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ABSTRACT

Dementia is mainly a neurodegenerative disorder
involved in several systems, including central nervous
system, endocrinology/metabolism system and circu-
latory system. Alzheimer’s disease (AD) and dementia
with Lewy bodies (DLB) are the most common forms
of the dementia, accounting for 60% - 80% and 10%
- 20% of all cases, respectively. DLB is defined by
widespread neocortical, limbic and brainstem Lewy
bodies but frequently accompanied by variable levels
of AD pathology. This pathological and clinical over-
lap makes their differential diagnosis complicated.
Recent advances in the identification of disease bio-
markers now make it possible to detect and distin-
guish their pathology in the early or preclinical stage
of the diseases, even in cognitively normal individuals.
In addition to the key biomarkers (amyloid g or Ag,
tau and a-synuclein), neurotrophins such as cocaine-
and amphetamine-regulated transcript (CART) have
also drawn attention due to their expressions and
functions. This article summarizes the progress in the
definition, pathology and diagnosis of dementia, with
a focus on potential biochemical markers in the cere-
brospinal fluid (CSF) in the differential diagnosis of
the main forms of dementia. To prediction or early
diagnosis of dementia, the role of specific and sensi-
tive CSF biomarkers seems to be crucial in a routine
clinical setting. The concerns and challenges in the
biomarker field are also discussed.
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1. INTRODUCTION

Dementia is a multi-system related neurodegenerative
disorder. There are several forms of dementia, including
mainly Alzheimer’s dementia, dementia with Lewy bod-
ies (DLB), corticobasal degeneration/dementia (CBD),
frontotemporal dementias (FTD) known also as fronto-
temporal lobar degenerations (FTLD), vascular dementia
(VAD) and prion diseases or Creutzfeldt-Jakob disease
(CJD) [1,2].

Dementia with Lewy bodies (DLB) is the second most
frequent cause of hospitalization for dementia, after Alz-
heimer’s disease (AD), characterized by a dysexecutive-
visuoperceptual dementia frequently accompanied by
visual hallucinations, fluctuating attention, and Parkin-
sonism. Strategic a-synuclein aggregates, neuronal loss,
and variable degrees of amyloid deposition constitute the
key pathological features [1,3-5]. Therefore, these patho-
logical features overlap with AD, and make their differ-
ential diagnosis difficult. The disease progression and
treatment of DLB are different from AD hence the dif-
ferential diagnosis is a basic procedure in clinical prac-
tice.

In addition, cumulative oxidative stress, disrupted mi-
tochondrial respiration, and mitochondrial damage are
involved in various neurodegenerative disorders, includ-
ing AD and DLB [6-8]. With increased longevity and
increased prevalence of obesity, diabetes, hypertension
and other chronic diseases, dementia is likely to raise
significantly [9,10]. Aging related functional and struc-
tural declines in multiple systems, especially mitochon-
dria dysfunction and less blood supply in the brain may
be the fundamental events for this complex disorder.
CART is one of the latest hormones, expressed in the
nervous system and circulatory system with multiple
functions. We recently found that CART is a mitochon-
drial booster and a novel endogenous antioxidant [11,12],

L,o% Scientific

+03

%% Research


mailto:maop@ohsu.edu

P. Z. Mao / Advances in Biological Chemistry 2 (2012) 176-190 177

suggesting its potential relationship with neurodegenera-
tive diseases.

Disease-related biochemical markers can provide di-
agnostic, prognostic and therapeutic targets, and it also
can address some etiological questions and important
problems in clinical and translational medical research.
In this article, I attempt to highlight the progress in pa-
thology and diagnosis of dementia, with a focus on the
cerebrospinal fluid (CSF) biomarkers in the main forms
of dementia, AD and DLB, including their possible cor-
relations with CART peptide. This review provides val-
uable information that may help to identify new clues
and targets for the etiology, diagnosis, prevention and
treatment of dementia.

2. RECENT PROGRESS IN DEMENTIA
2.1. Definition of Dementia

According the DSM-IIIR (the Diagnostic and Statistical
Manual, 3rd edition, revised) states, the essential feature
of dementia is impairment in short- and long-term mem-
ory, associated with impairment in abstract thinking, im-
paired judgment, other disturbances of higher cortical
function, or personality change. The disturbance is se-
vere enough to interfere significantly with work or usual
social activities or relationships with others. The diagno-
sis of dementia is not made if these symptoms occur in
delirium. The DSM-IIIR definition of dementia, which
was identical to the DSM-IV definition, was reliable and
used routinely as guideline [1].

Recently, National Institute on Aging-Alzheimer’s
Association (NIA-AA) proposed new, detailed guidelines
for dementia [13]. According the new guidelines, demen-
tia is diagnosed when there are cognitive or behavioral
(neuropsychiatric) symptoms that are: 1) Interfere with
the ability to function at work or at usual activities; and 2)
Represent a decline from previous levels of functioning
and performing; and 3) Are not explained by delirium or
major psychiatric disorder; 4) Cognitive impairment is
detected and diagnosed through a combination of a) his-
tory-taking from the patient and a knowledgeable infor-
mant and b) an objective cognitive assessment, either a
“bedside” mental status examination or neuropsycholo-
gical testing. The cognitive or behavioral impairment
involves a minimum of two of the following domains: 1)
Impaired ability to acquire and remember new informa-
tion; 2) Impaired reasoning and handling of complex tasks,
poor judgment; 3) Impaired visuospatial abilities; 4) Im-
paired language functions (speaking, reading, writing); 5)
Changes in personality, behavior, or comportment.

Among all forms of dementia, Alzheimer’s dementia is
the most common dementia, accounting for an estimated
60% - 80% of recorded cases; and dementia with lewy
bodies is accounting for 10% - 20% of the total number
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of recorded cases of dementia [14-16]. Therefore, this
review will focus on these two forms of dementia.

2.2. New Definition and Pathology of
Alzheimer’s Dementia

AD is a fast growing world-wide epidemic and the most
common neurodegenerative disease, characterized by
slowly progressive cognitive deterioration, together with
declining activities of daily living and by neuropsychiat-
ric symptoms or behavioral changes. The most striking
early symptom is memory loss (amnesia), usually mani-
fest as minor forgetfulness that becomes steadily denser
with illness progression, with relative preservation of
older memories. The cause of Alzheimer’s is currently
unknown. First, genetic factors are clearly indicated as
evidenced by dominant mutations in different genes
(such as the gene encoding the amyloid precursor protein
APP, genes encoding presenilins PS1 and PS2). However,
it only accounts for a small number of cases of AD, the
familial, early-onset AD. Other gene mutations or varia-
tions (such as ApoE) may increase the risk of the most
common form of AD, the late onset AD (LOAD) or spo-
radic AD affecting people usually over the age of 65. The
etiology of LOAD is much complicated, and age has a
significant impact on its development. In pathology, ex-
tracellular fibrillar amyloid-f (Ap), especially long form
42 amino acids of Af (Af42) deposits in the brain [8,17],
intracellular neurofibrillary tangles (NFT) and neuronal
as well as axonal degeneration are the main features of
the disease.

Even fairly accurate, the clinical diagnosis of probable
AD based on traditional diagnostic criteria does not take
the long preclinical and prodromal course of AD into
account. In fact, AD-related pathophysiological changes
occur several years and even decades before the onset of
dementia. Importantly, the latest criteria proposed last
year and published at early this year for the neuropa-
thologic assessment of AD differ from the traditional
criteria, which require a history of dementia [13]. From
the clinical perspective, the concept of AD has evolved
to cover patients with milder symptoms, including the
proposition that there is a preclinical phase of the illness.
Indeed, substantial evidence exists to indicate that the
pathophysiological processes of AD are present in the
brain well in advance of subjective or objective deficits.
Therefore, recent NIA-AA-sponsored consensus reports
on three defined stages in a clinical continuum that in-
cludes preclinical, mild cognitive impairment, and de-
mentia. It refers to the presence and extent of neuropa-
thologic changes of AD observed at autopsy, regardless
of the clinical setting [13].

The clinical loss of learning and memory abilities is
mainly due to a significant decrease in brain cholinergic
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activity, and marked glutamatergic excitotoxicity that
results in neuronal death [18-20]. The cholinergic neuro-
toxicity of Af and the regulatory role of cholinergic re-
ceptor in the processing of APP have been summarized
recently [21-23].

Since the important roles of mitochondria in cellular
energy production, metabolism and cell death, it is con-
sidered to be the center of some degenerative diseases
[24,25]. Recent progress in AD, especially Af, mito-
chondria and oxidative stress related pathology has been
reviewed [8,26]. The role of the microtubule-associated
protein tau, another hallmark protein, in the pathogenesis
of Alzheimer’s disease, including tau as a crucial partner
of Ap, as well as their interactions with mitochondria,
has also been summarized recently [27,28]. Notably,
oxidative damage is thought to be the earliest event in
Alzheimer’s disease [8,29]. Ap directly induces reactive
oxygen species (ROS) [8], and toxic soluble Ap oli-
gomers appear to have synaptic receptors colocalizing
with PSD-95 (postsynaptic density protein 95), and Ap42
accumulates in dendrites in AD patients where it may
cause oxidative damage and caspase activation and
eventually apoptosis [30]. On the other hand, mitochon-
drial dysfunction and mitochondria-derived ROS lead to
enhanced Af formation [8,26,31]. Therefore, a vicious
cycle starting either from mitochondrial dysfunction or
Af toxicity is triggered that contributes to the patho-
genesis of the most AD and the mitochondrial cascade
hypothesis is increasingly recognized, especially for the
most common form, later onset of AD.

Interestingly, AD has been considered to be a neuro-
endocrine disorder, even referred to by some as type III
diabetes [32-34], indicating the importance of energy
metabolism and insulin signaling in the development of
Alzheimer’s disease. Metabolic syndrome, prediabetes,
and type II diabetes are putative risk factors in the de-
velopment of AD. More importantly diabetes and AD
have signs of increased oxidative stress in common. For
example, neurotoxins, coined amyloid f-derived diffus-
ible ligands (ADDLs), disrupt signal transduction at syn-
apses, contribute to oxidative damage, and cause
AD-type tau hyperphosphorylation [32,34]. Furthermore,
Ap and human amylin, the diabetes pathogen, share a
common toxicity pathway through mitochondrial dys-
function [35].

In addition, Alzheimer and vascular pathology can ex-
ist together more often than in isolation, in fact, autopsy
data show that 60% - 90% of AD cases exhibit variable
cerebrovascular pathology, hence cerebral ischemia is
probably a causal factor for AD [36,37]. Furthermore,
aging is thought to be the single most important risk fac-
tor for AD, and available data indicate that memory dis-
turbances in normal elderly and early AD patients are
intimately related to hypoxia, a reduction in blood supply,
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and glucose hypometabolism in the hippocampus and a
number of key brain areas [38-40]. Notably, Ap is gener-
ated from APP through sequential cleavages by BACE1
(the major f-secretase in the brain) and y-secretase, the
hypoxia condition increases Aff production via the limit-
ing enzyme BACE!l and p-secretase, furthermore hy-
poxia stimulates ROS production, especially the radicals
came from mitochondrial complex II [8,41,42].

Biomarkers that are related to the pathophysiology of
AD may thus help detect the preclinical stages of disease,
and improve early and differential diagnosis. Thus, core
AD biomarkers, Af peptides (especially Ap42) and pho-
sphor-tau (p-tau) in CSF, PET and MRI imaging are con-
sidered to be the most useful approaches on their diag-
nostic and predictive value in preclinical and clinical
stages of AD [8,43-48]. In addition, plasma biomarkers
for AD are currently controversial, and CSF is the most
economically effective approach and the main topic of
this article.

2.3. Definition and Pathology of Dementia with
Lewy Bodies

DLB has been defined clinically by the presence of de-
mentia, gait/balance disorder, prominent hallucinations
and delusions, sensitivity to traditional antipsychotics,
and fluctuations in alertness [49]. The main points of this
guideline were followed by recent workshops [13,15].
Filamentous protein inclusions in neurons (Lewy bod-
ies, LB) and dystrophic neuritis (Lewy neuritis, LN)
containing pathologic alpha (a)-synuclein (aSyn) are the
morphologic hallmarks of dementia with Lewy bodies
and sporadic Parkinson disease (PD). Their formation
runs through several phases from initial dust-like parti-
cles cross-linked with aSyn to aggregation of ubiquiti-
nated dense filaments, formation of LBs, in which aSyn
is the major component and hundreds of proteins may be
included [50], finally degradation and death of the af-
flicted neurons [4]. Studies from biochemistry and bio-
physics have suggested that the oligomeric, protofibril-
lary aSyn is cytotoxic [51,52], whereas LB and LN
composed of fibrillary aSyn, which are typically ob-
served in the brain at autopsy. In post-mortem cortical
tissue, significant reduction of the a-subunit of the 20S
proteasome was observed in DLB, but not AD, in com-
parison to controls, and elevated levels of soluble aSyn
oligomers in post-mortem brain extracts from DLB pa-
tients suggest that these aSyn oligomers and the protea-
some are involved in the pathogenesis of DLB [53].
Interestingly, the ubiquitin ligase Nedd4, which func-
tions in the endosomal-lysosomal pathway, robustly
ubiquitinates aSyn and purified Nedd4 recognizes the
carboxyl terminus of aSyn and attaches ubiquitin chains.
Overexpression of Nedd4 enhances aSyn ubiquitination
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and clearance by a lysosomal process in human cells. In
human brains, Nedd4 is present in pigmented neurons
and is expressed especially strongly in neurons contain-
ing Lewy bodies. Thus, ubiquitination by Nedd4 targets
aSyn to the endosomal-lysosomal pathway and, by re-
ducing o-Syn content, may help reduce a-synucleino-
pathies [54].

Marked cholinergic deficits accompanied by inclu-
sions positive for aSyn and Ubi suggest that proteasomal
abnormalities are present in cortical LBD [55]. On the
other hand, serine 129 phosphorylation of aSyn as its
dominant modification in LB disorders [56] induces un-
folded protein response-mediated cell death [57,58].
While the duration and severity of motor function, the
corresponding decrease of dopamine, tyrosine hydroxy-
lase (TH), dopamine transporter (DAT), and vesicular
monoamine transporter-2 (VMAT-2) immunoreactivity in
the striatum are negatively correlated with total subs-
tantia nigra (SN) aSyn burden and neuronal loss [4,59].

In addition, not just in SN, oxidative damage, particu-
larly lipoxidation, advanced glycation (AGE), and AGE
receptors (RAGE) in other structures, including the cere-
bral cortex, also been seen in early stages of diseases
with Lewy bodies [60]. Moreover, it demonstrates that
aSyn lipoxidation is an early event in LBDs which pre-
cedes aSyn solubility modification and aggregation, and
formation of Lewy bodies and neuritis [61]. It also been
found that the human brain cortex, mitochondrial oxygen
uptake and complex I activity were significantly lower in
DLB, comparing to healthy controls, whereas oxidative
damage and mtNOS activity, cytochrome content, ex-
pression of Mn-SOD and mitochondrial mass were sig-
nificantly higher in the frontal cortex in DLB [62]. The
decreases in tissue and mitochondrial oxygen uptake and
complex I activity are considered the consequences of
mitochondrial oxidative damage and mitochondrial dys-
function. The increases in mtNOS activity and mito-
chondrial mass are interpreted as an adaptive response of
the frontal cortex that involves increased NO signaling
for mitochondrial biogenesis. The adaptive response
would partially compensate for mitochondrial dysfunc-
tion in these neurodegenerative diseases and would af-
ford a human evolutionary response to shortage of ATP
in the frontal cortex. This compensation also can be
found in the brain of aged non-human primates [63].

Telomeres, the ends of linear chromosomes, repetitive
DNA regions of hexanucleotide repeats, protect chro-
mosomal ends from deterioration during physiological
and pathological conditions. Telomere shortening repre-
sents a cell-intrinsic mechanism leading to DNA damage
accumulation in aged cells [8]. In fact, telomere length
was significantly shorter in both Alzheimer’s disease and
DLB than in the non-demented elderly controls [64],
indicating an increased oxidative stress in patients with
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dementia.

Heavy metals have been implicated as the causative
agents for the pathogenesis of the most prevalent neu-
rodegenerative diseases. Various mechanisms have been
proposed to explain the toxic effects of metals ranging
from metal-induced oxidation of protein to metal-in-
duced changes in the protein conformation. Aggregation
of aSyn is a key mechanism in PD and DLB, and various
metals, including copper, constitute a prominent group of
aSyn aggregation enhancers. The aSyn-Cu2l binding
sites have been systematically characterized, and the
possible role of metal binding in aSyn fibrillation has
been analyzed using biophysical techniques [65].

On the other hand, lipoxidative/protein damage of al-
dolase A, enolase 1, and glyceraldehyde dehydrogenase
(GAPDH) was found in the frontal cortex in the majority
of cases of incidental Parkinson’s disease (iPD), PD, and
dementia with LB. Densitometric studies have shown
that the ratio of oxidized protein per spot is higher in iPD,
PD, and DLB than controls. These findings show oxida-
tion of three enzymes linked with glycolysis and energy
metabolism in the adult human brain as well as increased
oxidation of aldolase A, enolase 1, and GAPDH in the
frontal cortex in Lewy body diseases [66].

Taken together, these findings further support the idea
that oxidative stress is involved in the pathological proc-
ess of neurodegenerative diseases, and oxidative stress-
associated biomarkers may be useful for the disease di-
agnosis, as well as antioxidant therapy is reasonable
treatment for neurodegenerative diseases [67].

2.4. Classification of Dementia with Lewy Bodies

Pathologic accumulation of aSyn/LBs and classification
of DLB have been proposed by Braak et al. [68], with
lesions from medullary and olfactory nuclei to the cortex.
Further, the consensus pathologic guidelines of DLB [15],
by semiquantitative scoring to aSyn pathology (LB den-
sity and distribution) in different brain regions, distin-
guish three phenotypes (brainstem, transitional/limbic,
and diffuse neocortical), and also consider concomitant
Alzheimer-related pathology.

Recently proposed modified criteria added amygdala
as one of predominant regions since aSyn pathology in
the amygdala is often associated with Alzheimer disease
[4,69]. Furthermore, based on examination of a standard
set of 10 brain regions in a large number of autopsy cases,
a unified staging system for LB disorders has been re-
ported [70] that suggested four stages of LB pathology:
(D) olfactory bulb only; (ITa) brainstem predominant; (IIb)
limbic predominant; (III) brainstem and limbic; (IV)
neocortical. Progression of these stages was correlated
with nigrostriatal degeneration, cognitive impairment
and motor dysfunction. This proposed staging system
was suggested to improve classification of LB disorders
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[4,70]. NIA-AA recently recommends that LBD (Lewy
body diseases, including Parkinson disease and dementia
with Lewy bodies) be classified as no LBs, brainstem
predominant, limbic (transitional), neocortical (diffuse),
or amygdala predominant [13,71].

Although Braak notions and revised criteria present
the essential basis for further developments, current
staging conceptualizations seem inadequate to comply
with the progress on the field [72]. For example, the con-
tributions of various biomarkers of disease progression,
such as Af, and neurotransmitter system imbalances, e.g.,
dopamine receptor supersensitivity and interactive pro-
pensities, as well as CART, await their incorporation into
the existing staging models thereby underlining the on-
going, dynamic feature of the staging of the brain disor-
der, it is probably more valuable for the early diagnosis.

3. PROGRESS IN CSF BIOCHEMICAL
MARKERS IN DEMENTIA

Physiological processes and pathological changes in the
brain can be monitored by analysis of cerebrospinal fluid
(CSF). It has been shown that CSF markers reflected
neuropathology in 94% [2]. Since about 20 years ago,
there has been intense interest in developing markers
related to the neuropathology of AD in CSF. Several key
CSF biomarkers of pathological processes in the brain
are now available. CSF levels of total tau (t-tau) reflect
cortical axonal degeneration, levels of phosphorylated
tau (p-tau) reflect tangle pathology and levels of Ap42
reflect brain amyloid pathology [73]. Most reports fo-
cused on these Af peptides and tau, showing mainly CSF
Ap42 is reduced, but CSF t-tau and p-tau are increased in
AD patients.

3.1. CSF Ap42 and Tau in AD and Mild
Cognitive Impairment

Ap42 is the most toxic amyloid peptide, and the key
component of amyloid plaques [8,17]. Reduced levels of
Ap42 in CSF of patients with AD compared with normal
elderly controls have been observed repeatedly. Using
post-hoc cut-points, moderate sensitivities (78% to 92%)
and specificities (81% to 83%) have been achieved in
distinguishing patients with AD from normal elderly
controls [1]. CSF tau level is also useful in supporting
the diagnosis of AD early in the course of dementia
[74,75]. CSF tau level was shown to be significantly
elevated in patients with AD compared with normal con-
trols [76,77]. However, tau alone may lack diagnosis
power since elevated CSF tau level has also been de-
tected in patients with other neurodegenerative diseases
[73,78]. The diagnostic yield may be improved by the
simultaneous measurement of CSF Af42 and tau.
Interestingly, it is going clear that CSF levels of Af42
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retain diagnostic usefulness in patients with very mild
AD and even mild cognitive impairment (MCI), and a
combination of CSF t-tau and Ap42 at baseline yiclded a
sensitivity of ~95% and a specificity of ~83% for detec-
tion of incipient AD in patients with MCI [75,79-81].
Recently, a large-scale multicenter study also showed
that CSF Ap42, t-tau, and p-tau identify incipient AD
with good accuracy, even less accurately than reported
from single-center studies [82].

Subjects with MCI are at a high risk of developing
clinical AD. The levels of CSF tau were increased, whe-
reas levels of Af42 were decreased in MCI subjects. In a
multiple Cox regression analysis within the MCI group,
low baseline CSF levels of Ap42, but not other predictor
variables (tau protein, gender, age, apolipoprotein E
(APOE) epsilon4 carrier status, Mini Mental Status Ex-
amination score, observation time, antidementia therapy),
correlated with conversion status (P < 0.05) [79], indi-
cating the fundamental role of Af42 in the pathology of
AD.

In other report, the relative risk of progression to Alz-
heimer’s disease was substantially increased in patients
with MCI who had pathological concentrations of t-tau
and Ap42 at baseline (hazard ratio 17.7, p < 0.0001). The
association between pathological CSF and progression to
Alzheimer's disease was much stronger than, and inde-
pendent of, established risk factors including age, sex,
education, APOE genotype, and plasma homocysteine.
The combination of t-tau and Ap42/p-taul81 ratio
yielded closely similar results (sensitivity 95%, specific-
ity 87%, hazard ratio 19.8). Interpreted concentrations of
t-tau, p-taul81, and Ap42 in CSF are strongly associated
with future development of Alzheimer's disease in pa-
tients with MCI [80]. Importantly, CSF tau/Ap42 ratios
show strong promise as antecedent (preclinical) bio-
markers that predict future dementia in cognitively nor-
mal older adults [81]. This AD-pattern in CSF was also
already detectable in patients with MCI in a new ap-
proach, called capillary-electrophoresis coupled to mass-
spectrometry (CE-MS) [83].

Such changes in CSF biomarker levels over time in
healthy older adults are associated with a concurrent de-
cline in cognitive performance [84]. The latest report
showed that approximately 90% of patients with MCI
and pathologic CSF biomarker levels at baseline develop
AD within 9 to 10 years. Levels of Af42 are already ful-
ly decreased at least 5 to 10 years before conversion to
AD type dementia, whereas t-tau and p-tau seem to be
later markers. These results provide direct evidence sup-
porting the view that altered Af metabolism precedes
tau-related pathology and neuronal degeneration [85].

Similarly, in a routine clinical setting with 4-year fol-
low-up, at the end of the follow-up, 31 MCI patients
(56%) did not progress to dementia (stable MCI), while
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24 (44%) developed a dementia condition. At baseline,
the mean levels of CSF Af42, t-tau, and p-tau were sig-
nificantly altered in MCI patients who were converting
to dementia with respect to those with stable MCI. All
MCI patients with the three altered CSF biomarkers de-
veloped dementia within 1 year. Among the stable MCI
patients, none showed all three pathological values [86].
These data clearly indicate the complexity of the pathol-
ogy of dementia. Therefore, early diagnosis of dementia
and, specifically, a correct prediction of MCI outcome
represent a primary goal for prevent and treatment of
dementia. To this respect, the role of pathological-asso-
ciated CSF biomarkers seems to be crucial in a routine
clinical setting.

On the other hand, oligomers of the Af peptide are
more toxic than monomers and are linked to the devel-
opment of AD. Santos et al. used a flow cytometric ap-
proach for the detection and assessment of oligomers in
CSF from AD patients and other neurological disorders.
CSF Ap-oligomer levels in AD patients showed an eleva-
tion in trend (p = 0.073) and the ratio Apf-oligomers/
ApA2 was significantly elevated compared to non-AD
subjects (p = 0.001). Most important, there was a nega-
tive correlation between the amount of Af-oligomers and
the Mini-Mental Status Exam score (r = —0.65; p = 0.013)
in AD patients. The detection of Ap-oligomers using
flow cytometry analysis seems to be useful in assessing
the stage of AD. This is a novel and important finding as
none of the currently used CSF biomarkers are clearly
associated with dementia severity [87]. The baseline of
the oligomers in the healthy adults should be established
for further comparison.

Further, a novel misfolded protein assay for the detec-
tion of soluble oligomers composed of Af x-40 and x-42
peptide from CSF has been developed. Preliminary vali-
dation of this assay with 36 clinical samples demon-
strated the presence of aggregated Afx-40 in the CSF of
AD patients. Together with measurements of total Ap42,
diagnostic sensitivity and specificity were greater than
95% and 90%, respectively. Although larger sample pop-
ulations are needed to confirm this diagnostic sensitivity,
these studies demonstrate a sensitive method of detecting
circulating Afx-40 oligomers from AD CSF and suggest
that these oligomers could be a powerful new biomarker
for the early detection of AD [88].

Putative core markers are summarized in the Table 1.
Briefly Af42 as the earliest biomarker is significantly
decreased in AD as well as MCI, while tau and p-tau are
significantly increased in AD, comparing to healthy con-
trol adults.

3.2. Other Biomarkers for AD and MClI

No other biomarkers that had been extensively studied
and had promising detection abilities for AD or other
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Table 1. Changes of the core CSF biomarkers in MCI and AD.

AB42 T-tau P-tau tau/Ap42
Healthy — — — —
MCI J 0 T 0
AD J 1) 1) t

—: Normal level; $: Decrease; T Increase; Bold arrows: Full decrease/in-
crease.

dementias were uncovered in the literature search. How-
ever, a few trophic factors such as CART and glial cell-
line derived neurotrophic factor (GDNF) may be hopeful
biomarkers.

As neurotrophic factors play a pivotal role in devel-
opment and maintenance of global central nervous sys-
tem (CNS) function, GDNF, which has been extensively
studied for its survival promoting effects especially con-
cerning catecholaminergic neurons, also plays a signifi-
cant role in Alzheimer’s disease characterized mainly by
damage of cholinergic CNS neurons. Straten G. et al.
compared GDNF concentrations in CSF and serum of
patients with AD and normal controls (NC). While
GDNF concentrations in CSF were significantly in-
creased in patients with AD compared with NC subjects,
GDNF concentration of AD patients in serum were sig-
nificantly decreased compared with the NC group. In-
creased GDNF in CSF of AD might be due to an upre-
gulated expression in CNS as an adaptive process of the
impaired brain to enhance neurotrophic support at least
in early stages of disease and/or impairment of CSF
turnover [89]. It is currently unclear why serum GDNF is
significantly decreased in AD patients, but it may be an
important signal for the disease.

Neurotransmitter CART is widely expressed in the
brain including hippocampus and cortex and has a gen-
eral role of cytoprotection this will be further discussed
in Section 4. Interestingly, CART level in CSF is de-
creased in AD patients comparing to healthy controls
[90], indicating CART may be involved in the pathology
or etiology of AD, it is worth further pursuing for their
connection. Recently it has been shown that icariin, a
flavonoid extracted from a Chinese herbal medicine Yin
Yang Huo, also called Xian Ling Pi that has a protective
role against Ap42 neurotoxicity via up-regulation of
CART in both mRNA and protein levels [91], suggesting
that low levels of CART may be related to Af42 toxicity
that is the main pathological event associated with Alz-
heimer’s disease.

Cytokines are important mediators in AD development.
TNF-a converting enzyme (TACE/ADAM-17) does not
only cleave pro-TNF-a but also TNF receptors, it has
been shown that TACE activity was significantly ele-
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vated in the CSF from AD patients compared with
healthy controls. Furthermore, AD patients had higher
levels of both TACE cleaved soluble TNFR1 (sTNFR1)
and TNFR2 (sTNFR2) in the CSF compared to age- and
gender-matched healthy controls. To examine if changes
in TACE activity and levels of cleaved soluble TNFRs
are an early event in the course of AD, they measured
these molecules in the CSF from 47 subjects with MCI,
which is considered as a preclinical stage of AD. Unex-
pectedly, significantly higher levels of TACE activity and
soluble TNFRs in the MCI group than that in AD pa-
tients. These results suggest that TACE activity and so-
luble TNF receptors may be potential diagnostic candi-
date biomarkers in AD and especially in MCI [92].

In addition, macrophage colony-stimulating factor (M-
CSF) is a hematopoietic growth factor that activates mi-

croglial cells, involved in phagocytosis of Af in the brain.

MCI patients showed significantly decreased M-CSF
levels in CSF compared to AD patients and patients with
other non-inflammatory neurological disease. M-CSF
CSF levels < or = 357.8 pg/ml yielded 73.7% sensitivity
and 75.0% specificity for diagnosing MCI patients in
comparison with control subjects. In conclusion, these
data indicate that M-CSF in CSF could be a useful bio-
marker for MCI [93].

To assess the potential biomarkers of early diagnosis
of AD, a new method using capillary-electrophoresis
coupled to mass-spectrometry (CE-MS) was developed.
Using CSF measurements of Ap42, t-tau, and p-tau,
AD-diagnosis had a sensitivity of 88% and a specificity
of 67% in the CSF sample. Sequence analysis of the dis-
criminating biomarkers identified fragments of synaptic
proteins like proSAAS, apolipoprotein J, neurosecretory
protein VGF, phospholemman, and chromogranin A [83].
These newly identified protein/peptide candidates have
to be further examined in the future to verify the useful-
ness as a biomarker. Certainly, MS-based methods will
provide more biomarker candidates for diagnosis of AD
and related disorders in the feature.

3.3. Distinguishing AD and DLB in CSF
Biomarkers

The clinical diagnosis of dementia with Lewy bodies
(DLB) is made on the basis of consensus criteria; how-
ever, the sensitivity of the criteria is relatively low [5].
Differentiating dementia with Lewy bodies from AD can
be difficult because of the substantial overlap in clinical
features. A classification of patients with AD and patients
with other dementias accomplished by the combination
of CSF Af42 and p-tau showed that CSF AD biomarker
profile was seen in 47% of patients with DLB [2]. There-
fore, a better biomarker system to distinguish DLB from
AD is strongly desired.
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Using the quantitative Af-immunoblot to analyze CSF
samples of neuropathologically defined patients with AD
and DLB, Bibl and colleagues found that absolute Af1-
42 and percentage term Af (42%) were significantly
lowered in AD compared to non-demented controls
(NDC). Oxidized absolute AS1-400x and percentage AfS
(400x%) were elevated in DLB as compared to NDC.
Importantly it is reproductive on Af peptide patterns in
neuropathologically characterized patients with AD and
DLB. The results underline the usefulness of the CSF Apf
(42%) and Ap (400x%) as diagnostic biomarkers for AD
and DLB, respectively [94,95].

It has been shown that significant between group dif-
ferences were found for all CSF measures, and all except
Ap40, ApA2 and ApP42/p-tau differed between AD and
DLB. The Ap42/Ap38 ratio was the measure that best
discriminated between AD and DLB (accuracy, acc =
0.765; p < 0.005). Studies with independent and larger
samples and priori cut-offs are needed to test this hy-
pothesis [96]. However this study suggests that the level
of Ap38, another Af shorter form can potentially con-
tribute in the diagnostic distinction between AD and
DLB when combined with Ap42. Single measures had
low diagnostic accuracy, suggesting that developing a
panel of biochemical markers is the most promising
strategy.

To establish diagnostic accuracy and optimal cut-off
levels of CSF tau phosphorylated at threonine 181 for
discriminating AD from non-AD dementias in au-
topsy-confirmed dementia patients, CSF levels of Ap42,
t-tau and p-tau from patients with definite AD (n = 95)
and non-AD dementias (n = 50) were determined with
single-parameter ELISA kits. Optimal p-tau cut-off levels
for differentiating AD from pooled non-AD dementias,
DLB and frontotemporal dementia (FTD) were 50.4
pg/mL (acc = 0.73), 52.8 pg/mL (acc = 0.73) and 35.3
pg/mL (acc = 0.90), respectively. The highly significant
difference in CSF p-tau levels comparing AD and non-AD
dementias pointed to the potential value of CSF p-tau for
discriminating AD from non-AD dementias [97]. The
determination of the optimal cut-off levels of CSF bio-
markers is a key issue for further validation and utility.

In another report, the utility of quantification of
a-synuclein, Af and tau in the CSF of patients with DLB
(n = 34), AD (n = 31) and other dementias (n = 21) was
examined. Total and phosphorylated tau levels as well as
Ap40/42 and tau/Af42 ratios were significantly higher in
AD patients than in patients with DLB and other demen-
tias (both p < 0.01). CSF aSyn levels in DLB patients
were significantly lower than those in patients with AD
(p < 0.05) and other dementias (p < 0.01). CSF aSyn
level correlated with the Ap42 level in DLB patients (p =
0.01, r = 0.43). The study suggests that reduced levels of
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CSF aSyn in DLB may reflect the accumulation of aSyn
with Lewy pathology in the brain and that quantification
of CSF a-synuclein helps in the differentiation of DLB
from AD and other dementias in the combination with
Ap42 and tau analysis [98].

However, other report suggested that CSF aSyn was
not a useful diagnostic biomarker to differentiate DLB
and/or PD (a-synucleinopathies) from AD. It only showed
a trend of low CSF aSyn in DLB, but CSF aSyn levels
did not differentiate between diagnostic groups (p =
0.16). However, higher ptau-181 and higher tau levels
differentiated AD from DLB patients (p < 0.05). In addi-
tion, in DLB patients maybe lower CSF aSyn levels are
related to worse cognitive performance [99]. This differ-
ent between the two reports may be in part due to differ-
ent kits they used, since in the early paper, they empha-
sized that a modified sandwich ELISA was developed
which enables the sensitive quantification of CSF aSyn
[98].

Since deficits in serotonergic and dopaminergic path-
ways seem more pronounced in DLB patients, CSF
analysis of neurotransmitter metabolites, in addition to
brain-specific proteins, may improve the differentiation
between DLB and AD. Aerts et al retrospectively com-
pared CSF concentrations of the neurotransmitter me-
tabolites homovanillic acid (HVA), 5-hydroxyindolacetic
acid (5-HIAA), and 3-methoxy-4-hydroxyphenylethyl-
eneglycol (MHPG) and the brain-specific proteins t-tau,
p-tau, and Ap42 in patients with AD (n = 45) and with
DLB (n = 23). The concentrations of all neurotransmitter
metabolites, as well as those for t-tau and p-tau protein,
were significantly lower in DLB compared to AD, irre-
spective of the diagnostic certainty (i.e., possible or prob-
able). The currently used combination of Af42, p-tau, and
t-tau yielded a sensitivity of 92.9% and a specificity of
90%. The addition of MHPG resulted in an increased
sensitivity of 97.6% and a specificity of 95% for the dis-
crimination between DLB and AD [100]. However, this
exciting change of MHPG was not the case of another
report, in which no significant correlations were found
between AD and DLB groups [101].

Overall, it has been widely accepted that having a bi-
ochemical test, based on quantification of useful DLB
biomarkers within CSF could be an effective diagnostic
approach to improve the differential diagnosis. Although
some of the investigated DLB CSF biomarkers are well
within the clinical criteria for sensitivity and specificity,
they all seem to be confounded by the overlap or contra-
dictory data for each of the major groups of biomarkers
(Ap peptides, tau and aSyn). However, from increasing
relevant reports, to better differentiate DLB from AD and
other dementias, a conclusive proposal appears to emerge
(Table 2). This is a combination of CSF measures: de

Copyright © 2012 SciRes.

Table 2. Main changes of CSF biomarkers in DLB and AD.

ApA2 T-tau P-tau aSyn CART
Healthy — — — — —
DLB  —ord — — { !
AD { 1) 1 — {

(—: Normal level, d: Decrease; 1 Increase; Bold arrows: Full decrease/in-
crease).

creased aSyn, a correlation between CSF aSyn and
Ap42measures in DLB (characteristic for DLB only), and
an elevated t-tau and p-tau profile in AD (differentiating
AD from DLB) [5]. Progress in neurotransmitter CART
discussed below may further increase the utility of bio-
markers in diagnosis of DLB.

4. NEUROPEPTIDE CART AS A NEW
BIOMARKER CANDIDATE FOR
DEMENTIAWITH LEWY BODY

4.1. CART Has a Neurotrophic Role via
Mitochondria and Antioxidant Mechanisms

CART peptide is broadly expressed in hypothalamus,
cortex, hippocampus, amygdala, and pituitary and some
endocrine glands. CART receptor or interaction partner
has not been reported [102,103]. Using molecular genet-
ics approaches we identified the first interaction protein
for CART it is the mitochondrial protein SDH subunit B
[11]. CART also increases SDH and mitochondrial com-
plex II activities and ATP generation in both basal and
ischemic conditions [11], suggesting the new mitochon-
drial mechanisms of CART’s neurotrophic or neuropro-
tective role.

Interestingly, in vivo study has shown that intracere-
broventricularly injection of CART increases spatial
learning and memory in rats subjected to the acquisition
protocol in Morris water maze [103]. On the other hand,
endogenous CART was upregulated in the frontal cortex,
hypothalamus, amygdala, medulla oblongata and adrenal
gland after the forced swim stress [104].

Recently, we reported that CART has a general cyto-
protection in mammalian and human cells [12]. Using
cis-parinaric acid as a sensitive reporting probe for per-
oxidation in membranes, and a lipid-soluble azo initiator
of peroxyl radicals, we found that CART has an antioxi-
dant property. Interestingly CART is preferentially local-
ized in mitochondria, which are the main source of free
radicals. In addition, this antioxidant and protective role
is also seen in a mouse Parkinson’s disease model [12].
Therefore we proposed that CART is an endogenous an-
tioxidant, a powerful antioxidant hormone. These new
functions for this unique peptide combined with its tran-
scriptional activity on some neurotrophic genes such as
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BDNF [105,106], enable mitochondria within both neu-
rons and non-neuronal cells to cope with pathological
processes and provide stabile local energy homeostasis in
the brain which, in turn, is a prerequisite for neuronal
survival. These mitochondria associated cytoprotection
and trophic roles are particularly important for neurode-
generative diseases since most of them have a mitochon-
drial dysfunction or an energy failure condition.

4.2. CART as a New Biomarker for DLB

It has been shown that DLB patients displayed hypotha-
lamic atrophy, whereas this region was not affected in
AD patients [107]. CART is expressed highly in neurons
in the hypothalamus. Although Lewy bodies have been
described in the hypothalamus of DLB patients [108],
extensive neuropathological studies of this region in
DLB have not yet been reported. Using sensitive and a
commercially available radioimmunoassay (RIA), Schultz
K, et al. [90] found that CSF CART levels were signifi-
cantly reduced by 30% in DLB patients compared to
controls as well as to AD patients. Even though this was
not a large scale study, proper design including RIA as-
say controls and statistical analyses made the data con-
vincing. The results suggest that reduced CSF CART is a
sign of hypothalamic dysfunction in DLB and that it may
serve as a new biomarker for this DLB patient group. A
large scale study in a clinic center or within multiple
clinic centers in the future may further verify these find-
ings. CART as a new promising biomarker together with
other key markers is summarized in Table 2.

Interestingly, CSF dopamine metabolite (DOPAC)
level is correlated with behavioral and psychological
signs and symptoms of dementia (BPSD) in general
[101]; intracerebroventricular injections of CART in ro-
dents lead to increased dopaminergic activity in nucleus
accumbens, striatum and hypothalamus [109]; and sys-
temic injections of CART in a Parkinson’s disease mouse
model preserve dopaminergic neurons in SN area [12].
Reduced CART levels may therefore be involved in
causing or augmenting the dopaminergic hypofunction
resulting in Parkinsonism, as well as other symptoms,
including mood/psychiatric symptoms [110]. CART level
is also reduced in AD patients, the precise mechanisms
of CART underline these changes and the significance of
CART in both DLB and AD diseases need further inves-
tigation in the future.

In addition, although the involvement of CART in mi-
tochondria and neurotransmitter-neutrophin signal trans-
duction in healthy and injured neurons is increasingly
recognized, the impact of CART on the cellular process-
ing of amyloid precursor protein, tau and aSyn, the key
genes/proteins associated AD and DLB is currently un-
explored.
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5. PROBLEMS, CONCERNS AND
CHARLENGES IN CSF BIOMARKERS

Recent decades study in neurodegenerative diseases has
made significant progress. However, the cure treatment
is still lacking. This is the greatest challenge in the re-
lated fields. Disease-modifying approaches for Alz-
heimer’s disease and dementia with LB might be most
effective when initiated very early in the course, before
the pathologic burden and synaptic and neuronal degen-
eration make it unlikely to recover. It has been widely
accepted that biomarkers of disease may provide impor-
tant avenues and clues of research to enhance the diag-
nosis of individuals with early AD and could assist in the
early identification of those individuals at risk for devel-
oping AD. It has also been recognized that the core bio-
markers reflect AD pathology, and are candidate markers
for predicting future cognitive decline in healthy indi-
viduals and progression to dementia in patients who are
cognitively impaired [73]. However, for such biomarkers
to become clinically useful, long-term follow-up studies
are necessary to evaluate the relevance of cross-sectional
biomarker changes to the longitudinal course of the dis-
ease [111].

Even the CSF biomarkers Af42, t-tau, and p-tau dem-
onstrate good diagnostic accuracy for AD, there are large
variations in biomarker measurements between studies,
and between and within laboratories. Importantly the
Alzheimer’s association has initiated a global quality
control program to estimate and monitor variability of
measurements, quantify batch-to-batch assay variations,
and identify sources of variability. In the report from the
first two rounds of the program indicates that measure-
ments of CSF AD biomarkers show large between-labo-
ratory variability, likely caused by factors related to ana-
lytical procedures and the analytical kits. Standardization
of laboratory procedures and efforts by kit vendors to
increase kit performance might lower variability and will
likely increase the usefulness of CSF AD biomarkers
[112]. To evaluate and monitor the biomarker tests, ex-
cept the standard (normal) values or value range should
be listed, assay inner controls, kit internal as well as ex-
ternal controls should be included in each assay kit and
the information may be necessary to be listed in the re-
port. The assessment kit-associated study in the endocri-
nology, including the recent article regarding CSF CART
expression determined by RIA or other methods may be
good example [90,113-115].

In addition, overlap of current CSF core biomarkers
with both controls, DLB and AD results in insufficient
diagnostic accuracy, therefore the development of more
specific and sensitive biomarkers for these disorders is
needed.

To increase agents/kits specificity and avoid cross re-
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action, highly specific mouse monoclonal antibodies are
preferred, since in the principle, small Af peptides (such
as dominant Ap40 and pathological Ap42) are different
in 2 or 3 amino acids only, monoclonal antibody can tar-
get the unique region/epitope to produce highly specific
antibody, but polyclonal antibody or multiple colonial
antibody recognizes multiple epitopes of the antigen
(Ap), including some common regions of Ap40 and
Ap42. Notably, it has been reported that using such
monoclonal antibody/kit already sensitively detected that
plasma Ap42 is significantly elevated in late onset AD
(ApA42 levels than controls, p < 0.0001, but AS40 p =0.2)
[8,116]. We recently verified that this Af42 highly spe-
cific antibody also works well in immunohistochemistry
[117]. However, it seems that the polyclonal antibodies
and related assay kits are more than monoclonal ones in
the current market. This factor somewhat affects present
antibody-based biomarker research and clinical utility.

These concerns and questions above may be resolved
through a great collaboration from scientists/researchers,
production companies, and governor/organization/asso-
ciation in the world. Certainly it is a real challenge in the
related fields. I hope that this scientific review will fur-
ther facilitate the task to move forward efficiently.

6. CONCLUSIONS AND FUTURE
DIRECTIONS

Intense multidisciplinary research has provided detailed
knowledge of the molecular pathogenesis of neurode-
generative diseases, including Alzheimer’s dementia and
dementia with Lewy bodies. Among these, pathology-
associated biomarkers in the cerebrospinal fluid, ideally
amyloid-f (Ap42), total-tau (t-tau), phosphorylated tau
(p-tau) and a-synuclein (aSyn) have been extensively
studied. These markers especially their combination have
demonstrated good diagnostic accuracy for AD and DLB.
These biomarkers reflect disease pathology, and are can-
didate markers for predicting future cognitive decline in
healthy individuals and progression to dementia in pa-
tients who are cognitively impaired. It is very important
for diagnosis and treatment of these progressive diseases
in its early stages prior to the occurrence of irreversible
neuronal damage; hence these CSF biomarkers are cru-
cial in a routine clinical setting in the future. Further im-
proving and standardizing the present assay systems, and
identifying new, specific biomarkers through mass spec-
trometry (MS)-based different quantitative proteomics
and other approaches are the exciting challenges in the
field.

Importantly, not only in traditional AD patients, but
also in people with mild cognitive impairment, CSF
Ap42 levels are significantly decreased comparing to
healthy adults. This reflects abnormal amyloid metabo-
lism, one of the most important changes in the brain,
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suggesting the formation of some amyloid plaques (even
tiny or diffused plaque deposits) in the hippocampus and
cortex. At the same time or later, total tau levels, espe-
cially p-tau levels are significantly increased in AD pa-
tients comparing to healthy controls. Specific and sensi-
tive assay or kit-based optimal cut-off levels of the CSF
biomarkers may be determined in the future.

Patients with DLB show either normal levels of these
core CSF biomarkers or slightly elevated t-tau and
slightly decreased Ap42, while p-tau levels are around
normal, or only slightly changed. This feature is signifi-
cantly different from AD and can be the first key point of
the differential diagnosis between DLB and AD. Fur-
thermore, aSyn is decreased in most DLB cases compar-
ing to healthy controls as well as AD patients. This is the
secondary point for the differential diagnosis. In addition,
among other biomarker candidates, endogenous antioxi-
dant CART is a highly promising one since deficits in
serotonergic and dopaminergic pathways seem more
pronounced in DLB patients, and CART can modulate
these pathways [110] especially clinic practice shows that
CART level in CSF is significantly decreased in DLB
patients comparing to AD as well as healthy controls [90].
Combination of CART with the core markers would fur-
ther increase the diagnostic accuracy.

Therefore, in conclusion, the combination of CART
and the brain specific proteins Ap42, t-tau, p-tau and aSyn
in CSF will be associated with the clinical diagnosis of
DLB and discriminated between AD and DLB with
highly diagnostic accuracy, suggesting this combination
as a new, potential biomarker panel for DLB. If this di-
agnosis panel is to be confirmed by new investigations, it
should be a great advance in neurodegenerative disease
field, and it should bring big benefits to patients.
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