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(57) ABSTRACT

The p62 protein has been analyzed and identified as the sig-
nificant contributor to several metabolic pathways that lead to
metabolic syndrome, Alzheimer’s Disease, and other related
diseases. The absence of the p62 protein has a profound effect
on the accumulation of tau protein, amyloid beta protein and
an increase in blood insulin levels. The accumulation of tau
protein and amyloid beta protein in neurological tissues is a
hallmark of neurological metabolic diseases such as Alzhe-
imer’s Disease and related dementias. Moreover, increase
blood insulin levels is an indicator of insulin resistance in
mammals. Accordingly, the present invention provides a
method for screening a mammal for metabolic disease com-
prising the step of detecting the absence of the p62 protein.
The present invention also contemplates a method of screen-
ing a mammal for a metabolic syndrome comprising the steps
of detecting the level of p62 protein in a metabolic pathway
and determining whether the level of p62 protein falls below
a threshold level. A pharmaceutical composition is also con-
templated for therapeutic supplementation of a metabolic
pathway, the pharmaceutical composition comprising a p62
protein or an amide, ester or salt thereof and a pharmaceuti-
cally effective carrier. Such pharmaceutical composition will
have an inhibitory action on the phosphorylation, ubiquitina-
tion, accumulation of tau protein, an inhibitory effect on the
accumulation of APP/amyloid beta and may operate to lower
blood insulin levels.

3 Claims, 6 Drawing Sheets
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P62 AS A DIAGNOSTIC TOOL FOR
ALZHEIMER’S DISEASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/723,782 filed Oct. 5, 2005.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This work was supported by a National Institutes of
Health-National Institute of Neurological Disorders and
Stroke Contract/Grant Number: 2R0/NS033661-07A2.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not Applicable

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates to molecular biology in gen-
eral, with emphasis on proteins affecting the development of
metabolic syndrome and related diseases, for example and
without limitation, mild cognitive impairment and Alzhe-
imer’s Disease.

Metabolic syndrome often refers to a combination of medi-
cal disorders that affect a large number of people in a clus-
tered fashion. Metabolic syndrome is generally characterized
by a group of metabolic risk factors in one person, including
abdominal obesity, atherogenic dyslipidemia (blood fat dis-
orders—high triglycerides, low HDL cholesterol and high
LDL cholesterol—that foster plaque buildups in artery
walls), elevated blood pressure, insulin resistance, or glucose
intolerance, prothrondotic state, and proinflammatory state.
Metabolic syndrome is a precursor to many diseases includ-
ing, but not limited to: mild cognitive impairment, Alzhe-
imer’s Disease, Parkinson’s Disease, Huntington’s Disease,
Amyotrophic Sclerosis, corticobasal degeneration, progres-
sive supranuclear palsy, Pick’s Disease, and Niemann-Pick’s
Disease. Oftentimes, the term metabolic syndrome is used to
describe the early stages of the diseases listed above and other
related diseases.

One of the diseases related to metabolic syndrome, Alzhe-
imer’s Disease, affects approximately 4.5 million individuals
in the United States, with a projected rise to 14 million indi-
viduals by the year 2050. Protein aggregates composed of tau
protein and extra cellular plaques of amyloid beta (Ap) are
characteristic pathological features of Alzheimer’s Disease
affecting the brain and causing behavior changes such as
anxiety and loss of synaptic function.

Various risk factors exist and enhance the probability of an
individual to develop Alzheimer’s Disease. One major factor
is age, while another major factor is Type II diabetes. Over-
eating and obesity are common causes of insulin resistance
leading to Type II diabetes. In fact, simply being overweight
(i.e., having a body mass index of greater than 25) raises the
risk of an individual developing Type II diabetes. Conversely,
most individuals with Type II diabetes develop mild cognitive
impairment and ultimately Alzheimer’s disease. In the past 50
years, there has been a dramatic shift in the rise of Alzhe-
imer’s Disease cases. High fat diets have been shown to
induce insulin resistance, but less is known about the effects
of sugar intake. Alzheimer’s Disease may be Type I1I diabe-
tes.

20

25

30

35

40

45

50

55

60

65

2

The p62 protein operates in both receptor mediated activa-
tion of kinase cascades and in ubiquitin signaling. P62 serves
as a polyubiquitin chain binding protein and is a scaffold for
the atypical protein kinase C (aPKC). P62 also serves to
traffic proteins to a structure known as an aggresome which is
aregion of a cell where proteins are sorted and routed to other
cellular compartments. The sequestration of aggregates in the
aggresome protects cells that are dependent upon the ability
of the p62 protein to bind polyubiquinated proteins through
its C terminal ubiquitin associated domain. Conversely, the
N-terminus of the p62 protein interacts with a proteasome,
which is a large protein complex that degrades proteins
tagged for elimination, particularly those tagged with ubiq-
uitin. Accordingly, p62 plays a role in protein degradation by
shuttling proteins from a sorting compartment, the aggre-
some, to the degradation department, the proteasome. Alter-
natively, p62 may also transport polyubiquitinated proteins
for degradation by the autophagosome. Protein p62 also inter-
acts with members of the Trk transmembrane protein family,
and an absence in p62 impairs Trk internalization and signal-
ing.

The TrkB family of transmembrane proteins serves as
receptors for neurotrophic factors. Specific mutations in TrkB
have been linked to regulation of food intake, body weight
control, obesity and insulin resistance. Mutations in the TrkB
transmembrane protein, as well as brain-derived neurotrophic
factor, have been linked to Alzheimer’s Disease. Geetha and
Wooten have demonstrated that TrkB exerts its physiological
effects through association with signal scaffolds, such as the
p62 protein, J. Biol. Chem. 278 (7): 4730-4739.

It was surprisingly found that the p62 protein has a pro-
found effect on the pathways that cause hyperphosphoryla-
tion and polyubiquination of tau proteins, and deposits of
APP/amyloid beta. The hyperphosphorylation of tau and its
accumulation is coincident with development of insulin resis-
tance. Thus, disturbances in p62 protein expression lead to
metabolic syndrome, Alzheimer’s Disease and may be a con-
tributing factor to development of other neurodegenerative
diseases.

By detecting the absence of p62 protein, a method for
screening a mammal for metabolic syndrome or related dis-
eases is established. Since the p62 protein is intricately
involved in the accumulation of tau protein and amyloid beta
protein, and is also involved in creating insulin resistance in
mammals, p62 is a metabolic marker for cognitive decline,
and the detection of the presence/absence/concentration of
p62 in mammalian tissues provides a mechanism for the early
detection of neurological diseases, such as Alzheimer’s Dis-
ease and various other related neurological diseases. The
detection of the absence of p62 protein can be accomplished
by supplying a tissue sample, extracting proteins from the
tissue sample, and analyzing the extracted proteins to deter-
mine whether p62 is present or absent. It is contemplated that
this type of detection will diagnose a predisposition for meta-
bolic syndrome, Alzheimer’s Disease, Parkinson’s Disease,
Huntington’s Disease, Amyotrophic Lateral Sclerosis, corti-
cobasal degeneration, progressive supranuclear palsy, Pick’s
Disease, and/or Niemann-Pick’s Disease.

A method for screening a mammal for metabolic syn-
dromes comprising the steps of detecting the level of p62
protein in a metabolic pathway, and determining whether the
level of p62 protein in the metabolic pathway is below a
threshold level is also contemplated. This method further
includes obtaining a tissue sample, extracting proteins from
the tissue sample and analyzing the extracted proteins to
determine the concentration of the p62 protein within the
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sample. Alternatively, if tissue sample is limiting, p62 levels
can be detected using Quantitative PCR (QPCR) techniques.

A pharmaceutical composition for therapeutic supplemen-
tation of a metabolic pathway is also contemplated. The com-
position comprises p62 protein or an amide, ester or salt
thereof and a pharmaceutically effective carrier. Such phar-
maceutical composition would have an inhibitory action on
phosphorylation of tau protein and extracellular plaques of
amyloid beta and would also operate to lower blood insulin
levels and may alter feeding behavior.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a flow chart demonstrating the effect that the p62
protein has on certain metabolic pathways.

FIG. 2 is a bar graph demonstrating relative atypical pro-
tein kinase C activity in mice lacking the ability to produce
the p62 protein versus wild-type mice.

FIG. 3 is a bar graph demonstrating the average deposits
per section of amyloid beta plaques in the hippocampus and
cortex of mouse brains lacking the ability to produce the p62
protein.

FIG. 4 is a western blot analysis demonstrating a hyperex-
pression of the tau protein and ubiquitin in protein fractions
isolated from mice unable to produce the p62 protein versus
wild-type mice.

FIG. 5 demonstrates the results of a western blot analysis to
detect the presence of glycogen synthase kinase 3 (GSK3f) in
mice incapable of producing p62 versus wild-type mice.

FIG. 6 demonstrates a series of western blot results for
transfected cells and demonstrate that the interaction between
GSK3p and aPKC, is enhanced by a factor of 2 in the presence
of the p62 protein.

FIG. 7 are photomicrographs of Gallyas silver stained hip-
pocampus and cortex paraffin sectioned mouse brains where
the mouse brains are incapable of producing the p62 protein
and a bar graph demonstrating quantitative assessment of
neurofibulary tangles in such mouse brains.

FIG. 8 are photomicrographs of paraffin sections of a
mouse brain incapable of producing the p62 protein and
stained with antibodies specific for various factors demon-
strating neurofibulary tangles.

FIG. 9 are photomicrographs of the hippocampus and cor-
tex of mouse brains incapable of producing p62 protein
stained with an antibody that detects amyloid beta.

FIG. 10 is a photomicrograph comparing paraffin sections
from wild-type mice versus mice incapable of producing p62
protein stained to demonstrate the amount of neurons affected
in both samples and including a graph quantifying the average
neurons per field in millimeters squared.

FIG. 11 demonstrates photomicrographs of paraffin sec-
tions of mouse brains stained to demonstrate the presence of
neurons in wild-type mice versus mice incapable of produc-
ing p62 protein.

FIG. 12 is a bar graph demonstrating that wild-type mice
spent more time exploring open arms of an eight arm radial
maze than p62~"~ mice, indicating anxiety in the p62~'~ mice.

FIG. 13 demonstrates the results of a western blot analysis
to detect the presence of p62 protein in control individuals
versus individuals having Alzheimer’s Disease, and demon-
strates the results quantitatively in a bar graph.

DETAILED DESCRIPTION OF THE INVENTION

Metabolic syndrome is a metabolic disease and is a precur-
sor to many diseases, particularly mild cognitive impairment
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and Alzheimer’s Disease. Neurofibulary tangles of hyper-
phosphorylated tau protein that progressively accumulate is a
neuropathological hallmark of Alzheimer’s Disease. In addi-
tion, plaques composed of aggregated amyloid beta protein
are also present and are believed to be a pathogen and char-
acteristic of Alzheimer’s Disease. Moreover, the regulation of
insulin levels in the blood has a significant effect on the
development of insulin resistance, tau phosphorylation and
also on the accumulation of amyloid beta. It has been surpris-
ingly determined that the regulation of tau protein, amyloid
beta protein and insulin levels are directly affected by the p62
protein. Accordingly, detection and analysis of the presence
or levels of p62 in mammalian tissues will function as a risk
determinant for the development of metabolic diseases such
as metabolic syndrome and as a risk determinant for further
development of neurological diseases such as Alzheimer’s
Disease, Parkinson’s Disease, Huntington’s Disease, Amyo-
trophic Lateral Sclerosis, corticobasal degeneration, progres-
sive supranuclear palsy, Pick’s Disease, and Niemann-Pick’s
Disease.

Referring now to FIG. 1, the p62 protein (2) is a binding
partner for atypical protein kinase C (aPKC) (4). Reduction or
elimination of p62 protein levels decreases the levels of atypi-
cal protein kinase C. The partnership between the p62 protein
(2) and the atypical protein kinase C (4) further affects several
metabolic pathways. First, when p62 protein (2) is reduced or
eliminated, it does not bind with atypical protein kinase C (4),
and there is a reduction in glycogen synthase kinase 3 (GSK
3) (6) levels. Glycogen synthase kinase 3 (6) is a serene/
threonine protein kinase that is highly expressed in the central
and peripheral nervous system. Glycogen synthase kinase 3
(6) phosphorylates several substrates, including the tau pro-
tein (8). Glycogen synthase kinase 3 (6) phosphorylates the
microtubule associated protein tau (8) in neurons. Hyper-
phosphorylated protein tau (8) has a lower affinity for micro-
tubules and accumulates as paired helical filaments, which is
a main component constituting neurofibulary tangles and
neuropil threads in the brains of mammals affected with
Alzheimer’s Disease. The neurofibulary tangles and neuropil
threads cause depolymerization of microtubules, leading to
the death of axons and neuritic dystrophy. Neurofibulary
tangles are consistently found in diseases such as Alzheimer’s
Disease, Amyotrophic Lateral Sclerosis, corticobasal degen-
eration, Parkinson’s Disease, Huntington’s Disease, progres-
sive supranuclear palsy, Pick’s Disease, and Niemann-Pick’s
Disease. Thus, reduction or elimination of p62 protein levels
causes an increase in glycogen synthase kinase 3 levels,
which causes a hyperphosphorylation of the tau protein (8).
This hyperphosphorylation of the tau protein (8) results in
accumulation of the tau protein as neurofibulary tangles and is
a hallmark of Alzheimer’s Disease and other dementias.
Thus, detection of the presence or absence of the p62 protein
in mammalian tissues can provide a screening mechanism for
various neurodegenerative diseases.

To fully explore the mechanisms detailed in FIG. 1, tissue
samples were immunoblotted with a glycogen synthase
kinase 3 antibody recognizing phosphorylated and non-phos-
phorylated glycogen synthase kinase 3, see, FIG. 5. The
inventors found that in mice that did not express the p62
protein, there was constitutive activation of the glycogen
synthase kinase 3 through phosphorylization. Similar tests
were performed with respect to atypical protein kinase C
activity. Tissue samples from mice that were incapable of
producing the p62 protein (~'7) were observed to exhibit a
significant reduction in atypical protein kinase C activity
compared to wild-type (WT) mice, see, FIG. 2. Thus, the
inventors surprisingly found that the interaction between gly-
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cogen synthase kinase 3 and atypical protein kinase C was
enhanced two-fold in the presence of p62, resulting in a
parallel two-fold increase in glycogen synthase kinase 3
phosphorylation.

Since p62 has such an effect on tau hyperphosphorylation,
a method for screening a mammal comprising the step of
detecting the absence of p62 protein is a strong determinant as
to whether the mammal will develop a neurological metabolic
disease, such as Alzheimer’s Disease, Parkinson’s Disease,
Huntington’s Disease, Amyotrophic Lateral Sclerosis, corti-
cobasal degeneration, progressive supranuclear palsy, Pick’s
Disease, and/or Niemann-Pick’s Disease. In performing such
an analysis, a tissue sample is obtained and proteins are
extracted from the tissue sample, using known methods, as
further described herein. The extracted protein is then ana-
lyzed to determine whether the p62 protein is present or
absent by any one of various methods known in the art,
including, but not limited to those described herein. Alterna-
tively, the extraction proteins may be analyzed to determine
whether the level of p62 protein in the metabolic pathway is
below a threshold level of fifty percent compared to normal
p62 levels.

Antibodies to p62 protein are well known, see, U.S. Pat.
No. 5,610,276. Using such antibodies, proteins extracted
from tissue samples may be separated by 10% SDS-page and
immunoblotted with the anti-p62 antibody. Other methods
for checking the presence or absence of p62 proteins and/or
detecting the concentration of p62 proteins are well known in
the art and are deemed to be within the scope of the present
disclosure.

Referring back to FIG. 1, the p62 protein (2) also has an
effect on the accumulation of amyloid beta (Af) plaques.
Prostate apoptosis response-4 (PAR-4) protein (10) interacts
with atypical protein kinase C (4). Reduced levels of atypical
protein kinase C decreases prostate apoptosis response-4 pro-
tein levels. The prostate apoptosis response-4 protein (10)
interacts with beta-site APP cleaving enzyme (BACE-1) (12).
A decrease in the activity of the prostate apoptosis response-4
protein decreases beta-site APP cleaving enzyme activity.
This decrease in beta-site APP cleaving enzyme activity
enhances amyloid beta protein (14) production. This
enhanced production of amyloid beta (14) has two profound
physiological effects: first, it causes further hyperphosphory-
lation of the tau protein (8) leading to the accumulation of tau
protein as neurofibulary tangles; and second, amyloid beta
(14) causes intraneural accumulation and extracellular pro-
tein plaques on neurological tissue and neurons. FIGS. 3 and
9 demonstrate that in serial sections from mice incapable of
producing the p62 protein and stained with 4G8 antibody, an
antibody specific for amyloid beta, the presence of numerous
plaques in both the hippocampus and cortex are revealed.
Accordingly, the absence of p62 leads to tau hyperphospho-
rylation, neurofibulary tangles of specific confirmations
accompanied by accumulation of amyloid beta and neurodeg-
radation.

Thus, a method for screening that includes the step of
detecting the absence of p62 protein is a powerful screening
test because p62 lies in a pathway that controls accumulation
of hyperphosphorylated polyubiquinated tau protein and
amyloid beta. P62 is the first protein where reduced expres-
sion has been shown to cause neurodegradation along with
pathology specific to Alzheimer’s Disease. Therefore, as
aforementioned, a method for screening a mammal for meta-
bolic diseases comprising the step of detecting the absence of
p62 protein by extracting proteins from a tissue sample and
analyzing the extracted protein to determine either the pres-
ence of absence of p62 or the concentration of p62 is an
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effective screening for various neurological metabolic dis-
eases, including Alzheimer’s Disease, Parkinson’s Disease,
Huntington’s Disease, Amyotrophic Lateral Sclerosis, corti-
cobasal degeneration, progressive supranuclear palsy, Pick’s
Disease, and Niemann-Pick’s Disease.

Referring again to FIG. 1, a reduction/elimination of p62
protein (2) levels and, therefore, a reduction in p62 protein (2)
and atypical protein kinase C (4) interaction is a primary
contributor to insulin resistance and to the production of
amyloid beta (14), as well as hyperphosphorylation of tau
protein (8). The primary contributor to insulin resistance is a
decrease in insulin-stimulated glucose transport activity pro-
tein (GLUT4) (16). P62 protein interaction with the atypical
protein kinase C may affect the activity of the insulin receptor
substrate proteins (IRS-1 and 2)(18) either directly or indi-
rectly. Thus, a decrease in p62 levels may decrease the activ-
ity of the atypical protein kinase C, and in turn result in the
reduction in the activity or phosphorylation of IRS1 or 2. The
insulin substrate receptor protein (18), when phosphorylated,
affects the translocation of insulin stimulated glucose trans-
port protein (GLUT-4) (16) across cell membranes. A
decrease in insulin receptor substrate protein production
impairs glucose transfer protein translocation across cell
membranes. Impaired glucose transfer protein translocation
across cell membranes increases insulin levels (20) and is a
contributor to cellular insulin resistance. This increase in the
blood insulin level competes for and blocks the activity of
insulin degrading enzyme (IDE) (22) which contributes to the
formation of amyloid beta (14). As aforementioned, amyloid
beta (14) canserve as a tau kinase, or insulin itself can activate
tau kinases, leading to aberrant phosphorylation and aggre-
gation of tau protein (8). Thus, the ability to screen individu-
als for the presence, absence or concentration of p62 protein
in neurological tissues, blood, liver, pancreas and/or skeletal
muscle tissues is important in addressing the risk of such
mammal to many metabolic diseases. Screening mammals
for p62, therefore, can not only be effective screening for
Alzheimer’s disease, but also other neurological diseases.

As p62 levels decline, the first physical manifestation of
that decline is anxiety followed by loss of short term memory.
Symptoms of anxiety in humans are varied and include:
intense worry and feelings of dread, poor concentration and
restlessness, irritability and poor sleep, muscle tension and
trembling, palpitations or chest pains, profuse sweating and
hot flashes. As memory and thinking skills fade, a person with
Alzheimer’s Disease is challenged by everyday situations and
demands. Changes in a person’s surroundings, lack of social
contact with others, and lack of routine can all compound
anxiety in a person developing Alzheimer’s Disease. More-
over, changes in anxiety precede insulin resistance and devel-
opment of cognitive decline. Therefore, in humans, an initial
screening of individuals displaying anxiety, along with meta-
bolic profiles of p62 presence/absence/concentration would
provide an early temporal indication that such an individual is
likely to develop Alzheimer’s Disease, or possibly other
related neurological diseases. Accordingly, individuals who
both display no or low p62 levels and also who display anxi-
ety, are prime candidates for therapeutic supplementation of
p62 protein.

Behavioral tests were performed on wild-type and p62~"~
mice to establish the early temporal relationship between p62
protein and anxiety. A probe trial consisting of a 60 second
free swim was used to test the spatial knowledge of the
location of a visible platform and location search strategies
employed by the mice relative to external cues. On the probe
trial, p62~'~ mice exhibited clear evidence for deficits in spa-
tial learning. A stringent measure of spatial navigation is to
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examine time spent in the inner, middle and outer zones of a
Morris water maze (San Diego Instruments, San Diego,
Calif., USA). The p62~"~ mice spent significantly more time
in the outer zone along the wall of the tank and significantly
less time in the inner zone, indicative of thigmotaxia, i.e., wall
hugging. To further examine spatial learning, mice were
tested in an 8 arm radial maze. Upon opening doors in the
maze, wild-type mice entered individual arms of the maze
quickly to obtain all food rewards. By comparison, the p62~/'~
mice spent a significant amount of time in the central chamber
of'the maze prior to their first, if any, arm entry. In most cases,
the p62~~ mice did not complete the maze. The tendency of
the p62~"~ mice to remain stationary in the maze and their
avoidance of exploratory behavior is a reflection of anxiety.
Accordingly, the inventors employed the time of first arm
entry as a measure of anxiety-like behavior, see, FIG.12. An
assessment of the data in FIG. 12 revealed that p62~~ mice
were significantly less likely to explore the maze environ-
ment. This suggests that there is an association between loss
or lowering of p62 protein and anxiety.

To examine this behavior in greater detail, the mice were
tested in an elevated plus maze and in an open field maze,
techniques that are known in the art as standard ways to
measure anxiety. Both tests revealed a significantly higher
level of anxiety behavior in the p62~~ mice compared to the
wild-type mice.

Finally, it has been discovered that the absence of p62
protein causes a disregulation of TrkB signals. Accordingly,
p62 serves to integrate TrkB, causing obesity and insulin
resistance. Moreover, overexpression of p62 may restore nor-
mal food consumption and TrkB signaling, restore insulin
sensitivity and enhance cognitive abilities, thereby delaying
progression of neurological diseases.

Accordingly, a pharmaceutical composition for therapeu-
tic supplementation of a metabolic pathway will be effective
to accomplish these goals. The pharmaceutical compensation
may comprise p62 protein or an amide, ester or salt thereof,
and a pharmaceutically effective carrier. Pharmaceutical
effective carriers include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of media agents for
pharmaceutically active substances is well known in the art.
The sequence coding for the p62 polypeptide and related
polypeptides are disclosed in U.S. Pat. No. 6,291,645, and the
subject matter of that patent is incorporated herein by refer-
ence.

The subject matter of the present application is further
illustrated by the following examples which in no way should
be construed as being further limiting. The contents of all
cited references and patents cited throughout this application
are hereby expressly incorporated by reference.

EXAMPLES

The following materials and methods were used through-
out examples:

Generation of P62~ Mice

Knock out mice (p62~"~) were generated as described pre-
viously (Duran et al. Dev. Cell 6, 303-309, 2004). For the
duration of the study all mice were housed in a pathogen-free
barrier environment. We intercrossed p62*'* and p62~~ mice
to obtain an isogenic mouse strain. The genotypes of the
offspring were verified by PCR with allele specific primers.
For p62*™* we used forward primer (5'-GGG GGC TAC TAC
CGG GGA CAT TAT-3") [SEQ ID NO 2] and reverse primer
(5'-CGA CCC CAC TGC CTA CTC TTT TCT-3") [SEQ ID
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NO 3], while p62~"~ was detected with the forward primer
(5'-GGG GGC TAC TAC CGG GGA CAT TAT-3") [SEQ ID
NO 4] and reverse primer (5'-CTT GGG TGG AGA GGC
TAT TC 3" [SEQ ID NO 5]. All animals employed in the
studies were six months of age and handled according to the
Auburn University IACUC which abides by NIH guidelines.

Human Brain Tissue Samples

Cortical brain homogenates were isolated from individuals
having Alzheimer’s Disease. Cortical brain homogenates
were also isolated from individuals not having Alzheimer’s
Disease as a control.

Isolation of Soluble And Insoluble Fractions

Soluble and insoluble protein fractions were prepared as
described (Dou et al. Proc. Natl. Acad. Sci. USA 2, 721-726,
2003). Briefly, the brain sample was homogenized in 1 ml/gm
of'ice-cold 1 M sucrose in RAB buffer, pH 7.0 (0.1 M MES,
1 mM EGTA, 0.5 mM MgSO., 0.75 M NaCl, 0.02 M NaF, 1
mM PMSF, 0.1% protease inhibitors). The homogenate was
centrifuged at 50,000xg for 20 min at 4° C. The pellet was
extracted with 1 ml/gm tissue in RIPA buffer (50 mM Tris pH
8.0, 150 mM NaCl, 1% Nonidet P-40, 5 mM EDTA, 0.5%
sodium deoxycholate, 0.1% SDS) and centrifuged at
50,000xg for 20 min at 4° C. to obtain RIPA soluble fractions.
The pellet was sonicated with 70% formic acid and lyo-
philized to yield the highly insoluble fraction. Protein on all 3
fractions (RAB, RIPA, FA) was determined using the DC
protein assay (Bio-Rad Laboratories, Hercules, Calif., USA)
and an equal concentration, of each were electrophoresed and
Western blotted, according to conventional techniques.

Transfection, Immunoprecipitation and Western Blot
Analysis

Transfection of human embryonic kidney (HEK) cells,
immunoprecipitation and Western blotting were conducted as
previously described (Babaetal., J. Neurochem. 94, 192-203,
2005). Hemagglutinin (HA)-tagged GSK3f was obtained
from Dr. James Woodgett (Ontario Cancer Institute, Toronto,
Ontario, Canada). We employed mouse anti-ubiquitin (Santa
Cruz Biotechnology, Santa Cruz, Calif., USA), rabbit anti-
GSK3 and anti-GSK3 o/p (Ser 9/21) (Cell Signaling Tech-
nology Inc., Beverly, Mass., USA). Measure of aPKC, activ-
ity was conducted with antibody from Santa Cruz
Biotechnology (Santa Cruz, Calif., USA) using myelin basic
protein as substrate. For Western blotting of the human cor-
tical brain homogenates, actin is used as an internal sample
for sample variance.

Reverse Transcriptase (RT)-PCR and Real-Time Quantita-
tive PCR

Dissected cortical grey matter is cut into small pieces in the
frozen state and approximately 70 mg is homogenized imme-
diately in RNA-Bee (Iso-Tex Diagnostics, Friendswood,
Tex., USA) solution and RNA was isolated. Alternatively,
blood may be collected and RNA may be isolated from the
blood in the same manner. RNA that is intact by electrophore-
sisandhasa A, 5o/A, g ratio 21.9 isused for cDNA synthesis.
The RT-PCR system (RETRO script kit) is available from
Ambion, Inc. of Austin, Tex., USA. 2 ug total RNA is mixed
with 2 ul Oligo (dT) and nuclease-free water. The mixture is
centrifuged briefly and heated 3 min at 70-85° C. to denature
the RNA secondary structure. The tubes are placed on ice,
centrifuged briefly, and remain on ice for at least 1 min. RT
components (2 pl 10xRT buffer, 4 ul ANTP mix, pl RNase
inhibitor and 1 pl Reverse Transcriptase) are added, mix
gently, spun briefly and incubated at 42° C. for 1 h. Then,
reaction is incubated at 92° C. for 10 min to inactivate the
Reverse Transcriptase. All cDNA samples can be stored at
-20° C. until use.
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Relative quantitative real-time PCR may be performed to
quantify p62 mRNA level at this time. The cDNA product is
used to perform real-time PCR with power SYBR Green Mix
kit available from Applied Biosystems of Foster City, Calif.,
USA. All reactions are performed in a 25 pl mixture contain-
ing IxSYBR, 0.5 uM primers mix (forward and backward)
and cDNA. Primers are generally 18-25 bp long with Tms
around 60° C. For p62, the forward primer 5'-ACG GCA
GAA TCA GCT TCT GGT C-3' [SEQ ID NO 6] binds at bp
701 and the reverse primer 5'-TCA ATG CCC AGA GGG
CTA AG-3'[SEQID NO 7] binds at bp 801 of the cDNA. The
forward primer for endogenous reference gene f-actin,
5'-ACT GGC ATC GTG ATG GAC TC-3' [SEQ ID NO 8],
binds at bp 529 of the full-length cDNA. The reverse primer
sequence, 5'- TCA GGCAGC TCGTAG CTCTT-3'[SEQ ID
NO 9], binds at position 815.

Thermo cycling is subsequently performed in Applied Bio-
systems 7500 real-time PCR machine. Upon completion of
the amplification program, a melt curve is generated for the
samples as well as agarose gel electrophoresis to confirm
product formation and purity. The ratio of p62 to actin PCR
products in control samples is compared with those obtained
from those with dementia to confirm the probability of neu-
rodegenerative disease. Those samples with less than 50%
p62 expression are likely to develop AD or other neurodegen-
erative diseases.

Polyubiquitin Chain Analysis

Heavy-isotope labeled internal peptides corresponding to
all seven types of human polyubiquitin linkages were synthe-
sized and quantified by amino acid analysis (Cell Signaling
Technology, Inc., Beverly, Mass. USA), including di-glycine
tagged signature peptides at Lys6, Lysl, Lys27, Lys29,
Lys33, Lys48 and Lys63 (Peng J et al., Nat. Biotechnol. 21,
921-926,2004). The synthetic peptides were used to optimize
the selection of precursor ions and parent ions, and to estab-
lish fragmentation conditions in a selective reaction monitor-
ing (SRM) on an LCQ-DECA XP ion trap mass spectrometer
(Thermo Finnigan, San Jose, Calif., USA). The quantification
of the linkage was carried out essentially as previously
described (Gerber SA et al., Proc. Natl. Acad. Sci. USA, 100,
6940-6945, 2003; Peng J et al. 2004, supra). Immunoprecipi-
tated protein samples (50%) were separated on 10% SDS gel
and stained with Coomassie Blue G-250. Proteins larger than
the immunoglobulin G heavy chain (~55 kDa) were excised
from the gel and subjected to in-gel digestion. A mixture of
seven isotopically labeled signature peptides (1 pmole of
each) was added to the in-gel digestion solution prior to
incubation. After proteolysis, a peptide mixture containing
the endogenous peptides and internal standards was separated
by reverse-phase chromatography. An endogenous peptide
was eluted at the same retention time as the heavy labeled
internal standard. Both peptides were selected, fragmented
and analyzed in a selective reaction monitoring mode. The
ratio between the intensities of the fragment ion pairs allowed
an accurate measure of the relative abundance of the endog-
enous peptide versus the internal standard of known quantity.
All seven linkages were quantified simultaneously in the
same run. About 5-20% of each sample was used for each
mass spectrometric analysis. Each sample was quantified
three times to obtain the relative standard deviation (RSD).

Pathology And Immunohistochemistry

Mouse brains were dissected and drop fixed in 4%
paraformaldehyde in 0.1 M phosphate buffer pH 7.4. Each
brain was processed, embedded in paraffin and 5 um sections
cut for all the immunohistochemical staining. Parallel sec-
tions from 3 mice each were stained with hematoxylin-eosin,
Gallyas silver stain (Gallyas, 1971) and thioflavin-S. For

20

25

30

35

40

45

50

55

60

65

10

plaque staining, we used purified mouse 4G8 antibody (Sig-
net Laboratories Inc., Dedham, Mass., USA), which recog-
nizes AP. To detect tangles rabbit anti-neurofibrillary tangle
antibody was employed (Chemicon International, Temecula,
Calif., USA). Slides were processed employing the vector
M.O.M immunodetection kit (Vector Laboratories Inc., Bur-
lingame, Calif., USA). For the plaque staining, the sections
were incubated in 70% formic acid at room temperature (RT;
22.25° C.) for antigen retrieval. Antibodies to phosphorylated
tau (PHF-1 (Ser 396/Ser 404) and CP-13 (Ser 202)) and to
abnormal tau conformation (MC-1 (conformational ALLZ 50))
were a generous gift from Dr. Peter Davies (Albert Einstein
College of Medicine, Bronx, N.Y.). For MC-1 and CP-13
staining, we used the Histostain-DS kit (Zymed Laboratories,
South San Francisco, Calif., USA); for PHF-1, the Histo-
mouse-MX kit was employed (Zymed Laboratories). For
counting, including estimates of the flame shaped neurofibril-
lary tangles, loss of neurons (between CAl and CA-2) and
apoptotic neurons, twelve representative fields of a single
section were counted using the 20x objective and averaged.
With the configuration of the microscope (per viewing field
size) counts were converted and expressed per mm>. Four
matched sections of wild-type and p62~~ obtained from 4
animals were stained. The in situ cell death detection kit, POD
(Roche Applied Sciences, Indianapolis, Ind., USA) was used
to detect apoptotic neurons as described previously (Gotz et
al., Science 293, 1491-1495, 2001).

Behavior Testing And Statistical Analysis

Spatial and nonspatial learning was assessed using a Mor-
ris water maze (San Diego Instruments, San Diego, Calif.,
USA). Mice were tested daily over a period of 20 days.
During the first 6 days, mice were trained using a visible
platform. Training consisted of 4 trials per day at 15 minute
intervals for the next 10 days the platform was hidden and
stationary across trials. The probe trial consisted of a 60
second free swim performed on day 16 and was used to test
spatial knowledge of the location of the platform and location
search strategies employed by the mice relative to external
cues. For the last 4 days, the platform remained hidden, but
was relocated during reverse learning. The start position of
the mice, as well as the location of the platform, was random-
ized across the trials. The SMART (version 2.0.15) comput-
erized animal tracking system (Panlab, Inc., Barcelona,
Spain) was used to record pathlength, latency and swim speed
of' each mouse during the testing periods.

A radial arm maze (RAM) (San Diego Instruments, San
Diego, Calif., USA) was used to access spatial learning and
memory. Measurements of locomotor activity, as well as any
anxiety-related behavior, were performed simultaneously
using a multiple unit open-field maze consisting of four activ-
ity chambers (San Diego Instruments, San Diego, Calif.,
USA). Total ambulatory distance, defecation and urination
were recorded for each animal.

An elevated plus maze (Colbourne Instruments, Allen-
town, Pa., USA) was used to measure anxiety-like behavior.
The number of open and closed arm entries, time spent in both
types of arms, total distance traveled in each arm and total
distance traveled were measured.

All behavioral data were subjected to unpaired two-tailed
Student’s t-tests for between group analyses. All date are
represented as mean +/— SEM.

RESULTS

Absence of p62 leads to accumulation of hyperphosphory-
lated polyubiquinated tau protein along with activation
through phosphorylization of GSK3f. As demonstrated in
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FIG. 4, fifty micrograms of protein extracted from the RAB,
RIPA and PA fractions of wild-type or p62~'~ mice were
separated by 10% SDS-PAGE and immunoblotted with anti-
tau or phospho-tau antibody (CP-13/S202). Alternatively, the
FA fraction (600 pg) was resuspended in RIPA and immuno-
precipitated (IP) with anti-tau and separated by 7.5% SDS-
PAGE and immunoblotted with ubiquitin. The absence of the
p62 protein demonstrates increased tau and ubiquitin accu-
mulation.

A brain homogenate (50 ng) was immunoblotted with
phospho-S9/21 GSK3 antibody and the blot was stripped and
reprobed with nonphospho-GSK31f antibody in FIG. 5. The
results demonstrate that the absence of p62 resulting in con-
stitutive activation of GSK3f.

Previously discussed FIG. 2 demonstrates activity of
aPKS, measured in two individual brain homogenates (750
ng) by immunecomplex kinase assay. The relative activity
was determined by scan of y->?P-ATP incorporated into
myelin basic protein (MBP). Atypical- PKC, activity was
significantly reduced in p62~~ compared to wild-type
(**P<0.05).

As demonstrated in FIG. 6, HEK cells were transfected
with HA-GSK3f, GST-aPKC, and myc-p62. GSK3[p was
immunoprecipitated by anti-HA and aPKC, and blotted with
GST. Lysates (50 ug) were blotted with phospho-Ser9 GSK3
and non-phospho GSK3, HA, GST and myc antibodies as
shown. The blots were scanned with a computer-interfaced
densitometer and the relative fold differences are shown. The
interaction between GSK3f and aPKC, was enhanced by a
factor of 2 in the presence of the p62 protein.

Gallyas silver staining of hippocampus and cortex parat-
fin-sectioned mouse brains of a p62~~ mouse is shown in
FIG. 7. Boxed regions are magnified below. Quantitative
assessment of the tangle/flame-shaped neurons in wild-type
and p62~"~ brain are shown, demonstrating a much higher
concentration of neurofibulary tangles in mouse brains inca-
pable of producing the p62 protein.

Paraffin sections of p62~'~ mouse brain were immunohis-
tostained with antibody specific for PHF1, NFT, Cp-13,
MC1, or thioflavin-S stained. FIG. 8 shows that in mouse
brains incapable of providing p62, a much higher concentra-
tion of neurofibulary tangles exists.
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FIG. 9 demonstrates low (left panel) and high magnifica-
tion (right panel) of hippocampus and cortex of p62~'~ sec-
tions immunohistostained with 4G8 antibody, detecting Ap.
The arrows indicate A} deposition in the hippocampus sec-
tion. The graph of FIG. 3 shows the number of plaques per
section in hippocampus and cortex of FIG. 9. Thus, the
absence of p62 reveals numerous AP plaques in both the
hippocampus and cortex of mouse brains incapable of pro-
ducing p62 protein.

In FIG. 10, adjacent matched paraffin sections from wild-
type and p62~'~ knockout brain w re stained with Hematoxy-
lin and Eosin (HE). Note the reduced thickness of CA1/2
pyramidal cell layer indicated between the arrows. The neu-
rons between CA1 and CA2 regions of the hippocampus were
counted and plotted. In p62~"~ samples, the number of neu-
rons between CAl and CA2 were significantly (**P<0.01)
less than wild-type.

FIG. 11 demonstrates matched wild-type and p62~'~ par-
affin sections were stained with TUNEL to detect apoptotic
neurons. In the top right panel, p62~"~ TUNEL-positive neu-
rons are shown by arrows in cortex region, compared to
wild-type. Lower left panel shows the negative control with
out reagent and positive control in the lower right, pretreated
with DNase 1. Comparison of wild-type to p62~"~ sections
reveals an increase of TUNEL-positive neurons in p62~"~
mice from 10 per field/mm? to 127 per field/mm?.

As demonstrated in FIG. 13, the expression level of p62 in
cortical brain homogenates of Alzheimer’s Diseased human
brains was compared to control cortical brain homogenates
from human brains. Actin was used as an internal sample for
sample variance. A comparison of the Alzheimer’s Diseased
samples to the control samples indicates that the Alzheimer’s
Diseased samples possess significantly lower levels of p62.
The expression of p62 is inversely correlated with the number
of neurofibulary tangles in Alzheimer’s Diseased brains.

Results regarding the behavioral testing of wild-type and
p62~'~ mice is discussed in the Detailed Description above.

Those skilled in the art will recognize, or will be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encom-
passed by the following claims which particularly point out
and distinctly claim the subject matter regarded as the inven-
tion.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: O

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 1

000

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 2868

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 2

cgaccgggac ggecegtttt cegecagete geegeteget atggegtege tcaccgtgaa

ggcctacctt ctgggcaagg aggacgcgge gegegagatt cgeegettca gettetgetg

60

120
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-continued
cagceccgag cctgaggegg aagccgagge tgeggegggt cegggaccect gcegagegget 180
gectgageegyg gtggecgece tgtteccege getgeggect ggeggetteco aggegcacta 240
cecgegatgag gacggggact tggttgectt ttecagtgac gaggaattga caatggccat 300
gtectacgtyg aaggatgaca tcttccgaat ctacattaaa gagaaaaaag agtgccggeg 360
ggaccaccge ccaccgtgtg ctcaggaggce gecccgcaac atggtgcacce ccaatgtgat 420
ctgcgatgge tgcaatgggce ctgtggtagg aacccgctac aagtgcageyg tctgeccaga 480
ctacgacttg tgtagegtcet gcgagggaaa gggcettgcac cgggggcaca ccaagcetcge 540
attcecccage ccctteggge acctgtetga gggetteteg cacagecget ggctecggaa 600
ggtgaaacac ggacacttcg ggtggccagg atgggaaatg ggtccaccag gaaactggag 660
cccacgtect cctegtgcag gggaggecceg cectggecee acggcagaat cagettetgg 720
tccateggag gatccgagtg tgaatttect gaagaacgtt ggggagagtyg tggcagetge 780
ccttagecct ctgggecattg aagttgatat cgatgtggag cacggaggga aaagaagccg 840
cctgaccccee gtctetecag agagttecag cacagaggag aagagcagcet cacagcecaag 900
cagctgetge tctgacccca gcaagecggg tgggaatgtt gagggcegeca cgcagtetet 960
ggcggagcayg atgaggaaga tcgecttgga gtcecgagggg cgccctgagg aacagatgga 1020
gtcggataac tgttcaggag gagatgatga ctggacccat ctgtcttcaa aagaagtgga 1080
ccegtetaca ggtgaactcece agtccctaca gatgccagaa tccgaagggce caagctctcet 1140
ggacccctee caggagggac ccacagggct gaaggaagcet gecttgtacce cacatctecce 1200
gccagaggcet gacccgegge tgattgagtce cctcteccag atgcectgtceca tgggcettete 1260
tgatgaaggc ggctggctca ccaggctect gecagaccaag aactatgaca tcggagegge 1320
tctggacacce atccagtatt caaagcatcce ccecgeccgttg tgaccacttt tgcccaccte 1380
ttectgegtge cectettetyg tetcatagtt gtgttaaget tgcgtagaat tgcaggtcetce 1440
tgtacgggcce agtttctetg ccecttettcecca ggatcagggg ttagggtgca agaagccatt 1500
tagggcagca aaacaagtga catgaaggga gggtccctgt gtgtgtgtgt getgatgttt 1560
cctgggtgece ctggctectt gcagcagggce tgggcctgeg agacccaagg ctcactgcag 1620
cgegcetectg accecteect gcaggggcta cgttagcage ccagcacata gettgcectaa 1680
tggctttcac tttctctttt gttttaaatg actcataggt ccctgacatt tagttgatta 1740
ttttctgecta cagacctggt acactctgat tttagataaa gtaagcctag gtgttgtcag 1800
caggcaggct ggggaggcca gtgttgtggg cttectgetg ggactgagaa ggctcacgaa 1860
gggcatcege aatgttggtt tcactgagag ctgcctcecctg gtetcttcac cactgtagtt 1920
ctctcatttc caaaccatca gcectgctttta aaataagatc tcectttgtage catcctgtta 1980
aatttgtaaa caatctaatt aaatggcatc agcactttaa ccaatgacgt ttgcatagag 2040
agaaatgatt gacagtaagt ttattgttaa tggttcttac agagtatctt taaaagtgcc 2100
ttaggggaac cctgtcccte ctaacaagtg tatctcgatt aataacctgce cagtcccaga 2160
tcacacatca tcatcgaagt cttccccagt tataaagagg tcacatagtce gtgtgggtcg 2220
aggattctgt gecctceccagga ccaggggccce accctctgece cagggagtcece ttgegtecca 2280
tgaggtcttc ccgcaaggcc tcectcagacce agatgtgacg gggtgtgtgg cccgaggaag 2340
ctggacagcg gcagtgggcece tgctgaggcce ttcectcecttgag gectgtgcte tgggggtecce 2400
ttgcttagece tgtgctggac cagctggcect ggggtcecte tgaagagacce ttggetgcetce 2460
actgtccaca tgtgaacttt ttctaggtgg caggacaaat cgcgcccatt tagaggatgt 2520
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ggctgtaacc tgctggatgg gactccatag ctcecttceccca ggacccectca gcteccecegge 2580
actgcagtct gcagagttcect cctggaggca ggggctgcetg ccttgtttca ccttecatgt 2640
caggccagcece tgtccctgaa agagaagatg gccatgccect ccatttgtaa gaacaatgcec 2700
agggcccagg aggaccgect gecctgectg ggecttgget gggcectcectgg ttetgacact 2760

ttectgctgga agctgtcagg ctgggacagg ctttgatttt gagggttage aagacaaagc 2820

aaataaatgc cttccacctc accgcaaaaa aaaaaaaaaa aaaaaaaa 2868
‘What is claimed is: 15 2. The method of claim 1, wherein the brain tissue sample
1. A method of screening a human for Alzheimer’s disease is a cortical brain tissue homogenate.

comprising the steps of:
obtaining a cortical brain tissue sample from a subject;
measuring the amount of p62 protein in the sample; and
comparing the measured amount of p62 protein against a 29
control amount of p62 protein from a control brain tissue
sample of a non-affected subject; measuring a control amount of p62 protein from the control
wherein Alzheimer’s disease is identified when the mea- brain tissue sample.
sured amount of p62 protein is fifty percent or less than
the amount of p62 protein in the control sample. L

3. The method of claim 1, wherein the comparing step
further comprises:

obtaining a control brain tissue sample from a subject not
affected with Alzheimer’s disease; and



