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Abstract
Alzheimer disease (AD) is a neurodegenerative disorder characterized clinically by progressive
memory loss and subsequent dementia and neuropathologically by senile plaques, neurofibrillary
tangles, and synapse loss. Interestingly, a small percentage of individuals with normal antemortem
psychometric scores meet the neuropathological criteria for AD (termed `preclinical' AD (PCAD)).
In this study, inferior parietal lobule (IPL) from PCAD and control subjects were compared for
oxidative stress markers by immunochemistry, amyloid beta-peptide by ELISA, and identification
of protein expression differences by proteomics. We observed a significant increase in highly
insoluble monomeric Aβ42, but no significant differences in oligomeric Aβ nor in oxidative stress
measurements between controls and PCAD subjects. Expression proteomics identified proteins
whose trends in PCAD are indicative of cellular protection, possibly correlating with previous studies
showing no cell loss in PCAD. Our analyses may reveal processes involved in a period of protection
from neurodegeneration that mimic the clinical phenotype of PCAD.
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Introduction
Alzheimer disease (AD) is one of the leading causes of death among the elderly. About 50
percent of persons aged 85 or older are at risk for developing this neurodegenerative disease
for which currently there is no cure or prevention. Patients with AD progress from stages of
mild memory impairment to complete dementia. A definitive diagnosis of AD is made only
after clinically observable symptoms of dementia are accompanied by the postmortem
identification of two neuropathological hallmarks: senile plaques (SPs) and neurofibrillary
tangles (NFTs), among other indices.

Senile plaques are mainly composed of amyloid-beta peptide (Aβ), the latter produced via
sequential cleavages of amyloid precursor protein (APP) by beta- and gamma-secretases
(Haass et al. 1992, Shoji et al. 1992, Seubert et al. 1992). Although several peptides of varying
length can be formed from these cleavages, research shows that the 42-amino acid Aβ is most
toxic, possibly upon self-association into oligomers (Pike et al. 1991, Geula et al. 1998, Li et
al. 2009a, Shankar et al. 2008). Oligomers of Aβ have been heavily implicated in the initiation
and pathogenesis of AD, while monomeric forms of Aβ have been suggested to be less harmful,
and even neuroprotective. Aβ-mediated oxidative stress, possibly through the Met at position
35, has also been suggested to underlie AD (Butterfield et al. 2010, Butterfield et al. 2001,
Markesbery 1999).

Neurofibrillary tangles consist of hyperphosphorylated tau protein, a microtubule-associated
structural protein. Other conditions, such as frontotemporal degeneration and Pick's disease,
among others, also contain tau-related deposits (Lee et al. 2001). Balanced kinase-phosphatase
reactions regulate the biological function of this protein in neurons; disruption of these events
can cause over-phosphorylation of tau, leading to protein breakdown and subsequent
development of tangles and dysfunction of anterograde and retrograde transport. Both tau and
phosphorylated tau in cerebrospinal fluid (CSF) have been proposed as biomarkers for the
prediction and diagnosis of AD in living patients (for tau as a possible biomarker review, see
(Aluise et al. 2008)).

As mentioned previously, SPs, NFTs, and dementia are all requirements for diagnosis of AD.
Adding to the complexity of this disease, brains from a number of cognitively intact individuals
at autopsy reveal an extensive SP and NFT load, indicating the possibility of a preclinical or
presymptomatic disease state. We have tentatively chosen to define preclinical AD (PCAD)
as those individuals with sufficient AD pathological alterations to meet National Institute on
Aging-Reagan Institute (NIA-RI) intermediate or, rarely, high likelihood criteria (Braak stage
III or higher and moderate or frequent neuritic plaque scores) who had normal cognitive
function as shown by antemortem psychometric test scores within the normal range after
adjustment for age and education; the classification of these individuals as PCAD is consistent
with a consensus report in 2009 from seven independent hospitals and aging centers, including
the University of Kentucky, detailing this condition in cognitively normal aged individuals
(Price et al. 2009). Data on these individuals are rather scarce due to the rarity of sample
availability; however, in addition to high levels of pathological hallmarks and no observable
behavioral/memory problems, other anatomical/biochemical features of PCAD include
neuronal hypertrophy (Iacono et al. 2009), no hippocampal cell loss (West et al. 2004),
increased synaptic plasticity (O'Brien et al. 2009), and alterations in zinc transporters
(Lyubartseva et al. 2009). In the current study, we examined the inferior parietal lobule (IPL)
of PCAD subjects and controls for changes in oxidative damage to proteins, levels of Aβ42
monomers and Aβ oligomers, and proteomics-determined differences in protein levels that
may shed light on biochemical events in PCAD brain.
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Participants
PCAD and control brains

Frozen IPL samples were obtained from 12 subjects with PCAD and 12 age-matched subjects
who were cognitively intact without postmortem neuropathologic changes of AD (controls).
The Rapid Autopsy Program at the University of Kentucky Alzheimer's Disease Clinical Center
(UK ADC) obtained samples with extremely short post mortem intervals (PMIs) (Table 1). A
short PMI is advantageous in proteomics studies using human tissue since PMI related artifacts
are minimized and results more likely reflect the intrinsic condition in PCAD brain.

All participants underwent annual mental status testing and annual physical and neurological
exams, as a part of the UK ADC normal volunteer longitudinal aging study and did not have
a history of dementia or other neurologic disorders. All participants had test scores in the normal
range. Neuropathologic evaluation of the brain samples used as controls revealed only age
associated gross and histopathologic alterations. Hematoxylin-eosin and modified-
Bielschowsky staining, amyloid β-peptide (Aβ) antibody (10D5), and alpha-synuclein
immunohistochemistry were used on multiple neocortical, hippocampal, entorhinal, amygdala,
brainstem and cerebellum sections for diagnosis. All procedures to obtain human brain samples
were approved by the University of Kentucky Institutional Review Board and experiments
were approved by the Executive Committee of the University of Kentucky ADC.

Treatment of samples
Brain samples for oxidative stress analyses and proteomics were homogenized and suspended
in Media I buffer containing protease inhibitors: leupeptin (0.5 mg/mL), pepstatin (0.7 μg/mL),
and aprotinin (0.5 μg/mL). Homogenates were centrifuged at 2,000 ×g for 5 min to remove
debris. Protein concentration in the supernatant was determined by the BCA protein assay
(Pierce, Rockford, IL, USA).

Amyloid beta solubility
The amount of Aβ in tissue samples was determined using a three-step serial extraction
procedure. This approach takes advantage of progressively more denaturing conditions to
serially extract Aβ that is progressively more insoluble, and is followed by the quantitative
measurement of Aβ by ELISA. This is a standard procedure in our laboratory, and details of
the methodology and antibodies used are available (Das et al. 2003, McGowan et al. 2005,
Murphy et al. 2007). Briefly, tissue was homogenized using a PowerMax AHS200
homogenizer in standard PBS buffer (pH = 7.4, 1.0 ml/150 mg of tissue) with a complete
protease inhibitor cocktail included (Amresco). The supernatant was collected following
centrifugation at 20,000×g for 30 min at 4 °C, to sediment fibrillar material. The pellet was re-
extracted by brief sonication (10 × 0.5 s microtip pulses at 100 W; Fisher Sonic Dismembrator,
Model 500) in 2% SDS, centrifuged (as above, at 10 °C), and the supernata nt again collected.
The remaining pellet was finally extracted by sonication in 70% formic acid (FA), and
centrifuged at 20,000×g for 1 h at 4 °C. Sample ext racts were stored frozen at − 80°C until
time of assay.

Prior to assay, FA-extracted material was neutralized by 1:20 dilution in TP buffer (1 M Tris
base, 0.5 M Na2HPO4), followed by further dilution (at least 1:1) in AC buffer [0.02 M sodium
phosphate buffer (pH 7), 0.4 M NaCl, 2 mM EDTA, 0.4% Block Ace (Serotec), 0.2% BSA,
0.05% CHAPS, and 0.05% NaN3]. PBS and SDS-soluble fractions were diluted in AC buffer
alone. Final dilutions were determined empirically based on signals obtained in pilot studies.
Standard curves of synthetic Aβ42 peptide were prepared in dilution buffer. All standards and
samples were run at least in duplicate. Sandwich ELISA for monomeric Aβ42 was conducted

Aluise et al. Page 3

Neurobiol Dis. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



using antibodies Ab9 (human sequence Aβ1–16, used for capture) and 2.1.3 (end specific for
Aβ42, used for capture). The selectivity of the Ab9 antibody for Aβ monomers was
demonstrated in our previous report (Murphy et al. 2007). Biotinylated-4G8 antibody was used
for detection. Single site assays for SDS-soluble, oligomeric Aβ were performed in a similar
manner, except using antibody 4G8 (against Aβ17–42) for capture and biotinylated-4G8 for
detection, and comparing signals against synthetic oligomeric Aβ, as described (LeVine
2004). Plates (Immulon 4HBX) were coated with antibody in PBS (0.5 μg/well used for all
capture antibodies), and blocked with a solution of Synblock (Pierce, as per the manufacturer's
instructions). Detection antibodies were used at 1 μg / ml in buffer DB [0.02 M sodium
phosphate buffer (pH 7), 0.4 M NaCl, 2 mM EDTA, 1% BSA, and 0.00002% thimerosal].
Neutravidin-HRP (Pierce) was used at 0.1 μg / ml. Following development with TMB reagent
(Kirkegaard and Perry Laboratories, Gaithersburg, MD), plates were stopped with 6% o-
phosphoric acid and read at 450 nm using a BioTek multiwell plate reader.

Oxidative stress assays
Protein carbonyl assay

Samples (5 μl), 12% SDS (5 μl), and 10 μl of 10 times-diluted 2,4-dinitrophenylhydrazine
(DNPH) from a 200 mM stock solution were incubated at room temperature for 20 min,
followed by neutralization with 7.5 μl neutralization solution (2 M Tris in 30% glycerol). This
neutralized solution (250 ng protein) was loaded in each well on a nitrocellulose membrane
under vacuum using a slot–blot apparatus. The bicinchoninic acid (BCA, Pierce) assay was
used for protein estimation. The membrane was blocked in blocking buffer (3% bovine serum
albumin) in PBS 0.01% (w/v) sodium azide and 0.2% (v/v) Tween 20 for 3 h and incubated
with a 1:100 dilution of anti-DNP polyclonal antibody in PBS containing 0.01% (w/v) sodium
azide and 0.2% (v/v) Tween 20 for 2 h. The membrane was washed three times in PBS
following primary antibody incubation at intervals of 5 min each. The membrane was incubated
following washing with an anti-rabbit IgG alkaline phosphatase-linked secondary antibody
diluted in PBS in a 1:8000 ratio for 1 h. The membrane was washed for three times in PBS for
5 min and developed in Sigmafast tablets, [5-bromo-4-chloro-3-indolyl phosphate/Nitro blue
tetrazolium substrate (BCIP/NBT substrate)]. Blots were dried, scanned with Adobe
Photoshop, and quantified with Scion Image (PC version of Macintosh compatible NIH image).
Controls included samples treated with NaBH4 to reduce carbonyls to alcohol moieties prior
to adding DNPH, in which case no immunochemical signal was observed (data not shown).

3-nitrotyrosine (3-NT) and protein-bound HNE assays
In addition to protein carbonyls, other indices of oxidative stress investigated in this study were
3-nitrotyrosine (3-NT) and protein-bound 4-hydroxynonenal (HNE). Lipid peroxidation can
lead to HNE, which can covalently modify arginine, lysine, or histidine residues via Michael
addition (Butterfield et al. 2001). Samples for 3NT and protein-bound HNE determination were
solubilized with Laemmli buffer (5uL), and loaded (250ng) to apparatus under vacuum.
Membrane development was similar to protein carbonyls except a primary antibody for 3-
nitrotyrosine (Sigma Aldrich) or protein-bound HNE (Chemicon, Rosemont, IL) was used.
Controls with only secondary antibody showed no or minimal background signal (data not
shown).

Two-dimensional gel electrophoresis
Protein samples (250 μg) were precipitated by adding ice-cold 100% trichloroacetic acid (TCA)
to a final concentration of 15% for 10 min on ice. Precipitates were centrifuged for 2 min at
14,000 ×g at 4 °C. The pellet was retained and washed three times with 1 ml of 1:1 (v/v) ethyl
acetate/ethanol. The final pellet was dissolved in rehydration buffer (8 M urea, 2 M thiourea,
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2% CHAPS, 0.2% (v/v) biolytes, 50 mM dithiothreitol (DTT), and bromophenol blue).
Samples were sonicated in 15s intervals three times each.

Two-dimensional polyacrylamide gel electrophoresis was performed with a Bio-Rad IEF Cell
system using 110-mm pH 3–10 immobilized pH gradients (IPG) strips and Criterion 8–16%
resolving gels. IPG strips were actively rehydrated at 50 V 20 °C followed by isoelectric
focusing: 300 V for 2 h linear gradient, 1200 V for 4 h slow gradient, 8000 V for 8 h linear
gradient, and 8000 for 10 h rapid gradient. Gel strips were equilibrated for 10 min prior to
second-dimension separation in solution A [0.375 M Tris–HCl (pH 8.8), 6 M urea (Bio-Rad,
Hercules, CA), 2% (w/v) sodium dodecyl sulfate (SDS), 20% (v/v) glycerol, and 0.5%
dithiothreitol (Bio-Rad, Hercules, CA)], and then re-equilibrated for 10 min in solution A
containing 4.5% iodoacetamide (IA) instead of dithiothreitol. Control and EAD strips were
placed on the 8–16% Criterion gels, unstained molecular standards were applied, and
electrophoresis was performed at 200 V for 65 min.

SYPRO Ruby staining
Gels were fixed in a solution containing 10% (v/v) methanol, 7% (v/v) acetic acid for 20 min
and stained overnight at room temperature with agitation in 50 ml of SYPRO Ruby gel stain
(Bio-Rad, Hercules, CA, USA). Gels were then destained with 50 ml deionized water
overnight.

In gel digestion
Samples were prepared according to the method described by Thongboonkerd et al. 2002
(Thongboonkerd et al. 2002). Briefly, the protein spots were cut and removed from the gel with
a clean razor blade. The gel pieces were placed into individual, clean 1.5 ml microcentrifuge
tubes and kept overnight at − 20 °C. The gel pieces were thawed an d washed with 0.1 M
ammonium bicarbonate (NH4HCO3) (Sigma) for 15 min at room temperature. Acetonitrile
(Sigma) was added to the gel pieces and incubated for an additional 15 min. The liquid was
removed and the gel pieces were allowed to dry. The gel pieces were rehydrated with 20 mM
DTT (Bio-Rad, Hercules, CA, USA) in 0.1 M NH4HCO3 (Sigma) and incubated for 45 min
at 56 °C. The DTT was removed and replaced with 55 mM IA (Bio-Rad) in 0.1 M
NH4HCO3 for 30 min in the dark at room temperature. The liquid was drawn off and the gel
pieces were incubated with 50 mM NH4HCO3 at room temperature for 15 min. Acetonitrile
was added to the gel pieces for 15 min at room temperature. All solvents were removed and
the gel pieces were allowed to dry for 30 min. The gel pieces were rehydrated with addition
of a minimal volume of 20 ng/μl modified trypsin (Promega, Madison, WI, USA) in 50 mM
NH4HCO3. The gel pieces were chopped and incubated with shaking overnight (~18 h) at 37
°C

Analysis of gel images
Images from SYPRO Ruby stained gels, used to measure protein content, were obtained using
a phosphorimager (excitation = 470 nm, emission = 618 nm, Molecular Dynamics, Sunnyvale,
CA, USA). PDQuest 2-D Analysis Software (Bio-Rad) was used to match and analyze
visualized protein spots among differential gels. The average mode of background subtraction
was used to normalize intensity values, which represent the amount of protein per spot. After
completion of spot matching, the normalized intensity of each protein spot from individual
gels was compared between groups using statistical analysis. Statistical significance was
assessed using a two-tailed Student's t-test. P-values less than 0.05 were considered significant.
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Mass spectrometry
Tryptic peptides were analyzed with an automated nanospray Nanomate (Advion Biosystems)
Orbitrap XL MS (ThermoFinnigan) platform. The Orbitrap MS was operated in a data-
dependent mode whereby the 8 most intense parent ions measured in the FT at 60,000 resolution
were selected for ion trap fragmentation with the following conditions: injection time 50 ms,
35% collision energy, MS/MS spectra were measured in the FT at 7500 resolution, and dynamic
exclusion was set for 120 seconds. Each sample was acquired for a total of ~2.5 minutes. MS/
MS spectra were searched against the International Protein Index (IPI) _Mouse Database using
SEQUEST and search results were filtered with the following criteria: Xcorr > 1.5, 2.0, 2.5,
3.0 for +1, +2, +3, and +4 charge states,respectively, ΔCn >0.1, and P-value (protein and
peptide) < 0.01. IPI accession numbers were cross-correlated with SwissProt accession
numbers for final protein identification.

Results
Monomeric, but not oligomeric, amyloid β-peptide levels are elevated in PCAD IPL relative
to control

Using the system of insolubility staging of Aβ described in Methods above, we quantified
levels of monomeric Aβ42 as soluble (PBS), moderately soluble (SDS), and completely
insoluble (FA) fractions. Although we observed a significant increase in the total level of
monomeric Aβ42 (FA + PBS + SDS), we observed significant differences only in the FA
fraction, while SDS and PBS fractions showed no significant differences (Table 2).
Furthermore, mean levels of oligomeric Aβ were decreased in PCAD IPL relative to control
IPL (Table 2); although not significantly.

Analysis of oxidative and nitrosative modifications to brain proteins in PCAD IPL
Oxidative stress has been observed in several regions of the AD brain in many independent
reports. Studies have shown oxidative damage to proteins, lipids, DNA, RNA, and
carbohydrates in AD brain (Markesbery 1999, Markesbery & Lovell 2007, Butterfield et al.
2001). Oxidative damage to biomolecules and altered levels of brain-resident antioxidants have
also been observed in MCI (Butterfield et al. 2007, Sultana et al. 2008, Sultana et al. 2007b,
Lovell & Markesbery 2007, Markesbery et al. 2005, Markesbery & Lovell 2007, Butterfield
et al. 2001, Sultana et al. 2006, Markesbery 1999, Smith & Perry 1996, Sultana et al. 2010).
Because oxidative damage to cellular components is capable of causing mitochondrial
impairment, structural damage, and cell death, it is believed that the neuronal death in the AD
brain is a possible consequence of oxidative stress (Sultana et al. 2009).

Protein carbonyls can result from direct oxidative damage to the protein backbone, by oxidation
of key amino acid side chains, or attack by a moiety containing a protein carbonyl (Butterfield
& Stadtman 1997). Carbonyls alter the 3D conformational structure of proteins, generally
compromising activity (Butterfield & Stadtman 1997). 3NT and HNE modification of proteins
also can contort protein conformation, resulting in loss of activity (Reed et al. 2008a, Reed et
al. 2008b, Reed et al. 2009). Immunochemical analyses allow for the global measure of
oxidative modifications in a given tissue or fluid. Using this method, we observed no significant
differences in the global levels of protein carbonyls, 3NT, or protein-bound HNE between
PCAD and control samples (Fig 1).

Proteomics determined differences in expression of brain proteins in PCAD IPL relative to
healthy controls

Proteomics has been used to determine differential levels of specific brain proteins in AD and
MCI (Butterfield & Sultana 2008, Butterfield & Sultana 2007). Two dimensional gel
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electrophoresis is one of the most commonly used methods to separate proteins from a
biological tissue or fluid to investigate differences in protein levels to shed light on a specific
pathology. Here, we report findings of differential levels of proteins in PCAD IPL relative to
healthy controls. We observed significant differences in the levels of 9 protein spots in PCAD
IPL relative to controls. Six proteins were identified with increased levels in PCAD IPL relative
to controls, while 3 proteins were identified as having lower levels (Table 3, Fig 2). Figure 3
displays expanded versions of each altered gel spot in PCAD and control IPL to more clearly
show differences in spot intensity. MS/MS analysis of these spots and subsequent interrogation
of protein databases identified the proteins with increased levels as cathepsin D, peptidyl prolyl
cis-trans isomerase A1 (Pin1), fructose biphosphate aldolase (FBP), aconitase, Cu,Zn
superoxide dismutase (SOD), and septin 11, while galectin 1, neurofilament protein-medium
subunit, and cytochrome c oxidase had lower levels in PCAD IPL. A 2D gel map of spots and
corresponding identities is shown in Figure 2 to convey correspondence between geographical
spot location and approximate pI and molecular weight of these proteins in Table 3. A brief
overview of these proteins, their respective functions, and expression trends in PCAD IPL
relative to controls is given below.

Discussion
More than 5 million Americans are affected by AD, a number that is expected to more than
triple by the year 2030 with the aging Baby Boomer generation. Patients with AD exhibit
memory loss, with later progression to dementia and an extremely compromised quality of life.
Biochemically, patients with AD have severe synaptic and neuronal loss (corresponding to
decreased brain volumes relative to brains of subjects without dementia), as well as increased
levels of two pathological hallmarks of the disease, SPs and NFTs. Oxidative stress has also
been demonstrated in brains of patients with AD, MCI, and AD mouse models (Markesbery
1999, Butterfield et al. 2001). Our laboratory showed that a component of SPs, Aβ42, is capable
of causing oxidative stress through free radical reactions, establishing a possible link between
AD pathology and oxidative stress. A large body of evidence shows the toxicity of this species
is predicated on its association with itself, as oligomers have been deemed toxic (Shankar et
al. 2008), while monomers appear to be less toxic, and even in some studies, protective
(Giuffrida et al. 2009).

There is a subclass of individuals who exhibit no memory alterations demonstrable on
psychometric examination but at autopsy have demonstrative SP and NFT pathology. Several
explanations have been proposed to possibly explain this anomaly in the scope of AD. One
hypothesis is cognitive reserve, that some individuals with more synapses are capable of
biochemical adjustment to pathology that protects the brain and, therefore, quality of life, from
AD pathogenesis. Others opine that PCAD is a normal stage of AD progression, where, had
the patients lived long enough, they would eventually have developed the MCI/AD diagnosis.
While this latter scenario is a possibility, we posit that the former hypothesis can better explain
PCAD based on our data and prevailing literature on this subject.

Subjects with PCAD have no significant brain cell loss or neuronal atrophy relative to healthy
controls (Iacono et al. 2009, West et al. 2004). In our study, the mean brain weight of the PCAD
group is almost identical to that of the control group, thus supporting this observation (Table
I). Despite the fact that the 12 PCAD subjects exhibited significantly elevated levels of SPs
and NFTs (Braak staging, Table I), Mini Mental State Examinaton scores were not different
between controls and PCAD, and all PCAD patients scores were within the normal range (>25).
It has been proposed that the preservation of brain cells in PCAD corresponds to better memory,
while cell loss likely contributes to cognitive decline in MCI and AD. The connection between
AD pathological hallmarks and brain cell death/dementia is still debatable, despite intense
research effort. Because a growing body of evidence suggests that oxidative stress mediated
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by Aβ, possibly involving oligomerization of Aβ (Shankar et al. 2007, Walsh & Selkoe
2007, Haass & Selkoe 2007), is the propagator of cell death in AD (Butterfield et al. 2001,
Markesbery 1999), we sought to investigate this phenomenon in the scope of PCAD.

In this study, we observed no significant differences between PCAD and control groups in any
of the oxidative stress measurements (Fig 1). We suggest that the preservation of the oxidative
status of proteins may contribute to the preservation of cellular vitality. Furthermore, as
oxidative stress in AD has been viewed as a consequence of Aβ oligomerization, we observed
significant increases in insoluble monomeric Aβ42 and total monomeric Aβ42, but not
oligomeric Aβ; this is consistent with the notion that, although Aβ is increasingly produced in
PCAD, excess oligomers are not formed, and therefore, do not cause toxicity associated with
extensive oxidative modification.

Another aim of this study was to use proteomics to investigate which IPL proteins, if any,
exhibit differences in levels in PCAD relative to controls without AD pathology. Here, our
proteomics analysis revealed 9 brain proteins whose levels change in PCAD IPL relative to
control. Many of these proteins and their trends in PCAD imply increased protection of
intracellular components; however, these trends may also signify the earliest alterations of
brain proteins in AD, before the onset of clinically observable symptoms. These proteins are
involved in cytoskeletal maintenance, antioxidant defense, apoptosis, synaptic integrity, and
energy metabolism. A brief overview of each protein and its contribution to a description of
PCAD is given below.

Pin1 is a peptidyl-prolyl cis/trans isomerase that catalyzes the cis-trans isomerization of pThr-
Pro and pSer-Pro residues of target proteins, including tau and APP (Schutkowski et al.
1998, Pastorino et al. 2006). This enzyme has also been shown to be necessary for cellular
entry into mitosis (Lu et al. 1996, Shen et al. 1998). Pin1 is down-regulated and also oxidized
in AD and MCI brain, resulting in decreased activity (Sultana et al. 2006, Butterfield et al.
2006). Overexpression of Pin1 can suppress tauopathy in transgenic animals (Lim et al.
2008) and reduce Aβ secretion in cultures (Pastorino et al. 2006). Here, we observed an increase
in Pin1 levels in PCAD IPL relative to control; we suggest that the augmented levels of this
protein in PCAD IPL signal a compensatory response to attempt to suppress increased levels
of amyloid β-peptide, SP, and NFT.

Neurofilament proteins are a structural family of proteins found specifically in neurons. Three
types of neurofilaments exist: light (~68 kDa), medium (~150kDa), and heavy (~210 kDa).
Previously, a 94% decrease in expression of the gene coding for the medium neurofilament
(NFM) subunit was detected in AD (Kittur et al. 1994). Because NFM is found in amyloid
plaques in AD (Schmidt et al. 1991), we propose the decreased level of this protein observed
in PCAD in the current study is the result of plaque localization and, therefore, resistant to
solubility under SDS-PAGE conditions; it would be interesting to know if the gene level of
NFM is lower in PCAD as in AD. Another possibility for our result is that the decreased level
of this protein is an extremely early event in AD. If PCAD is a predisposition to eventual
dementia, our data may reflect differences observed in CSF, as neurofilament proteins can be
increased in AD patients (Elder et al. 1998, Rosengren et al. 1999).

Fructose bisphosphate aldolase (FBPA) and aconitase are enzymes involved in energy
metabolism. FBPA converts fructose 1,6-biphosphate to glyceraldehyde 3-phosphate and
dihydroxyacetone phosphate in glycolysis, while aconitase converts citrate to isocitrate in the
tricarboxylic acid cycle. We previously observed significantly increased levels of FBPA in AD
hippocampus relative to controls (Sultana et al. 2007a). A common feature of AD is reduced
glucose metabolism, possibly due to the oxidation/down regulation of glycolytic or TCA
enzymes; previous studies from our lab report significant increases in the oxidation of proteins
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involved with glycolysis and TCA cycle, and significant decreases in TCA enzyme levels in
AD brain (Sultana et al. 2007a, Butterfield et al. 2007). In PCAD IPL, we observed significant
increases in the levels of both FBPA and aconitase. Fluorodeoxyglucose positron emission
tomography scanning in healthy individuals showed differences in glucose metabolism that
correlated with AD biomarkers in CSF, suggesting that glucose changes occur before onset of
clinical symptoms (Petrie et al. 2009), possibly reflecting changes in glucose metabolizing
enzymes observed here in PCAD brain.

Galectins are carbohydrate-binding proteins with particular binding affinity for beta-
galactosides. Galectins are thought to be synthesized on ribosomes in the cytosol (Liu 2002).
Although multifunctional, a major action of galectin proteins is regulation of apoptosis. In this
study, we observed significantly decreased levels of galectin-1 in PCAD IPL relative to
controls. Other studies reported this protein to have a pro-apoptotic role, possibly through
activation of extracellular-related kinase 2 (ERK-2) (Vespa et al. 1999), induction of AP-1
(Rabinovich et al. 2000), downregulation of anti-apoptotic Bcl-2 (Rabinovich et al. 2000), or
activation of caspases (Rabinovich et al. 2002,Hsu et al. 2006). Based on this role, our result
of decreased levels of pro-apoptotic galectin-1 appears to be consistent with the lack of cell
loss of PCAD neurons relative to controls.

Septins are a family of GTP binding proteins that have roles in cytokinesis, membrane/synaptic
remodeling, and cellular compartmentalization. Septin 11 plays a major role in dendritic
arborization and GABAergic synaptic connectivity (Li et al. 2009b), and knockdown of septin
11 in hippocampal cell culture reduces dendritic arborization and decreases GABAergic
synapse contacts these neurons receive (Li et al. 2009b). In AD, septin proteins are reportedly
co-localized with NFTs (Kinoshita et al. 1998). In our study, we observed significantly
increased levels of septin 11 in PCAD IPL relative to controls, which may be related to the
neuronal hypertrophy observed in PCAD (Iacono et al. 2009), or increased synaptic plasticity
of these neurons (O'Brien et al. 2009).

Cathepsin D has been previously implicated in AD, both at the protein and genetic levels.
Cathepsin D is an aspartyl protease, highly concentrated in lysosomes for protein degradation.
Cathepsin D was initially observed to have APP processing activity (Dreyer et al. 1994, Evin
et al. 1995, Higaki et al. 1996); however, it has also been reported that murine neurons lacking
cathepsin D had no effect on amyloidogenic processing (Saftig et al. 1996). Cathepsin D has
been observed in SPs (Cataldo & Nixon 1990), and its mRNA has been observed to be increased
in AD (Cataldo et al. 1995), although another study found no differences between AD and
control brain levels of cathepsin D (Kohnken et al. 1995). In APP/PS1 transgenic mice,
cathepsin D load increased with Aβ deposition, an observation that may contribute to the
explanation of why levels of this protein were increased in our study (Howlett et al. 2008).
Furthermore, our result may reflect decreased levels of this protein found in CSF in AD
(Castano et al. 2006); this possibility remains to be seen, however, and more studies are needed
to decisively address this point.

Cu, Zn SOD is one of the more highly expressed endogenous antioxidant proteins. This enzyme
catalyzes the dismutation of superoxide (O2

.−) to H2O2 and O2. Levels of Cu, Zn SOD mRNA
were significantly increased in AD IPL relative to controls (Aksenov et al. 1998). In the current
study, Cu, Zn SOD protein level was also increased in PCAD IPL relative to controls (Fig 2).
We previously showed that the expression level of this protein was increased in canines with
behavioral enrichment, as well as behavioral enrichment combined with enriched antioxidant
diet (Opii et al. 2008). In the same study, black/white reversal behavior and spatial learning
correlated directly with Cu, Zn SOD levels (Opii et al. 2008). Therefore, if results from the
canine study (Opii et al. 2008) are translatable to humans, the levels of this enzyme and
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subsequent scavenging of O2
.− radicals may be strongly correlated with memory preservation

in PCAD.

Cytochrome c oxidase (COX), or complex IV, a protein involved in the electron transport chain
on the inner membrane of the mitochondria, transfers electrons to oxygen in the mitochondrial
matrix for reduction to water to power the proton gradient for ATP production. Studies in AD
reported decreased COX efficiency in vulnerable AD brain regions (Kish et al. 1992, Mutisya
et al. 1994). Here, we observed decreased levels of this protein in PCAD IPL compared to
controls. Interestingly, COX deficiency can decrease oxidative damage, amyloid plaques, beta
secretase activity, and Aβ42 levels in neurons (Fukui et al. 2007), possibly contributing to
memory and cellular conservation in PCAD.

In summary, our data support the notion that in PCAD, resistance to AD-related dementia
exists. No difference in oxidative stress, but differences in the levels of brain proteins in PCAD
compared to control subjects, suggest PCAD individuals may compensate for increased AD-
like pathology to preserve cognitive function. Bradley et al. (2010) also showed no significant
differences in protein carbonyls and protein-bound acrolein in hippocampal/parahippocampal
gyrus (HPG), superior and medial temporal gyrus (SMTG), or cerebellum from PCAD patients,
consistent with our data presented here from PCAD IPL (Bradley et al. 2010). However, the
same report showed significantly increased protein-bound HNE only in HPG, but not the other
regions examined (Bradley et al. 2010). No differences in protein-bound HNE were observed
here in PCAD IPL, possibly suggesting (and supported by the previous report) a regional
disparity in either formation of or susceptibility to HNE and HNE-related protein
modifications.

Unfortunately, a large caveat to working with PCAD autopsy-obtained samples is the lack of
knowledge as to future cognitive status, i.e., whether these people would have eventually
developed MCI/AD. Continued studies of PCAD patients (antemortem) using imaging and
biomarker techniques may be able to address this issue. Nevertheless, our data may reveal a
period of protection from neurodegeneration consistent with the clinical phenotype of PCAD.
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Figure 1.
Global oxidative stress measurements in control and PCAD IPL. Markers of oxidative and
nitrosative damage to proteins were assessed immunochemically. No significant differences
were observed between PCAD IPL and control IPL for total protein carbonyls, protein-bound
HNE, or 3-nitrotyrosine (n=12 per group).
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Figure 2.
Representative two-dimensional gel map of proteins that show differential levels in PCAD IPL
compared to control IPL. MS-identified spots showing significant alterations in PCAD relative
to control are displayed in representative gels with corresponding identities.
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Figure 3.
Enhanced images of identified proteins with altered levels in PCAD IPL relative to controls,
to more clearly show reported changes in spot density.
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