
PD4 M 51 20 5 Slowness No No Yes No
PDS5 M 53 21 5 Tremor No No Yes Syncope
PD6 M 53 10 5 Tremor No Yes No No
PD7 M 77 11 4 Tremor No No No No
PD8 M 55 11 5 Tremor No No Yes No
PD9 F 77 9 5 Tremor No Yes No No
PD10 M 56 22 5 Gait Yes Yes Yes No
PDI11 M 44 27 5 Tremor No No Yes No
PD12 F 40 20 3 Stiffness No No Yes Incontinence
PD13 F 56 10 5 Tremor Yes Yes No No
PD14 M 80 3 4 Tremor No Yes No Hypotension
PD15 M 64 10 4 Stiffness Yes Yes Yes Constipation
PD16 M 46 26 4 Stiffness Yes Yes Yes Hypotension
PD17 M 59 10 5 Tremor No No Yes No
PD18 M 74 8 3 Depression No Yes No No
PD19 M 70 3 3 Gait Yes Yes No Incontinence
PD20 M 72 4 5 Gait Yes No No Incontinence
PD21 M 68 13 5 Tremor Yes No Yes Incontinence
PD22 F 68 10 5 Gait Yes No Yes No
17M/5F  61.1 £11.5 12.9+69 45=x0.7

Abbreviations:

F = female,

M =male,

H&Y = Hoehn and Yahr clinical stage of Parkinson’s Disease (1 = mild unilateral disease-5 = severe end-stage discase)
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TABLE 4

32

Genes significantly regulated in =18 out of 21 regions.

Affymetrix

Gene gene fragment No of Regionsnot Mean SEQ

Symbol D! Gene Name Regions present FC MeanP IDs

MRPS6? 212944 at Mitochondrial ribosomal protein 20  HIPP 2.1 .001 1-5

(SLC5A3) S6

HIST1H2BD 235456__at Histone 1, H2bd 20 Pt 2.0 .012 6-7

RBM3 208319_s_at RNA binding motif (RNP1, RRM) 20 LC -14 .006 8
protein 3

SLC38A2% 222982 x_at  Solute carrier family 38, member 2 20  HIPP 1.6 .006 9-10

MRPS6? 213164_at Mitochondrial ribosomal protein 19  HIPP, Hyp 2.3 .003 1-5
S6

CHORDC1  218566_s_at Cysteine/histidine-rich domain 19 HIPP, Pulv 1.9  .007 11
(CHORD)-containing, zinc binding
protein 1

CIRBP 200810_s_at Cold inducible RNA binding 19  HIPP, Pulv -2.2 007 12-14
protein

SLC38A2% 220924 s at  Solute carrier family 38, member 2 19 Hyp, Pulv 1.7 .014 9-10

FLJI33814 Hypothetical protein F1.J33814 18  AMG, Cere- 1.5 .006 15

FUSIP1 225348_at FUS interacting protein 18  HIPP, LC, 1.6 .012 16-19
(serine/arginine-rich) 1 VTA

PRKACB*  225644_at Protein kinase, cAMP-dependent, 18  HIPP, NB, -1.9 007 20-21
catalytic, beta Th

STIP1 213330_s_at  Stress-induced-phosphoprotein 1 18  AMG, Puly, 1.8 .015 22
(Hsp70/Hsp90-organizing protein) Th

SUV420H1  222759_ at Suppressor of variegation 4-20 18  NB, Pulv, -1.6 012 23-28
homolog 1 Th

!Annotated by Affymetrix.

2Two out of 3 fragments representing the MRPS6 gene were included in the top candidate genes list. Original Frag. 212944 _ at in now called
SLC5A3 (the solute carrier family 5 member 3 gene)
3Two out of 3 fragments representing the MRPS6 gene were included in the top candidate genes list

Abbreviations:

HIPP = hippocampus

Pt = putamen

LC = locus ceruleus,

Hyp = hypothalamus,

Pulv = Pulvinar,

AMG = amygdala,

Cere = cerebellar hemisphere,
VTA = ventral tegmental area,
NB = nucleus basalis,

Th = thalamus

*Additional Affymetrix frags. include 235780_at, 202742__s_ at, and 202741 _at

TABLE 5
Summary of biological plausibility of top candidate genes
GENE ONTOLOGY"
Gene
Symbol Biological function Process Component Location
MRPS6 structural constituent of ribosome protein biosynthesis Mitochondrial small 21@21.3-q22.1
ribosomal subunit
HIST1H2BD DNA binding chromosome organization and Nucelus, chromosome, 6p21.3
biogenesis, nucleosome assembly nucleosome
RBM3 RNA processing RNA, nucleotide, nucleic acid binding ~ N/A Xpll.2
SLC38A2 a sodium-coupled neutral amino acid  glutamate-glutamine cycle/glutamine N/A 12q
transporter (16)? transporter (13)
CHORDC1  heat shock protein 90-interacting N/A N/A 11q14.3
protein (17)?
CIRBP RNA, nucleotide and nucleic acid Response to cold Nucleus 19p13.3
binding
FLJ33814 N/A N/A N/A 22ql2.1
FUSIP1 RNA splicing factor activity, assembly of spliceosomal tri-snRNP, Cytoplasm, 1p36.11
transesterification mechanism, RS cytoplasmic transport, mRNA export nucleoplasm, nucleus
domain binding, unfolded protein from nucleus, mRNA splice site
binding selection, nuclear mRNA splicing, via
spliceosome, regulation of transcription
PRKACB ATP binding, cAMP-dependent G-protein signaling, coupled to cAMP ~ cAMP-dependent 1p36.1

protein kinase activity, magnesium
ion binding, nucleotide binding,
protein serine/threonine kinase

transduction

activity, transferase activity

nucleotide second messenger, protein
amino acid phosphorylation, signal

protein kinase
complex, nucleus
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TABLE 5-continued

34

Summary of biological plausibility of top candidate genes

GENE ONTOLOGY!
Gene
Symbol Biological function Process Component Location
STIP1 binding response to stress Golgi apparatus, 11q13
nucleus
SUV420H1* Histone lysine N-methyltransferase histone methylation condensed nuclear 11q13.2
activity (H4-K20 specific chromosome,

pericentric region

!Annotated from Entrez Gene (ncbi.nim.nih.gov)
2Proposed biological function (see reference)
*Drosophila analogue

N/A = Not assigned
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 31

<210> SEQ ID NO 1
<211> LENGTH: 940

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gggagcegte
cgteeceggga
acgagetgge
gtacgataga
aacgagcgcet
tcttggtgga
gagatataga
aatgtgaagg
agaagtgaga
atggacgaga
gtttgatttt
ctgctcactyg
tcattagtgt
ttgaagagca
ccatgtggaa

taaacttgat

cggegeagea
accggetgge
tttaatcctyg
ggcectgatyg
tcecttatagg
tttttatgca
tgtgattaga
gattgtccca
agattcgeca
aggaagaatt
tctaaggtat
acagcettete
catttctttyg
aaacttataa
ataaaaattg

tgtaggaatg

<210> SEQ ID NO 2
<211> LENGTH: 948

<212> TYPE:

DNA

gtttctaggt
ttcecgagecg
aaagccatge
gacagaggag
atctectgeee
ccecaccgeag
gggaatattg
gtccecacteg
gattttagce
tgcaagtttyg
ttttagecct
tgtaacctge
tcattgagga
tacctectgg
acgaccaatg

tgaaaaaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ctgggageeg
cgegtecegg
ctacgagetyg
acgtacgata
tgaacgagcyg
tttettggty
tcgagatata
agaatgtgaa
gaagaagtga
gcatggacga
ctgtttgatt
aactgctcac
tttcattagt

ttttgaagag

tceggegeag
gaaccggetyg
gctttaatce
gaggccctga
cttcecttata
gatttttatg
gatgtgatta
gggattgtcce
gaagattcge
gaaggaagaa
tttctaaggt
tgacagcette
gtcatttett

caaaacttat

cagtttctag
gctteecgage
tgaaagccat
tggacagagg
ggatctetge
cacccacege
gagggaatat
cagtcccact
cagattttag
tttgcaagtt
atttttagec
tctgtaacct
tgtcattgag

aatacctcecct

ccecactgte
cactcgecga
ageggecaga
caatagtgag
acagtcagcea
ctgttgaaag
tcaaacacce
cagaaaaatt
ttatatgtaa
gcctttatat
tgatccecett
agtaccagtg
ctttteccecet
gattgtgage
tattatatgg

aaaaaaaaaa

gtecccactyg
cgcactegee
gcageggeca
agcaatagtg
ccacagtcag
agctgttgaa
tgtcaaacac
cgcagaaaaa
cettatatgt
tggcctttat
cttgatccee
gcagtaccag

gactttteee

gggattgtga

ccegecgtec
tcctecagge
gactgetget
ggacttggaa
gcacaacaga
catggtggag
tctgacccag
atattccaca
ttccttcaca
aagcatgtgt
tgcttgcgag
gatcgttett
tacaacagta
tagtcattca

acaacttttg

tccecegecgt
gatcctccag
gagactgcetg
agggacttgyg
cagcacaaca
agcatggtygg
cctetgacce
ttatattcca
aattccttca
ataagcatgt
tttgettgey
tggatcattce
cttacaacag

gctagtcatt

cgececttey
atgcceeget
actttgaaac
aacctgggty

ggcgggtatt
cacttgtcte
gaactaaaag
aagaagagga
tttgggcage
tgcaggtgcet
aggtggggaa
gattttgttt
acaccatttt
gectgtgtaa

ctttgagtaa

cecegecectt
gcatgececceyg
ctactttgaa
aaaacctggg
gaggcgggta
agcacttgte
aggaactaaa
caaagaagag
catttgggca
gttgcaggty
agaggtgggg
ttgattttgt
taacaccatt

cagectgtgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

940

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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aaccatgtgg aaataaaaat tgacgaccaa tgtattatat ggacaacttt tgctttgagt 900
aataaacttg attgtaggga aaaaaaaaaa aaaaaaaaaa aaaaaaaa 948
<210> SEQ ID NO 3
<211> LENGTH: 942
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
ctgggagccg tccggcegecag cagtttctag gtccccactg tecccegecgt cccgeccctt 60
cgegtecegg gaaccggetyg gettecgage cgcactegec gatcctcecag gcatgeccceg 120
ctacgagctg gctttaatcce tgaaagccat gcagcggcca gagactgcetg ctactttgaa 180
acgtacgata gaggccctga tggacagagg agcaatagtg agggacttgg aaaacctggg 240
tgaacgagcg cttccttata ggatctctge ccacagtcag cagcacaaca gaggcgggta 300
tttcttggtg gatttttatg cacccaccge agctgttgaa agcatggtgg agcacttgtce 360
tcgagatata gatgtgatta gagggaatat tgtcaaacac cctctgaccc aggaactaaa 420
agaatgtgaa gggattgtcc cagtcccact cgcagaaaaa ttatattcca caaagaagag 480
gaagaagtga gaagattcgc cagattttag ccttatatgt aattccttca catttgggca 540
gecatggacga gaaggaagaa tttgcaagtt tggcctttat ataagcatgt gttgcaggtg 600
ctgtttgatt tttctaaggt atttttagcc cttgatcccce tttgettgeg agaggtgggg 660
aactgctcac tgacagcttc tctgtaacct gcagtaccag tggatcattce ttgattttgt 720
tttcattagt gtcatttctt tgtcattgag gacttttccc cttacaacag taacaccatt 780
ttttgaagag caaaacttat aatacctcct gggattgtga gctagtcatt cagcctgtgt 840
aaccatgtgg aaataaaaat tgacgaccaa tgtattatat ggacaacttt tgctttgagt 900
aataaacttg attgtaggaa aaaaaaaaaa aaaaaaaaaa aa 942
<210> SEQ ID NO 4
<211> LENGTH: 1011
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
cggegtetge gcagetgeca gegectttaa geccegggete gegetctegg accgtgettt 60
cgeegectgg gagccegteeg gegcagcagt ttctaggtec ccactgtceece cgeegteccg 120
cceccttegeg tcecccgggaac cggetggett ccgagecgca ctegecgatce ctccaggcat 180
gecececgctac gagetggett taatcctgaa agccatgcag cggccagaga ctgctgctac 240
tttgaaacgt acgatagagg ccctgatgga cagaggagca atagtgaggg acttggaaaa 300
cctgggtgaa cgagcgcttce cttataggat ctctgcccac agtcagcagc acaacagagg 360
cgggtatttc ttggtggatt tttatgcacc caccgcagct gttgaaagca tggtggagca 420
cttgtctcga gatatagatg tgattagagg gaatattgtc aaacaccctc tgacccagga 480
actaaaagaa tgtgaaggga ttgtcccagt cccactcgca gaaaaattat attccacaaa 540
gaagaggaag aagtgagaag attcgccaga ttttagcctt atatgtaatt ccttcacatt 600
tgggcagcat ggacgagaag gaagaatttg caagtttggc ctttatataa gcatgtgttg 660
caggtgcetgt ttgatttttce taaggtattt ttagececcttg atccectttg cttgcgagag 720
gtggggaact gctcactgac agcttctctg taacctgcag taccagtgga tcattcttga 780
ttttgttttc attagtgtca tttctttgtc attgaggact tttccectta caacagtaac 840
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accatttttt gaagagcaaa acttataata cctcctggga ttgtgagcta gtcattcagce 900
ctgtgtaacc atgtggaaat aaaaattgac gaccaatgta ttatatggac aacttttgct 960
ttgagtaata aacttgattg taggaaaaaa aaaaaaaaaa aaaaaaaaaa a 1011
<210> SEQ ID NO 5
<211> LENGTH: 3942
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5
taattacaga tctaccttta gcacagaagt agccatagac actatgcaga tgtgtgagtt 60
ggctgtgtte cagttcaact ttatttgcaa atacaggtag caagccagat ttggcccaag 120
agccctggtt tgccaaccct getttatggt gaggtaaggt ctatggggeg ttatttttge 180
tcctecttee acctttegtt ttatacttet gggtgttttg aaattaaagt gagatgaatg 240
tggccattcce agtagtctac agtttgacct tgacatactg aagtcaaaca attttttttt 300
ttatattttc ctaagttaca ttcttgttag gtagccttte ccctttttga gacagatgta 360
agaagaaaat gttttttact ttataagctc ttacttcaga agagggtaat gagttttata 420
ctgtaaacac ttcagttgga acttaaaaga tattgagata tattcctttt taatcaggca 480
aaactggaat tgaaatttat ttgggtagct aatcagaaaa ctaatcaatc aaatgttttt 540
ttcctttttt ttttgagtgce aaagctgaga cccgactcett tatttggatg ggctgttect 600
ttaccttatc atacgttaat tgatgtaatg ccaggtcaag aaacagcatt ttcagttaaa 660
tgaaatactg tgctgctgtt aataatgagt cctctgcaga tgtatggcga tgtcetttgtg 720
aactataatg aaatgtgaga agaatgtagt cttcatatga ttagaactgt ctaggaatgt 780
gtttgataca atcataagga taaattgcct tagacttttt acctactgtt aatgggaaga 840
gattttggcc tgaattttta ttgtcttcag gaaatttctg ttttatctta aggttggtta 900
aatatataaa caacgattca gtaggaattt ttaaaatccc taatggactt caatatgaaa 960
agaaagtaaa gaatgttttt ttctaagcct taagccaata cttagcacat ttcataccat 1020
tttagcagca cttgtcagaa agaaaatttt aaaaatatag tggattttgt ttggttgcca 1080
gaatgcacac ttaaacttgt tctgcaattt tctcttcatt tgatccccaa atgaacctcect 1140
ggaaggtagc ctattcttaa gtttcctecct gcactttaaa atcaccctge ttgcacctcet 1200
tcacgtaggt ctttgaggag atgtgcacct tgtctttgec aaggtgtgcece tctggcettece 1260
tcccecgatgg tttccacage tttecttete cttgcagcag gegtttcecac ttaatagetg 1320
ccctgtcage atctctctag agatcccatce ccaaatctgt aaaccttcett ggettttttt 1380
ttttatgaag ataaaatatg taacaataag acactagacc atatagtagt tatccagtaa 1440
atcatagctg tcatcgttgt tgctatttta gaaatcctac attttatcegt cttgcatggt 1500
ccgetecttt ttgactacca acttgcccat gtgttttete ctaaaacacg ttgctcaagt 1560
tgcttgtcece tggagccctg gcattttcte cteoctcacca ttgttcectcat acctctacca 1620
tgggaacctt ggcagcctge tttctggcce cgtcecttgcca aatgcccatg tagctaccac 1680
accgcggett tttcttgatce tcetgtectcet accccattgt cattcectggac aaggcagtcect 1740
ccecgatttte cttgtecctat ttgatgatac gttttatatt tgcttcectcectg actttgagtce 1800
ctcttgttag cccctaaatg tttgtactcee ccaaggttet getggtgatce tcectttecte 1860
tcccectcca cectttetat tgatctcace tccttetcag gettcagaga gecgtetgtg 1920
caggtgacta tgaaatgtgt atttctcatc cacctgcttt gagcttaaga tttacatctg 1980
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-continued
gagaggtcaa cctaggggag ccatggcatc tgagactcag cgtgtcttaa accagattca 2040
tctettactg tectcaccag cttcectecage tcectectttta getgtagtga cagttgcact 2100
ctctcageca ccagattgtg gtgcccttet tcgccacate ttgccttcat tcectcecacatt 2160
gcattcgttg cagttttcag gcttatcctt ataaagtatc ttttcttcca aaaattgcett 2220
gtgtatacat atgcatagag agatatctgg aaagaaattc accagaaagt ttaattcacc 2280
atccagtcta tctctgggta atgggattct atattgttca agecttttttt tttttttttt 2340
aaataacagg ccttgattac tcatggactt gtgcccagtg tatacccgte tatctcectca 2400
gcactccectt gecctgaacce ccatcactgg ggctcagttg ctggttcatt cattetttgt 2460
acctcecggte atcattttec gggtgccttt caagtaaact ttecttagtg aaacccttcet 2520
tccagctgaa tgtttcecttec tttegtgage cctctggtet ctatgctatt tcectgtatte 2580
tgcecctetge tectccataca tgtgtatttt gtgttetgte ctttattaga ttgtaagetce 2640
catgagggca gagtttgggt ctgattaccc atccttteece ccttttggtt acagtctccce 2700
agtttttctt tgggagacaa caccttttecc ccctggctac agttttggtg ggatgggcag 2760
ttcaggtgtc ctgccaacga gatactcttce tcctggaatt tgaattttga gtcatgggat 2820
acaaggactg acagtgattg gcactgattc agcctggccg aggtgctctg aagaagccac 2880
tcattagttc ctgcctccca gatccctgga gctgececctgg teccctgaact cteccgaagece 2940
tggttcttca gatattccte gtatctgtga gctatctcat atccttacaa taaattctcet 3000
ctctetttta ttttaagtta accaaaacca gcttetgttg cttttaccca gcgattecta 3060
ccagtagagc tgttatgatt ggaactgagc agacttaatc attctagctc ttatattaat 3120
tctgatgett ttttttettt tctttaaaaa cacaaacaaa aacagccaga gactgctgcet 3180
actttgaaac gtacgataga ggccctgatg gacagaggag caatagtgag ggacttggaa 3240
aacctgggtg aacgagcgct tccttatagg atctctgcece acagtcagca gcacaacaga 3300
ggcgggtatt tcttggtgga tttttatgca cccaccgcag ctgttgaaag catggtggag 3360
cacttgtctc gagatataga tgtgattaga gggaatattg tcaaacaccc tctgacccag 3420
gaactaaaag aatgtgaagg gattgtccca gtcccactcg cagaaaaatt atattccaca 3480
aagaagagga agaagtgaga agattcgcca gattttagcc ttatatgtaa ttccttcaca 3540
tttgggcagc atggacgaga aggaagaatt tgcaagtttg gecctttatat aagcatgtgt 3600
tgcaggtget gtttgatttt tctaaggtat ttttageccect tgatccectt tgettgegag 3660
aggtggggaa ctgctcactg acagcttctc tgtaacctgc agtaccagtg gatcgttett 3720
gattttgttt tcattagtgt catttctttg tcattgagga cttttcccct tacaacagta 3780
acaccatttt ttgaagagca aaacttataa tacctcctgg gattgtgagce tagtcattca 3840
gcctgtgtaa ccatgtggaa ataaaaattg acgaccaatg tattatatgg acaacttttg 3900
ctttgagtaa taaacttgat tgtaggaaaa aaaaaaaaaa aa 3942
<210> SEQ ID NO 6
<211> LENGTH: 438
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6
atgcctgaac ctgctaagtce cgctectgec ccaaagaagg gctccaagaa ggcggtgact 60
aaggctcaga agaaggacgg gaagaagcgc aagcgcagcc gcaaggagag ctattcagtg 120
tatgtgtaca aggtgctgaa gcaggtccat cccgacaccg gcatctcttc caaggcaatg 180
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gggatcatga attccttcgt caacgacatc ttcgagcgca tcgcaggcga ggcttccege 240
ctggcgcatt acaacaagcg ctcgaccatc acctccaggg agatccagac ggccgtgege 300
ctgctgcectte cgggggagct ggccaagcac gccgtgtcgg agggcaccaa ggccgtcacce 360
aagtacacca gttccaagta actttgccaa gtaagcatct ttacacctaa tcccaaaggc 420
tcttttaaga gccaccca 438
<210> SEQ ID NO 7
<211> LENGTH: 814
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
cagtgttcta actattaacg ctacgatgcc tgaacctacc aagtctgctc ctgccccaaa 60
gaagggctcce aagaaggcgg tgactaaggce tcagaagaag gacgggaaga agcgcaagcyg 120
cagccgcaag gagagctatt cagtgtatgt gtacaaggtg ctgaagcagg tccatcccga 180
caccggcatc tcttccaagg caatggggat catgaattcc ttcgtcaacg acatcttcga 240
gcgecatcgeca ggcgaggctt cccgectgge gcattacaac aagcgctcga ccatcacctce 300
cagggagatc cagacggccg tgcgectget getteegggg gagctggeca agcacgccegt 360
gtcggaggge accaaggccg tcaccaagta caccagttcec aagtaacttt gccaagggag 420
agacatgaag acagaggaga aatgaatgca taaaataact gataatatga atctatacat 480
agaacttagg aagtctcatc tgcctgaaaa tgactgtgtg gatcccaccc aaatccaact 540
catcctggtt tgctgcacac tggttcatca aaagaaggtt accgagggga aggaactaaa 600
ggtgtttgca cttcatgtta ctttttgagt ttataaacat aaaaacagaa tttacttctg 660
ttacagacct agttactggg aattcattac ttgccatgga ctacctttgc taagaaaagt 720
ctgaatgaga agatggcagg acgtctgaaa aaaaaagtta taattaataa aatctgcgga 780
gaattgtaaa aaaaaaaaaa aaaaaaaaaa aaaa 814
<210> SEQ ID NO 8
<211> LENGTH: 1399
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8
gctectcecga gctegetgtt cgtcegggtt ttttacgttt taatttccag gacttgaact 60
gccatgtect ctgaagaagg aaagctcttce gtgggagggce tcaactttaa caccgacgag 120
caggcactgg aagaccactt cagcagtttc ggacctatct ctgaggtggt cgttgtcaag 180
gaccgggaga ctcagcggtc caggggtttt ggtttcatca ccttcaccaa cccagagcat 240
gcttcagttg ccatgagagc catgaacgga gagtctctgg atggtcgtca gatccgtgtg 300
gatcatgcag gcaagtctgc tcggggaacc agaggaggtg gctttggggce ccatgggegt 360
ggtcgcaget actctagagg tggtggggac cagggctatg ggagtggcag gtattatgac 420
agtcgacctg gagggtatgg atatggatat ggacgttcca gagactataa tggcagaaac 480
cagggtggtt atgaccgcta ctcaggagga aattacagag acaattatga caactgaaat 540
gagacatgca cataatatag atacacaagg aataatttct gatccaggat cgtccttcca 600
aatggctgta tttataaagg tttttggagce tgcactgaag catcttattt tatagtatat 660
caaccttttg tttttaaatt gacctgccaa ggtagctgaa gaccttttag acagttccat 720
cttttttttt aaattttttc tgcctattta aagacaaatt atgggacgtt tgtagaacct 780
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gagtattttt ctttttacca gttttttagt ttgagctctt aggtttattg gagctagcaa 840
taattggttc tggcaagttt ggccagactg acttcaaaaa attaatgtgt atccagggac 900
attttaaaaa cctgtacaca gtgtttattg tggttaggaa gcaatttccc aatgtaccta 960
taagaaatgt gcatcaagcc agcctgacca acatggtgaa accccatctg tactaaacat 1020
aaaaaaatta gcctggcatg gtggtgtacg cctgtaatcc cagtgacttg ggaggctgag 1080
gcaggagaat cgcttgaacc cgggaggcgg aggttgcagt gagctaagat cgegecactg 1140
tactccagece tgggcaacag cgagactcca tctcaaaaaa aaaggaaatg tgtatcaaga 1200
acatgattat ccaggggtat tttctaattc agatcatcaa actgattata tagaagagtt 1260
ggctttaaaa tgtttgcaaa tgtctttttt tttttaatac tggaagaaaa aatattctgt 1320
tgtgtctcat acagtgctta ggatgtcttt cacagagctt attaaaaaga tgaaacctga 1380
aaaaaaaaaa aaaaaaaaa 1399
<210> SEQ ID NO 9
<211> LENGTH: 4861
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
cgacgeccgece gecttagaac gectttcecag tactgctage agcagcccga ccacgegtta 60
ccgcacgete gegectttee cttgacacgg cggacgecgg aggattgggg cggcaatttg 120
tcttttectt ttttattaaa attattttte ctgcctgttg ttggatttgg ggaaattttt 180
tgtttgtttt ttatgatttg tatttgactg agagaaaccc actgaagacg tctgcgtgag 240
aatagagacc accgaggccg actcgcgggce cgctgcacce accgccaagg acaaaaggag 300
cccagcgcta ctagctgcac ccgattcctce ccagtgctta gcatgaagaa ggccgaaatg 360
ggacgattca gtatttcccc ggatgaagac agcagcagct acagttccaa cagcgacttce 420
aactactcct accccaccaa gcaagctgct ctgaaaagcc attatgcaga tgtagatcct 480
gaaaaccaga actttttact tgaatcgaat ttggggaaga agaagtatga aacagaattt 540
catccaggta ctacttcctt tggaatgtca gtatttaatc tgagcaatgc gattgtgggce 600
agtggaatcc ttgggctttc ttatgccatg gctaatactg gaattgctct ttttataatt 660
ctcttgacat ttgtgtcaat attttccctg tattctgttc atctectttt gaagactgcece 720
aatgaaggag ggtctttatt atatgaacaa ttgggatata aggcatttgg attagttgga 780
aagcttgcag catctggatc aattacaatg cagaacattg gagctatgtc aagctacctce 840
ttcatagtga aatatgagtt gcctttggtg atccaggcat taacgaacat tgaagataaa 900
actggattgt ggtatctgaa cgggaactat ttggttctgt tggtgtcatt ggtggtcatt 960
cttectttgt cgctgtttag aaatttagga tatttgggat ataccagtgg cctttecttg 1020
ttgtgtatgg tgttctttect gattgtggtce atttgcaaga aatttcaggt tccgtgtect 1080
gtggaagctg ctttgataat taacgaaaca ataaacacca ccttaacaca gccaacagct 1140
cttgtacctg ctttgtcaca taacgtgact gaaaatgact cttgcagacc tcactatttt 1200
attttcaact cacagactgt ctatgctgtg ccaattctga tcttttcatt tgtctgtcat 1260
cctgetgtte ttcecccatcta tgaagaactg aaagaccgca gccgtagaag aatgatgaat 1320
gtgtccaaga tttcattttt tgctatgttt ctcatgtatce tgecttgececge cctetttgga 1380
tacctaacat tttacgaaca tgttgagtca gaattgcttc atacctactc ttctatcttg 1440
ggaactgata ttcttcttet cattgtcegt ctggetgtgt taatggectgt gaccctgaca 1500
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gtaccagtag ttattttccc aatccggagt tctgtaactce acttgttgtg tgcatcaaaa 1560
gatttcagtt ggtggcgtca tagtctcatt acagtgtcta tcttggcatt taccaattta 1620
cttgtcatct ttgtcccaac tattagggat atctttggtt ttattggtge atctgcaget 1680
tctatgttga tttttattct tceccttctgce ttctatatca agttggtgaa gaaagaacct 1740
atgaaatctg tacaaaagat tggggctttg ttcttcctgt taagtggtgt actggtgatg 1800
accggaagca tggccttgat tgttttggat tgggtacaca atgcacctgg aggtggccat 1860
taattggcac cactcaaact caaactcagt ccatctgatg ccagtgttga gtaaactcaa 1920
ctactatgaa atttcaccta atgttttcag tttcacttecc ttttgaagtg cagattcctce 1980
gctggttett ctgagtgcag aataagtgaa cttttttgtt ttgttttgtt tttttaagaa 2040
acttatctgt atgttagaaa tggatatgaa caacaaaacc acgagtctcg ggttaaggga 2100
agtgacaatt ttattccatt ccagagaatg gacaaactct taacttttat caagccacat 2160
gcttggectgt gtcattgttt aacttggata ttttatgatt ttacttgaat gtgcctaatg 2220
gaaccatttg atgtgagaaa caattctttt taatttacag caaaatattg aataaccatt 2280
gacaaaaaca ctattatttt ttgtaccaaa aatacttaaa gacctcagaa gcactctttt 2340
acttttaaga aattgctttt ttgaacttta ttcagaagca gttatcaata aattccataa 2400
aataatgtca ttggtattta aaaatgaata ttaatataat gaaatggttt gcctttttgt 2460
aggcataata agccaaatac ttttttaccc aaaataattt ttagagaaaa tgatgtaatg 2520
aaaaattgta ccatgaatta ggagcatagt tttttccatt taaacgtcac cattacttaa 2580
aagatgattg attattgcta taccaaatca gatgaactct gttcatcact tttcttctet 2640
gtccccaaac aatttggttc attcagactg aaatgtttgt gtcttcaact tattagaatg 2700
gaagataatg cagatatttc tgtgggaaat aaaataacta attttgaggt accaaatagt 2760
gcaattgggt aaaacagggt ttattcagtt gcatctgtct ccagtgttgt attgacaget 2820
ctgggtcttt ttttgggcca gccectttttt gacattgett ccagcagtgg aaaatgggca 2880
tttgatggca ataggccaaa attattgtgt ccagagagta cactttttca aaatgctcac 2940
ctactggaag tgtgaattac ttgacaatgt atggcttagt tgtgttcatg ttttgtctac 3000
agtagaggtc taatccacag gttacaccta tgtttgatat gatataagtt ctctttgegt 3060
aggccactgg gtttctcatg cagtaagctt tataaaaact catttgcact ggactgtcat 3120
ctcattecttg tacaacgtag aattacttgt ttacatccaa caaatggtta gctagggaaa 3180
acagtgcaaa ctgagtgtta gtagtcattt tggtccaact gcatgtcaac cctteccattt 3240
caatcccagt tagaaatgaa aataattact ttgaaacttg gctttaagag cacatttatc 3300
gtacgtcaca gtgtatggtg aatatattat taaataatgt ggtacttcgc tcatcaggca 3360
taatgtctaa aatctaatat acataattcc attaagtggt tgaaggaagc aaataatgga 3420
attgtcaatt ggtcatctgg ctgtaaggtt tgcccttgaa ctaaaaatgt tgtttggggce 3480
aagggccaga aatgtggaga catggttttt gttacgcatt cttgtattat atgtgactaa 3540
atttacaaac aagatacatg tgtaattaaa gacccttatg gaactggaag acgtcttgta 3600
gtgctacatt gggtgaaacc gttggtccat ttttgtctgt ttctatgaag ataaaataat 3660
tgggggccat ctagaaatag aaaggcagtg ggaagacaga ttctacggca ctgctttcat 3720
ttaattgggc tttaggcact ccattcgaat gcagaacctc acctctagtt gagaccaaga 3780
attggcaaat ttgcatgagc tcctggaaag agttgctgac tttgtatcta agacctgcca 3840
gggaatacca agagttgttt ctacagactt tttttttttt ttgtatggga gaagatactg 3900
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tggcaaccag gaaggaatgg aaaaaaaatt cttttctcta cagcaaatta atgtgaggaa 3960
gctcctecaa tectetgget atttaaggtt caaaatcaag tgcctaggga aaattccaat 4020
ggatgatttt ctgggagcta tcttgtctac cttgaggttc ctgaacaatg aattcccatt 4080
aatgagcagt cttcagtatt aaaaccactg tcttgtcacc tcattttgca ttactgtcett 4140
ccgtggatgt ttcagttaca actgtaatgt tatttataga acaacattaa tccattaaag 4200
ctaacctatt tttcaatatt tatgataatc tatgtacata tattgtctgt ccatatgtat 4260
ttgtaaatag gttgtatata atgtcaggtt tgggtcttgg gttcaagtgt atatattcct 4320
gtaagtttct taactgcatt ttgatgaatt cacattatgt aactataaga attgtcccaa 4380
aagtacctgt acagaaaatt gaatattgaa aaattgacaa attgtgtaca aacactaaaa 4440
aaaacttgtt taaattgtat ttgcaataaa caacatcaaa ttttttcatg aaatcttggt 4500
acaaattcag atctcttatt taaaatttaa ataaggaata cattttcaaa atgcagtaat 4560
caaaatgtga tctagtgtaa tgaaataaaa tgtgatctag tgtaatggaa gacctttgag 4620
aacctgggtg tattaacttt gtgtatatag tgtaaatatc cccactgtac tgttagaggce 4680
caacaattct agtatggctt gttggcaaag agtgctacac cgtttcaatg aaacaatgta 4740
tgtttgtttt aactgaacta aaataaatac atgcttaatc ctgaaaaaaa aaaaaaaaaa 4800
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 4860
a 4861
<210> SEQ ID NO 10
<211> LENGTH: 1381
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
catctggctg taaggtttgc ccttgaacta aaaatgttgt ttggggcaag ggccagaaat 60
gtggagacat ggtttttgtt acgcattctt gtattatatg tgactaaatt tacaaacaag 120
atacatgtgt aattaaagac ccttatggaa ctggaagacg tcttgtagtg ctacattggg 180
tgaaaccgtt ggtccatttt tgtctgtttc tatgaagata aaataattgg gggccatcta 240
gaaatagaaa ggcagtggga agacagattc tacggcactg ctttcattta attgggcttt 300
aggcactcca ttcgaatgca gaacctcacce tctagttgag accaagaatt ggcaaatttg 360
catgagctcc tggaaagagt tgctgacttt gtatctaaga cctgcecaggg aataccaaga 420
gttgtttcta cagacttttt tttttttttt tgtatgggag aagatactgt ggcaaccagy 480
aaggaatgga aaaaaaattc ttttctctac agcaaattaa tgtgaggaag ctcctccaat 540
cctctggcta tttaaggttc aaaatcaagt gcctagggaa aattccaatg gatgatttte 600
tgggagctat cttgtctacc ttgaggttcc tgaacaatga attcccatta atgagcagtc 660
ttcagtatta aaaccactgt cttgtcacct cattttgcat tactgtcttc cgtggatgtt 720
tcagttacaa ctgtaatgtt atttatagaa caacattaat ccattaaagc taacctattt 780
ttcaatattt atgataatct atgtacatat attgtctgtc catatgtatt tgtaaatagg 840
ttgtatataa tgtcaggttt gggtcttggg ttcaagtgta tatattcctg taagtttcett 900
aactgcattt tgatgaattc acattatgta actataagaa ttgtcccaaa agtacctgta 960
cagaaaattg aatattgaaa aattgacaaa ttgtgtacaa acactaaaaa aaacttgttt 1020
aaattgtatt tgcaataaac aacatcaaat tttttcatga aatcttggta caaattcaga 1080
tctecttattt aaaatttaaa taaggaatac attttcaaaa tgcagtaatc aaaatgtgat 1140
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ctagtgtaat gaaataaaat gtgatctagt gtaatggaag acctttgaga acctgggtgt 1200
attaactttg tgtatatagt gtaaatatcc ccactgtact gttagaggcc aacaattcta 1260
gtatggcttg ttggcaaaga gtgctacacc gtttcaatga aacaatgtat gtttgtttta 1320
actgaactaa aataaataca tgcttaatcc cgaaaaaaaa aaaaacaaaa aaaaaaaaaa 1380
a 1381
<210> SEQ ID NO 11
<211> LENGTH: 1423
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
gggatgaaat actggagctg ttgtagaaga aaaacttctg attttaatac attcttagec 60
caagagggct gtacaaaagg gaaacacatg tggactaaaa aagatgctgg gaaaaaagtt 120
gttccatgta gacatgactg gcatcagact ggaggtgaag ttaccatttc agtatatgcet 180
aaaaactcac ttccagaact tagccgagta gaagcaaata gcacattgtt aaatgtgcat 240
attgtatttg aaggagagaa ggaatttgat caaaatgtga aattatgggg tgtgattgat 300
gtaaagcgaa gttatgtaac tatgactgca acaaagattg aaatcactat gagaaaagct 360
gaaccgatge agtgggcaag ccttgaactg cctgcagcta aaaagcagga aaaacaaaaa 420
gatgccacaa cagattgagt gggagatgga aggaaggcta ttacattatt tccgaatttt 480
taatactgtg tgaagtggtg gcttgctgct gtaatctttt gttttgttgt tgtgttactg 540
aatgtggcat ttcagggtta acattaggtt cttaaaagcc aaagtcagtt tgtctttttg 600
tgcctectcat ctttettttg tgttatgtaa gattgattat tcatttctec ctactggtag 660
gaaccatagt tgtgtcctat acttgaagag gctggaaagt agcccataac cataattgca 720
gtatttcttt gtatttctcet gttaagcaaa gaaatattaa ggaacatttt ttttatgttt 780
ttgtattatt ccataattag taaagcaaga tgaaatgtca aattttaatc agttttttca 840
tggatttgtg ttcttacagt acttgaaaat atttaaggaa gagatgaagc tctgcagttt 900
tttctatgtg ggatgattac ttttttaagg aggattaatt ctgaggtagt atagtaacta 960
aaggggaata tatgaattgt ttaacaaatt agaatttgtt tacaactact tgaattttta 1020
aattatgtca aaacttacat tacttgccaa gcagtatgat gttataggaa acataaataa 1080
gattacagag gtatcaattt ggttaaaatt caccatttta taagactaag caataatctt 1140
aacaacctct ttcctgaata tttaaatgtg tttgtatggt gttatgacta attgttactg 1200
atttagagac taagccctct taaaaccttt agttaaatat aaaaagaaat tatatatatc 1260
ttgccteect gatggaaaac tatataaaat tgtagactta aaaggtttgt ggaaatacat 1320
taggatatca gaaaactaaa tatatggagt tgctttatga ctattacatg ttaaataaaa 1380
atagcttaat tgtaaaaaaa aaaaaaaaaa aaaaaaaaaa aaa 1423
<210> SEQ ID NO 12
<211> LENGTH: 1325
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
ggtegttgtg gtgegetgte ttecegettyg cgtcagggac ctgcccgact cagtggecge 60
catggcatca gatgaaggca aactttttgt tggagggctg agttttgaca ccaatgagca 120
gtcgectggag caggtcttct caaagtacgg acagatctct gaagtggtgg ttgtgaaaga 180
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cagggagacc cagagatctc ggggatttgg gtttgtcacc tttgagaaca ttgacgacgc 240
taaggatgcc atgatggcca tgaatgggaa gtctgtagat ggacggcaga tccgagtaga 300
ccaggcaggc aagtcgtcag acaaccgatc ccgtgggtac cgtggtgget ctgeccggggg 360
ccggggcette ttecegtgggg gecgaggacg gggccgtggg ttectctagag gaggagggga 420
ccgaggctat ggggggaacc ggttcgagtce caggagtggg ggctacggag gctccagaga 480
ctactatagc agccggagtc agagtggtgg ctacagtgac cggagctcegg gegggtecta 540
cagagacagt tatgacagtt acgctacaca caacgagtaa aaacccttcc tgctcaagat 600
cgtccttcca atggetgtgt gtttaaagat tgtgggaget tcgectgaacg ttaatgtgta 660
gtaaatgcac ctccttgtat tcccacttte gtagtcattt cggttctgat cttgtcaaac 720
ccagcctgac cgcttctgac geccgggatgg cctegttact agacttttet ttttaaggaa 780
gtgctgtttt tttttgaggg ttttcaaaac attttgaaaa gcatttactt ttttgaccac 840
gagccatgag ttttcaaaaa aatcgggggt tgtgtgggtt tttggttttt gttttagttt 900
ttggttgegt tgcctttttt tttttagtgg ggttggccecce atgaagtggg tgccccacte 960
acttctctga gatcgaacgg actgtgaatc cgctcectttgt cggaagctga gcaagctgtg 1020
gcttttttec aactccgtgt gacgtttetg agtgtagtgt ggtaggaccce cggcgggtgt 1080
ggcagcaact gccctggage cccagcccct gegtecatet gtgectgtgeg ccccacagta 1140
gacgtgcaga cgtccctgag aggttcttga agatgtttat ttatattgtc cttttttact 1200
ggaagacgta cgcatactcce atcgatgttg tatttgcagt ggctgaggaa ttcttgtacg 1260
cagttttctt tggctttacg aagccgatta aaagaccgtg tgaaatgaaa aaaaaaaaaa 1320
aaaaa 1325
<210> SEQ ID NO 13
<211> LENGTH: 1330
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
gctegggteg ttgtggtgeg ctgtcttece gettgcgtca gggacctgce cgactcagtg 60
geecgecatgg catcagatga aggcaaactt tttgttggag ggctgagttt tgacaccaat 120
gagcagtcge tggagcaggt cttctcaaag tacggacaga tctctgaagt ggtggttgtg 180
aaagacaggg agacccagag atctcgggga tttgggtttg tcacctttga gaacattgac 240
gacgctaagg atgccatgat ggccatgaat gggaagtctg tagatggacg gcagatccga 300
gtagaccagg caggcaagtc gtcagacaac cgatcccgtg ggtacegtgg tggctctgec 360
gggggcceggg gcttetteceg tgggggecga ggacggggec gtgggttctce tagaggagga 420
ggggaccgag gctatggggg gaaccggttc gagtccagga gtgggggcta cggaggctcec 480
agagactact atagcagccg gagtcagagt ggtggctaca gtgaccggag ctcgggcggg 540
tcctacagag acagttacga cagttacgct acacacaacg agtaaaaacc cttcctgctce 600
aagatcgtcc ttccaatgge tgtgtgttta aagattgtgg gagcttcecget gaacgttaat 660
gtgtagtaaa tgcacctcct tgtattccca ctttegtagt catttcggtt ctgatcttgt 720
caaacccagc ctgaccgett ctgacgccgg gatggecteg ttactagact tttettttta 780
aggaagtget gttttttttt gagggttttc aaaacatttt gaaaagcatt tacttttttg 840
accacgagcc atgagttttc aaaaaaatcg ggggttgtgt gggtttttgg tttttgtttt 900
agtttttggt tgcgttgecct tttttttttt agtggggttg gccccatgaa gtgggtgcecce 960
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cactcacttc tctgagatcg aacggactgt gaatccgcete tttgtcggaa gctgagcaag 1020
ctgtggcttt tttccaactc cgtgtgacgt ttctgagtgt agtgtggtag gaccccggeg 1080
ggtgtggcag caactgccct ggagccccag cccctgegte catctgtget gtgegeccca 1140
cagtagacgt gcagacgtcc ctgagaggtt cttgaagatg tttatttata ttgtcctttt 1200
ttactggaag acgtacgcat actccatcga tgttgtattt gcagtggctg aggaattctt 1260
gtacgcagtt ttctttggct ttacgaagcc gattaaaaga ccgtgtgaaa tgaaaaaaaa 1320
aaaaaaaaaa 1330
<210> SEQ ID NO 14
<211> LENGTH: 1322
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
tagcttggca cgaggctcgg gtegttgtgg tgcgetgtcet teccgettge gtcagggacce 60
tgcccgactce agtggccgcec atggcatcag atgaaggcaa actttttgtt ggagggctga 120
gttttgacac caatgagcag tcgctggagc aggtcttctc aaagtacgga cagatctctg 180
aagtggtggt tgtgaaagac agggagaccc agagatctcg gggatttggg tttgtcacct 240
ttgagaacat tgacgacgct aaggatgcca tgatggccat gaatgggaag tctgtagatg 300
gacggcagat ccgagtagac caggcaggca agtcgtcaga caaccgatcc cgtgggtacce 360
gtggtggete tgecggggge cggggettcet teegtggggg ccgaggacgg ggccgtgggt 420
tctctagagg aggaggggac cgaggctatg gggggaaccg gttcgagtec aggagtgggg 480
gctacggagg ctccagagac tactatagca gccggagtca gagtggtgge tacagtgacc 540
ggagctcggg cgggtcctac agagacagtt acgacagtta cgctacacac aacgagtaaa 600
aacccttcct gctcaagatc gtccttccaa tggectgtgtg tttaaagatt gtgggagcett 660
cgctgaacgt taatgtgtag taaatgcacc tccttgtatt cccacttteg tagtcatttce 720
ggttctgatc ttgtcaaacc cagcctgacc gcttcectgacg ccgggatggce ctcecgttacta 780
gacttttctt tttaaggaag tgctgttttt ttttgagggt tttcaaaaca ttttgaaaag 840
catttacttt tttgaccacg agccatgagt tttcaaaaaa atcgggggtt gtgtgggttt 900
ttggtttttg ttttagtttt tggttgcgtt gecttttttt tttagtgggg ttggccccat 960
gaagtgggtg ccccactcac ttctcectgaga tcgaacggac tgtgaatccg ctetttgteg 1020
gaagctgage aagctgtgge ttttttccaa ctcegtgtga cgtttcectgag tgtagtgtgg 1080
taggacccgg cgggtgtgca gcaactgcece tggagcccca gcccctgegt ccatctgtge 1140
tgtgcgecee acagtagacg tgcagacgtc cctgagaggt tcttgaagat gtttatttat 1200
attgtccttt tttactggaa gacgtacgca tactccatcg atgttgtatt tgcagtgget 1260
gaggaattct tgtacgcagt tttctttgge tttacgagec gattaaaaga ccgtgtgaaa 1320
tg 1322
<210> SEQ ID NO 15
<211> LENGTH: 3905
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 15
atccgaggcet ggegggttte ggcagtaget gtggetgegg ctgccegggec tggggacgceg 60
ggcggccgag gccgecgteg cagcctecte gtctegeegg ctatggetge getcggecegy 120
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cccttecageg gectccctet gageggegge tcggacttce tgcagccgec gcagecggec 180
ttcceecggee gggectteee gecgggggcet gacggegecg agttggecece geggecggga 240
cctcgegcag tccctagecag tcecccgcetggg agtgeggcge gecggacgtgt ttetgttcac 300
tgtaaaaaga aacacaagcg agaggaggag gdaggatgatg attgtccagt aagaaagaaa 360
aggataactg aagcagagct ctgtgctggt cctaatgact ggattccttg tgcacatcag 420
gatgtagagg ggcatggagt aaatcccagt gttagtggec tttccatacc tgggatatta 480
gatgttattt gtgaagaaat ggatcagaca actggagaac cacagtgtga agttgcccga 540
aggaagcttc aggagattga ggacaggata attgatgaag atgaagaagt tgaagctgac 600
agaaatgtta accatctccc cagtcttgtce ctttctgata ccatgaaaac aggtttgaag 660
agggaatttg atgaagtttt tacaaagaaa atgattgagt ctatgagccg tccttccatg 720
gagcttgtte tctggaaacc cctccctgaa ctcctttetg ataagccaaa gecatcctet 780
aatactaaga actatacagg agagagccaa gctaagcatg tagctgctgg cactgcectte 840
cctcagagaa ctgaactgtt ttcggaacct cggccaacag ggatgtctct ttataatagt 900
ttggagacag ctactagcac agaagaagag atggaactct agaaaccaat ttctacacta 960
aagttgtcaa atgttagaag aatcctgtgt tcagttatga gactctttgce atagtatagg 1020
gacttgaagg ttttatgaga cgggtgtaat aatatctcca cctgtgattt gggggtggga 1080
ctcttatttt gggtagccat ttattgactt cacctttttg ccaaggaagt ttgtctcaag 1140
ggaaaagcag ttttctgtgg ggcttattaa aggaatgttg gtttacattg tcttcaaaga 1200
caagtataga agctgtatgt gtaagggtga cttaaatcat atgtcacatt gtctaaacta 1260
ttcagacact tggagaatat tctccttgaa ttaaaaaaga tgattaagaa ggatgctcct 1320
acaactgtat cctgacagtt aagtcacagc ttaatgtgta gatatgagct gtttacagtg 1380
gtgactatat ataattgggg agaagaaggg aagagagcag cagtagctta agcctgttgce 1440
taagaaattt aatttcttag caacttgtaa tttagttatc aattcaatat agctctgttg 1500
attaaatagc cgatagtatt gtggctctce tctttgacta tgaaaatata gagaaagttt 1560
tttctttaag gecttttttge cttgtgccac tgttgctcect tggtttccct tgcgtaattg 1620
ataagcccag ttattcagta atgtttacaa attaattgac tttgatagtt aaaagattat 1680
gaggtaaccc atctgcaatt tgcctgtggg agaagcatcce tttagttcat cttaaggaag 1740
tgctttatca gctaaaccca gcattgataa ctttggtaat ttttttaaaa agttatactt 1800
gtattagcaa gttttttttt ttttccccca ccgcaacctce catctceccgg gttcaagcaa 1860
ttctectgee tcacccteee aagtagetgg gattacaggt gcccacctec acgcccaget 1920
aatttttgta tttttaatag agaccggttt tgccatgttg gccaggctgg tctcgaactce 1980
ctgacctcag gtgatctgece caccccagece tcccaaaatg ctgggattac aggcgtgage 2040
cacggcacgc agccagcaag ttgtttttaa atgttaatat agaaaacagt gaaggattag 2100
ctgaaaatat atgagcaggt gacattgagg tttactgaaa tagccaattt gactggtgct 2160
tagactattg tgcagtaaac ctaaaaggta gtggagaatt gcttcctgct agcaggaagce 2220
cttcatcttc ttgagtaccc aaaccaggct tcaggtgtcc tttgaggata gccaggtttg 2280
aaatttttag tttctcagga agagctcttce tatgtggcag gggctgatag ggcaaaataa 2340
aatgacaatt tctttattgce tacagagtat cctctataag ttattaaacg agtgtaatgg 2400
tataatgccc ttccatcaca caacaggaca ccaccccagt tttgttttet gggtttette 2460
ccectttgta ggaatcagat accttttgta gaaaaaaatg gcttatgcca cgtaaaggtg 2520
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aatttttaga aaccaccttc taggcgtttt tggaaccctt actgaaatcc ctcccettgt 2580
tacagatggc gtagaagtca caagtctgtt aattggactg ttgcttcttt gecctgttect 2640
gctttcetett tetgtctgga tagtcaggaa aagatttaat gtttaatatt taaacaaaat 2700
atttaatgtc tatacagtaa aattattcaa acttcaaacc agtattgaaa gcagttggaa 2760
accagctaat agtttcttaa tctcagattt cgagatgaat gtaaactgta ttcttttgaa 2820
atgtgcaagt gtttgattca tgccatttga taaacttctg ccttgtagtc attgtttgat 2880
gggaccaact tgtaaagtat gagccttaaa taaatctcca tgctgaaaaa tgtgttctaa 2940
tgcaacacaa aaacatgaag tgactgccca gaggtagagt tagtgtttag gtggaaaggg 3000
agatgacagc tttccaaaga aggacctaaa acacaccaag attgtcttct acaggaattg 3060
ctgggcaggt ctccgactaa aggtcttatg atgaaaagga agaaacaagc ccccaacaca 3120
aggctctgat actactggta aatgtaggag agaattaaga atctgttaat taaaatccaa 3180
acagagctta tttcagtagt caagttacct gacatgataa ttatttctgc aggataattg 3240
atgttttatg ttcttttttg gactttatct tcttgcaaaa atttctacaa aaattgtttt 3300
cttcatcctt gtggtgctta ttcatctgag ccgtctccac agtcccaatg cctetgettt 3360
ttgttttact tttgtagcat aaggtttttg cttttgcttt geccttaagag ttccctaggg 3420
agttaccagg gcttttcgtt ttgtgtagct tttgcagcat ggatcaaaca ttggcttact 3480
gtgctaatgt gtgaagagaa aaaattctct aaagcaggtg agctttaatg aacaaatgtg 3540
tattttatct gagtttgagt agggtgcgtt gtggattttg ttttttgggt tttttttttt 3600
ttttgtaatt atatgaagaa agtccagttc tcataaatat tgatcactta aaaaacttac 3660
tctttettga aaaggtacac atgtaaaatt taggaaaata actaaagtag gggctggaac 3720
cataagaatg tttatccgca cgttcattta ttattttgga tttggaactt ggctttgttt 3780
ttcaatagtg acaagaatgg ttcagttcta ggaatgttct ggaagatgct gttaatttta 3840
ctttaaaatg agaatctggt gttactgtat tttatcgttt tcaataaaac ttcttaagtg 3900
ttttg 3905
<210> SEQ ID NO 16
<211> LENGTH: 1633
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
geegectgag ccgeggacgg tttgctgage cegttagtge gcccggecga gacacgccege 60
cgccatgtce cgctacctge gtccccccaa cacgtcectctg ttegtcagga acgtggccga 120
cgacaccagg tctgaagact tgcggcgtga atttggtcgt tatggtccta tagttgatgt 180
gtatgttcca cttgatttcet acactcgccg tccaagagga tttgcttatg ttcaatttga 240
ggatgttcgt gatgctgaag acgctttaca taatttggac agaaagtgga tttgtggacg 300
gcagattgaa atacagtttg cccaggggga tcgaaagaca ccaaatcaga tgaaagccaa 360
ggaagggagg aatgtgtaca gttcttcacg ctatgatgat tatgacagat acagacgttc 420
tagaagccga agttatgaaa ggaggagatc aagaagtcgg tcttttgatt acaactatag 480
aagatcgtat agtcctagaa acagtagacc gactggaaga ccacggcgta gcagaagcca 540
ttccgacaat gatagattca aacaccgaaa tcgatctttt tcaagatcta aatccaattce 600
aagatcacgg tccaagtccc agcccaagaa agaaatgaag gctaaatcac gttctaggtce 660
tgcatctcac accaaaacta gaggcacctc taaaacagat tccaaaacac attataagtc 720
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tggctcaaga tatgaaaagg aatcaaggaa aaaagaacca cctagatcca aatctcagtce 780
aagatcacag tctaggtcta ggtcaaaatc tagatcaagg tcttggacta gtcctaagtc 840
cagtggccac tgatagtata aaccatggtc atttttaggc atgtatcatt catttactca 900
tagtttggtt tacttaaatt atcaggaata caatgttgca atgatgctta aaaaacactt 960
gttagttttc cctgtaccag gcaatggtta taattaaaat gatatgctgt tgagaagcca 1020
ctcttaagag tccagtttgt ttaatgttat gggcagctac caatttgtgg tgtctctgta 1080
tatttttgta aagattctca ttttttatgc ttgaagtatt tggtgaaaag atgttggttg 1140
accataattt gcaacattgt ctcattaaaa ataaactttc atattcatat ttggtagaac 1200
tgttaaccta gaaatgtagc ttgctaataa gatagaatga tacaaaagtg aagcagtagc 1260
cacagtacaa cactgactgc tcagacacat ttaggttcag ggtggacctt tatgtcttgt 1320
caagatgtct aggcccgget gggcegtggtg gctcacacct gtaatcccag cactttggga 1380
ggccgaggeg ggcggatcac gaggtcagga gttcgagacc agcctgacca acacggtgaa 1440
accccgtete tactaaaaat acaaaaatta tccgggcatg gtggcacatg cctgtaatct 1500
cagctactca ggaggctgag gcaagagaat cgcttgaacc tgggaggtag aagttgcagt 1560
gagccaaaat cacgccactg cactccagcc tgggcaacag agtgagactc cgtctcaaaa 1620
aaaaaaaaaa aaa 1633
<210> SEQ ID NO 17
<211> LENGTH: 874
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 17
gtagcagagc cctctagctg tgtgtgtctg aggctcggec gcctgagccg cggacggttt 60
gctgagcceg ttagtgcgcece cggccgagac acgccgccgce catgtceccge tacctgegtce 120
cccccaacac gtctetgtte gtcaggaacg tggccgacga caccaggtcect gaagacttgce 180
ggcgtgaatt tggtcgttat ggtcctatag ttgatgtgta tgttccactt gatttctaca 240
ctcgecgtece aagaggattt gecttatgttce aatttgagga tgttcgtgat gctgaagacg 300
ctttacataa tttggacaga aagtggattt gtggacggca gattgaaata cagtttgccc 360
agggggatcg aaagacacca aatcagatga aagccaagga agggaggaat gtgtacagtt 420
cttcacgcta tgatgattat gacagataca gacgttctag aagccgaagt tatgaaagga 480
ggagatcaag aagtcggtct tttgattaca actatagaag atcgtatagt cctagaaaca 540
gtagaccgac tggaagacca cggcgtagca gaagccattc cgacaatgat agaccaaact 600
gcagctggaa tacccagtac agttctgctt actacacttc aagaaagatc tgaaagcgga 660
aaaagaacca aagaagggca gttcaagcga ccaaagggtg ggtggaaggt gctgcagtat 720
gaatactgta cgaatatttt gactctggtc tgaaaagata aaagaatgtt atcgaaaact 780
acatggaata attgaagtcc cttcaagttt gaaagtaagc attttaggac aaataaaagg 840
aaattcaact ttgtaaaaaa aaaaaaaaaa aaaa 874
<210> SEQ ID NO 18
<211> LENGTH: 4897
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 18
gaggctcegge cgcctgagcce gcggacggtt tgctgagccce gttagtgcge ccecggccgaga 60
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cacgcecgcceg ccatgtceeg ctacctgegt ccccccaaca cgtctetgtt cgtcaggaac 120
gtggccgacg acaccaggtc tgaagacttg cggcgtgaat ttggtcgtta tggtcctata 180
gttgatgtgt atgttccact tgatttctac actcgccgte caagaggatt tgcttatgtt 240
caatatcctt tcttcagatg gctgattagt gaggggtgtt gaagtttgaa attcaagttt 300
atagaatgta aagctgtaca gttatggcga ccccaaagag aaagcatgaa agaaccttta 360
gagtagagtt caacacttaa ggcaagtaga caagccaaag acctcttaag gatcaggcett 420
gaagagaagg gagagtttgg gaaaagaaaa aataaagaaa agctggaaga aggacaagcc 480
taatgggaga caaagcctcg ctttatctac aaaaggggga aaaggttgtt tttcaaagtt 540
aaagataaag ccatctgtca tatttggcca agcatctcat gacaagtcct tctgacaagce 600
acttaaagag ttaaaggtca agatgaagtt gaatgatggc caagattaaa ggagtcatac 660
ctgatgtatc ctacagaata actatttttc tttttttttt tttttttaat gttttgtaag 720
cagttaattt tcaaaattat tctggtttgg tctagtgaca aaacctgtaa cttgatttat 780
gtgggccttt gatgttgtga ttgtggtctt gtgtaaatgce actctctctt atgaagttaa 840
agtgtaacag gatgtatatt cttaagatta aattcagcat attttggttt tggaccaggt 200
ggtcagatgc cacggagtag caggcagtgce tctttggagt agcgtggggt tctggggtta 960
agccacagag ccctgcttaa aggagagaca ggtgcatgca ctggggacta cttagaaaca 1020
gctetggtgg tettgtaggg tcagaaccac tagaaatttt gtttatatat agattttaaa 1080
gtggttgctg gggacacata taaaccctta acttctttaa cttagcectg tgaagactge 1140
tggcecctgeg ctgctttage acaatgatca gttggecctg aatgagttge agaaggcctt 1200
ctcectggta taggtaccta actgggacct atgggagact ggtccctgac ccagagtttce 1260
aggtgacctt acttccgttc ctttcagtga gatcatctecc ctgcaacaag ggtttgggtt 1320
gtggacctca gactaggaaa agttcttcect gcttaaattc agtgagcctce aaacttttaa 1380
gttagtggag tcctagtgag acttagggaa aagccaaaaa ctactcctgce agggccagtg 1440
atcaaggaca gttgtgagaa ttggttgcaa agctccatta cagagaaaat aatagctata 1500
tctggcttag taaataaagg tagcagtgcg ttctggctta caacatagac ctcattttac 1560
ctagtgttgg gtggccgagg aatcaaggtc agtagtagtt tgattcaaga gtgtgtgata 1620
tttgaggcaa aaaaggctag taattcaaag caatctaaag gagaatgata attttaaaat 1680
acatattcag taagtctatg gttttaaaat agttgaaaag aaataagtaa caggcttatg 1740
aatttcattt ttgaaaagac cataaagtac aaatttctcc atgactgaca tcagagtgat 1800
actcggctge ctetgetget getgtcetett ctgtctgact ccattcgcaa tagectttte 1860
ttectatecee tggcttaccg agtaaagtag aaacttgcca tcagcccagg attctgtttt 1920
cgagggtagc cccagagagg atgctctgtt ctcattaata atttttacag ctctcaatat 1980
aaatcctttt tatacttatt atattctgtc tcttggggta acaaagtagt gtacccatta 2040
agtgaacgta ttccttctaa ttagtttaga gcccagctge attaaccttg agggatgttce 2100
agttacagta ttcaaggttc tgaactcccc atcagccttt cccttttcat gttgaaagcece 2160
cagttattta gaatttgtcc ttccatttaa tctgttcata atggecctcgg gaagacagag 2220
ctggaaacct gcagtcctta attcctttca gaacaaaaag tgggaagtct agtaaggcag 2280
accttttagt ctctataata aaagaatacc agtatcggtc tcaaaaaagg agtgtgtcac 2340
ttcagggata ttttaaatca cctctaaatc tgcagtecttg tgttgtctet caaatttagg 2400
aaaaagaaat gtgcaaacta gaatggggat ttttgggata gaatgaaaac ctatacctgt 2460
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acctaaccta gctctecttte caaaccattt atatcaaaca ctgtcttgaa tgtgtacttg 2520
gcctetgtta aaatgatggt tttaggaaag gagctaggtt tggacagaat agctatataa 2580
agccagcagt tctcegtagta ttattgctga catgaccagg gaggacaagce agcttagett 2640
ctcagatcaa aaacaagtac cagtagttcc tgcttaaggc tggtaaataa tatcttgaaa 2700
ttctcaagtt ggaaaccagt ctcaaaccca tttctttgca agaagttgta tatttagggt 2760
catggttagg gctttccagt ctaggagtcc ttccagtggt ctgtttecttg atagcatgcet 2820
tttacagtct gcatggatgt aataacgctt ttggtatagt gattgtcttg agtactgett 2880
gactctggte ttgatgccca caaatggcta gegtgettgt cttecccatge agtggaagga 2940
agacagttaa atgaaatagt agtattagat atatatgaaa aagaaaacag caaaataaat 3000
ttgaagttaa tgctttcgtc tcttgtaagg taaggcatat actgcttgct tacacaagaa 3060
ctattggcat tttctttttt tcgtttgaaa caaatatgaa aaatagtatt ttggttttaa 3120
gaaattttta ttttagcata caacatataa ctgacatttg ttttttcttt tttgtcttgt 3180
aaacttaatt cttaaaactt aggaaaattt ttggatagga caacttggtg attcagctat 3240
aacagatctt atttcaataa taactttact gcaatatgta ttcatacatt ttcaaatgtg 3300
tgccttagga aatcacaagt gcttttatag tgtgaagtgt taatggctga atccaactga 3360
atcaccaact agtaagtggg gttctggttg atgttctgga ataatattgg gagattgtga 3420
attgttccag acataccaac tgaactttca ttcattatca aagtttgcaa aacttcccaa 3480
gccecttaac atttagcaca tttgaggatg ttcegtgatge tgaagacgcet ttacataatt 3540
tggacagaaa gtggatttgt ggacggcaga ttgaaataca gtttgcccag ggggatcgaa 3600
agacaccaaa tcagatgaaa gccaaggaag ggaggaatgt gtacagttct tcacgctatg 3660
atgattatga cagatacaga cgttctagaa gccgaagtta tgaaaggagg agatcaagaa 3720
gtcggtettt tgattacaac tatagaagat cgtatagtcc tagaaacagt agaccgactg 3780
gaagaccacg gcgtagcaga agccattccg acaatgatag attcaaacac cgaaatcgat 3840
ctttttcaag atctaaatcc aattcaagat cacggtccaa gtcccagccc aagaaagaaa 3900
tgaaggctaa atcacgttct aggtctgcat ctcacaccaa aactagaggc acctctaaaa 3960
cagattccaa aacacattat aagtctggct caagatatga aaaggaatca aggaaaaaag 4020
aaccacctag atccaaatct cagtcaagat cacagtctag gtctaggtca aaatctagat 4080
caaggtcttg gactagtcct aagtccagtg gccactgata gtataaacca tggtcatttt 4140
taggcatgta tcattcattt actcatagtt tggtttactt aaattatcag gaatacaatg 4200
ttgcaatgat gcttaaaaaa cacttgttag ttttccctgt accaggcaat ggttataatt 4260
aaaatgatat gctgttgaga agccactctt aagagtccag tttgtttaat gttatgggca 4320
gctaccaatt tgtggtgtct ctgtatattt ttgtaaagat tctcattttt tatgcttgaa 4380
gtatttggtg aaaagatgtt ggttgaccat aatttgcaac attgtctcat taaaaataaa 4440
ctttcatatt catatttggt agaactgtta acctagaaat gtagcttgct aataagatag 4500
aatgatacaa aagtgaagta gtagccacag tacaacactg actgctcaga cacatttagg 4560
ttcagggtgg acctttatgt cttgtcaaga tgtctaggcc cggctgggceg tggtggctca 4620
cacctgtaat cccagcactt tgggaggctg aggcgggcgg atcacgaggt caggagttceg 4680
agaccagcct gaccaacacg gtgaaaccce gtcectctacta aaaatacaaa aattatccecgg 4740
gcatggtgge acatgcctgt aatctcaget actcaggagg ctgaggcaag agaatcgett 4800
gaacctggga ggtagaagtt gcagtgagcc aaaatcacgc cactgcactc cagcctggge 4860
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aacagagtga gactccgtcc caaaaaaaaa aaaaaaa 4897
<210> SEQ ID NO 19
<211> LENGTH: 1058
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 19
cgcggacggt ttgctgagec cgttagtgeg cccggccgag acacgccgec gccatgtccce 60
gctacctgeg tcececccaac acgtetetgt tcegtcaggaa cgtggcecgac gacaccaggt 120
ctgaagactt gcggcgtgaa tttggtegtt atggtcctat agttgatgtg tatgttccac 180
ttgatttcta cactcgccgt ccaagaggat ttgcttatgt tcaatttgag gatgttegtg 240
atgctgaaga cgctttacat aatttggaca gaaagtggat ttgtggacgg cagattgaaa 300
tacagtttgc ccagggggat cgaaagacac caaatcagat gaaagccaag gaagggagga 360
atgtgtacag ttcttcacgc tatgatgatt atgacagata cagacgttct agaagccgaa 420
gttatgaaag gaggagatca agaagtcggt cttttgatta caactataga agatcgtata 480
gtcctagaaa cagtagaccg actggaagac cacggcgtag cagaagccat tccgacaatg 540
atagccaagt aagcaagaag aaaaatgaga gataatgctt cagtgagaga ggaaaggtgc 600
tacatagagt atgagctgtt aagttacaac ccaggggaaa gacctgggaa ctattgtatt 660
attctcttga aaatttggecc cagtaagctg ctacatccag ttcaactaac aaaatcctgt 720
ataccacaga gaagaataaa gaaaaccaaa ctgacaaaca tccttcectttt atttaagacc 780
aaactgcagc tggaataccc agtacagttc tgcttactac acttcaagaa agatctgaaa 840
gcggaaaaag aaccaaagaa gggcagttca agcgaccaaa gggtgggtgg aaggtgctge 900
agtatgaata ctgtacgaat attttgactc tggtctgaaa agataaaaga atgttatcga 960
aaactacatg gaataattga agtcccttca agtttgaaag taagcatttt aggacaaata 1020
aaaggaaatt caactttgta aaaaaaaaaa aaaaaaaa 1058
<210> SEQ ID NO 20
<211> LENGTH: 4535
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20
agcgggtcectyg ceccgecgeeg ccactgetge tgccaccgee gtcecgecgeeg cecgecgecge 60
cgccactget gctgecggtyg ctaaggagtt cgctggagec ctttectcag acceggcccg 120
gtcttcgege ccggactcct ggegccageg ctaggcgcac tcaccgetct gacgggtgea 180
gacgcgggag ttgtcccaga ctgtggagtg gecgggcacgg ccccagetcc cctteegtte 240
cctgacccct tcttgccatce gecccagaca tggggaacgc ggcgaccgcec aagaaaggca 300
gcgaggtgga gagcgtgaaa gagtttctag ccaaagccaa agaagacttt ttgaaaaaat 360
gggagaatcc aactcagaat aatgccggac ttgaagattt tgaaaggaaa aaaacccttg 420
gaacaggttc atttggaaga gtcatgttgg taaaacacaa agccactgaa cagtattatg 480
ccatgaagat cttagataag cagaaggttg ttaaactgaa gcaaatagag catactttga 540
atgagaaaag aatattacag gcagtgaatt ttcctttcet tgttcgactg gagtatgett 600
ttaaggataa ttctaattta tacatggtta tggaatatgt ccctgggggt gaaatgtttt 660
cacatctaag aagaattgga aggttcagtg agccccatgc acggttctat gcagctcaga 720
tagtgctaac attcgagtac ctcaattcac tagacatcat ctacagagat ctaaaacctg 780
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aaaatctctt aattgaccat caaggctata tccaggtcac agactttggg tttgccaaaa 840
gagttaaagg cagaacttgg acattatgtg gaactccaga gtatttggct ccagaaataa 900
ttctcagcaa gggctacaat aaggcagtgg attggtgggc attaggagtg ctaatctatg 960
aaatggcagc tggctatccc ccattctttg cagaccaacc aattcagatt tatgaaaaga 1020
ttgtttectgg aaaggtccga ttcccatcca acttcagttc agatctcaag gaccttctac 1080
ggaacctgect gcaggtggat ttgaccaaga gatttggaaa tctaaagaat ggtgtcagtg 1140
atataaaaac tcacaagtgg tttgccacga cagattggat tgctatttac cagaggaagg 1200
ttgaagctcecc attcatacca aagtttagag gctctggaga taccagcaac tttgatgact 1260
atgaagaaga agatatccgt gtctctataa cagaaaaatg tgcaaaagaa tttggtgaat 1320
tttaaagagg aacaagatga catctgagct cacactcagt gtttgcactc tgttgagaga 1380
taaggtagag ctgagaccgt ccttgttgaa gcagttacct agttccttca ttccaacgac 1440
tgagtgaggt ctttattgcc atcatcccgt gtgcgcactce tgcatccacc tatgtaacaa 1500
ggcaccgcta agcaagcatt gtctgtgcca taacacagta ctagaccact ttcttactte 1560
tctttgggtt gtctttctecce tcectecctatat ccatttctte cttttceccaat ttcattggtt 1620
ttctctaaac agtgctccat tttattttgt tggtgtttca gatgggcagt gttatggcta 1680
cgtgatattt gaagggaagg ataagtgttg ctttcagtag ttattgccaa tattgttgtt 1740
ggtcaatggc ttgaagataa actttctaat aattattatt tctttgagta gctcagactt 1800
ggttttgcca aaactcttgg taatttttga agatagactg tcttatcacc aaggaaattt 1860
atacaaatta agactaactt tcttggaatt cactattctg gcaataaatt ttggtagact 1920
aatacagtac agctagaccc agaaatttgg aaggctgtag atcagaggtt ctagttccct 1980
ttcectectt ttatatccte ctctecttga gtaatgaagt gaccagcctg tgtagtgtga 2040
caaacgtgtc tcattcagca ggaaaaacta atgatatgga tcatcaccca gattctctca 2100
cttggtacca gcatttctgt aggtattaga gaagagttct aagttttcta aaccttaact 2160
gttccttaag gattttagce agtattttaa tagaacatga ttaatgaaag tgacaaattt 2220
taaattttct ctaatagtcc tcatcataaa ctttttaaag gaaaataagc aaactaaaaa 2280
gaacattggt ttagataaat acttatactt tgcaaagtca aaaatggctt gatttttgga 2340
aacaatatag aggtattcat atttaaatga gggtttacat ttgttttgtt ttgtaaccgt 2400
taaaaagaag ttgtttccag ctaattattg tggtgtacta tatttgtgag cctagggtag 2460
gggcactgct gcaacttctg ctttcatcee atgectcatc aatgaggaaa gggaacaaag 2520
tgtataaaac tgccacaatt gtattttaat tttgaggtat gatattttca gatatttcat 2580
aatttctaac ctctgttctc tcagtaaaca gaatgtctga tcgatcatgc agatacaatg 2640
ttggtatttg agaggttagt ttttttccta cacttttttt tgccaactga cttaacaaca 2700
ttgctgtcag gtggaaattt caagcacttt tgcacattta gttcagtgtt tgttgagaat 2760
ccatggctta acccacttgt tttgctattt ttttctttge ttttaatttt ccccatctga 2820
ttttatctct gecgtttcagt gacctacctt aaaacaacac acgagaagag ttaaactggg 2880
ttcattttaa tgatcaattt acctgcatat aaaatttatt tttaatcaag ctgatcttaa 2940
tgtatataat cattctattt gctttattat cggtgcaggt aggtcattaa caccacttct 3000
tttcatetgt accacaccct ggtgaaacct ttgaagacat aaaaaaaacc tgtctgagat 3060
gttctttcta ccaatctata tgtctttcgg ttatcaagtg tttctgcatg gtaatgtcat 3120
gtaaatgctg atattgattt cactggtcca tctatattta aaacgtgcaa gaaaaaaata 3180
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aaatactctg ctctagcaag ttttgtgtaa caaaggcata tcgtcatgtt aataaattta 3240
aaacatcatt cgtataaaat attttaattt tcttgtattt catttagacc caagaacatg 3300
ctgaccaatg tgttctatat gtaaactaca aattctatgg tagctttgtt gtatattatt 3360
gtaaaattat tttaataagt catggggatg acaatttgat tattacaatt tagttttcag 3420
taatcaaaaa gatttctatg aattctaaaa aatatttttt tctatgaaat tactagtgcc 3480
cagctgtaga atctacctta ggtagatgat ccctagacat acgttggttt tgagggctat 3540
tcagccattc cattttactc tctatttaaa ggccgtgage aagcttgtca tgagcaaata 3600
tgtcaaggga gtcaatctct gaccaatcaa gtacactaaa ttagaatatt tttaaagtat 3660
gtaacattcc cagtttcagc cacaatttag ccaagaataa gataaaaact tgaataagaa 3720
gtaagtagca taaatcagta tttaacctaa aattacatat ttgaaacaga agatattatg 3780
ttatgctcag taaataatta agagatggca ttgtgtaaga aggagcccta gactgaaagt 3840
caagacatct gaatttcagg ctggaaaact atcagtatga tctcagcctc agttctcttg 3900
tctgtaagat ggaagaactg gattaggcag tttgtaagat tcctcctaac tttcacagtce 3960
gatgacaaga ttgtcttttt atctgatatt ttgaagggta tattgctttg aagtaagtct 4020
caataaggca atatatttta gggcatcttt cttcttatct ctgacagtgt tcttaaaatt 4080
atttgaatat cataagagcc ttggtgtctg tcctaattcc tttctcacte accgatgetg 4140
aatacccagt tgaatcaaac tgtcaaccta ccaaaaacga tattgtggct tatgggtatt 4200
gctgtctcat tcecttggtata ttettgtgtt aactgcccat tggcecctgaaa atactcattg 4260
taagcctgaa aaaaaaaatc tttcccactg ttttttetge ttgttgtaag aatcaaatga 4320
aataatgtat gtgaaagcac cttgtaaact gtaacctatc aatgtaaaat gttaaggtgt 4380
gttgttattt cattaattac ttctttgttt agaatggaat ttcctatgca ctactgtagce 4440
taggaaatgc tgaaaacaac tgtgtttttt aattaatcaa taactgcaaa attaaagtac 4500
cttcaatgga taagacaaca aaaaaaaaaa aaaaa 4535
<210> SEQ ID NO 21
<211> LENGTH: 1951
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 21
gttegetgga gccctttect cagaccegge ceggtcetteg cgecccggact cectggegeca 60
gegetaggeg cactcaccge tcectgacgggt gcagacgegg gagttgtccce agactgtgga 120
gtggcgggea cggccccage ccccctteee ttecectgace ccttettgece atcgccccag 180
acatggggaa cgcggcgacc gccaagaaag gcagcgaggt ggagagcgtg aaagagttte 240
tagccaaagc caaagaagac tttttgaaaa aatgggagaa tccaactcag aataatgccg 300
gacttgaaga ttttgaaagg aaaaaaaccc ttggaacagg ttcatttgga agagtcatgt 360
tggtaaaaca caaagccact gaacagtatt atgccatgaa gatcttagat aagcagaagg 420
ttgttaaact gaagcaaata gagcatactt tgaatgagaa aagaatatta caggcagtga 480
attttcecttt ccttgttcga ctggagtatg cttttaagga taattctaat ttatacatgg 540
ttatggaata tgtccctggg ggtgaaatgt tttcacatct aagaagaatt ggaaggttca 600
gtgagcccca tgcacggttce tatgcagctce agatagtgct aacattcgag tacctccatt 660
cactagacct catctacaga gatctaaaac ctgaaaatct cttaattgac catcaaggct 720
atatccaggt cacagacttt gggtttgcca aaagagttaa aggcagaact tggacattat 780
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gtggaactcc agagtatttg gctccagaaa taattctcag caagggctac aataaggcag 840
tggattggtg ggcattagga gtgctaatct atgaaatggc agctggctat cccccattct 900
ttgcagacca accaattcag atttatgaaa agattgtttc tggaaagaac ttttgatatg 960
aacaaaacaa aactttgaga aaaattaaca gacaaggcag tgatttattt ttgaagaatt 1020
tgagaagtgt agactctcaa gaggactaaa ggtcatatga agaatgatga gagaaccaaa 1080
atacattaaa atcacaaatg gaagaagaat attttactaa tacaaaaact aagaatgtaa 1140
atgttataat aattgtttca aatcatttaa ttgacagtaa ttataaagtt cttgaatctt 1200
tactatatta cttttattta tacttcatat aagaaatcca gttttctaac aaggatactg 1260
tcataactaa atttacattt attaagaaaa actgctttag ttaaaattaa tgtgtcttca 1320
tttttatgca ttggcctcga tttgccaatc attctctatt ggttaaaatt tatattcage 1380
tgtttatgaa tatatattca ttttatatca aactttaaaa ttttgtatct aataatcagc 1440
atatattcta aaatcataac agtctaaatc ctgggcacct tagaagaatg acaccagaaa 1500
accttattat atcacaatat tctgttttecc ccttcattta tttagaaata tgacaggata 1560
tttggtgtac ttttgttttt taactaaaag taccagattc tctctcccca tgtgggatat 1620
aaaattatcc ccatctctta ctccctttac tcatctaaag tagaagtcat gaaagtggaa 1680
tttttgccat taaaaggctc tgtattatgt gaagttagat tgtattaacc atttcccaat 1740
aaatcatctg tttcaaaact caaattcaaa ctagaatgtg tctctattca cattgcaaaa 1800
atattattgt ctctectggtt agtggctaaa agccaaattg gaaactaact agttttttaa 1860
attttttaaa ttgtgcaaat tattaaaaat ccaatttggt cttataaaaa aaaaaaaaaa 1920
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 1951
<210> SEQ ID NO 22
<211> LENGTH: 2219
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 22
ctagaagaac tcgaccagtg agcaggcgag gaaggggcgg gagccggggt cccggtaget 60
tctagtaggt tccagaaggce ggegegtgeg gttgggaacg cggagcggac ggattcgatt 120
caacggggtt ccggaccgeg ctgcgctatg gagcaggtca atgagctgaa ggagaaaggce 180
aacaaggccc tgagcegtggg taacatcgat gatgecttac agtgctactce cgaagcetatt 240
aagctggatc cccacaacca cgtgctgtac agcaaccgtt ctgctgecta tgccaagaaa 300
ggagactacc agaaggctta tgaggatggc tgcaagactg tcgacctaaa gcctgactgg 360
ggcaagggct attcacgaaa agcagcagct ctagagttct taaaccgctt tgaagaagcec 420
aagcgaacct atgaggaggg cttaaaacac gaggcaaata accctcaact gaaagagggt 480
ttacagaata tggaggccag gttggcagag agaaaattca tgaacccttt caacatgcct 540
aatctgtatc agaagttgga gagtgatccc aggacaagga cactactcag tgatcctacc 600
taccgggagce tgatagagca gctacgaaac aagccttctg acctgggcac gaaactacaa 660
gatccccegga tcatgaccac tctcagegte ctecttgggg tcgatctggg cagtatggat 720
gaggaggaag agattgcaac acctccacca ccacccectce ccaaaaagga gaccaagcca 780
gagccaatgg aagaagatct tccagagaat aagaagcagg cactgaaaga aaaagagctg 840
gggaacgatg cctacaagaa gaaagacttt gacacagcct tgaagcatta cgacaaagcc 900
aaggagctgg accccactaa catgacttac attaccaatc aagcagcggt atactttgaa 960



81

US 8,257,929 B2

-continued
aagggcgact acaataagtg ccgggagctt tgtgagaagg ccattgaagt ggggagagaa 1020
aaccgagaag actatcgaca gattgccaaa gcatatgctc gaattggcaa ctcctactte 1080
aaagaagaaa agtacaagga tgccatccat ttctataaca agtctctggce agagcaccga 1140
accccagatg tgctcaagaa atgccagcag gcagagaaaa tcctgaagga gcaagagcgg 1200
ctggcctaca taaaccccga cctggctttg gaggagaaga acaaaggcaa cgagtgtttt 1260
cagaaagggg actatcccca ggccatgaag cattatacag aagccatcaa aaggaacccg 1320
aaagatgcca aattatacag caatcgagct gcctgctaca ccaaactcct ggagttcecag 1380
ctggcactca aggactgtga ggaatgtatc cagctggagce cgaccttcat caagggttat 1440
acacggaaag ccgctgeget ggaagcgatg aaggactaca ccaaagccat ggatgtgtac 1500
cagaaggcgc tagacctgga ctccagctgt aaggaggcgg cagacggcta ccagegetgt 1560
atgatggcgc agtacaaccg gcacgacagc cccgaagatg tgaagcgacg agccatggcec 1620
gaccctgagg tgcagcagat catgagtgac ccagccatgce gcecttatcct ggaacagatg 1680
cagaaggacc cccaggcact cagcgaacac ttaaagaatc ctgtaatagc acagaagatc 1740
cagaagctga tggatgtggg tctgattgca attcggtgat gacttgttca tcccccctte 1800
ccttegecct catgtggaaa gaggagctgg gaccgeggceg agcagcacgg agcggaaggg 1860
agagcagggg agagaaggcc tcatctctct atatttatac ataaccccgg ggaagacaca 1920
gagactcgta cctgegetgt ttgtgeccgece getgectetg ggeccctecca gcacacgcat 1980
ggtctctteca ccgectgecct cgagttecat gtcetetttee cctgececta gttgetgtet 2040
cggctgetet cccatagttg gttttttttt tatttgggge agtgggcatg ttatggggag 2100
gggagggggt tcttccagcec tcaggtccca gctgtctcac gttgtttatt ctgegteccce 2160
ttctccaata aaacaagcca gttgggcgtg gttatatgtt gaaaaaaaaa aaaaaaaaa 2219
<210> SEQ ID NO 23
<211> LENGTH: 2762
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
tgggtatgaa gtggttggga gaatccaaga acatggtggt gaatggcagg agaaatggag 60
gcaagttgtce taatgaccat cagcagaatc aatcaaaatt acagcacacg gggaaggaca 120
ccctgaagge tggcaaaaat gcagtcgaga ggaggtcgaa cagatgtaat ggtaactcegg 180
gatttgaagg acagagtcgc tatgtaccat cctctggaat gtccgeccaag gaactctgtg 240
aaaatgatga cctagcaacc agtttggttc ttgatcccta tttaggtttt caaacacaca 300
aaatgaatac tagcgccttt ccttcgagga gctcaaggca tttttcaaaa tctgacagtt 360
tttctcacaa caaccctgtg agatttaggc ctattaaagg aaggcaggaa gaactaaagg 420
aagtaattga acgttttaag aaagatgaac acttggagaa agccttcaaa tgtttgactt 480
caggcgaatg ggcacggcac tattttctca acaagaataa aatgcaggag aaattattca 540
aagaacatgt atttatttat ttgcgaatgt ttgcaactga cagtggattt gaaatattgce 600
catgtaatag atactcatca gaacaaaatg gagccaaaat agttgcaaca aaagagtgga 660
aacgaaatga caaaatagaa ttactggtgg gttgtattgc cgaactttca gaaattgagg 720
agaacatgct acttagacat ggagaaaacg acttcagtgt catgtactcc acaaggaaaa 780
actgtgctca actctggetg ggtcectgetg cgtttataaa ccatgattge agacctaatt 840
gtaagtttgt gtcaactggt cgagatacag catgtgtgaa ggctctaaga gacattgaac 900
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ctggagaaga aatttcttgt tattatggag atgggttctt tggagaaaat aatgagttct 960
gcgagtgtta cacttgcgaa agacggggca ctggtgcttt taaatccaga gtgggactgce 1020
ctgcgectge tectgttate aatagcaaat atggactcag agaaacagat aaacgtttaa 1080
ataggcttaa aaagttaggt gacagcagca aaaattcaga cagtcaatct gtcagctcta 1140
acactgatgc agataccact caggaaaaaa acaatgcaac ttctaaccga atcttcagtt 1200
ggcgtaaaaa agaatagcaa gagcagaacg ttaacgaggc aatctatgtc aagaattcca 1260
gcttetteca actctaccte atctaagcta actcatataa ataattccag ggtaccaaag 1320
aaactgaaga agcctgcaaa gcectttactt tcaaagataa aattgagaaa tcattgcaag 1380
cggctggagce aaaagaatgc ctcaagaaaa ctcgaaatgg gaaacttagt actgaaagag 1440
cctaaagtag ttctgtataa aaatttgccc attaaaaaag ataaggagcc agagggacca 1500
gcccaageceg cagttgccag cgggtgcttg actagacacg cggcgagaga acacagacag 1560
aatcctgtga gaggtgctca ttcgcagggg gagagctcege cctgcaccta cataactcegg 1620
cggtcagtga ggacaagaac aaatctgaag gaggcctctg acatcaagct tgaaccaaat 1680
acgttgaatg gctataaaag cagtgtgacg gaaccttgcc ccgacagtgg tgaacagctg 1740
cagccagcte ctgtgctgca ggaggaagaa ctggctcatg agactgcaca aaaaggggag 1800
gcaaagtgtc ataagagtga cacaggcatg tccaaaaaga agtcacgaca aggaaaactt 1860
gtgaaacagt ttgcaaaaat agaggaatct actccagtgc acgattctcc tggaaaagac 1920
gacgcggtac cagatttgat gggtccccat tcectgaccagg gtgagcacag tggcactgtg 1980
ggcgtgectg tgagctacac agactgtget ccttcacceg tcggttgttce agttgtgaca 2040
tcagatagct tcaaaacaaa agacagcttt agaactgcaa aaagtaaaaa gaagaggcga 2100
atcacaaggt atgatgcaca gttaatccta gaaaataact ctgggattcc caaattgact 2160
cttegtagge gtcatgatag cagcagcaaa acaaatgacc aagagaatga tggaatgaac 2220
tcttccaaaa taagcatcaa gttaagcaaa gaccatgaca acgataacaa tctctatgta 2280
gcaaagctta ataatggatt taactcagga tcaggcagta gttctacaaa attaaaaatc 2340
cagctaaaac gagatgagga aaataggggg tcttatacag aggggcttca tgaaaatggg 2400
gtgtgctgca gtgatcctcet ttcectcectettg gagtcectcgaa tggaggtgga tgactatagt 2460
cagtatgagg aagaaagtac agatgattcc tcctecttetg agggcgatga agaggaggat 2520
gactatgatg atgactttga agacgatttt attcctctte cteccagctaa gecgcttgagg 2580
ttaatagttg gaaaagactc tatagatatt gacatttctt caaggagaag agaagatcag 2640
tctttaaggce ttaatgccta agctcttggt cttaacttga cctgggataa ctactttaaa 2700
gaaataaaaa attccagtca attattcctc aactgaaagt ttagtggcag cacttctatt 2760
gt 2762
<210> SEQ ID NO 24
<211> LENGTH: 2660
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 24
ctggaattat ttttggtgat taattttctg ggggggactg ggacgcgggg cccggeggceg 60
cggccecgea tcgcagegge cgggcagegg ggectgggac gegecccgag gaggagceggg 120
gecggegcagg cggagagaac attgaaagta ttctctaage tatttgaaga gagtgactaa 180
atgcacctgg gtcaggctgt ctgtgggtat gaagtggttg ggagaatcca agaacatggt 240
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ggtgaatggc aggagaaatg gaggcaagtt gtctaatgac catcagcaga atcaatcaaa 300
attacagcac acggggaagg acaccctgaa ggctggcaaa aatgcagtcg agaggaggtc 360
gaacagatgt aatggtaact cgggatttga aggacagagt cgctatgtac catcctctgg 420
aatgtccgcce aaggaactct gtgaaaatga tgacctagca accagtttgg ttcttgatcce 480
ctatttaggt tttcaaacac acaaaatgaa tactagcgcc tttccttcecga ggagctcaag 540
gcatttttca aaatctgaca gtttttctca caacaaccct gtgagattta ggectattaa 600
aggaaggcag gaagaactaa aggaagtaat tgaacgtttt aagaaagatg aacacttgga 660
gaaagcctte aaatgtttga cttcaggcga atgggcacgg cactattttc tcaacaagaa 720
taaaatgcag gagaaattat tcaaagaaca tgtatttatt tatttgcgaa tgtttgcaac 780
tgacagtgga tttgaaatat tgccatgtaa tagatactca tcagaacaaa atggagccaa 840
aatagttgca acaaaagagt ggaaacgaaa tgacaaaata gaattactgg tgggttgtat 900
tgccgaactt tcagaaattg aggagaacat gctacttaga catggagaaa acgacttcag 960
tgtcatgtac tccacaagga aaaactgtgc tcaactctgg ctgggtcctg ctgcgtttat 1020
aaaccatgat tgcagaccta attgtaagtt tgtgtcaact ggtcgagata cagcatgtgt 1080
gaaggctcta agagacattg aacctggaga agaaatttct tgttattatg gagatgggtt 1140
ctttggagaa aataatgagt tctgcgagtg ttacacttgc gaaagacggg gcactggtgce 1200
ttttaaatcc agagtgggac tgcctgecgcece tgctecctgtt atcaatagca aatatggact 1260
cagagaaaca gataaacgtt taaataggct taaaaagtta ggtgacagca gcaaaaattc 1320
agacagtcaa tctgtcagct ctaacactga tgcagatacc actcaggaaa aaaacaatgc 1380
aagtaagtaa gggagatttg ataagcatat cttttaaaag tattttcaca caatttgctt 1440
tataaagtgt gcttcagtag ttttaaactt ttaaatactc agagagactg ggacttgtga 1500
gctttggctg cacttcaagg ctctagacgt gatttgagta gaggcacagt ctgtatccca 1560
tctectaactt cagtaccgtce ctctagacta tttttettga ataccttggt aactggatat 1620
gagttcttca tcatatcttc caaggtcatc atatgtttta aacattttca aggtgttaga 1680
gactgtgatg atgtcgctaa gtcctgcaag aagacaaaag gactgagtag aattaaatta 1740
gactctatac attccagtgc ctagccagtt tgttagaaaa gatgatggac ttggggaatt 1800
catagcttct ggccttaagg cttccacctt ttcattgett gectgaccttt ttcaaaacga 1860
actgactcag ttcagcagac caccagtacc agactcagaa ttgtgataga ggagcatttt 1920
gaacagtgcce gtattgtgac atgctgtatt ggctactcca gaaagtagga gtaaagatgg 1980
aaaggagaaa gaagcaacct ctgagattcc agtggtgtgt gggggcaaga tctgatggaa 2040
actgaaaaag agaacgaaga ctaaacaaag agaaaggaaa gagaagaaac cctaaatggg 2100
caaaggaaag cacatcctgt ttgcggagct ttgaaatatt ggaaccattt ctaattgcetce 2160
ctgtttttet gggtaacacc agttttctgt agttgccact aaagcagtag actcttgagt 2220
ctcacttgtc tctgagagag acagaagtta gaaagttttg acttggcgat tccgaaagta 2280
tgcctttgtt ggcacttaaa tgtccagtga gacttcttgg caccttagag ccctctgaga 2340
tactgattat tttaggttct tctccctact ttcagatgtt ttcagcccaa cactgggtge 2400
tctecttecac tacagagaat cctgaagaaa agggaaggtg tttcccatga tggtgaatgt 2460
cactgccatg aattcctgaa tctacctgcet gectgggagtce agagtccaag cataacccgt 2520
gtagcataaa agcagcgctg tagccctatt ccagtcectttt tcgttaatgt ccagagtgaa 2580
caacaagagt tagtcaatca ttaactgttg actgttgatt ctcataataa atgcagcata 2640
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acgacaaaaa aaaaaaaaaa 2660
<210> SEQ ID NO 25
<211> LENGTH: 2771
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 25
tgggtatgaa gtggttggga gaatccaaga acatggtggt gaatggcagg agaaatggag 60
gcaagttgtc taatgaccat cagcagaatc aatcaaaatt acagcacacg gggaaggaca 120
ccctgaagge tggcaaaaat gcagtcgaga ggaggtcgaa cagatgtaat ggtaactegg 180
gatttgaagg acagagtcgc tatgtaccat cctctggaat gtccgeccaag gaactctgtg 240
aaaatgatga cctagcaacc agtttggttc ttgatceccta tttaggtttt caaacacaca 300
aaatgaatac tagcgccttt ccttcgagga gctcaaggca tttttcaaaa tctgacagtt 360
tttctcacaa caaccctgtg agatttaggc ctattaaagg aaggcaggaa gaactaaagg 420
aagtaattga acgttttaag aaagatgaac acttggagaa agccttcaaa tgtttgactt 480
caggcgaatg ggcacggcac tattttctca acaagaataa aatgcaggag aaattattca 540
aagaacatgt atttatttat ttgcgaatgt ttgcaactga cagtggattt gaaatattgce 600
catgtaatag atactcatca gaacaaaatg gagccaaaat agttgcaaca aaagagtgga 660
aacgaaatga caaaatagaa ttactggtgg gttgtattgc cgaactttca gaaattgagg 720
agaacatgct acttagacat ggagaaaacg acttcagtgt catgtactcc acaaggaaaa 780
actgtgctca actctggetyg ggtcecctgetg cgtttataaa ccatgattge agacctaatt 840
gtaagtttgt gtcaactggt cgagatacag catgtgtgaa ggctctaaga gacattgaac 900
ctggagaaga aatttcttgt tattatggag atgggttctt tggagaaaat aatgagttct 960
gcgagtgtta cacttgcgaa agacggggca ctggtgcttt taaatccaga gtgggactgce 1020
ctgcgectge tecctgttate aatagcaaat atggactcag agaaacagat aaacgtttaa 1080
ataggcttaa aaagttaggt gacagcagca aaaattcaga cagtcaatct gtcagctcta 1140
acactgatgc agataccact caggaaaaaa acaatgcaac ttctaaccga aaatcttcag 1200
ttggcgtaaa aaagaatagc aagagcagaa cgttaacgag gcaatctatg tcaagaattc 1260
cagcttette caactctacc tcatctaage taactcatat aaataattcc agggtaccaa 1320
agaaactgaa gaagcctgca aagcectttac tttcaaagat aaaattgaga aatcattgceca 1380
agcggctgga gcaaaagaat gcttcaagaa aactcgaaat gggaaactta gtactgaaag 1440
agcctaaagt agttctgtat aaaaatttgc ccattaaaaa agataaggag ccagagggac 1500
cagcccaagce cgcagttgec agcgggtgct tgactagaca cgcggcgaga gaacacagac 1560
agaatcctgt gagaggtgct cattcgcagg gggagagctce gccctgcacce tacataactce 1620
ggcggtcagt gaggacaaga acaaatctga aggaggcctc tgacatcaag cttgaaccaa 1680
atacgttgaa tggctataaa agcagtgtga cggaaccttg ccccgacagt ggtgaacagce 1740
tgcagccage tcctgtgetg caggaggaag aactggctca tgagactgca caaaaagggg 1800
aggcaaagtg tcataagagt gacacaggca tgtccaaaaa gaagtcacga caaggaaaac 1860
ttgtgaaaca gtttgcaaaa atagaggaat ctactccagt gcacgattct cctggaaaag 1920
acgacgceggt accagatttg atgggtccce attctgacca gggtgagcac agtggcactg 1980
tgggegtgce tgtgagctac acagactgtg ctccttecacce cgtcggttgt tcagttgtga 2040
catcagatag cttcaaaaca aaagacagct ttagaactgc aaaaagtaaa aagaagaggc 2100



89

US 8,257,929 B2

-continued
gaatcacaag gtatgatgca cagttaatcc tagaaaataa ctctgggatt cccaaattga 2160
ctcttegtag gegtcatgat agcagcagca aaacaaatga ccaagagaat gatggaatga 2220
actcttccaa aataagcatc aagttaagca aagaccatga caacgataac aatctctatg 2280
tagcaaagct taataatgga tttaactcag gatcaggcag tagttctaca aaattaaaaa 2340
tccagctaaa acgagatgag gaaaataggg ggtcttatac agaggggctt catgaaaatg 2400
gggtgtgctg cagtgatcct ctttctctect tggagtcteg aatggaggtg gatgactata 2460
gtcagtatga ggaagaaagt acagatgatt cctcctcectte tgagggcgat gaagaggagg 2520
atgactatga tgatgacttt gaagacgatt ttattcctect tectecaget aagegcettga 2580
ggttaatagt tggaaaagac tctatagata ttgacatttc ttcaaggaga agagaagatc 2640
agtctttaag gcttaatgcc taagctcttg gtcttaactt gacctgggat aactacttta 2700
aagaaataaa aaattccagt caattattcc tcaactgaaa gtttagtggc agcacttcta 2760
ttgtcecctte a 2771
<210> SEQ ID NO 26
<211> LENGTH: 2102
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 26
ttactctcca tttttctectg gaattatttt tggtgattaa ttttcetgggg gggactggga 60
cgeggggece ggeggegegyg ccccgcateg cageggecgg gecagegggge ctgggacgeg 120
ccccgaggag gagcggggeg gcgcaggcegg agagaacatt gaaagtattce tctaagctat 180
ttgaagagag tgactaaatg cacctgggtc aggctgtctg tgggtatgaa gtggttggga 240
gaatccaaga acatggtggt gaatggcagg agaaatggag gcaagttgtc taatgaccat 300
cagcagaatc aatcaaaatt acagcacacg gggaaggaca ccctgaaggc tggcaaaaat 360
gcagttgaga ggaggtcgaa cagatgtaat ggtaactcgg gatttgaagg acagagtcgc 420
tatgtaccat cctctggaat gtccgccaag gaactctgtg aaaatgatga cctagcaacc 480
agtttggttc ttgatcccta tttaggtttt caaacacaca aaatgaatac tagcgccttt 540
ccttecgagga gctcaaggca tttttcaaaa tctgacagtt tttctcacaa caaccctgtg 600
agatttaggc ctattaaagg aaggcaggaa gaactaaagg aagtaattga acgttttaag 660
aaagatgaac acttggagaa agccttcaaa tgtttgactt caggcgaatg ggcacggcac 720
tattttctca acaagaataa aatgcaggag aaattattca aagaacatgt atttatttat 780
ttgcgaatgt ttgcaactga cagtggattt gaaatattgc catgtaatag atactcatca 840
gaacaaaatg gagccaaaat agttgcaaca aaagagtgga aacgaaatga caaaatagaa 900
ttactggtgg gttgtattgc cgaactttca gaaattgagg agaacatgct acttagacat 960
ggagaaaacg acttcagtgt catgtactcc acaaggaaaa actgtgctca actctggctg 1020
ggtcctgetg cgtttataaa ccatgattgce agacctaatt gtaagtttgt gtcaactggt 1080
cgagatacag catgtgtgaa ggctctaaga gacattgaac ctggagaaga aatttcttgt 1140
tattatggag atgggttctt tggagaaaat aatgagttct gcgagtgtta cacttgcgaa 1200
agacggggca ctggtgcttt taaatccaga gtgggactgce ctgcgecctgce tcctgttatce 1260
aatagcaaat atggactcag agaaacagat aaacgtttaa ataggcttaa aaagttaggt 1320
gacagcagca aaaattcaga cagtcaatct gtcagctcta acactgatgc agataccact 1380
caggaaaaaa acaatgcaag taagtaaggg agatttgata agcatatctt ttaaaagtat 1440
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tttcacacaa tttgctttat aaagtgtgct tcagtagttt taaactttta aatactcaga 1500
gagactggga cttgtgagct ttggctgcac ttcaaggctc tagacgtgat ttgagtagag 1560
gcacagtctg tatcccatct ctaacttcag taccgteccte tagactattt ttcttgaata 1620
ccttggtaac tggatatgag ttcttcatca tatgttccaa ggtcatcata tgttttaaac 1680
attttcaagg tgttagagac tgtgatgatg tcgctaagtc ctgcaagaag acaaaaggac 1740
tgagtagaat taaattagac tctatacatt ccagtgccta gccagtttgt tagaaaagat 1800
gatggacttg gggaattcat agcttctggce cttaaggctt ccaccttttce attgecttget 1860
gaccttttte aaaacgaact gactcagttc agcagaccac cagtaccaga ctcagaattg 1920
tgatagagga gcattttgaa cagtgccgta ttgtgacatg ctgtattggce tactccagaa 1980
agtaggagta aagatggaaa ggagaaagaa gcaacctctg agattccagt ggtgtgtggg 2040
ggcaagatct gatggaaact gaaaaagaga acgaagacta aacaaagaaa aaaaaaaaaa 2100
aa 2102
<210> SEQ ID NO 27
<211> LENGTH: 2658
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 27
attatttttg gtgattaatt ttctgggggg gactgggacg cggggcccgg cggcgeggec 60
ccgecatecgca gecggecggge ageggggect gggacgegee ccgaggagga goggggcegge 120
gcaggcggag agaacattga aagtattctc taagctattt gaagagagtg actaaatgca 180
cctgggtcag gctgtctgtyg ggtatgaagt ggttgggaga atccaagaac atggtggtga 240
atggcaggag aaatggaggc aagttgtcta atgaccatca gcagaatcaa tcaaaattac 300
agcacacggg gaaggacacc ctgaaggctg gcaaaaatgc agtcgagagg aggtcgaaca 360
gatgtaatgg taactcggga tttgaaggac agagtcgcta tgtaccatcc tctggaatgt 420
ccgccaagga actctgtgaa aatgatgacc tagcaaccag tttggttctt gatccctatt 480
taggttttca aacacacaaa atgaatacta gcgcctttcc ttcgaggagce tcaaggcatt 540
tttcaaaatc tgacagtttt tctcacaaca accctgtgag atttaggcct attaaaggaa 600
ggcaggaaga actaaaggaa dgtaattgaac gttttaagaa agatgaacac ttggagaaag 660
ccttcaaatg tttgacttca ggcgaatggg cacggcacta ttttctcaac aagaataaaa 720
tgcaggagaa attattcaaa gaacatgtat ttatttattt gcgaatgttt gcaactgaca 780
gtggatttga aatattgcca tgtaatagat actcatcaga acaaaatgga gccaaaatag 840
ttgcaacaaa agagtggaaa cgaaatgaca aaatagaatt actggtgggt tgtattgccg 900
aactttcaga aattgaggag aacatgctac ttagacatgg agaaaacgac ttcagtgtca 960
tgtactccac aaggaaaaac tgtgctcaac tctggetggg tcecctgetgeg tttataaacce 1020
atgattgcag acctaattgt aagtttgtgt caactggtcg agatacagca tgtgtgaagg 1080
ctctaagaga cattgaacct ggagaagaaa tttcttgtta ttatggagat gggttctttg 1140
gagaaaataa tgagttctgc gagtgttaca cttgcgaaag acggggcact ggtgctttta 1200
aatccagagt gggactgcct gecgectgcecte ctgttatcaa tagcaaatat ggactcagag 1260
aaacagataa acgtttaaat aggcttaaaa agttaggtga cagcagcaaa aattcagaca 1320
gtcaatctgt cagctctaac actgatgcag ataccactca ggaaaaaaac aatgcaagta 1380
agtaagggag atttgataag catatctttt aaaagtattt tcacacaatt tgctttataa 1440
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agtgtgcttc agtagtttta aacttttaaa tactcagaga gactgggact tgtgagcttt 1500
ggctgcactt caaggctcta gacgtgattt gagtagaggc acagtctgta tcccatctcet 1560
aacttcagta ccgtcctcta gactattttt cttgaatacc ttggtaactg gatatgagtt 1620
cttcatcata tgttccaagg tcatcatatg ttttaaacat tttcaaggtg ttagagactg 1680
tgatgatgtc gctaagtcct gcaagaagac aaaaggactg agtagaatta aattagactc 1740
tatacattcc agtgcctage cagtttgtta gaaaagatga tggacttggg gaattcatag 1800
cttctggecct taaggcttcecc accttttcat tgettgectga cctttttcaa aacgaactga 1860
ctcagttcag cagaccacca gtaccagact cagaattgtg atagaggagc attttgaaca 1920
gtgccgtatt gtgacatgct gtattggcta ctccagaaag taggagtaaa gatggaaagg 1980
agaaagaagc aacctctgag attccagtgg tgtgtggggg caagatctga tggaaactga 2040
aaaagagaac gaagactaaa caaagagaaa ggaaagagaa gaaaccctaa atgggcaaag 2100
gaaagcacat cctgtttgceg gagctttgaa atattggaac catttctaat tgctecctgtt 2160
tttctgggta acaccagttt tctgtagttg ccactaaagc agtagactct tgagtctcac 2220
ttgtctctga gagagacaga agttagaaag ttttgacttg gcgattccga aagtatgect 2280
ttgttggcac ttaaatgtcc agtgagactt cttggcacct tagagccctce tgagatactg 2340
attattttag gttcttctee ctactttcag atgttttcag cccaacactg ggtgctcectet 2400
tccactacag agaatcctga agaaaaggga aggtgtttcecc catgatggtg aatgtcactg 2460
ccatgaattc ctgaatctac ctgctgctgg gagtcagagt ccaagcataa cccgtgtage 2520
ataaaagcag cgctgtagcc ctattccagt ctttttegtt aatgtccaga gtgaacaaca 2580
agagttagtc aatcattaac tgttgactgt tgattctcat aataaatgca gcataacgac 2640
aaaaaaaaaa aaaaaaaa 2658
<210> SEQ ID NO 28
<211> LENGTH: 2292
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 28
gttacacttg cgaaagacgg ggcactggtg cttttaaatc cagagtggga ctgcctgege 60
ctgctectgt tatcaatage aaatatggac tcagagaaac agataaacgt ttaaataggce 120
ttaaaaagtt aggtgacagc agcaaaaatt cagacagtca atctgtcagc tctaacactg 180
atgcagatac cactcaggaa aaaaacaatg caacttctaa ccgaaaatct tcagttggcg 240
taaaaaagaa tagcaagagc agaacgttaa cgaggcaatc tatgtcaaga attccagctt 300
cttccaactc tacctcatct aagctaactc atataaataa ttccagggta ccaaagaaac 360
tgaagaagcc tgcaaagcct ttactttcaa agataaaatt gagaaatcat tgcaagcggce 420
tggagcaaaa gaatgcttca agaaaactcg aaatgggaaa cttagtactg aaagagccta 480
aagtagttct gtataaaaat ttgcccatta aaaaagataa ggagccagag ggaccagccc 540
aagccgeagt tgccageggg tgettgacta gacacgegge gagagaacac agacagaatc 600
ctgtgagagg tgctcattcg cagggggaga gctcgecctg cacctacata actcggeggt 660
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cagtgaggac aagaacaaat ctgaaggagg cctctgacat caagcttgaa ccaaatacgt 720
tgaatggcta taaaagcagt gtgacggaac cttgccccga cagtggtgaa cagctgcagce 780
cagctecctgt gctgcaggag gaagaactgg ctcatgagac tgcacaaaaa ggggaggcaa 840
agtgtcataa gagtgacaca ggcatgtcca aaaagaagtc acgacaagga aaacttgtga 900
aacagtttgc aaaaatagag gaatctactc cagtgcacga ttctcctgga aaagacgacg 960

cggtaccaga tttgatgggt ccccattctg accagggtga gcacagtggce actgtgggcg 1020

tgcctgtgag ctacacagac tgtgctecctt caccegtegg ttgttcagtt gtgacatcag 1080

atagcttcaa aacaaaagac agctttagaa ctgcaaaaag taaaaagaag aggcgaatca 1140

caaggtatga tgcacagtta atcctagaaa ataactct attcccaaa ttgactctte 1200
g9 g g g g 99 9 g

gtaggcgtca tgatagcagc agcaaaacaa atgaccaaga gaatgatgga atgaactctt 1260

ccaaaataag catcaagtta agcaaagacc atgacaacga taacaatctc tatgtagcaa 1320

agcttaataa tggatttaac tcaggatcag gcagtagttc tacaaaatta aaaatccagc 1380

taaaacgaga tgaggaaaat agggggtctt atacagaggg gcttcatgaa aatggggtgt 1440

gctgcagtga tecctetttet ctettggagt ctcgaatgga ggtggatgac tatagtcagt 1500

atgaggaaga aagtacagat gattcctcct cttctgaggg cgatgaagag gaggatgact 1560

atgatgatga ctttgaagac gattttattc ctcttcctecc agctaagcge ttgaggttaa 1620

tagttggaaa agactctata gatattgaca tttcttcaag gagaagagaa gatcagtctt 1680

taaggcttaa tgcctaaget cttggtcectta acttgacctg ggataactac tttaaagaaa 1740

taaaaaattc

cagtcaatta ttcctcaact gaaagtttag tggcagcact tctattgtec 1800

cttcacttat cagcatacta ttgtagaaag tgtacagcat actgactcaa ttcttaagtc 1860

tgatttgtgc aaatttttat cgtacttttt aaatagcctt cttacgtgca attctgagtt 1920

agaggtaaag ccctgttgta aaataaaggc tcaagcaaaa ttgtacagtg atagcaactt 1980

tccacacagg acgttgaaaa cagtaatgtg gctacacagt ttttttaact gtaagagcat 2040

cagctggctce tttaatatat gactaaacaa taatttaaaa caaatcatag tagcagcata 2100

ttaagggttt ctagtatgct aatatcacca gcaatgatct ttggcttttt gatttatttg 2160

ctagatgttt cccccttgga gttttgtcag tttcacactg tttgectggece caggtgtact 2220

gtttgtggecce tttgttaata tcgcaaacca ttggttggga gtcagattgg tttcttaaaa 2280

aaaaaaaaaa aa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 29

atgggatcte tgccccagte a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 30

2292

Synthetic

21

Synthetic
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caagtgctca ccatgettt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 31

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

probe
<400> SEQUENCE: 31

tttttatgca cccaccgcag ¢

OTHER INFORMATION: Description of Artificial Sequence:

19

Synthetic

21

What is claimed is:

1. A method of diagnosing Parkinson’s Disease in a patient,
comprising: detecting the level of expression of one or more
genes selected from the group consisting of: the mitochon-
drial ribosome protein S6 (MRPS6) gene, the solute carrier
family 5 gene (SLC5A3), the solute carrier family 38, mem-
ber 2 gene (SLC38A2), the cAMP dependent protein kinase,
the beta catalytic subunit gene (PRKACB), the cysteine and
histidine-rich containing zinc binding protein 1 gene
(CHORDC1), and the FUS interacting protein (serine/argin-
ine-rich) 1 gene (FUSIP1), in a biological sample from said
patient, wherein differential expression of said one or more
genes in the sample as compared to control levels of expres-
sion of said one or more genes is indicative of Parkinson’s
Disease.

2. The method of claim 1, wherein said biological sample
is blood.

3. The method of claim 1, wherein the sample is a brain
tissue sample.

4. The method of claim 1, wherein the patient is exhibiting
symptoms of Parkinson’s Disease or is being treated for Par-
kinson’s Disease.

5. The method of claim 1, wherein the level of expression
of one or more genes is determined by a nucleic acid poly-
merization or hybridization technology.

6. The method of claim 1, wherein at least one of said genes
comprises MRPS6, SLC5A3, SLC38A2, PRKACB,
CHORDCI, and FUSIP1.

7. The method of claim 1, wherein said one or more genes
include at least two of MRPS6, CHORDCI1, SLC38A2,
SLC5A3, PRKACB and FUSIPI.

8. The method of claim 1, wherein said one or more genes
are differentially expressed in one or more brain regions of the
Parkinson’s Disease patient, said brain regions being selected
from the group consisting of substantia nigra, ventral tegmen-
tal area, cingulate cortex (BA35), insular cortex, amygdala,
nucleus basalis, caudate, putamen, nucleus accumbens, glo-
bus pallidus, mediodorsal thalamus, pulvinar, subthalamic
nucleus, nucleus ambiguous, cerebellar hemisphere, anterior
cerebellar vermis, dorsal raphe, locus ceruleus, hypothala-
mus, hippocampus and reticular formation.

9. The method of claim 1, wherein the level of expression
of said one or more genes is normalized to the expression
level of a housekeeping gene as a control.

10. The method of claim 1, further comprising, treating
said patient for Parkinson’s Disease.

11. A method for evaluating Parkinson’s Disease in a
patient, comprising:

(a) determining a first level of expression of one or more

genes selected from the group consisting of: MRPS6,
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SLCS5A3, SLC38A2, PRKACB, CHORDCI, and
FUSIPI, in a biological sample from a Parkinson’s Dis-
ease patient;

(b) administering to said patient a treatment for Parkin-

son’s Disease; and

(c) determining a second level of expression of said one or

more genes in a biological sample obtained from the
patient during the course of said treatment, wherein dif-
ferential expression of said one or more genes in the first
sample as compared to the second sample is indicative of
effective treatment for Parkinson’s Disease.

12. The method of claim 11, wherein the biological
samples are blood samples.

13. The method of claim 11, wherein at least one of said
genes comprises MRPS6, SLC5A3, SLC38A2, PRKACB,
CHORDC1, and FUSIPI.

14. The method of claim 11, wherein the one or more genes
are differentially expressed in one or more brain regions of the
Parkinson’s Disease patient, said one or more brain regions
being selected from the group consisting of substantia nigra,
ventral tegmental area, cingulate cortex (BA35), insular cor-
tex, amygdala, nucleus basalis, caudate, putamen, nucleus
accumbens, globus pallidus, mediodorsal thalamus, pulvinar,
subthalamic nucleus, nucleus ambiguous, cerebellar hemi-
sphere, anterior cerebellar vermis, dorsal raphe, locus cer-
uleus, hypothalamus, hippocampus and reticular formation.

15. The method of claim 11, wherein the level of expres-
sion of said one or more genes is normalized to the expression
level of a housekeeping gene as a control.

16. A method of diagnosing Parkinson’s Disease in a
patient, comprising:

detecting the level of one or more gene products in a

biological sample from said patient, said one or more
gene products being the translation products of one or
more genes selected from the group consisting of:
MRPS6, SLC5A3, SLC38A2, PRKACB, CHORDCI,
and FUSIP1, wherein a difference in the levels of said
one or more gene products in the sample as compared to
control levels is indicative of Parkinson’s Disease.

17. The method of claim 16, wherein said biological
sample is blood.

18. The method of claim 16, wherein the patient is exhib-
iting symptoms of Parkinson’s Disease or is being treated for
Parkinson’s Disease.

19. The method of claim 16, wherein the level of the one or
more gene products is determined by an immunological
assay.

20. The method of claim 16, wherein at least one said gene
product comprises MRPS6, SLC5A3, SLC38A2, PRKACB,
CHORDC1, and FUSIP1.
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21. The method of claim 16, wherein said one or more gene
products include at least two of MRPS6, SLC5A3, SLC38A2,
PRKACB, CHORDC1, and FUSIP1.

22. The method of claim 16, wherein the gene product is
differentially expressed in one or more brain regions of the
Parkinson’s Disease patient, the one or more brain regions
being selected from the group consisting of substantia nigra,
ventral tegmental area, cingulate cortex (BA35), insular cor-
tex, amygdala, nucleus basalis, caudate, putamen, nucleus
accumbens, globus pallidus, mediodorsal thalamus, pulvinar,
subthalamic nucleus, nucleus ambiguous, cerebellar hemi-
sphere, anterior cerebellar vermis, dorsal raphe, locus cer-
uleus, hypothalamus, hippocampus and reticular formation.

23. A method for evaluating Parkinson’s Disease in a
patient, comprising:

(a) determining a first level of one or more gene products in

a biological sample from a Parkinson’s Disease patient,
said one or more gene products being translation prod-
ucts of genes selected from the group consisting of:
MRPS6, SLC5A3, SLC38A2, PRKACB, CHORDCI,
and FUSIP1;

(b) administering to said patient a treatment for Parkin-

son’s Disease; and

(c) determining a second level of said one or more gene

products in a biological sample obtained from the

10

15

20

100

patient during the course of said treatment, wherein a
difference in the levels of said one or more gene products
in the first sample as compared to the second sample is
indicative of effective treatment for Parkinson’s Dis-
ease.

24. The method of claim 23, wherein the biological
samples are blood samples.

25. The method of claim 23, wherein at least one said gene
product comprises MRPS6, SLC5A3, SLC38A2, PRKACB,
CHORDCI1, and FUSIP1.

26. The method of claim 23, wherein said one or more gene
products include at least two of MRPS6, SLC5A3, SLC38A2,
PRKACB, CHORDC]1, and FUSIP1.

27. The method of claim 23, wherein the gene product is
differentially expressed in one or more brain regions of the
Parkinson’s Disease patient, the one or more brain regions
being selected from the group consisting of substantia nigra,
ventral tegmental area, cingulate cortex (BA35), insular cor-
tex, amygdala, nucleus basalis, caudate, putamen, nucleus
accumbens, globus pallidus, mediodorsal thalamus, pulvinar,
subthalamic nucleus, nucleus ambiguous, cerebellar hemi-
sphere, anterior cerebellar vermis, dorsal raphe, locus cer-
uleus, hypothalamus, hippocampus and reticular formation.
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