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Abstract. Apolipoprotein A1 (ApoA1) is the major protein component of the high-density lipoprotein and involved in
cholesterol transport. Disruption of cholesterol homeostasis has been identified as a contributing factor for Alzheimer’s
disease (AD). Moreover, polymorphisms of ApoA1 have been associated with higher risk of disease onset and cognitive
decline. Therefore, ApoA1 has been suggested as a biomarker in AD. Here, we tested a small cohort of AD and non-AD
dementia patients and measured levels of ApoA1 in cerebrospinal fluid. Our results indicate that ApoA1 might not be
applicable to distinguish AD from other forms of dementia.
Keywords: Alzheimer’s disease, Apolipoprotein A1, biomarker, cerebrospinal fluid, dementia

INTRODUCTION
ApoA1 is an important component of high-density
lipoprotein (HDL) and is responsible for reverse
transport of cholesterol from tissues to the liver
as well as for excretion of cholesterol by promoting efflux from other tissues. This protein has been
associated with premature coronary artery disease,
hepatosplenomegaly, or recurrent peripheral neuropathy within HDL deficiency (e.g., reviewed in
[1]). Amyloidosis 8, a hereditary generalized amyloi∗ Correspondence to: Kristina Endres, Department of Psychiatry and Psychotherapy, University Medical Center Johannes
Gutenberg University Mainz, Untere Zahlbacher Straße 8,
55131 Mainz, Germany. Tel.: +49 6131 172133; E-mail:
kristina.endres@unimedizin-mainz.de.

dosis, is caused by mutations in the human ApoA1
gene [2]. Therefore, it seems plausible to assume also
contribution of ApoA1 to other amyloidoses such as
A␤ aggregation in Alzheimer’s disease. This is further strengthened by the observation that regulation
of amyloid-␤ protein precursor (A␤PP) processing
is based on cholesterol content of neuronal cells
(for example [3]). Together with its neuroprotective properties, such as anti-aggregational function
towards amyloid-␤ (A␤), it is tempting to speculate
that ApoA1 could serve as an AD biomarker.
Antibodies raised against ApoA1 occasionally
stained senile plaques and amyloid angiopathies in
the cortex of AD patients [4]. However, by comparing
11–13 samples of AD cases and controls within the
same investigation, no difference in the amount was
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observed in brain tissue by immunoblot. Upon examination of pooled cerebrospinal fluid (CSF) samples
obtained from AD patients and non-demented control subjects (both n = 43) using 2-dimensional gel
electrophoresis, ApoA1 levels together with cathepsin D and transthyretin were identified as being
significantly reduced in CSF from AD cases [5].
Nonetheless, an alternative study using the ELISA
technique, found no difference in ApoA1 CSF levels
between early and late onset AD or healthy controls [6]. More recently, a study comparing healthy
subjects with subjective cognitive decline and mild
cognitively impaired patients (MCI) revealed higher
CSF and lower plasma ApoA1 levels to be associated with an increased risk of clinical progression in
APOE4 carriers [7]. This might indicate an important
role for ApoA1 at an early stage of disease development. In manifested AD (median Mini-Mental State
Examination (MMSE) score of 23, [8]), a decrease
in CSF ApoA1 has been found and ApoA1 was
described to be associated with disease status. By
comparing AD cases with other types of dementia
[vascular dementia, dementia with Lewy bodies, or
frontotemporal dementia (FTD)], no conclusive difference was obtained and it is worthy to note that
ApoA1 levels correlated with MMSE throughout the
study population, including healthy controls. Despite
all these clinical studies, it has not been demonstrated
whether ApoA1 levels can discriminate AD from
other forms of dementia nor if it is a generalized
indicator for cognitive function in CSF. In order to
investigate this, we analyzed the amount of ApoA1 in
gender- and age-matched groups of AD patients and
patients with other types of dementia syndromes.

ting position. CSF samples were immediately frozen
at –80◦ C in polypropylene tubes until examination.
Biomarkers were assessed after anonymization of
samples in the clinical central laboratory of the University Medical Center by using dementia marker
assays (Innotest, Fujirebio Gent, Belgium). All values
were measured in technical replicates despite p-Tau.
From 14 samples of both, AD and non-AD dementia
group, one sample had to be excluded due to nonplausible values (for demographic data see Table 1).

METHODS

Statistical analyses were performed using the statistical software GraphPad Prism 6.07 (GraphPad
Software, La Jolla, USA). Differences between group
means were analyzed via the Student’s t-test or
Mann-Whitney test if non-Gaussian distribution was
observed. A Welsh correction was applied if significantly different variances occurred. A p-value < 0.05
was considered statistically significant.

Participants
The participants of the study were recruited from
daily clinical work after having given written consent (§14 AVB, University Medical Center Johannes
Gutenberg University Mainz) that their surplus material (e.g., CSF) taken for clinical routine or diagnosis
can be used for research in an anonymous way.
This allowed investigating samples from a naturalistic clinical setting.
Collection of CSF samples
Lumbar puncture at the L3/L4 or L4/L5 interspace
was performed before noon, with the patient in a sit-

Western blotting
Protein content of samples was assessed using
the Nanoquant reagent (Roth, Karlsruhe, Germany).
7 g of protein were separated on a 10% SDS
acrylamide/bisacrylamide gel and transferred to a
nitrocellulose membrane. Antibodies used were:
anti-ApoA1 (Thermo Fisher Scientific, Karlsruhe,
Germany), anti-human serum albumin (Abcam,
Cambridge, UK), and appropriate secondary HRPlabelled antibodies (Thermo Fisher, Karlsruhe,
Germany). Recombinant ApoA1 (Chemicon International, Temecula, CA, USA) was used for specificity
control of the respective antibody (not shown).
Development of the signals was conducted using
the SuperSignal West Femto chemiluminescent substrate (Thermo Scientific, Karlsruhe, Germany) and
a CCD-camera imaging system (Raytest, Straubenhardt, Germany). Quantitative analysis was carried
out using the AIDA image analyzer 4.26 software
(Raytest, Straubenhardt, Germany).
Statistical analyses

RESULTS
We included 13 CSF samples from routine clinical
sampling for AD and for non-AD dementia patients
(see Table 1). This generated a naturalistic cohort
of patients without considering any further inclusion or exclusion criteria. Gender composition was
54% females and age comparable between the two

N.M. Stoye et al. / ApoA1 Levels in AD and Other Dementias

17

Table 1
Demographic data of patients. PD, Parkinson’s disease; FTD, frontotemporal dementia;
nph, normal pressure hydrocephalus; nd, no final diagnosis but AD excluded
AD
n
Age
Diagnosis

female
7
72.1 ± 6.3
AD

Non-AD dementia
male
6
72 ± 6.7
AD

female
7
72.9 ± 3.8
2 PD
1 FTD
1 nph
1 vascular
2 nd

Biomarker (mean ± SEM)
A␤42 [pg/ml]
A␤40 [pg/ml]
p-Tau [pg/ml]
Tau [pg/ml]
A␤42 *10/ A␤40
A␤42 /p-Tau

male
6
74.2 ± 10.9
1 PD
2 FTD
1 vascular
2 nd
p

646 ± 72
9498 ± 1228
77 ± 14
412 ± 78
0.72 ± 0.06
10.6 ± 1.8

groups (One Way ANOVA with Tukey’s multiple
comparison test, minimal p of group-wise comparison: p = 0.94). Non-AD-dementia patients included
those suffering from Parkinson’s disease (PD), FTD,
vascular dementia, or hydrocephalus. Four patients
were not ultimately diagnosed at the time-point of
CSF collection but AD had been excluded. Combination of A␤1–42 , T-tau, and P-tau181 has the highest
diagnostic power to discriminate between AD and
cognitively healthy controls [9]; however, discrimination of non-AD dementia and AD is difficult: for
example A␤42 and T-tau display intermediate levels
between AD and healthy controls in FTD or vascular dementia. Other biomarkers such as A␤42/40
ratio or A␤42 /p-Tau seem more promising to distinguish between both conditions [10, 11]. In our small
cohort, A␤42/40 reached statistical significance when
comparing both groups and p-value was close to significance level for A␤42 /p-Tau (p = 0.077; Table 1).
ApoA1 levels in patient CSF were assessed by
immunoblot and normalized to albumin detection signal (Fig. 1A). In samples from AD patients, ApoA1
increased to 142 % of the mean measurement from
non-AD-dementia patients. However, this did not
reach statistical significance (Fig. 1B; p = 0.39). Reanalyzing subsets of males and females in separate
groups also did not lead to statistically significant
differences (p = 0.47 for males, p = 0.32 for females).
As Tau or p-Tau levels are used for neurodegeneration markers, we also investigated whether ApoA1
levels correlate with those. None of the correlations
reached statistical significance; only A␤42 /A␤40 and
A␤42 /p-Tau correlation with ApoA1 showed a trend
of dependency (Fig. 1C).

777 ± 72
8682 ± 932
57 ± 6
268 ± 48
0.98 ± 0.11
15.6 ± 2.0

0.209
0.601
0.264
0.081
0.044
0.077

DISCUSSION
In this short report, we show that it is not possible to discriminate between AD-affected patients
and other demented individuals by ApoA1 quantitation from CSF derived by clinical routine sampling
even if groups are well balanced for sex and age.
ApoA1 expression and circulation is affected by
nutritional components such as Vitamin C [12] or
food products containing added sugar such as chocolate (negatively correlated with ApoA1 blood levels
[13]). This connotes that ApoA1 can be massively
affected by lifestyle, veiling disease-related changes.
In a clinical setting, a biomarker should be as independent from such factors as possible. For AD, changes in
food preference have been observed including cravings for sweet food [14]. The latter has also been
reported for FTD (e.g., [15]) which already might
corroborate their diagnostic separation via ApoA1 if
one of the diseases leads to direct changes in ApoA1
levels.
Furthermore, discriminating against healthy controls is less of an interest when the biomarker is
required for identification of AD patients in a cohort
of demented individuals as would be the case for
example in a memory clinic. For other diseases such
as PD or schizophrenia altered ApoA1 expression
also has been reported: elevated ApoA1 levels, for
example, have been found in CSF of a small cohort
of PD patients while the AD comparison group was
indifferent from healthy controls [16]. By using different techniques, ApoA1 could be demonstrated
to be reduced in CSF from schizophrenia patients
but also in liver and red blood cells [17]. Another
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Fig. 1. ApoA1 expression in non-AD- and AD dementia patients. A) Detection of ApoA1 in CSF by western blotting. ApoA1 from 7 g total
protein of CSF was quantified by western blotting. Representative western blots are shown for both, male and female patient samples. B) Quantitative analysis of ApoA1. Values for ApoA1 were normalized to albumin levels. The mean of non-AD samples was set to 100% (separately for
male and female patients) and all other values normalized to this mean. Data are presented including the median; open circles and squares show
data for male patients, filled ones show data for female patients. Statistical analysis was performed by using the Mann-Whitney test (p = 0.39).
C) Correlation of biomarker measures with relative ApoA1 levels. Linear regressions from all patients (male and female) are presented.
None of the correlations was statistically significant (e.g., A␤42 *10/A␤40 and ApoA1: p = 0.065; A␤42 /p-Tau and ApoA1: p = 0.096).

publication reports an increase in ApoA1 levels during the active state of meningitis while finding no
changes in PD or AD [18]. HDLs are known to
have antimicrobial properties against parasites and
bacteria, therefore making them part of the immune
response (reviewed in [19]). Thus, diseases such as
AD that are accompanied by different inflammatory
events should have an impact on the proteinaceous
component of HDL. In the future, a more detailed
analysis of ApoA1 and its proteoforms would be
required: Fania and colleagues for example reported
that only the proteoform precipitating at pH 5.2 was
changed in AD versus control and idiopathic normal
pressure hydrocephalus [20]. Potentially, other biological sources such as hepatic or intestinal tissue
could deliver ApoA1 amounts with better discrimination potential as they present the production site
of ApoA1/HDL particles. Our own study is clearly

limited by lack of information on APOE genotype,
MMSE of patients, and nutritional status as well as
intake of lipid-lowering drugs. Moreover, numbers
were small and not derived from longitudinal sampling. However, this would be the scenario at the
beginning of a diagnostic procedure. Interestingly,
the only correlations that came close to statistical
significance level in our study were A␤42 /A␤40 and
A␤42 /p-Tau ratios with ApoA1. By combining these
new biomarkers with ApoA1, a better discrimination
against other types of dementia may be achieved, yet
this has to be proven in independent and larger cohorts
of patients.
Despite all these difficulties and controversies in
establishing ApoA1 as a biomarker, it nevertheless
might have value in regard to therapeutic approaches.
An acute treatment with reconstituted HDL significantly reduced soluble brain A␤40 and A␤42 levels
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in APP/PS1 model mice while prolonged treatment
had no effect [21]. Interestingly, no effect on total
A␤ or deposited A␤ was observed in ApoA1 overexpressing APP/PS1 mice; nevertheless, preservation
of cognitive function, attenuated neuroinflammation
and cerebral amyloid angiopathy was found [22].
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