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(57) ABSTRACT

The present invention relates to use of PAK4 and CRTC1 for
the treatment or diagnosis of a degenerative brain disease.
Specifically, the present invention relates to a pharmaceuti-
cal composition for the prevention or treatment of a degen-
erative brain disease comprising PAK4 (p2l-activated
kinase 4) or a PAK4 activator as an effective ingredient. In
addition, the present invention relates to a pharmaceutical
composition for the prevention or treatment of a degenera-
tive brain disease comprising a CRTC1 expression enhancer
or activator as an effective ingredient, a diagnostic kit for a
degenerative brain disease comprising an agent for detecting
CRTC1, and a method for screening a substance for the
prevention or treatment of a degenerative brain disease,
comprising (a) applying a candidate drug to brain tissue or
brain cells containing CRTC1 gene or CRTCI protein; (b)
measuring the degree of phosphorylation in CRTC1; and (c)
determining the candidate drug as a substance for the
prevention or treatment of a degenerative brain disease when
the measurement in step (b) indicates that the phosphory-
lation in CRTC1 is increased.

Specification includes a Sequence Listing.
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USE OF PAK4 AND CRTC1 FOR
TREATMENT OR DIAGNOSIS OF BRAIN
DEGENERATIVE DISEASE

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] The present invention relates to use of PAK4 and
CRTC1 for the treatment or diagnosis of a degenerative
brain disease.

(b) Description of the Related Art

[0002] A degenerative brain disease refers to a disease that
occurs in the brain among other degenerative diseases
occurring with age, and may be classified according to main
symptoms and affected brain areas. It typically includes
Alzheimer’s disease or Parkinson’s disease, or the like. A
degenerative brain disease is known to be caused by neu-
ronal death resulting from protein aggregation due to age-
related neurodegeneration and other genetic/environmental
factors. However, the exact cause thereof has not yet been
found, and basic researches are being actively conducted to
identify the cause.

[0003] Along with Alzheimer’s disease, Parkinson’s dis-
ease is one of the typical degenerative neurological diseases
occurring in old age. It affects about 1% of the population
aged 65 years and its incident rate increases with age.
Symptoms of Parkinson’s disease may be largely divided
into primary symptoms and secondary symptoms. Primary
symptoms refer to direct phenomena generated due to neu-
ronal destruction in substantia nigra and include stiffness,
tremors, slow or diminished movement, postural imbalance
and gait disorders. Secondary symptoms refer to symptoms
that arise from primary symptoms or are caused by other
affected nervous systems rather than substantia nigra.
[0004] As for therapies currently used for treating Parkin-
son’s disease, there are a drug therapy, a surgical therapy, a
physical therapy, and the like. In the case of the drug therapy,
in general, use is made of drugs for replenishing dopamine
which is deficient in the brain, for correcting imbalance of
neurotransmitters due to deficiency of dopamine, for pre-
venting or delaying neuronal destruction, and for controlling
other symptoms such as depression, and the like. Examples
thereof include amantadine, an anticholinergic drug, [.-dopa,
Sinemet, Madopar, a dopamine agonist, Elderpyrl, an anti-
depressant, and the like. However, since these drugs are
incapable of reviving dead neurons, there are limitations that
they are not intended for complete recovery but for control
of symptoms. In addition, side effects of drugs may cause
problems with long-term administration.

[0005] Accordingly, there is a need to identify the under-
lying cause of a degenerative brain disease and to develop a
new therapeutic agent capable of blocking the cause of
disease, not intended for improving symptoms, thereby
exhibiting an effective therapeutic effect.

[0006] On the other hand, PAK (p21-activated kinase) is
an important regulator involved in various cellular pro-
cesses. PAK may be divided into two groups, Group I
consisting of PAKs 1 to 3 and Group II consisting of PAKs
4 to 6. Among PAK isoforms, PAK4 is known to play an
important role in the rearrangement of actin cytoskeleton,
thereby having a great influence on the morphology and
motility of cells. PAK4 is also known to mediate the
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antiapoptotic effect of keratinocyte growth factor. In addi-
tion, once the expression of PAK4 is suppressed, it is known
that signal transduction involved in cell survival is sup-
pressed and thus death of HeLa cells by TNF-a is promoted.
Further, it has been found that in mice in which PAK4 gene
is deficient, embryonic development does not normally
occur and mice are dead at an embryonic development stage.
However, the specific action mechanism and role of PAK4
on a degenerative brain disease have not been elucidated yet.
[0007] While studying the role of PAK4 in the pathogen-
esis of a degenerative brain disease, the present inventors
have found that activation of PAK4 by phosphorylation
phosphorylates the serine 215 residue in CRTC1 and
enhances the activity of the transcription factor CREB so
that the expression of brain cell protective factors is pro-
moted, thereby ameliorating, preventing and treating symp-
toms of a degenerative brain disease. Based on this finding,
the present inventors have completed the present invention.

CITATION LIST

Patent Literature

[0008] Patent Literature 1: Korean Laid-open Patent Pub-
lication 10-2017-0036929

SUMMARY OF THE INVENTION

[0009] Accordingly, an object of the present invention is to
provide a pharmaceutical composition for the prevention or
treatment of a degenerative brain disease including PAK4
(p21-activated kinase 4) or a PAK4 activator as an effective
ingredient.

[0010] Another object of the present invention is to pro-
vide a pharmaceutical composition for the prevention or
treatment of a degenerative brain disease including a CRTC1
((cyclic adenosine 3',5'-monophosphate response element-
binding protein) regulated transcription coactivator 1)
expression enhancer or activator as an effective ingredient.
[0011] A further object of the present invention is to
provide a diagnostic kit for a degenerative brain discase
including an agent for detecting CRTC1 ((cyclic adenosine
3',5'-monophosphate response element-binding protein)
regulated transcription coactivator 1).

[0012] A still further object of the present invention is to
provide a method for screening a substance for the preven-
tion or treatment of a degenerative brain disease

[0013] In order to achieve the above objects, the present
invention provides a pharmaceutical composition for the
prevention or treatment of a degenerative brain disease
including PAK4 (p21-activated kinase 4) or a PAK4 activa-
tor as an effective ingredient.

[0014] Inoneembodiment of the present invention, PAK4
(p21-activated kinase 4) consists of the amino acid sequence
of SEQ ID NO: 1, and the PAK4 activator may be a protein,
compound or probe capable of enhancing the expression or
activity of PAK4.

[0015] In one embodiment of the present invention, PAK4
(p21-activated kinase 4) may be one in which a gene
encoding the PAK4 amino acid sequence of SEQ ID NO: 1
is inserted into an expression vector.

[0016] In addition, the present invention provides a phar-
maceutical composition for the prevention or treatment of a
degenerative brain disease including a CRTC1 ((cyclic
adenosine 3',5'-monophosphate response element-binding
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protein) regulated transcription coactivator 1) expression
enhancer or activator as an effective ingredient.

[0017] In one embodiment of the present invention,
CRTC1 consists of the amino acid sequence of SEQ ID NO:
3, and the CRTCI1 expression enhancer or activator may be
one which increases the expression or activity of CRTC1 in
brain tissue, thereby increasing the expression or activity of
CREB (cyclic adenosine 3',5'-monophosphate response ele-
ment-binding protein).

[0018] In one embodiment of the present invention, the
CRTC1 expression enhancer or activator may be a com-
pound, a peptide, a probe, or an antibody.

[0019] In one embodiment of the present invention, the
CRTC1 expression enhancer or activator may be one which
phosphorylates the serine 215 residue in the CRTC1 amino
acid sequence of SEQ ID NO: 3.

[0020] In one embodiment of the present invention, the
degenerative brain disease may be one selected from the
group consisting of Alzheimer’s disease, Parkinson’s dis-
ease, Huntington’s disease, Lou Gehrig’s disease, Niemann-
Pick disease, and stroke.

[0021] In addition, the present invention provides a diag-
nostic kit for a degenerative brain disease including an agent
for detecting CRTC1 ((cyclic adenosine 3',5'-monophos-
phate response element-binding protein) regulated transcrip-
tion coactivator 1).

[0022] In one embodiment of the present invention, the
agent may be a compound, peptide, probe or antibody,
specific for CRTC1.

[0023] Furthermore, the present invention provides a
method for screening a substance for the prevention or
treatment of a degenerative brain disease, comprising (a)
applying a candidate drug to brain tissue or brain cells
containing CRTC1 gene or CRTC1 protein; (b) measuring
the degree of phosphorylation in CRTC1; and (¢) determin-
ing the candidate drug as a substance for the prevention or
treatment of a degenerative brain disease when the measure-
ment in step (b) indicates that the phosphorylation in CRTC1
is increased.

[0024] In one embodiment of the present invention, the
CRTC1 phosphorylation in step (b) may be phosphorylation
on the serine 215 residue in the CRTC1 amino acid sequence
of SEQ ID NO: 3.

[0025] In one embodiment of the present invention, the
measurement in step (¢) may be performed using one
selected from the group consisting of Western blot, immu-
noprecipitation assay, enzyme linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), and immunohisto-
chemical analysis.

[0026] In one embodiment of the present invention, the
degenerative brain disease may be one selected from the
group consisting of Alzheimer’s disease, Parkinson’s dis-
ease, Huntington’s disease, Lou Gehrig’s disease, Niemann-
Pick disease, and stroke.

[0027] The present invention relates to use of PAK4 and
CRTC1, and more specifically, to pharmaceutical composi-
tions for the prevention or treatment of a degenerative brain
disease including PAK4 (p21-activated kinase 4) or a
CRTC1 activator as an effective ingredient, diagnostic kits
and methods for screening a therapeutic drug. In the present
invention, it has been found that when PAK4 has increased
protein level and has increased activity by phosphorylation,
it is possible to suppress dopaminergic neuronal death in a
degenerative brain disease and to ameliorate abnormal
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behavioral symptoms. In addition, it has been found that
activation of PAK4 specifically phosphorylates the serine
215 residue in CRTC1 and promotes the activity of the
transcription factor CREB so that the expression of brain
cell protective factors is increased, thereby ultimately pre-
venting or treating symptoms of a degenerative brain dis-
ease. Accordingly, PAK4 or a CRTCI expression or activa-
tor can be developed as a new therapeutic agent for a
degenerative brain disease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows the results of analysis for the effect
of PAK4 activity (PAK4 expression level and PAK4 phos-
phorylation level) on the survival of DA neurons. A repre-
sents the results where the expression of PAK4 and the
degree of phosphorylation of PAK4 were checked by West-
ern blot for the samples (substantia nigra lysates) derived
from a normal group and patients with Parkinson’s disease.
B is a graph obtained by quantitatively analyzing the results
in A. C is the results where the location and the expression
level of each protein were checked with a confocal micro-
scope; pPAK4 is indicated in red, and PAK4 is indicated in
green. D and E are graphs obtained by quantifying the
degree of staining for pPAK4 and PAK4, respectively, in DA
neurons. F represents the ratio of pPAK4/PAK4 in DA
neurons, wherein the following abbreviations are used: YC:
young control, AC: age-matched control, PD: PD patient.
[0029] FIG. 2 shows the results of analysis for degree of
brain cytotoxicity caused by 6-OHDA when PAK4 is
knocked-down with shPAK4. A to C represent the expres-
sion level for pPAK4 and PAK4 in a mouse model of
Parkinson’s disease induced by injecting 6-OHDA by way
of Western blot results (A), a graph obtained by quantifying
the Western blot results (B), and the results of analysis by
fluorescence microscopy (C, green-TH, red-pPAK4). D rep-
resents the experimental schedule using mice, E is the results
of checking the degree of knock-down of PAK4 with
shPAK4 injection, and F is a graphical representation of the
results in E.

[0030] FIG. 3 shows the results of analysis for changes in
cytotoxicity caused by introduction of caPAK4 after treat-
ment with shPAK4 in a rat animal model. A represents the
results where the expression of PAK4 was checked by
Western blot after treating primary mouse mesencephalic
neuronal cells with lentivirus-shRNA, an empty vector, and
human Myc-caPAK4, respectively. B represents the results
of measuring the activity of LDH for these three groups.
[0031] FIG. 4 shows the results of analysis for degree of
changes in cytotoxicity caused by 6-OHDA following treat-
ment with PF-3758309, which is a PAK inhibitor. A repre-
sents the experimental schedule. B to D represent the results
obtained by immunoblotting the expression levels of pPAK4
and PAK4 after treatment with PF-37583309 at each con-
centration thereof. E represents is a graph obtained by
quantifying the results in B to D, and F represents the
experimental schedule. G is the results of checking the
expression level of TH in each experimental group. H is a
graph obtained by quantifying the number of TH-positive
neurons and Nissel-stained DA neurons. I is a photographi-
cal representation of the immunostaining results of TH in the
striatum. J is the quantification of the density of TH positive
striatal fibers.

[0032] FIG. 5 shows the results of analysis for cytopro-
tective activity by introduction of caPAK4 and WT PAK4 in
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SH-SY5Y cell line in which cytotoxicity had been induced
with 6-OHDA. A represents the measurement results for the
activity of LDH in each experimental group. B represents
the level of Bel-2 checked by immunoblotting 24 hours after
treatment with 6-OHDA. C is a graph obtained by quanti-
fying the results in B.

[0033] FIG. 6 shows the results of monitoring the intrac-
ellular location of caPAK4, which had been introduced using
lentivirus, in the rat SN. A represents the experimental
schedule. B represents the site at which lentivirus had been
injected into the striatum. C represents the locations of TH
(red) and caPAK4 (green) shown by a fluorescence micro-
scope. D is the results where the presence of caPAK4 (GFP:
green), not CD11b positive (red) glial cells or GFAP-
positive (red) astrocytes in TH positive (red) DA neurons,
was checked by double staining. E is the quantification of
GFP positive cells for each type. F represents caPAK4
immunoblotted with GFP in SN lysates 2 weeks after
lentiviral introduction.

[0034] FIG. 7 shows the results of analysis for cytopro-
tective activity of caPAK4 against 6-OHDA-induced brain
cytotoxicity. A represents the experimental schedule. B
represents the results of immunostaining for TH in the SN,
after treatment with PBS or 6-OHDA followed by introduc-
tion of lenti-control and lenti-caPAK4. C represents the
measurement results for TH-positive cells and Nissl-stained
DA neurons. D represents the results of immunostaining for
TH in the striatum. E to H represent the density of TH
positive striatal fibers (E), the results obtained by quantify-
ing dopamine and its metabolites (F), the results obtained by
quantifying the cylinder test (G), and the results of analysis
for amphetamine-induced ipsilateral rotation (H), respec-
tively.

[0035] FIG. 8 shows the results of analysis for the cyto-
protective activity of caPAK4 in an animal model, of Par-
kinson’s disease induced with a-synuclein. A represents the
experimental schedule. B represents the results where the
images of TH in the SN and the striatum were checked by
immunostaining, after injection of AAV-a synuclein fol-
lowed by injection of lentiviral-control and lentiviral-ca-
PAK4. C is the results obtained by quantitatively analyzing
the number of Nissl-stained and TH-positive DA neurons. D
is the results where TH positive images in the striatum were
checked by immunostaining. E is a graph obtained by
quantifying the density of TH-positive striatal fibers. F
represents the results of analysis for ipsilateral rotation. G
represents the results of cylinder test.

[0036] FIG. 9 shows the results of analysis for actions of
CREB and CRTC1 in the brain cell protective activity of
caPAK4. A represents the results of CRE reporter assay in
SH-SY5Y cell line. B represents the results of immunob-
lotting for the CREB target proteins, Bcl-2, BNDF and
PGC-1 alpha, 24 hours after treatment with 6-OHDA. C is
the quantification of the results in B. D is the activity of LDH
in SH-SY5Y cell line, analyzed 24 hours after treatment with
6-OHDA. E is the results of CRE reporter assay in 293T
cells. F represents the results of analysis for the activity of
LDH in SH-SYS5Y cell line, 24 hours after treatment with
6-OHDA.

[0037] FIG. 10 shows the results of analysis for the effect
of phosphorylation at the CRTC1 S215 site on the activity of
CREB by PAK4. A represents the relevance of PAK4 with
CRTC1 and CREB in SH-SY5Y cells, checked through
immunoprecipitation (ip) and immunoblotting (ib). B rep-
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resents the results of his pull-down. C represents the results
of kinase analysis for wild-type and CRTC1 variants. D
represents the results of CRE reporter assay in SH-SY5Y
cells. E represents the results of immunoblotting for the
CREB downstream target factors, PGC-1 alpha, BNDF and
Bel-2. F is the quantification of the results in E. G is the
measurement results for the activity of LDH in SH-SY5Y
cells.

[0038] FIG. 11 shows the results where the S215 site at
which phosphorylation occurs in CRTC1 was identified. A
represents the results of in vitro kinase analysis, showing the
results of immunoblotting for substrate proteins phosphory-
lated by phosphorylation reaction. B represents the results of
sequence alignment for CRTC1-derived peptide fragments
from human, mouse, rat and cattle (two candidate sites for
phosphorylatoin are shown in red). C and D represent the
results where shifts of the CRTC1 variants were checked by
electrophoresis.

[0039] FIG. 12 shows the results of analysis for the effect
of CRTC1 S215 phosphorylation on the brain cell protective
activity in a rat model of Parkinson’s disease. A is the results
of immunoblotting after immunoprecipitation through anti-
GFP antibody in SH-SY5Y cells. B and D represent the
results of immunoblotting for SN lysates derived from mice
with Parkinson’s disease, and F represents the results of
immunoblotting for brain tissue proteins derived from
patients with Parkinson’s disease. C, E and G represent
graphs obtained by quantifying the results in B, D and F,
respectively. H to K represent pCRTC1?** identified in the
respective samples.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0040] The present invention provides a novel use of
PAK4 (p21-activated kinase 4) and CRTC1 ((cyclic adenos-
ine 3',5'-monophosphate response element-binding protein)
regulated transcription coactivator 1), capable of preventing
or treating a degenerative brain disease.

[0041] Specifically, the present invention provides a phar-
maceutical composition for the prevention or treatment of a
degenerative brain disease including PAK4 (p21-activated
kinase 4) or a PAK4 activator as an effective ingredient.
[0042] As described above in the section ‘BACK-
GROUND OF THE INVENTION,” PAK4 belongs to Group
1T (PAK4 to PAK6) among the PAK groups, and studies on
its specific role and action in cells have not been made yet.
[0043] Tt is only known that PAK is involved in cell
proliferation, transformation, cell migration, and neovascu-
larization.

[0044] Thus, analysis on relevance of PAK4 with a degen-
erative brain disease was made in the present invention.
According to one embodiment of the present invention, it
has been found that PAK4 is expressed in human dopamin-
ergic neurons (DA), and is not expressed in microglia and
astrocytes. Therefore, it was predictable that PAK4 plays a
particular role in dopaminergic neurons in the brain.
[0045] In addition, according to one embodiment of the
present invention, the expression level of PAK4 and the
expression level of phosphorylated PAK4 were analyzed for
brain tissues obtained from patients with Parkinson’s disease
and controls. As a result, it has been shown that both
expressions of PAK4 and phosphorylated PAK4 in dopamin-
ergic neurons (DA) of the patient group were decreased
compared to the normal control group.
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[0046] Also, in order to analyze the effect of PAK4 activ-
ity, that is, phosphorylated-PAK4 (p-PAK4) on dopaminet-
gic neurons (DA), p-PAK4 and Bcl-2 (anti-apoptotic mem-
ber) were identified by co-staining for p-PAK4 positive
neurons and p-PAK4 negative neurons among neurons
derived from patients with Parkinson’s disease. As a result,
it has been shown that in the p-PAK4 positive neurons,
anti-apoptotic member Bel-2 was expressed and stained, and
TUNEL staining, which indicates apoptosis, was negative;
whereas in the p-PAK4 negative neurons, Bcl-2 was not
stained, and TUNEL staining, which indicates apoptosis,
was positive.

[0047] In other words, from these results, it has been
found that activation of PAK4 may play a major role in
apoptosis of dopaminergic neurons in the brain.

[0048] Furthermore, in order to more clearly analyze the
function of PAK4 in the development of a degenerative brain
disease, the present inventors performed measurements for
the expression level of p-PAK4 in an animal model of
Parkinson’s disease induced by injecting 6-OHDA into rats
to result in damage and loss of dopaminergic neurons in the
substantia nigra (SN). As a result, it has been shown that
phosphorylation of PAK4 was reduced compared to the
control.

[0049] Besides, analysis of actions of PAK4 on Parkin-
son’s disease was performed through loss-of-function and
gain-of-function, wherein shRNA PAK4, which suppresses
PAK4 expression, was injected into the right striatum in the
rat brain using lentivirus, and its migration pathway was
checked. As a result, it has been found that sShtRNA PAK4
was well transferred by lentivirus to TH-positive dopamin-
ergic neurons, thereby effectively suppressing the expres-
sion of PAK4. It has been also shown that upon suppression
of PAK4, the cell number and survival rate of dopaminergic
neurons in the brain was suppressed.

[0050] On the other hand, for the gain-of-function analy-
sis, a group into which shRNA PAK4 had been introduced
was treated with the active mutant caPAK4 (PAK4°***¥; one
which was mutated at the catalytic domain so that the
activity of PAK4 is sustained, and PAK4**7#%; the mutant
which was autophosphorylated at the S474 site to maintain
the activity), in which the activity of PAK4 is constitutively
maintained. As a result, it has been shown that the shARNA-
reduced PAK4 activity was restored by the treatment with
caPAK4, thereby decreasing the neurocytotoxicity in the
brain caused by 6-OHDA.

[0051] Therefore, from the results as described above, the
present inventors have found that PAK4 is a new therapeutic
target capable of preventing and treating a degenerative
brain disease, and that a composition including PAK4 (p21-
activated kinase 4) or a PAK4 activator as an effective
ingredient is usable as a pharmaceutical composition for the
prevention or treatment of a degenerative brain disease.
[0052] In the present invention, PAK4 (p2l-activated
kinase 4) may be one having the amino acid sequence of
SEQ ID NO: 1, and the amino acid may be one encoded by
the base sequence of SEQ ID NO: 2.

[0053] In addition, the PAK4 activator may enhance the
expression or activity of PAK4, and may include, but not
limited thereto, a protein, compound or probe specific for
PAK4.

[0054] Meanwhile, the present inventors have found that
enhanced expression of PAK4 or activation of phosphory-
lated PAK4 can ameliorate, prevent and treat the symptoms
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with development of a degenerative brain disease, and then,
have found that while studying the disease-related mecha-
nism of PAK4, activated PAK4 allows CRTC1 to be acti-
vated.

[0055] CRTCs are known to be involved in glucose
metabolism as an auxiliary activator of CREB (cyclic
adenosine 3',5'-monophosphate response element-binding
protein), and it has been found that there are three isoforms,
CRTC1, CRTC2 and CRTC3. In addition, CREB is a factor
which binds to a specific DNA base sequence and regulates
the transcription of several genes. Activated CREB binds to
the CRE region to invoke CBP (CREB binding protein),
through which regulates the activity of a specific gene, and
thus functions to regulate the expression of intracellular
factors which are very important for cell proliferation,
differentiation and survival. Particularly, CREB is known to
regulate genes related to various functions such as memory,
development, maintenance of cell survival, and bio-clock in
the brain. However, there remains many aspects to be
elucidated regarding how to select a specific group of genes
and express site-specific functions in each area of the brain.
[0056] In one embodiment of the present invention, it has
been found that PAK4 is capable of suppressing cell damage
and apoptosis of dopaminergic neurons caused by induction
of a degenerative brain disease, and it has been identified
that activated PAK4 serves to enhance the expression and
activity of CRTCI. It has been shown that in the neuronal
cell line, SH-SY5Y cell line, the expression of caPAK4
enhances CRE reporter activity, and the 6-OHDA-reduced
expression of the CREB target proteins, PGC-1a, BDNF and
Bcl-2, is increased again.

[0057] In addition, experiments were conducted to check
whether the brain cell protective activity of PAK4 is
CRTC1-dependent. It has been shown that in a group where
CRTC1 was suppressed with siRNA, the CRE reporter
activity by caPAK4 is decreased, and in SH-SY5Y cell line,
cytotoxicity caused by 6-OHDA is not suppressed or
reduced.

[0058] Therefore, it has been shown that the brain cell
protective activity of PAK4 is exerted dependent on CRTCI,
and that activation of CRTC1 increases the reporter activity
of CREB, and thus induces the expression of brain cell
protective factors, thereby preventing, ameliorating and
treating a degenerative brain disease.

[0059] Accordingly, the present invention provides a phar-
maceutical composition for the prevention or treatment of a
degenerative brain disease including a CRTC1 (CREB-
regulated transcription coactivator 1) expression enhancer or
activator as an effective ingredient.

[0060] CRTC1 of the present invention consists of the
amino acid sequence of SEQ ID NO: 3, and the amino acid
is encoded by the base sequence of SEQ ID NO: 4.

[0061] The CRTCI expression enhancer or activator may
be a substance capable of enhancing CRTC1 expression or
increasing CRTC1 activity, and may include, but not limited
thereto, a compound, a peptide, an aptamer or an antibody,
and may be preferably an agent that phosphorylates the
serine 215 residue in the CRTC1 amino acid sequence of
SEQ ID NO: 3.

[0062] Inthe present invention, as a result of investigation
on the location of CRTCI in DA neurons, it has been found
that CRTCI1 is located in the nucleus and is co-located with
PAK4. As a result of analysis of their interaction, it has been
shown that the substrate of PAK4, a phosphorylating protein,
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is CRTC1. Then, further studies were made to check which
site in CRTCI1 is phosphorylated by PAK4 to induce the
brain cell protective activity. As a result, it has been shown
that the brain cell protective activity is induced in the case
where the serine 215 residue in CRTCI1 is specifically
phosphorylated, and thus it has been ultimately identified
that a degenerative brain disease can be prevented, amelio-
rated and treated through the process of PAK4-CRTC1%21>-
CREB activation.

[0063] The pharmaceutical composition according to the
present invention may further contain a pharmaceutically
acceptable carrier in addition to the effective ingredient. The
carrier is commonly used at the time of formulation, and
includes, but not limited thereto, lactose, dextrose, sucrose,
sorbitol, mannitol, starch, acacia gum, calcium phosphate,
alginate, gelatin, calcium silicate, microcrystalline cellulose,
polyvinyl pyrrolidone, cellulose, water, syrup, methyl cel-
lulose, methylhydroxybenzoate, propylhydroxybenzoate,
talc, magnesium stearate, mineral oil, and the like. In
addition to the above components, the pharmaceutical com-
position of the present invention may further contain a
lubricating agent, a wetting agent, a sweetener, a flavoring
agent, an emulsifying agent, a suspending agent, a preser-
vative, and the like. Suitable pharmaceutically acceptable
carriers and agents are described in detail in Remington’s
Pharmaceutical Sciences (19th ed., 1995).

[0064] A suitable dosage of the pharmaceutical composi-
tion of the present invention may variously prescribed
depending on such factors as formulation method, mode of
administration, patient’s age, body weight, sex, severity of
disease, diet, frequency of administration, route of admin-
istration, excretion rate, and response sensitivity. On the
other hand, the dosage of the pharmaceutical composition of
the present invention is preferably 0.0001 to 100 mg/kg
(body weight) per day.

[0065] The pharmaceutical composition of the present
invention may be administered orally or parenterally. In the
case of parenteral administration, the composition may be
administered by topical application to the skin, intravenous
injection, subcutaneous injection, intramuscular injection,
intraperitoneal injection, transdermal administration, or the
like. The concentration of the effective ingredient contained
in the composition of the present invention may be deter-
mined in consideration of the purpose of treatment, the
condition of patient, the required period of time, and the like,
and is not limited to a particular range of concentration.

[0066] The pharmaceutical composition of the present
invention may be formulated into a unit dosage form or a
multidose container using the pharmaceutically acceptable
carriers and/or excipients according to the methods easily
conducted by those skilled in the art to which the present
invention pertains. In this case, the formulation may be in
the form of a solution in an oily or aqueous medium, a
suspension or an emulsion, or in the form of an extract,
powders, granules, a tablet or a capsule, and may addition-
ally contain a dispersing or stabilizing agent.

[0067] As used herein, the term “treating” or “treatment”
refers to reversing, alleviating, inhibiting the progress of, or
preventing the disorder or disease to which such term
applies, or one or more symptoms of such disorder or
disease. The treatment or therapy of a degenerative brain
disease in a mammal may include one or more of the
following:
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[0068] (1) inhibiting the growth of a degenerative brain
disease, that is, blocking its development,

[0069] (2) preventing the spread of a degenerative brain
disease,
[0070]
disease.
[0071] The degenerative brain disease according to the
present invention may be, but not limited thereto, Alzheim-
er’s disease, Parkinson’s disease, Huntington’s disease, Lou
Gehrig’s disease, Niemann-Pick disease, or stroke.

[0072] In addition, PAK4 or CRTC1 contained in the
pharmaceutical composition of the present invention may be
contained in the form of a vector containing a polynucle-
otide encoding each of the PAK4 protein or the CRTCI
protein.

[0073] The vector that may be used in the present inven-
tion means, but not limited thereto, a plasmid, a phage, a
cosmid, a viral vector or other vehicles known in the art.
Also, in the present invention, the polynucleotide encoding
PAK4 or CRTC1 may be isolated from its natural environ-
ment, or produced synthetically or modified. The base
sequence encoding the PAK4 or CRTC1 protein may be
modified by substitution, deletion or insertion of one or more
nucleic acid bases, and the expressed protein with such
modification should not contain any significant change in its
biological functionality. Such modification includes modi-
fication to a xenogenic homologous gene.

[0074] The expression vector according to the present
invention may be introduced into cells using methods known
in the art. For example, although not limited thereto, tran-
sient transfection, microinjection, transduction, cell fusion,
calcium phosphate precipitation, liposome-mediated trans-
fection, DEAE dextran-mediated transfection, polybrene-
mediated transfection, electroporation, gene gun, and other
known methods for introducing nucleic acids into cells may
be used to introduce the expression vector into cells (Wu et
al., J. Bio. Chem., 267: 963-967, 1992; Wu and Wu, J. Bio.
Chem., 263: 14621-14624, 1988).

[0075] The present invention provides a diagnostic kit for
a degenerative brain disease including an agent for detecting
CRTC1 ((cyclic adenosine 3',5'-monophosphate response
element-binding protein) regulated transcription coactivator
D).

[0076] The agent is capable of detecting the expression or
activity of CRTC1, and may be a compound, peptide, probe
or antibody, specific for CRTCI1.

[0077] The detection of expression of CRTC1 may be
detecting the mRNA level of CRTC1 gene or its protein
level, and a primer or probe specific for the gene may be
used therefor. The primer or probe specific for the CRTC1
gene may be a primer or probe capable of specifically
amplifying the entire region or a specific region of the
CRTCI1 gene, and the primer or probe may be designed
through methods known in the art.

[0078] As used herein, the term “primer” refers to a
single-stranded oligonucleotide which is capable of acting as
an initiation point of template-directed DNA synthesis when
placed under suitable conditions (i.e., four different nucleo-
side triphosphates and a polymerization reaction enzyme) in
a suitable buffer and at a suitable temperature. The suitable
length of a primer may vary depending on various factors,
such as temperature and application of primer. In addition,
the sequence of a primer is not required to have a perfectly
complementary sequence to the partial sequence of a tem-

(3) relieving symptoms of a degenerative brain
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plate. It is enough for the primer to have a sufficient
complementarity to the extent that the primer is capable of
hybridizing with the template to exert its intrinsic action.
Thus, the primer in the present invention is not required to
have a perfectly complementary sequence to a nucleotide
sequence of a template gene. It is enough for the primer to
have a sufficient complementarity to the extent that the
primer is capable of hybridizing with the sequence of the
template gene to exert its action. Further, the primer accord-
ing to the present invention may be preferably used for gene
amplification reaction.

[0079] As used herein, the term “probe” refers to a natural
or modified monomer, or a linear oligomer having linkages,
including a deoxyribonucleotide and a ribonucleotide and
capable of specifically hybridizing with a target nucleotide
sequence, wherein it occurs naturally or is produced syn-
thetically. The probe according to the present invention may
be a single chain, preferably an oligodeoxyribonucleotide.
The probe of the present invention may include a natural
dNMP (that is, JAMP, dGMP, dCMP, and dTMP), and a
nucleotide analogue or derivative. Also, the probe of the
present invention may include a ribonucleotide. For
example, the probe of the present invention may include a
backbone-modified nucleotide, such as peptide nucleic acid
(PNA) (M. Egholm et al., Nature, 365:566-568(1993)), phos-
phorothioate DNA, phosphorodithioate DNA, phosphorami-
date DNA, amide-linked DNA, MMI-linked DNA, 2-O-
methyl RNA, alpha-DNA and methylphosphonate DNA, a
sugar-modified nucleotide, such as 2'-O-methyl RNA,
2'-fluoro RNA, 2'-amino RNA, 2'-O-alkyl DNA, 2'-O-ally
DNA, 2'-O-alkynyl DNA, hexose DNA, pyranosyl RNA and
anhydrohexitol DNA, and a nucleotide having a base modi-
fication, such as C-5 substituted pyrimidine (the substituent
includes fluoro-, bromo-, chloro-, iodo-, methyl-, ethyl-,
vinyl-, formyl-, ethnyl-, propynyl-, alkynyl-, thiazolyl-, imi-
dazolyl-, and pyridyl-), 7-deazapurine having a C-7 sub-
stituent (the substituent includes fluoro-, bromo-, chloro-,
iodo-, methyl-, ethyl-, vinyl-, formyl-, alkynyl-, alkenyl-,
thiazolyl-, imidazolyl-, and pyridyl-), inosine, and diamin-
opurine.

[0080] In addition, in the present invention, the substance
capable of measuring the level of the protein may include an
antibody such as a polyclonal antibody, a monoclonal anti-
body, and a recombinant antibody, capable of specifically
binding to the protein expressed from the CRTC1 gene of the
present invention.

[0081] The “antibody” may be prepared using techniques
known to those skilled in the art. When it comes to prepa-
ration of the antibody, in the case of a polyclonal antibody,
for example, it may be produced by any methods well
known in the art, in which an antigen of the protein is
injected into an animal, and then blood is collected from the
animal to obtain serum containing the antibody. The poly-
clonal antibody may be prepared from any animal species
host such as goats, rabbits, sheep, monkeys, horses, pigs,
cattle, dogs, etc. In the case of a monoclonal antibody, it may
be prepared using the hybridoma method (Kohler et al,
European Journal of Immunology, 6, 511-519, 1976) well
known in the art or may be prepared using the phage
antibody library technique (Clackson et al, Nature, 352,
624-628, 1991, Marks et al, J. Mol Biol., 222: 58, 1-597,
1991). In addition, the antibody according to the present
invention may include a functional fragment of an antibody
molecule, as well as a complete form having two full-length
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light chains and two full-length heavy chains. The functional
fragment of antibody molecule means a fragment retaining
at least an antigen-binding function and includes Fab, F(ab"),
F(ab"),, Fv, and the like.

[0082] Tt is preferable to use an antibody capable of
detecting phosphorylation of the serine 215 residue in
CRTCL.

[0083] In the present invention, peptide agents capable of
detecting the expression or activity of CRTC1 may be
obtained by a conventional method known in the art, for
example, a phage display method (Smith GP, “Filamentous
fusion phage: novel, expression vectors that display cloned
antigens on the virion surface”. Science 228 (4705):
13151317(1985); Smith G P, Petrenko V A, “Phage display”.
Chem. Rev. 97 (2): 391410 (1997)).

[0084] Further, if the kit of the present invention is applied
to a PCR amplification process, it may optionally include
reagents required for PCR amplification, for example, buf-
fer, DNA polymerase (e.g., heat-stable DNA polymerase
obtained from Thermus aquaticus (Taq), Thermus thermo-
philus (Tth), Thermus filiformis, Thermis flavus, Thermo-
coccus literalis or Pyrococcus furiosus (Pfu)), DNA poly-
merase cofactor and dNTPs. If the kit of the present
invention is applied to an immunoassay, it may optionally
include a secondary antibody and a labeling substrate.
Furthermore, the kit according to the present invention may
be produced with a number of separate packaging or com-
partments containing the reagent components described
above. The kit of the present invention may be a diagnostic
kit containing essential elements required for performing a
DNA chip. The DNA chip kit may include a substrate on
which a cDNA corresponding to a gene or a fragment thereof
is attached as a probe, and reagents, agents, enzymes, and
the like for producing a fluorescent-labeled probe. In addi-
tion, the substrate may contain a cDNA corresponding to a
quantitative control gene or a fragment thereof.

[0085] Furthermore, the present invention provides a
method for screening a substance for the prevention or
treatment of a degenerative brain disease, comprising (a)
applying a candidate drug to brain tissue or brain cells
containing CRTC1 gene or CRTC1 protein; (b) measuring
the degree of phosphorylation of CRTC1; and (¢) determin-
ing the candidate drug as a substance for the prevention or
treatment of a degenerative brain disease when the measure-
ment in step (b) indicates that the phosphorylation in CRTC1
is increased.

[0086] The CRTC1 phosphorylation in step (b) may be
obtained by measuring phosphorylation on the serine 215
residue in the CRTC1 amino acid sequence of SEQ ID NO:
3. The measurement in step (c) may be performed using one
selected from the group consisting of Western blot, immu-
noprecipitation assay, enzyme linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), and immunohisto-
chemical analysis.

[0087] Hereinafter, the present invention will be described
in more detail by way of examples. These examples are
given to more specifically describe the invention and are not
intended to limit the scope of the invention thereto.

Preparation Examples

[0088] Materials and Experimental Methods

[0089] The commercial sources of the materials used in
the following experiments and the experimental methods are
as described below. In addition, the samples from patients
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with Parkinson’s disease used in the experiments were
obtained from Victoria Brain Bank Network (VBBN), and
the experimental methods were conducted under the condi-
tions approved by the Ethics Review Committee of the
Institutional Review Board of Chungbuk National Univer-
sity (approval number: CBNU-IRB-2011-T01).

[0090] Also, the rats used in the experiments were 260 to
280 g of Female Sprague-Dawley rats obtained from Taconi,
and kept under 12-hour light/dark cycles while being fed a
normal diet. Animal experiments were also conducted under
the conditions approved by the Ethics Review Committee of
Chungbuk National University for Animal Experiments (ap-
proval number: CBNUA-400-12-02).

[0091] In addition, the human tissues used in the experi-
ments were obtained from VBBN, and all experiments were
conducted under the conditions approved by the Ethics
Review Committee of the Institutional Review Board of
Chungbuk National University (approval number: CBNU-
IRB-2011-T01). Immunohistochemical analysis were per-
formed using 7 cases of patients with Parkinson’s disease, 6
cases of age-matched control, and 4 cases of young control.
7 patient samples and 7 control samples were as described
in Table 1 below.

TABLE 1

Sample groups used in the experiments

Age, years PMLI, hours
Group Gender (range) (range)
YC 4M 419 39.1
(39-43) (31-51)
AC 4M/3F 722 28.7
(63-79) (19-54)
PD SM/2F 719 39.2
(63-80) (20-65)

PMI, post-mortem interval;
YC, young control;

AC, age-matched control;
PD Parkinson’s discase;

M, male;

F, female.

[0092] (1) Antibodies and Inhibitor Reagents

[0093] As for the primary antibodies used in the experi-

ments of the present invention, the following antibodies
were used: rabbit anti-tyrosine hydroxylase (TH) (Pel-Freez,
Brown Deer), mouse anti-TH (MABS5280, Millipore), rabbit
anti-phospho-PAK4 (Ser474) (#3241, Cell Signaling), rabbit
anti-PAK4 (ab19007, Abcam), rabbit anti-PAK5 (Abcam,
ab11069), rabbit anti-PAK6 (Boster Biological Technology,
PA1729), mouse anti-o-synsynsyn (SNCA) (MAB5383,
Abnova), rabbit anti-GAPDH (sc25778, Santa Cruz Bio-
technology), mouse anti-Bcel-2 (sc7382, Santa Cruz Biotech-
nology), goat anti-allograft inflammatory factor 1 (Iba-1)
(ab5076, Abcam), mouse anti-CD11b (MCA275G, Serotec,
Oxford, UK), mouse anti-GFAP (Millipore), rabbit anti-GFP
(sc8334, Santa Cruz Biotechnology), rabbit anti-Myc
(sc789, Santa Cruz Biotechnology), rabbit anti-BDNF
(ERP1292, Novus Biologicals), rabbit anti-PGC-1c. (NBP1-
04676, Novus Biologicals), mouse anti-CRTC1 (ab76472,
Abcam), rabbit anti-His (#2366S, Cell Signaling), GST-
conjugated horseradish peroxidase (HRP) (ab3416, Abcam).
The polyclonal antibody Phospho-CRTC1S215 was primat-
ily purified from rabbits immunized with the phosphopep-
tide RPKpSERCEVPGINIFPC by GenScript (Piscataway,
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N.I., USA). The phospho-CRTC1 antibody pS215 was iso-
lated from sera obtained by using a phosphorylated peptide,
and PF-3758309 was purchased from Pfizer (San Diego,
Calif. 92121, USA).

[0094] (2) Preparation of Animal Model of Parkinson’s
Disease (6-OHDA Lesions)

[0095] Mice were anesthetized with chloral hydrate (360
mg/kg, intraperitoneal [i.p.] injection) and then placed in a
stereotaxic instrument (Kopf instruments, Tujunga, Calif.,
USA) The injection site coordinates in the right MFB were
4.3 mm anterior-posterior (AP), 2.0 mm medial-lateral (ML)
and 8.0 mm dorsal-ventral (DV), from the bregma. Then,
6-OHDA was injected using a Hamilton syringe needle
(33-gauge needle). The 6-OHDA solution (4 ul) was injected
at a flow rate of 0.25 ul/min. After the injection, the syringe
needle was maintained as it is for 5 more minutes to suppress
the reflux of the solution.

[0096] (3) Delivery of PF-3758309 by Stereotaxic Injec-
tion
[0097] Mice were anesthetized with chloral hydrate (360

mg/kg, intraperitoneal [i.p.] injection) and then placed in a
stereotaxic instrument (Kopf Instruments, Tujunga, Calif.,
USA) The injection site coordinates in the right SN were 5.3
mm AP, 2.0 mm ML and 7.6 mm DV, from the bregma.
Then, PF-3758309 (0.5 pg) was injected using a Hamilton
syringe needle (33-gauge needle). In this case, the flow rate
of the injection solution (2 ul) was allowed to be at 0.25
ul/min. After the injection, the syringe needle was main-
tained as it is for 5 more minutes to suppress the reflux of the
solution.

[0098] 4) Structure of Lentivirus-Plasmid and Production
of Lenti-shRNA Virus

[0099] Lentiviral rat PAK4 hCMV-TurboGFP shRNAs
were purchased from Dharmacon and Open Biosystems.
SH-082018-01  (TTACGCAAGTCCATCTTCT)  and
SH-082018-02 (TGATCGAAGCCTGTGTGTA) effectively
knocked down the expression of PAK4. In addition, lenti-
viral rat CRTC1 hCMV-TurboGFP shRNAs were purchased
from Dharmacon and Open Biosystems, and SH-111776-01
(CACGATATACTCTGTCCAC)  and  SH-111776-02
(TCGCTAAATTTCCGCGGAT) effectively knocked down
the expression of CRTC1. In this case, lentiviral ShRNA
control particles (#S-005000-0) were used as a control.
[0100] (5) Structure of Lentivirus-Plasmid and Production
of Lenti-Active PAK4S445N/S474F

[0101] A cDNA of active PAK4 (S445N/S474E) was
subcloned into the lenti-EF1-a-WPRE-SV-40 Poly-A (lenti
expression vector) vector. HEK293T cells were cultured in
DMEM medium containing 10% fetal bovine serum and 1%
penicillin/streptomycin under the conditions of 37° C. and
5% CO2. 24 hours prior to transformation, 4x106 HEK293T
cell line was seeded on 100 mm dishes, and, after one day,
cells were transfected by treating cells with 20 ul of a
lentiviral packaging mix (Systernbio) encoding the viral
proteins of Gag-Pol, Rev and VSV-G, and 2 ug of a lentiviral
transgene plasmid. Lentiviral products were induced using
Turbofect (Thermo Fisher Scientific). After 14 hours, the
DNA-reagent mixture was removed and replaced with
DMEM medium containing 51 FBS. 48 hours after trans-
fection, the supernatant containing lentivirus was collected
and then filtered using a 0.45 um filter. Then, cold PEG-it
virus precipitation solution (System Biosciences), which
corresponds to 4-fold volume of the filtrate, was added. The
supernatant/PEG-it mixture was centrifuged at 1,500xg for
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30 minutes at 4° C., and the virus pellet was suspended in 10
ul of cold DMEM medium. To check the transfection rate,
HEK293T cells (3x103, in a 96-well plate) were infected
with lentivirus collected from transfected HEK293T cells.
After 72 hours, GFP-positive cells were identified by fluo-
rescence microscopy (Nikon).

[0102] (6) Preparation of Tissues for Immunohistochem-
istry and Nissl-Staining

[0103] Mice were anesthetized with chloral hydrate (360
mg/kg, intraperitoneal [i.p.] injection) over time and then
perfused transcardially with 0.9% saline solution containing
0.5% nitrate and heparin (10 U/ml). The tissue was then
fixed with cold 4% paraformaldehyde (PEA) at pH 7.4.
Brains were removed from the skulls and subsequently fixed
with 4% PFA at 4° C. for 24 hours, then placed in a 30%
sucrose solution and allowed to stand until precipitation.
Brains were cut into 35 um coronal sections using a sliding
microtome, frozen, and then prepared as six separate sets by
imbedding with the optimal cutting temperature (O.C.T)
compound (Surgipath). Each section was stored at a tem-
perature condition of 20° C. in a cryopreservative medium.

[0104] (7) Preparation of Tissues for Immunoblotting
Analysis
[0105] After anesthetizing the mice, the brains were

removed and the SNs were segmented using a dissecting
microscope. The segmented tissues were frozen on dry ice
and then stored at 80° C. The stored tissues were then used
for immunoblotting.

[0106] (8) Immunohistochemistry

[0107] Human brain tissue slices embedded with paraffin
were deparaffinized with xylene. Tissue sections were
washed with cold PBS for 15 min and reacted at room
temperature for 1 hour using the blocking solution PBS
(0.3% Triton X-100, 1% bovine serum albumin [BSA], 0.05.
Tween 20, 0.1% cold fish gelatin, and 0.052 sodium azide).
The primary antibody was diluted with antibody Diluent
(Dako, 53022). Samples were reacted with Alexa 488- or
Alexa 594-conjugated secondary antibodies for fluorescence
microscopic analysis. The nuclei were stained with 4',6-
diamidino-2-phenylindole (DAPI) (Thermo Fisher Scien-
tific). For light microscopic analysis, brain tissues were
reacted with biotin-conjugated secondary antibodies and
streptavidin-conjugated HRP (Vectastain ABC kit, Vector
Laboratories). Immunostaining was visualized by reacting
with samples in a 0.1 M-PB solution containing 0.051
diaminobenzidine-HC1 (DAB) and 0.003% hydrogen pet-
oxide. Brain tissues were reacted with alkaline phosphatase-
conjugated secondary antibodies (Vector Laboratories) for
co-immunostaining of pPAK4 and Bel-2 or TUNEL. Immu-
nostaining was visualized with an Alkaline Phosphatase
Substrate Kit I (Red) or an Alkaline Phosphatase Substrate
Kit III (blue) (Vector Laboratories). For Nissl-staining, SN
tissue was fixed on a gelatin-coated slide and dried at room
temperature for 1 hour, stained with 0.5% cresyl violet,
dehydrated, covered with a cuff slip and analyzed using a
bright-field microscopy (Nikon).

[0108] (9) TUNEL Analysis

[0109] TUNEL analysis was performed using the
ApopTag Fluorescein Direct In Situ Apoptosis Detection Kit
(Millipore) according to the manufacturer’s suggested pro-
tocol.

[0110] (10) Immunoblotting and Quantitative Analysis
[0111] Protein extracts were obtained by conventional
protein extraction methods, and immunoblots were visual-
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ized using HRP-conjugated secondary antibodies to IgG and
chemiluminescent substrate (SuperSignal Ultra; Pierce). For
quantitative analysis of protein levels, each band density of
the immunoblots was quantitatively analyzed using the
National Institutes of Health Tmage] software (National
Institutes of Health).

[0112] (11) Stereological Cell Counting

[0113] The unbiased stereclogical analysis of the total
number of TH+ neurons was performed using an optical
fractionator method and Stereo Investigator software (MBF
Bioscience, Williston, Vt.). The method is an assay which is
not influenced by reference volume (SNpc) or size of
counted elements (neurons). The total number of neurons
was calculated by Optical Fractionator Equation. Analysis
was performed for over 300 points to cover all sections of
each specimen. All animals used in this experiment were
assigned code numbers, and blind analysis was performed
for quantitative comparative analysis. Nissl-staining was
also analyzed by evaluating the number of neurons in the
SN.

[0114] (12) Quantitative Analysis of Striatal Fiber Density
[0115] The optical density of striatal TH+ fibers was
analyzed using Image] software. The whole area of the
striatum was also analyzed, and the analytical value was
expressed as a percentage value relative to 100% of the
lateral value in an original state.

[0116] (13) Measurement of Levels of Dopamine and
Metabolites
[0117] Mouse striatal samples were prepared 4 weeks after

6-OHDA injection. The sectioned samples were immedi-
ately frozen on dry ice and stored at —80° C. The samples
were then sent to Korea Advanced Institute of Science and
Technology so that HPLC analysis is performed therefor.
[0118] (14) Behavior Analysis

[0119] Amphetamine-induced rotational behavior was
allowed to be automatically analyzed by using TSE Video
Mot2system (Germany) for 120 min after I.P. injection of
2.5 mg/kg D-amphetamine sulfate (Lipomed). The cylinder
test was performed by placing each experimental animal in
a cylinder (20 cm diameter, 30 cm height) and letting it act
for 10 minutes. Then, the number of touches by ipsilateral
vs. counterlateral paw on the cylinder wall was analyzed.
[0120] (15) Cell Culture

[0121] Culture of primary mouse mesencephalic neurons
was performed in the following manner. Cells were seeded
on a culture plate coated with poly-D-lysine (Sigma) and
laminin (Upstate Biotech, NY), and then cultured while
replacing the medium with the chemically purified serum-
free medium, DMEM/F12 medium (with 1% insulin-trans-
ferrrn-selenium (ITS) supplement (Gibeo), 100 U/ml of
penicillin/streptomycin  (Invitrogen) (DM)), for 2 days
(DIV2), in order to suppress growth and proliferation of glial
cells. At day 4 after culture, the culture was treated with
6-OHDA (30 uM) dissolved in DM without vehicle or ITS.
The human neuroblastoma SH-SYSY cells (passage <1.5)
were cultured in MEM medium supplemented with 5 mM
HEPES, 25 mM NaHCO,, 10 FBS and antibiotics, and
HEK293T cells were cultured in DMEM medium supple-
mented with 10% fetal bovine serum (FBS) and antibiotics.
All of these cells were incubated at 5%. CO2 and a tem-
perature condition of 37° C.

[0122] (16) Plasmid Construction
[0123] The wild-type PAK4 (PAK4WT), caPAK4
(PAK4S445N/S474F), PAK4S474E, and N-terminal
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3x-Myc tagged types were prepared by the method disclosed
in Oncogene 32, 24752482 (2013). Human CRTCI1 gene
(Gene Bank: BC023050) was purchased from 21C Frontier
Human Gene Bank (Clone ID: hMU004596, Daejeon,
Korea). A set of specific oligomers for cloning and muta-
genesis were custom-synthesized by Bioneer (Daejeon,
Korea). CRTC1 open reading frames were amplified by PCR
using specific oligomers and introduced into pET24a
(EcoRI/Xhol) or pEGFP-C2 (EcoRI/Sall) vectors to give
His-tag or GFP-tag. The CRTCl-alanine (A) mutants for
serine (S) 151, 3215, threonine (T) 149 and T449 were
subjected to a site-directed mutagenesis using a Quick
Change Site-Directed Mutagenesis Kit (Stratagene, La Jolla,
Calif., USA).

[0124] (17) Transfection

[0125] Transfection was performed by treating cells with
DNA or siRNA mixed together with Lipofectamine 2000
reagent (Invitrogen).

[0126] (18) LDH Cytotoxicity Analysis

[0127] Cytotoxicity analysis was performed using LDH
cytotoxicity kit (Abcam) wherein activity of LDH was
measured in damaged cells after LDH release from cytosol.
SH-SYS5Y cells were seeded on a 12-well tissue culture plate
at 1.5x105 cells/well and cultured in MEM medium supple-
mented with 25 mM HEPES, 25 mM NaHCO,;, 10% FBS
and antibiotics. After one day, the medium was replaced with
medium containing 1-FBS, and cells were treated with
6-OHDA (SH-SYS5Y, 100 uM; primary mesencephailc neu-
ronal cells, 30 uM). After 24 hours, the cytotoxicity was
analyzed using an ELISA reader at the absorbance of 495 nm
according to the manufacturer’s protocol.

[0128] (19) CRE-Reporter Analysis

[0129] To analyze the effect of CRTC1, CRTCI siRNAs
(100 nM) were transfected into HEK293T cell line using
Lipofectamine U'TX reagent (invitrogen) for 48 hours. Cells
transfected with siRNA were subsequently co-transfected
with genes of Myc-caPAK4 (1 ng), CRE-luciferase reporter
(500 ng) and Renilla luciferase (20 ng) for 24 hours. For the
analysis of the effect of S215A CRTC1 mutation, HEK293T
cell line was co-transfected with GFP-CRTC1-WT (100 ng)
or GEP-CRTCI1S215A (100 ng) plus the CRE-luciferase
reporter (30 ng) and Renilla luciferase (20 ng) for 24 hours,
in which case experiments were performed with Myc-
caPAK4 (1 pg)-treated group and untreated group being
divided. Renilla luciferase vector was used as an internal
control. Reporter assay was repeated in triplicate in 24-well
plates and luciferase activity was measured using Dual-
Luciferase Reporter assay system (Promega, Madison, Wis.,
USA).

[0130] (20) Preparation of His-CREB/His-CRTC1 Protein

[0131] The CREB/CRTC1 ¢DNA was cloned into the
pET24a vector and expression was induced in E. coli BL21
(DE 3). A set of specific oligomers for the preparation of
CREB mutants were custom-synthesized by Bioneer (Dae-
jeon, Korea). The CREB-alanine (A) mutant for serine (S)
133 was prepared using Quick Change Site-Directed Muta-
genesis Kit (Stratagene, La Jolla, Calif., USA). The His-
CREB/His-CRTCI1 expression protein was obtained by puri-
fication through a Ni-NTA column.

[0132] (21) siRNA

[0133] siRNA for human CREB (#1, 1035590 and #2,
1035585), siRNA for human CRTC1 (#1, 1036087 and #2,
1036078) and scrambled siRNA were purchased from Bion-
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eer (Daejeon, Korea). CRTC1 siRNAs (100 nM) and CREB
siRNAs (100 nM) were transfected with Lipofectamine LTX
(invitrogen) for 48 hours.

[0134] (22) In Vitro Kinase Assay

[0135] His-CREB/Hi s-CRTC1 was cultured using phos-
phorylation assay buffer ((20 mM Tris-HCI, pH 8.0; 10 mM
MgCl12; and 1 mM dithiothreitol) containing 100 mM ATP
and 5 uCi [y-32P]ATP (PerkinElmer, Waltham, Mass., USA)
at 30° C. for 30 min, respectively, in the presence and
absence of PAK-C (Millipore, San Diego, Calif. 92121)/
GST-active (Active Motif, Carlsbad, Calif. 92008). For
analysis of PAK4 autophosphorylated from phosphorylated
CRTC1, GST-PAK4 (active-PAK4) alone was reacted. Pro-
teins were subjected to electrophoresis and the phosphory-
lation of the target protein was analyzed by autoradiography
and immunoblotting.

[0136] (23) Immunoprecipitation

[0137] Cells were lysed with lysis buffer (50 mM HEPES,
pH 7.5; 150 mM NaCl; 10% glycerol; 1% Triton X-100; 500
pM EDTA; 200 pM sodium pyruvate; and 50 mM f-glyc-
erophosphate) supplemented with protein inhibitors to
obtain a cell lysate. The cell lysate was stored at 4° C. for 1
hour and then centrifuged at 14,000 rpm for 20 minutes.
Then, immunoprecipitation was performed with an anti-
PAK4 antibody at 4° C. for 18 hours. Immunoprecipitates
were collected by adding protein-G agarose and washed 5
times with lysis buffer. The immunoprecipitates were then
immunoblotted with anti-CRTC1, anti-PAK4 or anti-CREB
antibodies.

[0138] (24) In Vitro Reaction Analysis

[0139] Recombinant GST and GST-PAK4-wild type pro-
teins were separated using glutathione HiCap Matrix and
Ni-NTA agarose (Qiagen), respectively. For in vitro protein-
protein interaction analysis, purified GSTs or GST-PAK4s
were reacted in binding buffer using His-CRTC1-bound
Ni-NTA beads at 4° C. for 2 hours. Subsequently, after
washing, the remaining proteins were eluted from the beads
by heating and then immunoblotted using anti-GST anti-
bodies and anti-His antibodies.

Example 1

[0140] Analysis for Neuroprotective Activity of PAK4 in
Parkinson’s Disease

[0141] Expression levels of pPAK4 and PAK4 in Parkin-
son’s disease were analyzed. As for samples for analysis, the
tissue samples obtained from the subjects for experiments in
Table 1 above were immunoblotted with pPAK4 and PAK4
antibodies.

[0142] As a result, as shown in FIG. 1, it has been shown
that expressions of pPAK4 and PAK4 were all reduced in the
samples derived from patients with Parkinson’s disease
compared to the control samples. In addition, it has been
shown that the expression level of TH, a marker of DA
neurons, was also reduced in the Parkinson’s disease group
compared to the control group (see FIGS. 1A and 1B).
Besides, the expression levels of pPAK4 and PAK4 in living
TH-positive DA neurons were analyzed. As a result, it has
been shown that the expression in DA neurons of the
Parkinson’s disease group was reduced compared to the
control groups (age-matched control, young control) (see
FIGS. 1C to 1E). In addition, the ratio of pPAK4/PAK4 in
DA neurons of the Parkinson’s disease group was analyzed.
As a result, it has been shown that the ratio of pPAK4/PAK4
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in DA neurons of the Parkinson’s disease group was higher
than that of the control samples (see FIG. 1F).

Example 2

[0143] Analysis of Expression Levels of PAK4 and Phos-
phorylated-PAK4 in Animal Model of Parkinson’s Disease
[0144] After each brain tissue was obtained through the
experimental procedure as described above in the rat animal
model of Parkinson’s disease induced by administration of
6-OHDA, the expression levels of PAK4 and phosphory-
lated-PAK4 were analyzed.

[0145] As a result, as shown in FIG. 2, it has been shown
that the expression level of phosphorylated-PAK4 was sig-
nificantly reduced in the samples from rats with Parkinson’s
disease induced by 6-OHDA, compared to the control with-
out 6-OHDA administration (see FIGS. 2A to 2C).

Example 3

[0146] Analysis of the Action of PAK4 in Parkinson’s
Disease Through Loss-of-Function

[0147] As a method for checking the action of PAK4 in
Parkinson’s disease, the present inventors injected a lenti-
viral green fluorescent protein (GFP) small hairpin control
(shCtrl) or lentiviral-GFP-shPAK4 construct into the right
striatum of the rat brain to analyze the role of PAK4 in
Parkinson’s disease. In this case, the experimental schedule
for the loss-of-function experiment is shown in FIG. 2D.
[0148] As a result of the analysis, it has been shown that
the expression of PAK4 in the SN was significantly sup-
pressed by the injection of PAK4 shRNA (see FIGS. 2E and
2F). Also, lentivirus expressing human caPAK4 (constitu-
tively activated PAK4) was injected into the rat mesenceph-
alic neurons, and then the expression level of PAK4 and the
degree of brain cytotoxicity induced with 6-OHDA were
analyzed. As a result, as shown in FIG. 3, it has been shown
that the shPAK4-reduced expression of PAK4 was increased
again, and the brain cytotoxicity was also decreased again
(see FIGS. 3A and 3B).

[0149] Therefore, from these results, the present inventors
have found that PAK4 acts to protect brain cells in brain
cells/tissues.

[0150] Further, after injecting PF-3758309, an inhibitor of
PAK4, the present inventors analyzed TH-positive fibers in
the SN (substantia nigra). As a result, as shown in FIG. 4, it
has been shown that inhibition of PAK4 decreased TH-
positive DA neurons, and ultimately, caused damages to
brain cells.

Example 4

[0151] Analysis of the Action of PAK4 in Parkinson’s
Disease Through Gain-of-Function

[0152] Following the analysis of the action of PAK4 by
knock-down of PAK4 in Example 3, the present inventors
analyzed the action of PAK4 through gain-of-function by
introducing a gene containing PAK4.

[0153] For this purpose, nocturnal PAK4 (PAK4”7), activ-
ity-maintained PAK4 (caPAK4) and PAK4%*"#%, which were
prepared in the above Experimental methods, were injected
into rats, respectively, and treated with 6-OHDA to induce
brain cytotoxicity, and then the changes in activity dueto the
introduction of PAK4 were analyzed.

[0154] As a result, it has been shown that in the SH-SY5Y
cell line expressing PAK4 (PAK4%77) or activity-maintained
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PAK4 (caPAK4), even though it was treated with 6-OHDA,
the decrease in expression of Bel-2, which suppresses apop-
tosis, was suppressed and cytotoxicity was also decreased.
On the other hand, it has been shown that in the group to
which PAK4*7*E (non-phosphorylated mutant) was intro-
duced, Bcl-2 was significantly decreased and cytotoxicity
was also significantly higher than that in PAK4 (caPAK4)-
and PAK4™**£._injected groups (see FIG. 5).

[0155] Furthermore, the present inventors injected
caPAK4 into the striatum of experimental rats using lenti-
virus, then treated them with 6-OHDA to induce cytotoxicity
in the brain, and then analyzed the brain cell protective
activity due to PAK4 activity.

[0156] As a result, as shown in FIG. 6, it has been shown
that caPAK4 delivered by lentivirus was shifted from the SN
to TH-positive DA neurons, and the production of the brain
cell protective factors, DOPAC and HVA (homovanillic
acid) was increased (see FIG. 7).

[0157] Therefore, from these results, the present inventors
have found that the activity of PAK4, that is, the phospho-
rylated active form, is capable of ameliorating and treating
the neurodegenerative phenomenon in the substantia nigra
striatum DA due to brain damages caused by 6-OHDC, and
ultimately, capable of preventing or treating Parkinson’s
disease through brain cell protection.

[0158] In addition, the present inventors have conducted
experiments to check if PAK4 of the present invention has
a brain cell protective activity against a-synuclein which is
a causative agent of Parkinson’s disease. For this purpose,
caPAK4 virus was injected into a rat animal model, and 2
weeks later, AAV2(Recombinant adeno-associated virus
type 2) was used to inject human WT a-synuclein gene
(AAV2-¢-syn) and enhanced GFP gene (AAV2-eGFP),
respectively, into the rat SN. After 5 weeks, brain cells were
analyzed.

[0159] As a result, it has been shown that PAK4-injected
rats had more TH-positive and Nissl-stained DA neurons,
higher TH-positive fiber density, and reduced abnormal
behavioral symptoms caused by brain damages (see FIG. 8).

Example 5

[0160] Influence of CRTC-CREB Signaling on Brain-
Protective Effects by PAK4 Activity

[0161] Through the above experiments, the present inven-
tors have found that PAK4 is capable of preventing and
treating Parkinson’s disease due to its effective brain-pro-
tective activity against brain damages causing Parkinson’s
disease.

[0162] Thus, during our studies for identifying the intra-
cellular major mechanisms involved in the brain-protective
activity of PAK4, analysis was performed to check whether
CRTCI and CREB is involved in the brain-protective activ-
ity of PAK4.

[0163] In this connection, it has been shown that the
expression of caPAK4 was significantly increased through
CRE reporter activity in SH-SYSY neuronal cell line, and
the expression levels of the CREB target proteins, PGC-1a,
BDNF and Bcl-2, whose expressions had been reduced by
6-OHDA, were restored again (see FIGS. 9A to 9C).
[0164] In addition, in order to check whether the brain
protective activity of caPAK4 is CREB-dependent, CREB
was knocked down using siRNA and then the brain protec-
tive activity of caPAK4 was analyzed. As a result, as shown
in FIG. 9D, it has been shown that in the case of the group
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where CREB was knocked down with siRNA treatment,
cytotoxicity was still induced in brain cells in spite of
injection of caPAK4, whereas in the case of the group where
caPAK4 was injected under a CREB-expressed state,
6-OHDA-induced cytotoxicity was significantly reduced.

[0165] This means that CREB mediates the brain cell
protective activity of PAK4. On the other hand, since no
findings had been studied and uncovered vet for the CREB-
dependent transcriptional regulatory process of PAK4, the
present inventors have analyzed the involvement of more
specific downstream transcriptional regulatory factors.

[0166] First, for this purpose, we checked whether PAK4
induces phosphorylation of CREB. As a result, it has been
shown that PAK4 does not induce phosphorylation of
CREB. Thus, we analyzed the effect of PAK4 on CRTC1, a
coactivator of CREB.

[0167] It has been found that CRTC1 is expressed in DA
neurons derived from human postmortem brain tissues and
rat brain tissues. Peculiarly, it has been shown that when the
expression of CRTC1 was suppressed by siRNA, CRE
reporter activity caused by caPAK4 was suppressed (see
FIG. 9E).

[0168] In addition, an analysis of the effect of CRTC1 on
the brain-protective activity of caPAK4 was performed. As
a result, it has been shown that when CRTC1 was knocked
down, the cytoprotective activity of caPAK4 on cytotoxicity
increased with 6-OHDA in SH-SY5Y cell line was
decreased. That is, these results indicate that CRTC1-CREB
signaling is involved in inhibitory activity of caPAK4 on
brain cell damages induced by 6-OHDA and brain cell
protective activity of caPAK4, which has been identified for
the first time in the present invention. These results were also
confirmed in animal models. An analysis of the effect of
CRTC1 knock-down on cytotoxicity caused by 6-OHDA in
a rat model of Parkinson’s disease was performed. As a
result, it has been found that CRTC1 expression was
decreased by the injection of lenti-shCRTC1, and it has been
shown that the protective activity of caPAK4 on TH-positive
neurons and Nissl-stained DA neurons was reduced (see
FIG. 9E).

[0169] Therefore, from these results, it has been found that
CRTC1 plays a very important role in brain protective
activity of caPAK4.

Example 6

[0170] Analysis of the Effect of Phosphorylation at S215
in CRTCI on the Brain-Protective Activity of caPAK4 The
present inventors have found that CRTCI is located in the
nucleus in DA neurons and that phosphorylated PAK4 is also
located in the nucleus. Thus, the present inventors per-
formed immunoprecipitation analysis to check whether or
not PAK4 interacts with CRTC1 and CREB.

[0171] As aresult, as shown in FIG. 10, it has been shown
that PAK4 and CRTC1 are directly coupled to each other,
CRTC1 is a substrate of caPAK4, and PAK4 phosphorylates
CRTCI.

[0172] Furthermore, the present inventors identified the
site in CRTC1 phosphorylated by PAK4 through sequenc-
ing. As a result, it has been shown that among 3215 and
T449, the S215 site was a site phosphorylated by PAK4.
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[0173] 1In order to more clearly identify whether S215 is a
phosphorylation site, mutants of CRTC15#'%4 CRTC15'%14,
and CRTC1™*“ which are unphosphorylatable forms,
were prepared and then analyzed for their activity by PAK4.
It has been found that CRTC1%'*!4 and CRTC1%*31474494
were slightly phosphorylated, but CRTC1%'31452154 g
not phosphorylated. As the same result, it has been found
that the active PAK4 recombinant protein phosphorylates
CRTC 1534 very strongly. That is, these results mean that
the site in CRTC1 phosphorylated by PAK4 is the S215 site,
which has been also identified for the first time in the present
invention.

[0174] Furthermore, in order to more clearly identify the
functional role of the S215 site in CRTC1, we allowed
caPAK4 to be co-expressed with CRTC1%7 or CRTC1%2!34
and measured CRE reporter activity. As a result, it has been
shown that CRTC1**"> strongly suppressed CRE activity
due to caPAK4, which is in line with the phenomenon of
caPAK4-induced reduced expression of the CREB target
proteins, PGC-1a, BDNF, and Bcl-2. Besides, it has been
shown that CRTC1°2**4 decreased the cytoprotective activ-
ity of caPAK4 on cytotoxicity caused by 6-OHDA (see FIG.
10).

[0175] Therefore, the present inventors have found that
phosphorylation at the S215 site in CRTC1 plays a very
important role in CREB activity and cytoprotective activity
of PAK4.

[0176] In order to confirm the effect on S215 phosphory-
lation in CRTC1 in the Parkinson’s disease model, antibod-
ies capable of recognizing phospho-CRTC1°2!?
(pCRTC1%*'%) were prepared by the experimental method
described above. Then, pCRTC1 was detected for the SN
lysate of rats injected with 6-OHDA. As a result, it has been
shown that the amount of phosphorylated pCRTC1 was
decreased and the expression of CREB target proteins was
also decreased. An analysis of CRTC1°2'*4 in the SN for the
brain tissues obtained from patients with Parkinson’s disease
was performed. As a result, it has been shown that
CRTC1%*">* was reduced in the brain tissue samples with
Parkinson’s disease compared to the tissue samples that had
not developed the disease (see FIG. 12).

[0177] From these results, the present inventors have
found that active PAK4 (phosphorylated PAK4) phospho-
rylates the S215 site in CRTC1 and activates CREB to
thereby enhance the expression of brain cell protective
factors, in a degenerative brain disease such as Parkinson’s
disease, ultimately leading to amelioration of brain cell
damages and protection for brain cells, which enables a
degenerative brain disease to be fundamentally prevented,
ameliorated and treated.

[0178] The present invention has been described above
with reference to preferred embodiments thereof. It will be
understood by those skilled in the art that the present
invention may be embodied in modified forms without
departing from its essential characteristics. Therefore, the
disclosed embodiments should be considered in an illustra-
tive sense rather than a limiting sense. The scope of the
present invention is not defined by the above description but
by the claims, and it should be interpreted that all changes
which come within the scope equivalent thereto are encom-
passed by the present invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1

<211> LENGTH: 591

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PAK4 amino acid sequence

<400> SEQUENCE: 1

Met Phe Gly Lys Arg Lys Lys Arg Val Glu Ile Ser
1 5 10

Phe Glu His Arg Val His Thr Gly Phe Asp Gln His
20 25

Thr Gly Leu Pro Arg Gln Trp Gln Ser Leu Ile Glu
35 40

Arg Pro Lys Pro Leu Val Asp Pro Ala Cys Ile Thr
50 55 60

Gly Ala Pro Lys Thr Ile Val Arg Gly Ser Lys Gly
65 70 75

Ala Leu Thr Leu Leu Leu Asp Glu Phe Glu Asn Met
85 90

Ser Asn Ser Leu Arg Arg Asp Ser Pro Pro Pro Pro
100 105

Gln Glu Asn Gly Met Pro Glu Glu Pro Ala Thr Thr
115 120

Pro Gly Lys Ala Gly Ser Arg Gly Arg Phe Ala Gly
130 135 140

Gly Gly Gly Ser Gly Asp Arg Arg Arg Ala Gly Pro
145 150 155

Lys Ser Ser Arg Glu Gly Ser Gly Gly Pro Gln Glu
165 170

Lys Arg Pro Leu Ser Gly Pro Asp Val Gly Thr Pro
180 185

Leu Ala Ser Gly Ala Lys Leu Ala Ala Gly Arg Pro
195 200

Pro Arg Ala Asp Thr Asp His Pro Ser Arg Gly Ala
210 215 220

His Asp Val Ala Pro Asn Gly Pro Ser Ala Gly Gly
225 230 235

Gln Ser Ser Ser Ser Ser Ser Arg Pro Pro Thr Arg
245 250

Pro Ser Pro Gly Val Leu Gly Pro His Ala Ser Glu
260 265

Pro Pro Ala Cys Thr Pro Ala Ala Pro Ala Val Pro
275 280

Pro Arg Ser Pro Gln Arg Glu Pro Gln Arg Val Ser
290 295 300

Arg Ala Ala Leu Gln Leu Val Val Asp Pro Gly Asp
305 310 315

Leu Asp Asn Phe Ile Lys Ile Gly Glu Gly Ser Thr
325 330

Ile Ala Thr Val Arg Ser Ser Gly Lys Leu Val Ala

Ala

Glu

Glu

45

Ser

Ala

Ser

Ala

Ala

125

His

Glu

Ser

Gln

Phe

205

Gln

Leu

Ala

Pro

Gly

285

His

Pro

Gly

Val

Pro

Gln

30

Ser

Ile

Lys

Val

Arg

110

Arg

Ser

Lys

Ser

Pro

190

Asn

Gly

Ala

Arg

Gln

270

Pro

Glu

Arg

Ile

Lys

Ser

15

Lys

Ala

Gln

Asp

Thr

95

Ala

Gly

Glu

Arg

Arg

175

Ala

Thr

Glu

Ile

Gly

255

Leu

Pro

Gln

Ser

Val

335

Lys

Asn

Phe

Arg

Pro

Gly

80

Arg

Arg

Gly

Ala

Pro

160

Asp

Gly

Tyr

Pro

Pro

240

Ala

Ala

Gly

Phe

Tyr

320

Cys

Met
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-continued

340 345 350

Asp Leu Arg Lys Gln Gln Arg Arg Glu Leu Leu Phe Asn Glu Val Val
355 360 365

Ile Met Arg Asp Tyr Gln His Glu Asn Val Val Glu Met Tyr Asn Ser
370 375 380

Tyr Leu Val Gly Asp Glu Leu Trp Val Val Met Glu Phe Leu Glu Gly
385 390 395 400

Gly Ala Leu Thr Asp Ile Val Thr His Thr Arg Met Asn Glu Glu Gln
405 410 415

Ile Ala Ala Val Cys Leu Ala Val Leu Gln Ala Leu Ser Val Leu His
420 425 430

Ala Gln Gly Val Ile His Arg Asp Ile Lys Ser Asp Ser Ile Leu Leu
435 440 445

Thr His Asp Gly Arg Val Lys Leu Ser Asp Phe Gly Phe Cys Ala Gln
450 455 460

Val Ser Lys Glu Val Pro Arg Arg Lys Ser Leu Val Gly Thr Pro Tyr
465 470 475 480

Trp Met Ala Pro Glu Leu Ile Ser Arg Leu Pro Tyr Gly Pro Glu Val
485 490 495

Asp Ile Trp Ser Leu Gly Ile Met Val Ile Glu Met Val Asp Gly Glu
500 505 510

Pro Pro Tyr Phe Asn Glu Pro Pro Leu Lys Ala Met Lys Met Ile Arg
515 520 525

Asp Asn Leu Pro Pro Arg Leu Lys Asn Leu His Lys Val Ser Pro Ser
530 535 540

Leu Lys Gly Phe Leu Asp Arg Leu Leu Val Arg Asp Pro Ala Gln Arg
545 550 555 560

Ala Thr Ala Ala Glu Leu Leu Lys His Pro Phe Leu Ala Lys Ala Gly
565 570 575

Pro Pro Ala Ser Ile Val Pro Leu Met Arg Gln Asn Arg Thr Arg
580 585 590

<210> SEQ ID NO 2

<211> LENGTH: 1776

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PAK4 DNA sequence

<400> SEQUENCE: 2

atgtttggga agaggaagaa gcgggtggag atctccgcege cgtcecaactt cgagcaccgce 60
gtgcacacgyg gcttcgacca gcacgagcag aagttcacgg ggctgccceg ccagtggcag 120
agcctgateg aggagtegge tcgecggece aagecccteg tcgaccecge ctgcatcacce 180
tccatccage ccggggceccce caagaccatc gtgcggggca gcaaaggtgc caaagatggg 240
gccctcacge tgctgctgga cgagtttgag aacatgtcgg tgacacgctce caactccctg 300
cggagagaca gcccgecgece gccecgecegt geccocgecagg aaaatgggat gccagaggag 360
ccggecacca cggcecagagg gggoccaggg aaggcaggcea gecgaggeceg gttegecggt 420
cacagcgagg caggtggcgg cagtggtgac aggcgacggg cggggccaga gaagaggccc 480

aagtctteca gggagggete agggggtcce caggagteoct ccegggacaa acgcccecte 540

tecegggecty atgteggeac cccccagect getggtetgg ccagtgggge gaaactggea 600
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-continued

gctggeegge cctttaacac ctacccegagg gotgacacgg accacccatc ceggggtgece 660

cagggggagce ctecatgacgt ggcccctaac gggccatcag cggggggcect ggecatcccce 720

cagtcctect cctectecte ceggectece acccgageoce gaggtgecce cagecctygga 780
gtgctgggac cccacgecte agagecccag ctggecccte cagectgcac coccgecgee 840
cctgetgtte ctgggeccee tggecccege tcaccacage gggagecaca gcgagtatee 900

catgagcagt tcegggetge cctgcagetyg gtggtggace caggegacce ccgctectac 960
ctggacaact tcatcaagat tggcgaggge tccacgggca tcgtgtgcat cgccaccgty 1020
cgcagetegy gcaagetggt ggccgtcaag aagatggace tgcegcaagca gcagaggcege 1080
gagctgcetet tcaacgaggt ggtaatcatg agggactacce agcacgagaa tgtggtggag 1140
atgtacaaca gctacctggt gggggacgag ctetgggtgg tcatggagtt cctggaagga 1200
ggcgeoctcea ccgacategt cacccacacc aggatgaacy aggagcagat cgcagecegtg 1260
tgccttgeag tgctygcagge cctgteggtyg ctecacgoecee agggegtceat ccaccgggac 1320
atcaagagcg actcgatcect gectgacccat gatggcaggg tgaagctgtce agactttggyg 1380
ttetgogece aggtgagcaa ggaagtgcce cgaaggaagt cgetggtegyg cacgccctac 1440
tggatggccee cagagctcat ctococgectt cectacggge cagaggtaga catctggteg 1500
ctggggataa tggtgattga gatggtggac ggagagccce c¢ctacttcaa cgagecaccee 1560
ctcaaageca tgaagatgat tcegggacaac ctgccaccce gactgaagaa cctgcacaag 1620
gtgtcgecat coctgaaggg cttoectggac cgectgetgyg tgcgagaccee tgceccagegyg 1680
gccacggcag ccgagctgct gaagcaccca ttcctggcca aggcagggec gcctgccagce 1740
atcgtgcccee tcatgecgceca gaaccgcacce agatga 1776
<210> SEQ ID NO 3

<211> LENGTH: 634

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CRTCl amino acid sequence

<400> SEQUENCE: 3

Met Ala Thr Ser Asn Asn Pro Arg Lys Phe Ser Glu Lys Ile Ala Leu
1 5 10 15

His Asn Gln Lys Gln Ala Glu Glu Thr Ala Ala Phe Glu Glu Val Met
20 25 30

Lys Asp Leu Ser Leu Thr Arg Ala Ala Arg Leu Gln Leu Gln Lys Ser
35 40 45

Gln Tyr Leu Gln Leu Gly Pro Ser Arg Gly Gln Tyr Tyr Gly Gly Ser
50 55 60

Leu Pro Asn Val Asn Gln Ile Gly Ser Gly Thr Met Asp Leu Pro Phe
65 70 75 80

Gln Thr Pro Phe Gln Ser Ser Gly Leu Asp Thr Ser Arg Thr Thr Arg
85 90 95

His His Gly Leu Val Asp Arg Val Tyr Arg Glu Arg Gly Arg Leu Cly
100 105 110

Ser Pro His Arg Arg Pro Leu Ser Val Asp Lys His Gly Arg Gln 2la
115 120 125

Asp Ser Cys Pro Tyr Gly Thr Met Tyr Leu Ser Pro Pro Ala Asp Thr
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-continued

130 135 140

Ser Trp Arg Arg Thr Asn Ser Asp Ser Ala Leu His Gln Ser Thr Met
145 150 155 160

Thr Pro Thr Gln Pro Glu Ser Phe Ser Ser Gly Ser Gln Asp Val His
165 170 175

Gln Lys Arg Val Leu Leu Leu Thr Val Pro Gly Met Glu Glu Thr Thr
180 185 190

Ser Glu Ala Asp Lys Asn Leu Ser Lys Gln Ala Trp Asp Thr Lys Lys
195 200 205

Thr Gly Ser Arg Pro Lys Ser Cys Glu Val Pro Gly Ile Asn Ile Phe
210 215 220

Pro Ser Ala Asp Gln Glu Asn Thr Thr Ala Leu Ile Pro Ala Thr His
225 230 235 240

Asn Thr Gly Gly Ser Leu Pro Asp Leu Thr Asn Ile His Phe Pro Ser
245 250 255

Pro Leu Pro Thr Pro Leu Asp Pro Glu Glu Pro Thr Phe Pro Ala Leu
260 265 270

Ser Ser Ser Ser Ser Thr Gly Asn Leu Ala Ala Asn Leu Thr His Leu
275 280 285

Gly Ile Gly Gly Ala Gly Gln Gly Met Ser Thr Pro Gly Ser Ser Pro
290 295 300

Gln His Arg Pro Ala Gly Val Ser Pro Leu Ser Leu Ser Thr Glu Ala
305 310 315 320

Arg Arg Gln Gln Ala Ser Pro Thr Leu Ser Pro Leu Ser Pro Ile Thr
325 330 335

Gln Ala Val Ala Met Asp Ala Leu Ser Leu Glu Gln Gln Leu Pro Tyr
340 345 350

Ala Phe Phe Thr Gln Ala Gly Ser Gln Gln Pro Pro Pro Gln Pro Gln
355 360 365

Pro Pro Pro Pro Pro Pro Pro Ala Ser Gln Gln Pro Pro Pro Pro Pro
370 375 380

Pro Pro Gln Ala Pro Val Arg Leu Pro Pro Gly Gly Pro Leu Leu Pro
385 390 395 400

Ser Ala Ser Leu Thr Arg Gly Pro Gln Pro Pro Pro Leu Ala Val Thr
405 410 415

Val Pro Ser Ser Leu Pro Gln Ser Pro Pro Glu Asn Pro Gly Gln Pro
420 425 430

Ser Met Gly Ile Asp Ile Ala Ser Ala Pro Ala Leu Gln Gln Tyr Arg
435 440 445

Thr Ser Ala Gly Ser Pro Ala Asn Gln Ser Pro Thr Ser Pro Val Ser
450 455 460

Asn Gln Gly Phe Ser Pro Gly Ser Ser Pro Gln His Thr Ser Thr Leu
465 470 475 480

Gly Ser Val Phe Gly Asp Ala Tyr Tyr Glu Gln Gln Met Ala Ala Arg
485 490 495

Gln Ala Asn Ala Leu Ser Hisg Gln Leu Glu Gln Phe Asn Met Met Glu
500 505 510

Asn Ala Ile Ser Ser Ser Ser Leu Tyr Ser Pro Gly Ser Thr Leu Asn
515 520 525

Tyr Ser Gln Ala Ala Met Met Gly Leu Thr Gly Ser His Gly Ser Leu
530 535 540
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-continued

Pro Asp Ser Gln Gln Leu Gly Tyr Ala Ser His Ser Gly Ile Pro 2sn
545 550 555 560

Ile Ile Leu Thr Val Thr Gly Glu Ser Pro Pro Ser Leu Ser Lys Glu
565 570 575

Leu Thr Ser Ser Leu Ala Gly Val Gly Asp Val Ser Phe Asp Ser Asp
580 585 590

Ser Gln Phe Pro Leu Asp Glu Leu Lys Ile Asp Pro Leu Thr Leu Asp
595 600 605

Gly Leu His Met Leu Asn Asp Pro Asp Met Val Leu Ala Asp Pro Ala
610 615 620

Thr Glu Asp Thr Phe Arg Met Asp Arg Leu
625 630

<210> SEQ ID NO 4

<211l> LENGTH: 1905

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CRTCl DNA sequence

<400> SEQUENCE: 4

atggcgactt cgaacaatcc geggaaatte agecgagaaga tegegetgea caatcagaag 60
caggcggagg agacggegge cttegaggag gtcatgaagg acctgagect gacgegggec 120
gegeggetee agetecagaa atcccagtac ctgcaactgg gocccagecyg aggecagtac 180
tatggegggt coctgeccaa cgtgaaccag atcgggagtyg geaccatgga cctgecctte 240

cagacccect tccaatecte gggectggac accagecgga ccacccggca ccatgggety 300

gtggacaggy tgtaccggga gegtggeegg cteggetecee cacaccgeceg geccectgtea 360

gtggacaaac acggacggca ggccgacagce tgcccctatg gcaccatgta cctctcacca 420
cecegeggaca ccagetggag aaggaccaat tctgacteeg ccctgcacca gagcacaatg 480
acgcccacge agccagaatc ctttagcagt gggtcccagg acgtgcacca gaaaagagtce 540
ttactgttaa cagtcccagg aatggaagag accacatcag aggcagacaa aaacctttcce 600

aagcaagcat gggacaccaa gaagacgggg tccaggccca agtectgtga ggtcccecgga 660

atcaacatct tccegtetge cgaccaggaa aacactacag ccctgatcec cgccacccac 720
aacacagggg ggtccecctgece cgacctgacce aacatccact tccectecee getecegacce 780
cecgetggace ccgaggagece cacctteect gecactgagca gctecagcag caccggcaac 840

ctcgeggeca acctgacgca cctgggecate ggtggcgeeg geccagggaat gagcacacct 900
ggctcctete cacagcaceg cccagetgge gtcageccee tgtccectgag cacagaggeca 960
aggcgtcage aggcatcgec caccctgtece ccgetgtcac ccatcactca ggctgtagece 1020
atggacgcce tgtctctgga gcagecagetyg ccctacgect tcttcaccca ggcgggctec 1080
cagcagccac cgecgcagec ccagcecceeg cecgectecte caccegegte ccagcagceca 1140
ceacceeege cacceccaca ggegecegte cgectgeeee ctggtggeee cctgttgeece 1200
agcgccagece tgactegtgg gccacagccg ccccegettg cagtcacggt accgtectcet 1260
ctececcagt cceccccaga gaacccetgge cagecatcga tggggatcga catcgectey 1320
gcgeeggete tgcagcagta ccgcactage gecggetece cggccaacca gtcteccace 1380

tcgccagtcet ccaatcaagg cttetceccca gggagcetccee cgcaacacac ttccacectg 1440
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-continued

ggcagcgtgt

ctgtcccace

tacagccegyg

cacgggagec

atcatcctceca

ctggeeggygy

aagatcgacce

ttggggacgce

agctggagea

gctccacact

tgccggacte

cagtgacagg

teggegacgt

cecetgacecet

gtactatgag

gttcaacaty

caactactcyg

gcagcaacty

agagtcccee

cagcttegac

cgacggacty

cagcagatgyg
atggagaacyg
caggcggcca
ggatacgcca
ccecagectet
tcegacagec

cacatgctca

cggccaggca

ccatcagctce

tgatgggcct

gccacagtygy

ctaaagaact

agtttccect

acgaccccga

ggccaatget

cagcagecty

cacgggcage

catcccecaac

gaccagetet

ggacgaactc

catggttety

1500

1560

1620

1680

1740

1800

1860

Jan. 17,2019

gocgacccayg ccaccgagga caccttceegg atggaccgee tgtga

<210>
<21ll>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: SH-082018-01 sequence
<400> SEQUENCE: 5

ttacgcaagt ccatcttet

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 6

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: SH-082018-02 sequence

<400> SEQUENCE: 6

tgatcgaage ctgtgtgta

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

SEQ ID NO 7

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SH-111776-01 sequence

<400> SEQUENCE: 7

cacgatatac tctgtccac

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

SEQ ID NO 8

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SH-111776-02 sequence

<400> SEQUENCE: 8

tcgctaaatt tccgeggat

1905

19

19

19

19

What is claimed is:

1. A pharmaceutical composition for the prevention or
treatment of a Parkinson’s disease comprising a CRTC1
(CREB-regulated transcription coactivator 1) expression
enhancer or activator as an effective ingredient,

wherein the CRTC1 expression enhancer or activator is

one which phosphorylates the serine 215 residue in the
CRTCI amino acid sequence of SEQ ID NO: 3 by a
PAK4 (p21-activated kinase 4).

2. The pharmaceutical composition according to claim 1,
wherein the CRTC1 expression enhancer or activator is one
which increases the expression or activity of CRTC1 in brain
tissue, thereby increasing the expression or activity of
CREB (cyclic adenosine 3',5'-monophosphate response ele-
ment-binding protein).

3. The pharmaceutical composition according to claim 1,
wherein the CRTC1 expression enhancer or activator is a
compound, a peptide, an aptamer or an antibody.
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4. A diagnostic kit for a degenerative brain disease com-
prising an agent for detecting CRTC1 ((cyclic adenosine
3',5'-monophosphate response element-binding protein)
regulated transcription coactivator 1).

5. The diagnostic kit according to claim 9, wherein the
agent is a compound, peptide, probe or antibody, specific for
CRTC1.

6. A method for screening a substance for the prevention
or treatment of a Parkinson’s disease, comprising:

(a) applying a candidate drug to brain tissue or brain cells

containing CRTC1 gene or CRTCI1 protein;

(b) measuring the degree of phosphorylation in CRTCI;

and

(¢) determining the candidate drug as a substance for the

prevention or treatment of a degenerative brain disease
when the measurement in step (b) indicates that the
phosphorylation in CRTC1 is increased.

7. The method according to claim 6, wherein the CRTC1
phosphorylation in step (b) is phosphorylation on the serine
215 residue in the CRTC1 amino acid sequence of SEQ ID
NO: 3.

8. The method according to claim 6, wherein the mea-
surement in step (c) is performed using one selected from the
group consisting of Western blot, immunoprecipitation
assay, enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), and immunohistochemical analy-
sis.

I I T T
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