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Abstract Reliable biomarkers for Alzheimer's disease
(AD) are highly needed in the clinic. As a fluid surrounding
the brain and reflecting the major neuropathological
features characteristic to the AD brain, the cerebrospinal
fluid (CSF) provides the natural source for AD biomarkers.
The expected use of an ideal AD biomarker is for the
following purposes: (1) diagnosis, (2) prediction, (3)
monitoring of disease progression, and (4) drug discovery.
Review of the literature revealed that CSF analysis,
specifically amyloid-beta (Aβ42, total (T)-tau, and phos-
phorylated (P)-tau, are reliable markers for AD diagnosis,
even at very early stages, particularly vs. healthy controls,
while more limited evidence for distinguishing from other
dementias. As for prediction, abnormal CSF markers are
predictors of cognitive decline in healthy subjects, convert-
ing from MCI to development of AD, and of the rate of
cognitive decline in mild AD. Regarding monitoring
disease progression, the use of CSF biomarkers does not
seem very promising since a comparison of the marker
levels between baseline and following years of follow-up
revealed a remarkable stability of biomarker levels in CSF.
As for the use in drug discovery, it is estimated that using
CSF markers for the selection of subjects for clinical trials
may reduce robustly sample size and trial costs. Yet, since
no effective drug is currently available, the contribution of
CSF AD biomarkers in drug discovery cannot be currently
fully assessed. Nevertheless, testing CSF for evidence of
CNS inflammation may help safety monitoring in AD
clinical trials. Factors affecting CSF biomarker levels that

should be taken into account are assay variability as well as
effects of age, gender, apoE and other genetic variations,
education, and time of day. Much effort has been and is still
being dedicated into developing and validating CSF AD
biomarkers by many centers in the world. Identifying
additional CSF components, reflecting not only the lesions
characteristic to AD (plaques and tangles) but also more
functional and structural brain parameters, may provide a
wider profile of the changes taking place in AD brains, and
be further used as reliable CSF biomarkers for AD
monitoring.
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Introduction

Concomitantly with the intensive effort to develop a
therapy for Alzheimer's disease (AD), there is an essential
need for reliable disease-specific biomarkers in the clinic. It
was well defined in the “Consensus report of the Working
Group on Molecular and biochemical markers of AD” by
The Ronald and Nancy Reagan Research Institute of the
Alzheimer’s Association and the National Institute on
Aging Working Group (1998) that “The ideal biomarker
for AD should detect a fundamental feature of neuropa-
thology and be validated in neuropathologically-confirmed
cases; it should have a sensitivity of >80% for detecting AD
and a specificity of >80% for distinguishing from other
dementias; it should be reliable, non-invasive, simple to
perform, and inexpensive.” Much research has been
dedicated in the last decade trying to establish such
disease-specific biomarkers that will fulfill the requested
demands for reliable AD markers. In this review, I will
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focus on the relevant literature dealing with cerebrospinal
fluid (CSF) biomarkers for AD.

As a fluid which is in direct contact with the brain, the
CSF is believed to contain the richest pool of brain
molecular components and therefore seems to be a natural
source for biomarkers of AD-related brain pathology. There
is accumulating evidence that the major neuropathological
features characteristic of the AD brain are generally
reflected in the CSF: higher amyloid plaque burden in
brain is reflected as lower amyloid beta (Aβ) levels in CSF
(Fagan et al. 2006; Tapiola et al. 2009; Strozyk et al. 2003;
Fagan et al. 2009) and higher tangle burden as higher tau
CSF levels (Tapiola et al. 1997; Buerger et al. 2006;
Tapiola et al. 2009), yet with some controversies (Buerger
et al. 2007; Engelborghs et al. 2007). The most studied CSF
AD biomarkers (“core CSF markers”) are the Aβ42 peptide
which represents the amyloid pathology, the total (T)-tau
protein representing axonal injury and cell death, as well as
the phosphorylated (P)-tau (mostly 181 and 231) markers
for neurofibrillary tangle (NFT) pathology. These markers,
and their ratio, show association with the regional distribu-
tion of NFTs according to the Braak staging (Braak and
Braak 1996), and with the quantity of neuritic plaques
according to the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) recommendations (Mirra et
al. 1991), (Tapiola et al. 2009). Other markers, yet less
studied, CSF components which may reflect additional
disease pathogenic processes, are the inflammatory and
oxidative stress markers as well as markers for blood–brain
barrier (BBB) damage (Mattsson et al. 2009a).

As for the association of the CSF markers with the
cognitive/clinical status, conflicting results have been
reported. Few studies have reported an inverse correlation
between CSF Aβ42 levels and clinical dementia severity
(Riemenschneider et al. 2000; Csernansky et al. 2002),
while others have shown no such association with CSF Aβ
(Lin et al. 2009; Ivanoiu and Sindic 2005; Mehta et al.
2001); yet some studies have shown an apoE-dependent
effect on an association (positive) of CSF Aβ42 levels with
Mini-Mental State Examination (MMSE) (Riemenschneider
et al. 2002b). There is more evidence for an inverse
association of T-tau and the cognitive status (Tato et al.
1995; Kanai et al. 1998; Csernansky et al. 2002; Ivanoiu
and Sindic 2005; Andersson et al. 2007; Lin et al. 2009;
Samgard et al. 2010; Vemuri et al. 2010), yet conflicting
results regarding P-tau181 (Buerger et al. 2002; Scheurich
et al. 2010; Seppala et al. 2011). Other reports have shown
that, specifically in mild cognitive impairment (MCI), but
not in AD and controls, lower Aβ42 as well as higher T-tau
and P-tau181 were associated with cognitive impairment
(Mattsson et al. 2009b; Riepe et al. 2010). Recently, a
distinct association between CSF biomarkers and memory
has been suggested along the continuum from healthy

subjects to AD patients: memory performance is related to
Aβ42 levels in subjective memory complaints, while it is
associated with tau in the prodromal stage of the disease
(Antonell et al. 2010), with a similar trend also in familial
AD patients [carriers of the presenilin 1 mutations]: CSF
Aβ42 levels correlate with time to disease onset in
asymptomatic mutation carriers to reach floor levels when
symptoms appear, while CSF T-tau levels become elevated
in symptomatic mutation carriers and correlate with clinical
severity (Fortea et al. 2011). Recently, high-molecular-
weight (HMW) Aβ oligomers showed a negative correla-
tion with MMSE scores in the AD and MCI group
(Fukumoto et al. 2010; Gao et al. 2010).

In the first part of this review, the expected use of an
ideal biomarker, specifically the CSF-biomarkers, will be
discussed. This will include the expected use of the markers
for the following purposes: (1) diagnosis (early) of AD
(discrimination from (a) non-demented subjects and (b)
other dementias), (2) prediction (a—the risk of healthy
subjects to develop dementia/AD; b—the risk of MCI
patients to develop AD; c—the rate of cognitive decline in
AD patients), (3) monitoring of disease progression, (4)
drug discovery (a—selection of patients entering clinical
trials; b—safety monitoring; c—theragnostics). In the
second part, some confounding factors influencing the
CSF markers will be presented. Finally, different
approaches for the current use of CSF in clinic as well as
future perspectives for CSF that would provide additional
AD markers are discussed.

Part I: The Expected Use of the CSF AD Biomarkers

Diagnosis

Discrimination Between AD and Non-demented Individuals

A classical pattern of CSF markers comparing AD patients to
controls (serious medical illnesses excluded) is reduced Aβ42
and increased T-tau levels in the CSF of AD patients (Motter
et al. 1995; Galasko et al. 1998; Andreasen et al. 1999c;
Hulstaert et al. 1999; Mehta et al. 2000; Riemenschneider et
al. 2002a; Buerger et al. 2003; Sunderland et al. 2003;
Zetterberg et al. 2003; Hampel et al. 2004a; Grossman et al.
2005; Herukka et al. 2005; Hansson et al. 2006; Bouwman et
al. 2007a; Brys et al. 2009; Mattsson et al. 2009a; Mattsson
et al. 2009b; Shaw et al. 2009), expectedly related to increase
in amyloid plaque burden leaving lower levels of soluble
Aβ42 to be secreted into CSF, and increase in neuronal
injury/death leading to exposure of intracellular tau and its
secretion into the CSF. While the vast majority of studies
have shown a decrease of CSF Aβ42 levels in AD patients
vs. controls, a small number of studies have shown no
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changes or even elevations of the protein levels (Nakamura
et al. 1994; Nitsch et al. 1995; van Gool et al. 1995; Jensen
et al. 1999), possibly related to the variable methods used
and the sample sizes. Recently, significantly higher levels of
soluble HMW Aβ oligomers have been detected in CSF
samples from AD and MCI patients compared to age-
matched controls (Fukumoto et al. 2010 ; Gao et al. 2010). A
change in CSF levels in AD has been also detected in P-
tau181, P-tau199, or P-tau231, showing an increase relative
to controls (Buerger et al. 2002; Hampel et al. 2004b;
Mattsson et al. 2009b), and a positive correlation has been
reported in AD cases between T-tau and P-tau199 in CSF
(Itoh et al. 2001), as well as a correlation between the
different P-tau181, P-tau199, and P-tau231 epitopes
(Hampel et al. 2004b). Recently, in a mixture modeling
approach, independent of clinical AD diagnosis, an “AD
signature” of CSF Aβ42/P-tau181 ratio has been sug-
gested by De Meyer et al. (2010) and further validated in
clinically diagnosed AD patients as well as in autopsy-
confirmed AD cases.

Importantly, abnormalities in Aβ42, T-tau, and P-
tau181 levels (but not in Aβ40) have been detected
already in the early stages of AD (Galasko et al. 1998),
even with clinical dementia rating (CDR) of 0.5 (Fagan et
al. 2007).

Comparing CSF markers between patients with an
atypical onset (non-memory) and those who are typical
patients revealed a significantly higher level of CSF T-tau
in the atypical patients (Koric et al. 2010).

Discrimination Between AD and Other Dementias

While CSF markers show clinical diagnostic value for the
diagnosis of AD in discrimination from non-demented
individuals, the use of these markers for discrimination
from other dementias [such as dementia with Lewy bodies
(DLB), Parkinson's disease dementia (PDD), vascular
dementia (VD), and frontotemporal dementia (FTD)] seems
to be more limited. Comparing the levels of Aβ42 in AD to
those in non-AD dementias has shown conflicting results of
either similar levels in DLB and AD (Parnetti et al. 2001;
Gomez-Tortosa et al. 2003), higher in DLB and other non-
AD dementias relative to AD (Kasuga et al. 2010), and
even a lower level of Aβ42 in DLB (Parnetti et al. 2008).
Higher Aβ42 levels have been reported in VD relative to
AD and to their coexistence in the form of mixed dementia
(Paraskevas et al. 2009). Higher Aβ42 levels have also
been reported in FTD (Riemenschneider et al. 2002c;
Grossman et al. 2005; Verbeek et al. 2005; Rosso et al.
2003; de Souza et al. 2011). Yet several reports indicate that
Aβ peptide patterns reflect disease-specific pathophysio-
logical pathways of different dementia syndromes and can
help discriminate between them, such as the Aβ42/Aβ38

ratio (Mulugeta et al. 2010) or Aβ42/Aβ37 ratio (Bibl et al.
2006). In addition, the relative Aβ42 concentration [%, as
compared to the sum of the peptides Aβ37-40 and oxidized
Aβ40 (Aβ40ox)] as well as Aβ40ox% values have been
suggested to discriminate between DLB and AD (Bibl et al.
2010).

Comparing the levels of CSF tau markers between AD
and non-AD dementias revealed generally more consistent
results showing a lower level in the non-AD relative to the
AD dementia (yet with overlap). This includes lower T-tau
and P-tau181 levels (Buerger et al. 2002; Gomez-Tortosa et
al. 2003; Kasuga et al. 2010), specifically in DLB and PD
(Parnetti et al. 2008) and also T-tau/P-tau181 ratio
(Mollenhauer et al. 2006), as well as lower P-tau199 and
P-tau231 (Hampel et al. 2004b) in non-AD dementias than
in AD cases. Lower T-tau values relative to AD have also
been reported specifically in FTD (Riemenschneider et al.
2002c; Grossman et al. 2005; Verbeek et al. 2005; Rosso et
al. 2003; de Souza et al. 2011), yet the levels of T-tau were
still higher in FTD than in healthy controls (Green et al.
1999; Fabre et al. 2001; Riemenschneider et al. 2002c;
Rosso et al. 2003; Verbeek et al. 2005), while in other
studies the levels were similar or even lower than in the
controls (Sjogren et al. 2000; Urakami et al. 2001; Wallin et
al. 2003; Grossman et al. 2005). While the vast majority of
studies have shown lower T-tau levels in FTD, a report has
suggested that FTD T-tau values were comparable with
those in AD (Green et al. 1999). Also, lower P-tau181
(Rosso et al. 2003; Verbeek et al. 2005) and lower P-tau231
(Buerger et al. 2002) have been detected in FTD relative to
AD. T-tau/P-tau ratio (and to some extent each of them
separately) may contribute to the differential diagnosis of
other dementias [higher T-tau/P-tau in Creutzfeldt–Jakob
disease vs. AD (Hort et al. 2008); lower P-tau181, T-tau,
and their ratio in normal pressure hydrocephalus (NHP) vs.
AD (Kapaki et al. 2007)].

Prediction

The Risk of Healthy Subjects to Develop Dementia/AD

Individuals with high T-tau/Aβ42 and P-tau181/Aβ42
ratios were faster to display cognitive impairments (con-
version from CDR=0 to CDR>0) compared with those who
had lower ratios, in a longitudinal clinical follow-up of 1–
8 years, pointing that CSF markers can be used as
antecedent (preclinical) biomarkers that predict future
dementia in cognitively normal older adults (>60 years of
age) (Fagan et al. 2007). Further support for the predictive
potential of these CSF markers in future deterioration stems
from the finding that abnormalities in CSF Aβ42, T-tau,
and mostly P-tau181 in normal individuals were associated
with functional decline (Okonkwo et al. 2010). The “AD
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signature” of abnormal Aβ42/P-tau181 ratio in CSF,
described by De Meyer et al. (2010), was unexpectedly
present in more than one third of cognitively normal-aged
subjects, suggesting that AD pathology is active and
detectable earlier than any suspected cognitive impairment
and may point that these individuals are at risk for
developing AD, a prediction that is supported by the
enrichment of apoE4 allele carriers among them.

MCI Conversion to AD

Comparing baseline CSF analytes of MCI patients convert-
ing to AD (MCI-AD) with those remaining stable (MCI-
MCI) in studies of various time periods of follow-up
(ranging from 1 to 9 years) revealed lower Aβ42 levels and
higher T-tau levels, as well as their combinations in MCI-
AD patients (Hampel et al. 2004a; Herukka et al. 2005; Li
et al. 2007; Brys et al. 2009; Rolstad et al. 2009; Shaw et al.
2009). Higher P-tau231, P-tau231/Aβ42/40, as well as P-
tau181 levels (Mattsson et al. 2009b), and P-tau181/Aβ42
at baseline were predictive of MCI-AD (Hansson et al.
2006; Ewers et al. 2007; Hertze et al. 2010 ; Landau et al.
2010). It has also been shown that actually all three P-tau
epitopes associated with AD (181, 199, 231) predicted the
rate of cognitive deterioration in the MCI group, yet
combinations of these P-tau epitopes did not improve
predictive accuracy (Buerger et al. 2005a). Combination
of T-tau and Aβ42/P-tau181 ratio quintiles revealed that
among MCI patients with biomarkers values in the highest
quintile of T-tau, plus the lowest quintile of Aβ42/P-tau181
ratio, a high proportion were patients with incipient AD
compared with patients with values in the opposite quintiles
(Mattsson et al. 2009b). The “AD signature” of CSF Aβ42/
P-tau181 ratio suggested by De Meyer et al. (2010) has
shown to be more common among MCI-AD cases than a
“healthy signature,” pointing to its predictive value. Yet in a
recent study of the AD Neuroimaging Initiative (ADNI), it
has been shown that Aβ abnormalities, but not tau
alterations, were associated with cognitive deterioration
and increased risk of conversion to AD dementia in patients
with MCI (Okonkwo et al. 2011).

In addition to an association with cognitive decline,
abnormalities in the CSF analytes in MCI cases showed an
association with functional degradation (Okonkwo et al.
2010).

Comparing baseline CSF biomarkers in MCI-AD to
those who developed other forms of dementia (MCI-other
dementias) (VD, DLB and FTD) revealed higher CSF
abnormalities (lower Aβ42, higher T-tau and P-tau181, and
lower Aβ42/P-tau181 ratio) in the MCI-AD cases, yet the
MCI-other dementias showed higher CSF marker abnor-
malities relative to controls (Hansson et al. 2006) (Mattsson
et al. 2009b).

Cognitive Decline in AD

The rate of dementia progression in AD patients was
reported to be significantly more rapid in individuals with
lower baseline CSF Aβ42 levels, higher T-tau, or high T-
tau/Aβ42 levels, with the P-tau-181/T-tau ratio suggested
as the strongest predictor showing a dose-dependent effect
(Kester et al. 2009). It has been also shown that the three
CSF analytes (and their various combinations), in addition
to being predictive of a faster rate of cognitive decline, are
also predictive of a faster decline in the psychometric
composite score (Snider et al. 2009). This was further
supported by the worse clinical outcomes over time,
including faster cognitive decline, as well as no response
to cholinesterase inhibitor treatment, and a higher mortality
reported in a subgroup of patients with AD with extreme
levels of these three CSF biomarkers (Wallin et al. 2010).
While the CSF analytes were predictive for functional
decline in controls and MCI cases, these analytes did not
predict further functional degradation in patients with AD
(Okonkwo et al. 2010).

Monitoring Disease Progression

Most longitudinal studies of CSF levels of tau and Aβ have
indicated a remarkable stability of the Aβ42 (Kanai et al.
1998; Andreasen et al. 1999c; Andreasen et al. 1999a;
Mollenhauer et al. 2005; Bouwman et al. 2006; Blennow et
al. 2007), and of the T-tau (Andreasen et al. 1999a;
Andreasen et al. 1999b; Mollenhauer et al. 2005; Blennow
et al. 2007) as well as of P-tau (Andreasen et al. 1999b;
Mollenhauer et al. 2005; Blennow et al. 2007) in AD
patients over an average interval of 6–21 months as well as
in MCI-AD and those MCI cases staying stable for
24 months (Zetterberg et al. 2007). These results suggest
that intra-individual levels of these biomarkers are remark-
ably stable over 2 years, and therefore these biomarkers do
not seem to be reliable tools for monitoring disease
progression. Interestingly, it has been reported that P-
tau231 decreases linearly with time in AD patients, possibly
reflecting the increasing sequestration of P-tau231 into the
tangles, suggesting that P-tau231 becomes more insoluble
rather than entering into the CSF (Hampel et al. 2001). This
is further supported by a recent report suggesting that CSF
P-tau181 decreases in correlation with cognitive function-
ing (Seppala et al. 2011).

Yet, while the vast majority of studies have reported
stability, a few reports have pointed to a decrease in Aβ42
(Tapiola et al. 2000b), and an increase T-tau (Kanai et al.
1998), or increase of both Aβ42 and T-tau, but not in P-
tau181 in AD, that was explained by the author to be
attributed to the effect of sample storage conditions of the
baseline samples (Bouwman et al. 2007b).
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Drug Discovery

An important requirement for CSF biomarkers is to
improve the likelihood of successful clinical trials for AD.
This includes: enrichment of patient cohort entering clinical
trials with pure AD patients, safety monitoring, and
theragnostics.

Selection of Patients Entering Clinical Trials

CSF markers are needed to provide an accurate diagnosis in
the selection of defined individuals entering clinical trials.
For the treatment of AD patients, it would be desirable to
enrich the patient cohort with pure AD cases and eliminate
other diagnoses that might dilute treatment effects. In
preventing/slowing down the progression of MCI to AD,
it would also be desirable to select MCI subjects predicted
to develop AD rather than including unselected MCI
subjects. It has been recommended to use low Aβ42 and
high T-tau:Aβ42 ratios in order to select MCI patients for
clinical trials (Dubois et al. 2007; Shaw et al. 2009). It has
been estimated that using CSF markers (specifically the
combination of Aβ42 and T-tau) in the selection of subjects
could reduce sample size by 67% and trial costs by 60%
compared to a trial in which unselected subjects with MCI
are enrolled (van Rossum et al. 2010). Nevertheless, in
clinical trials simulations, it has been shown that the
requirement of biomarker-positive patients would most
likely not result in more efficient clinical trials and that
trials would take longer to complete due to the scarcity of
patients (Schneider et al. 2010). Therefore, in clinical trial
settings, the balance between enrichment of screened in and
loss of screened out patients should be critically considered
(Lorenzi et al. 2010).

Safety Monitoring

Based on the encephalitis and vasogenic edema developed
in AD patients participating in the amyloid-immunotherapy
clinical trials, the capability of the CNS to provide evidence
for inflammatory processes taking place in the CNS [(by
increase in CSF mononuclear cells and intrathecal immu-
noglobulin production), as well as signs of BBB damage
(Tibbling et al. 1977; Forsberg et al. 1984)], may be
valuable in monitoring drug safety in AD clinical trials and
preferable at a pre-symptomatic stage (Hampel et al. 2010).

Theragnostics

AD CSF markers are expected to provide information
about the effect of tested drugs on the disease-specific
processes taking place, particularly of disease-modifying
therapies.

No change in levels of the CSF markers was detected
under treatment with drugs which do not have a proven
disease-modifying effect (specifically, cholinesterase inhib-
itors) (Blennow et al. 2007). As for disease-modifying
candidate drugs, the metal–protein attenuating Aβ oligo-
merisation (PBT2) did show a decrease in CSF Aβ42
(Lannfelt et al. 2008) with no correlations with cognitive
change (Faux et al. 2010). The glycosaminoglycan mimetic
amyloid aggregation inhibitor (Tramiprosate, Alzhemed™)
which reveals some evidence of a beneficial effect on
cognition (Saumier et al. 2009) dose-dependently reduced
CSF Aβ levels, with a greater reduction in mild AD
subjects than in moderate AD participants (Aisen et al.
2007). Also, the amyloid precursor protein translation
inhibitor (phenserine) showed a decrease in Aβ in CSF
(Kadir et al. 2008). Yet, no change in CSF Aβ42 level was
detected in clinical trials of the gamma-secretase inhibitor
(LY450139) [(Fleisher et al. 2008), although a decrease in
shorter Aβ isoforms was noticed (Portelius et al. 2010)].
Also, no change in CSF Aβ42 was detected in the
interrupted phase IIa Aβ-immunotherapy trial (AN1792),
despite some decrease in the CSF T-tau (Gilman et al.
2005). Testing the validity of CSF biomarkers in a meta-
analysis, including observational studies, single-arm clini-
cal trials, as well as randomized controlled trials involving
AD patients, did not show an association between the CSF
markers and dementia severity and did not yield conclusive
results for proving that these markers serve as reliable
surrogates/endpoints in early clinical trials in AD (Zhou et
al. 2009). Yet, since no effective drug is currently available,
the contribution of CSF AD biomarkers in drug discovery
cannot be currently fully assessed. Several clinical trials
with disease-modifying drugs using the CSF biomarkers as
endpoints are currently ongoing.

Part II: CSF Markers—Important Considerations
for Interpretation of Results (Confounding Factors)

In the context of result interpretation of the CSF marker
analysis, various important factors influencing these marker
levels should be taken into consideration. These are
discussed in the following sections.

Assay Variability

CSF studies in AD patients and controls report different
biomarker concentrations, reference ranges, and diagnostic
cutoffs; in some studies, CSF marker levels in AD patients
even exceeded the levels in controls in other studies
(Blennow and Hampel 2003; Hort et al. 2010). The diverse
cutoff values vary from 300 to 849 pg/ml for Aβ42, 195 to
450 pg/ml for T-tau, and 40 to 80 pg/ml for P-tau (Hort et
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al. 2010). Yet, the relative differences between the patients
and controls in the different studies were generally
consistent. Several multi-center studies have been con-
ducted [such as the DESCRIPA study by Visser et al.
(2009), the ADNI study by Shaw et al. (2009), the
European-ADNI (E-ADNI) by Buerger et al. (2009), and
the multi-center study of Mattsson et al. (2009b)], showing
lower diagnostic accuracies than those of homogenous
mono-center studies, which may be related to inter-center
variations affecting the results, thereby blurring some
effects of the AD CSF biomarkers. CSF biomarkers
Aβ42, T-tau, and P-tau have very high diagnostic accuracy
in a well-defined homogeneous mono-center population,
demonstrating the excellent potency of CSF biomarkers to
identify pathological processes in AD when a stringent
analytical protocol is used (Johansson et al. 2011), but the
inter-center variations make it complicated and it is even
misleading to compare CSF biomarker levels between
centers and studies. Possible reasons for such variations
may be subject selection, CSF handling, CSF obtaining,
and CSF storing (such as the type of test tubes, freeze/thaw
procedures, plasma contamination, etc.), as well as analyt-
ical factors [different immunoassays (ELISA or multiplex
techniques), batch-to-batch variations, and different
reagents] (Buerger et al. 2009; Bjerke et al. 2010), with
the variation usually being larger for Aβ42 than for T-tau
and P-tau protein (Lewczuk et al. 2006; Verwey et al.
2010)]. To overcome these drawbacks, an international
quality control program for CSF AD biomarkers has been
started last year, run by the Alzheimer’s Association and
administered from the Clinical Neurochemistry Laboratory
in Molndal. Participating laboratories receive CSF samples
for analysis with recommended guidelines for lumbar
puncture (LP) and sample handling and storage.

Age

Various studies have pointed to an age effect on CSF
markers, particularly to the effect on T-tau in physiologi-
cally normal subjects (Blomberg et al. 2001; Itoh et al.
2001; Sjogren et al. 2001; Briani et al. 2002; Glodzik-
Sobanska et al. 2009) (Scheurich et al. 2010; Vemuri et al.
2010) and on P-tau181 and P-tau231 (Hampel et al. 2004b;
Glodzik-Sobanska et al. 2009); subsequently, age-adjusted
norms have been recommended (Sjogren et al. 2001), yet
no correlation of T-tau (Lewczuk et al. 2004; Yakushev et
al. 2010), P-tau181 (Lewczuk et al. 2004; Scheurich et al.
2010; Yakushev et al. 2010), or P-tau231 (Buerger et al.
2003) with age has been detected in other studies.
Association with age was also detected in other non-
dementia diseases (Andreasen et al. 1999b; Scheurich et al.
2010). Interestingly, no effect of age on T-tau (Andreasen et
al. 1999b; Briani et al. 2002; Lewczuk et al. 2004) and of

P-tau181/P-tau231 (Hampel et al. 2004b) was detected in
AD patients, possibly pointing that some neuronal damage
is normally taking place with age, but when prominent
neuronal death is taking place like in AD, this physiological
age-dependent variation is less pronounced. This may point
that age adjustment is not actually needed in AD diagnosis.
While CSF levels of Aβ42 seem to be unrelated to age
(Kunicki et al. 1998; Maruyama et al. 2001; Sjogren et al.
2001), some effect of age has been recently demonstrated
on the Aβ42 levels in apoE4 carriers, in a way that carrying
the apoE4 allele was associated with a significant decrease
in the Aβ42 concentrations of middle-aged and older
cognitively normal individuals (Popp et al. 2010).

Gender

While many studies have shown no gender difference in tau
levels (T-tau and P-tau181) (Blomberg et al. 2001; Itoh et al.
2001; Schoonenboom et al. 2004; Scheurich et al. 2010;
Yakushev et al. 2010) and in Aβ levels (Galasko et al. 1998;
Kunicki et al. 1998; Mehta et al. 2000; Schoonenboom et al.
2004), others reported that T-tau level was associated with
male sex in AD patients (Galasko et al. 1998) and that
gender was significantly associated with total Aβ levels
(Kauwe et al. 2009). Some gender-specific differences were
reported in a correlation of T-tau and P-tau181 levels with
specific cognitive tasks [the California Verbal Learning Test
score in females and Wechsler Memory Scale score in males]
in MCI, but not in the controls or patients with AD (Riepe et
al. 2010).

Genetic Variations

ApoE

An apoE4 allele dose effect on CSF Aβ42 levels showing a
significant decrease of CSF-Aß42 levels with rising
numbers of apoE4 alleles was detected within AD patients
(Galasko et al. 1998; Riemenschneider et al. 2000; Tapiola
et al. 2000a; Sunderland et al. 2004; Shaw et al. 2009;
Vemuri et al. 2010) in a demented population (Ganzer et al.
2003), in MCI (Shaw et al. 2009; Vemuri et al. 2010), and
even in healthy controls (Prince et al. 2004; Sunderland et
al. 2004; Shaw et al. 2009; Vemuri et al. 2010), with the
proportion of the variability in Aβ42 levels explained by
apoE4 dose being significantly greater than the proportion
of the variability explained by clinical parameters (Vemuri
et al. 2010). In contrast, more data inconsistency exists
regarding the effect of apoE on tau: some results have
shown higher T-tau levels among AD patients positive for
apoE4 than in those without an E4 allele (Golombowski et
al. 1997; Tapiola et al. 2000a; Ganzer et al. 2003), while in
other studies, no such effect was detected (Galasko et al.
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1998; Lasser et al. 1998; Andreasen et al. 2001; Sunderland
et al. 2004). An apoE4 effect also on P-tau231, with higher
levels in apoE4 carriers compared to non-carriers, was
reported in MCI, but not in AD and healthy controls
(Buerger et al. 2005b). Investigating the possibility that
apoE status affects the relationship between cognitive
function and the CSF biomarkers revealed contradictory
results (Andersson et al. 2007); (Riemenschneider et al.
2002b).

Some support for the effect of apoE genotype on CSF
markers may come from the finding that the cognitively
normal aged subjects who had a positive “AD signature” in
CSF were enriched in apoE4 allele (De Meyer et al. 2010).

Others

Aβ-Associated Investigating single nucleotide polymor-
phisms (SNPs) positive in AlzGene (http://www.alzgene.
org) meta-analyses of AD genetic association studies
(Bertram et al. 2007), for possible association with CSF
Aβ levels, revealed that not only apoE alleles but also
alleles of angiotensin-converting enzyme, brain-derived
neurotrophic factor, death-associated protein kinase 1, and
transferrin showed a significant association with CSF Aβ
levels (Kauwe et al. 2009). Also, an association between a
distinct haplotype of PSEN2 with higher CSF Aβ42
concentrations, as well as lower Aβ42 concentrations with
a different haplotype in this gene, was reported (Lebedeva
et al. 2010).

Tau-Associated Alleles of several SNPs in the tau
microtubule-associated protein gene that show an associa-
tion with increased CSF T-tau and P-tau levels have been
identified, specifically in individuals with evidence of Aβ
deposition. These alleles have shown an association with an
earlier age at onset but had no effect on risk for AD (Kauwe
et al. 2008).

Recent studies screening SNP in genes related to the tau
protein metabolism showed an association of a SNP in a tau
phosphatase (PPP3R1) with P-tau181 levels in CSF,
particularly with rate of progression of AD, but not risk
for AD or age at onset (Cruchaga et al. 2010).

Education

It has been shown that MCI-MCI patients were better
educated, performed better cognitively, and had higher
Aβ42 levels and lower levels of T-tau relative to MCI-AD.
Interestingly, MCI-AD patients with higher education had
lower levels of Aβ42 and performed equally in neuropsy-
chological tests compared to those with lower education
(Rolstad et al. 2009). Similarly, Aβ42 was inversely
associated with years of education, mainly present in mild

form of the disease (CDR1), and was attenuated in more
advanced forms of the disease. There was no significant
relation between CSF T-tau or P-Tau181 levels and
education levels. These results are consistent with the
cognitive reserve theory, suggesting that cognitive reserve
may be protective against brain pathology-related cognitive
impairment, particularly amyloid plaques, at the onset of
the clinical dementia (Dumurgier et al. 2010), as well as
with the report that education modifies the association of
amyloid, but not of tangles, with cognitive function
(Bennett et al. 2005).

Diurnal Effect

Investigating the time course of human CSF Aβ levels over
hours in non-demented participants who had CSF sampled
hourly for up to 36 h revealed a significant variation in
Aβ40 and Aβ42 levels of 1.5- to fourfold over 36 h,
pointing to fluctuations of Aβ levels, which appear to be
time of day or activity dependent (Bateman et al. 2007).

Discussion

Routine Analysis of CSF Biomarkers in Clinic—a Useful
Tool but Still Not in Full Consensus

As fulfilling at least several of the requirements of a
successful biomarker for AD: reflecting the AD brain
pathology, providing good accurate in AD diagnosis and
prediction of cognitive decline and AD development, as
well as being non-invasive and non-expensive (yet less
informative in discrimination from other dementias and in
disease progression monitoring), the Aβ42, T-tau, and P-
tau proteins in CSF seem valuable diagnostic/predictive
tools in the clinic. Despite their value, and despite the large
number of people affected by this disease and many others
at risk, and despite the availability of user-friendly
commercial assays, these CSF tests are not used routinely
in clinics today. Debates yielding different views are
expressed regarding the usefulness or rather the uselessness
of the CSF AD tests, with an approach claiming that
neurologists should “sharpen the needle” for LP (Herskovits
and Growdon 2010), while a different view claiming that
“for now: neurologists should keep a LP tray handy, but they
needn’t stock up” (Wilner 2010). The value of CSF analysis
in the diagnosis of AD is challenged as the clinical diagnosis
accuracy of probable AD according to NINCDS-ADRDA
criteria is quite high, exceeding 85% (confirmed by autopsy)
(Geldmacher and Whitehouse 1997), speculating how much
additional accuracy can be added by positive CSF analysis in
patients with clinically evident AD? Yet, CSF profiling has
been suggested to aid in the diagnosis of AD, according to
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the revised guidelines for the diagnosis of AD proposed by
Dubois et al. (2007, 2010) as follows: a combination of a
core diagnosis criterion (gradual, slowly progressive episodic
memory impairment that is documented on formal testing),
with at least one supporting feature from among four
possible in vivo measurements (presence of medial temporal
lobe atrophy on MRI, abnormal CSF profile, reduced
glucose metabolism in bilateral temporal parietal, or a
proven autosomal dominant genetic mutation), is required
to diagnose AD. However, the DESCRIPA study suggested
that criteria requiring MRI scanning and CSF sampling will
be difficult to apply as part of a regular routine (Visser et al.
2008). Interestingly, lack of accuracy for the proposed
“Dubois Criteria” in AD has been reported in a study aimed
to compare the concordance in the diagnosis of AD using a
broad clinical approach with access to biomarkers as
proposed by Dubois et al. (2007), with clinical evaluation
without access to such, using the definitions of the traditional
disease classification systems ICD-10/DSM-IV for dementia
and NINCDS-ANRDA for AD. These authors suggested that
this discrepancy may be related to the young age of their
study population and to the lack of established cutoff levels
of AD CSF markers (Oksengard et al. 2010).

As for the use in early diagnosis (as well as prediction of
cognitive decline and development of AD), this test can
allow a person more autonomy in planning his/her future;
however, it may result in negative psychological conse-
quences in an otherwise well-functioning person. There-
fore, pros and cons of early diagnosis must be carefully
weighed in each individual prior to a confirmatory test
(Wilner 2010). However, it is important to keep in mind
that the interpretation of the CSF tests should be made in
the wide context of the clinical symptoms (AD vs. other
dementias) as well as of the various confounding factors
(apoE4, education, etc.). Currently accepted indications for
CSF testing include patients who present with diagnostic
dilemmas (specifically NPH or depression—where treat-
ment is possible), for counseling patients about lifestyle
changes (work, driving), or where diagnosis will provide
more relief than worry. In the future, when there are more
effective drugs, the CSF analysis may be recommended as a
screening test to identify healthy individuals at risk for MCI
and AD.

CSF as a Source for AD Biomarkers—a Not Yet Fully
Fulfilled Potential

A possible explanation for the limitations in using the CSF
“core CSF markers” (Aβ42, T-tau, and P-tau), specifically
in monitoring disease progression, is that these markers
represent the pathological lesions of the disease, i.e.,
plaques and tangles, which seem to reach a plateau at a
relatively early stage of the disease and stay relatively

constant, not changing with disease progression. It is
possible that CSF components representing more functional
and structural changes in brain rather than the physical
lesions may offer a superior depiction of the clinical
symptoms characteristic of disease progression. A good
example for functional parameters, rather than core patho-
logical ones, being correlative with disease symptoms is the
finding that educated people are less cognitively impaired
than low educated people with the same amyloid burden in
brain and CSF (Rolstad et al. 2009), a phenomenon
explained as being attributed to brain cognitive reserve;
this concept embodying a situation of increased neuronal
connectivity in brain regions involved in learning and
memory, which is believed to occur in response to cognitive
stimulation (such as education), can compensate and
withstand the detrimental symptoms of clinical dementia
before they are manifested. This may suggest that func-
tional parameters rather than the lesions per se better
represent the cognitive status. While the AD core markers
can be informative in diagnosing (presence of amyloid and
tau pathology) or predicting who is prone to develop the
disease (since pathology develops years before symptoms
appear), functional and structural markers may represent the
symptoms better and allow staging and monitoring of
disease progression. While so far CSF has been intensively
investigated mostly for amyloid and tau proteins, much
effort is also needed to identify functional or structural CSF
markers for the disease. Such potential CSF markers may
be metabolites or proteins that represent a decrease in
glucose metabolism, reduced levels of proteins expressed
specifically in the hippocampus or those involved in
synaptic activity, etc. Such changes in functional parame-
ters are currently studied by imaging technologies—PET
with 18-fluoro-deoxyglucose (for glucose metabolism),
SPECT (for brain perfusion), and functional MRI (for
neuronal connectivity)—and have been recently reported to
be associated with disease progression or staging (Schöll et
al. 2011; Hanyu et al. 2010; Kume et al. 2011; Tripoliti et
al. 2011). Changes in structural parameters are tested by
MRI (such as cortical thickness and hippocampal volume)
and have been shown to progress with disease progression,
while amyloid and tau in CSF did not (Vemuri et al. 2010).
By virtue of being a fluid surrounding the brain and a
direct source of brain proteins, the CSF has the potential
to provide a wide battery of functional/structural markers
which may aid in AD diagnosis and particularly in
disease monitoring; moreover, CSF has the advantage of
being non-expensive to analyze and easy to handle by
biochemical/immunological methods in standard labora-
tories. Ongoing advanced proteomics of CSF samples
may lead to the identification of such new markers,
which with further validation may become part of routine
analysis.
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Summary

Aβ42, T-tau, and P-tau (“AD core markers”) in CSF
provide good accuracy in AD diagnosis, including early
diagnosis, as well as in predicting cognitive decline and AD
development, and have the advantage of being non-invasive
and non-expensive. Yet, these markers seem to be less
informative in discrimination from other dementias and are
particularly less effective in monitoring disease progression.
To overcome inter-center variations, an international quality
control program for CSF AD biomarkers has been
established by the Alzheimer’s Association. Additional
factors affecting these CSF AD markers are: apoE and
other genetic factors, education, and time of day. As a fluid
representing the brain proteins and metabolites, the CSF
may provide not only markers of the AD core pathology
(plaques and tangles) but also additional AD biomarkers,
such as those representing functional parameters of the
brain, thus affording a wider profile of the changes taking
place in AD brains, and be further used as reliable CSF
biomarkers for AD monitoring.
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