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Abstract The identification of reliable diagnostic tools
for the differential diagnosis between sporadic Creutzfeldt—
Jakob Disease (sCJD) and Alzheimer’s disease (AD)
remains impeded by the existing clinical, neuropathologi-
cal and molecular overlap between both diseases. The
development of new tools for the quantitative measurement
of biomarkers is gaining experimental momentum due to
recent advances in high-throughput screening analysis and
with the optimization of assays for their quantification in
biological fluids, including cerebrospinal fluid (CSF).
Electrochemiluminescence (ECL)-based immunoassays
have demonstrated to achieve clinical quality performance
in a variety of sample types due to its high sensitivity and
dynamic range. Here, we quantified the CSF levels of Tau-
protein, P-amyloid 1-42 (AP42) and o-synuclein, as
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important biomarkers in CSF used in the differential
diagnosis of neurodegenerative disorders in 12 AD, 12
sCJD and 12 control cases by singleplex ECL-based
technology. Its performance has been compared to classical
enzyme-linked immunosorbent assays (ELISA) to confront
their clinical accuracy. ECL-based technology validates
previous data obtained with ELISA and presents a higher
performance in the discrimination of three analysed groups
as determined by increased area under the curve (AUC)
values for the three biomarkers. Importantly, o-synuclein
levels detected by ECL allow an excellent discrimination
between sCJD cases and AD and control cases, unveiling a
new clinical approach for the differential diagnosis of
sCJD.
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Introduction

Alzheimer’s disease (AD) and Creutzfeldt-Jakob disease
(CJD) are neurodegenerative diseases characterized by the
presence of pathogenic protein aggregates leading to an
alteration of brain functions and to profound dementia. AD
usually displays a slow progression rate, although rapid
progressive AD forms (known as rapid progressive AD)
have been also described [28]. A broad range of pharma-
cological treatments can temporarily alleviate the symp-
toms of AD patients slowing down disease progression. On
the contrary, CJD is a fatal progressive disease with an
invariable rapid progression rate for which there is no
current treatment [1, 7].
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Therefore, biomarkers to discriminate between CJD and
AD are required to generate an appropriate therapeutic
intervention before pathological changes spread throughout
the brain.

CSF analyses have demonstrated that the ratio between
phosphorylated and total Tau levels [25], the presence or
absence of the 14-3-3 protein [39, 41] and the ability of
PrPsc to induce the seeding of a template PrPc [3, 8, 9] can
discriminate between CJD and AD cases. However, dif-
ferent disease duration, progression rates, disease subtypes,
blood contamination, CSF storage conditions as well as the
presence of co-pathology significantly alter the sensitivity
and specificity of these biomarkers. In addition, an overlap
exists between CJD and AD in the levels of main
biomarkers used for clinical diagnosis such as Tau and
AB42 [21, 36, 37].

Different approaches are explored to overcome the
inherent limitations of a differential diagnosis. On one side,
the screening of new molecules with better clinical per-
formance to those currently in use and, on the other side,
the development of new techniques and methodologies
able to detect the presence of well-known biomarkers with
higher sensitivity and larger dynamic ranges are two of the
main research focus in the field of biomarkers
development.

In this context, the use of an electrochemiluminescence
(ECL)-based detection system developed by Meso Scale
Discovery (MSD, Gaithersburg, MD, USA) has been
shown to present high sensitivity, reproducibility, recovery
rates and low background in the detection of several
biomarkers in biological fluids [4, 5, 24]. However, the
analytical and clinical performance of ECL technology in
CSF samples has not been explored in detail for the dif-
ferential diagnosis of neurodegenerative dementias.

In the present study, we have analysed in sCJD, AD and
control samples the levels of the CSF biomarkers Tau,
APB42 and a-synuclein, previously reported to be deregu-
lated in several neurodegenerative diseases using ECL
technology. Details about the comparative performance
between MSD’s ECL and conventional ELISA are
reported.

Methods
Demographics

This diagnostic study is based on data from an ongoing
surveillance study of the German National Reference
Centre for Transmissible Spongiform Encephalopathies
[11].

Lumbar puncture was performed for diagnostic pur-
poses with analysis of CSF standard parameters (e.g. cell

@ Springer

count, proteins and immunoglobulins). CSF was cen-
trifuged and stored at —80 °C until analysis. All patients
with sCJD were classified as definite cases by neu-
ropathological examinations or as probable CJD cases
according to diagnostic consensus criteria [40, 41]. All
sCJD cases were tested positive for 14-3-3 CSF protein.
AD diagnosis was based on the ICD-10 definition (F.00
G.30). Controls are patients with neurological disorders
that were diagnosed according to clinical syndrome,
neuroimaging and standard neurological clinical and
paraclinical findings. The presence of neurodegenerative
disease in the control cohort was excluded in the follow-
up clinical diagnosis. In addition, CSF biomarkers pro-
posed to predict development of dementia (p-Tau, Tau,
AB42/AB40) were negative in controls cases. A total of
12 CSF samples from age- and sex-matched cases per
each group were analysed. Mean and Standard deviation
from ECL measurements, as well as mean of patients’ age
are reported (Suppl. Table 1). For comparisons between
detection methods for Tau, AB42 and a-synuclein, AUC
values derived from ROC curves from ELISA and ECL
measurements were calculated. AUC values for ELISA
measurements reported in the present study are in line
with those previously reported for the German National
Reference Centre for Transmissible Spongiform Ence-
phalopathies cohort [14, 15, 31].

ECL-based analysis

Quantification of Tau and AP42 was performed using
Human Total Tau Kit V-PLEX™ (Meso Scale Discovery®)
and Human AB42 kit V-PLEX™ (Meso Scale Discovery®),
respectively, following manufacturer’s instructions. Quan-
tification of a-synuclein was performed as described before
[17, 18]. Tau and a-synuclein values were analysed loga-
rithmically to the base of 10 when necessary for clear
visualization of differences between studied groups.

ELISA analysis

Total tau levels were also measured using a commercially
available ELISA according to the manufacturer’s instruc-
tions (Innogenetics) [23]. AB42 was detected with a com-
mercially ~available ELISA kit [INNOTEST® B-
AMYLOID(1-42) Innogenetics] following manufacturer’s
instructions. o-synuclein was analysed as described before
[19, 35]. In addition, S100B protein was analysed as
reported before [26, 27].

Statistical analysis

The ANOVA test followed by post-test Tukey’s Multiple
Comparison Test was used to compare the values from
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different groups; *p < 0.05; **p < 0.01 ***p < 0.001.
The box plot was used for the graphs. ROC curves and
statistical analyses were performed using Graph Pad Prism
5 software. Correlations (Pearson r) and statistical signifi-
cance (p value) between data obtained from ELISA and
ECL methodologies in the same set of samples were
calculated.

Ethics

The present study was conducted according to the revised
Declaration of Helsinki and Good Clinical Practice
guidelines and has been approved by the local ethics
committee in Gottingen (No. 9/6/0). Informed consent was
given by all study participants or their legal next of kin. All
samples were anonymized.

Results

CSF levels of neurodegenerative diseases
biomarkers in AD and sCJD

First, we examined whether Tau, AB42 and o-synuclein
levels were altered in the CSF of AD and sCJD cases using
the ECL-based MSD system (Fig. 1). ROC analysis was
performed and AUC was calculated for each group in a
comparative analysis between ECL and ELISA technolo-
gies (Table 1).

There was a statistically significant difference between
Tau levels in both clinical groups when compared to con-
trol samples in agreement with previous reports [36]. While
Tau levels are able to discriminate sCJD from control
(AUC = 0.9931) and AD samples (AUC = 0.9583) with
an excellent accuracy (p < 0.001), some overlap is
observed between control and AD cases (AUC = 0.8125
and p < 0.01) (Fig. la; Table 1).

Low levels of AB42 were detected in AD (p < 0.001)
and sCJD (p < 0.05) samples when compared to control
cases (Fig. 1b) in agreement with previous data [33, 37].
Although no differences were observed between both
clinical groups, AB42 levels can discriminate with higher
accuracy controls from AD cases (AUC = 0.9097) than
from sCJD samples (AUC = 0.7813) (Table 1).

Increased o-synuclein levels were detected in sCJD
(AUC = 0.9306) when compared to control cases. No
changes in a-synuclein levels could be detected between
AD cases and control donors (AUC = 0.5030). Intrigu-
ingly, a-synuclein levels allow an excellent discrimination
rate between AD and sCJD samples (p < 0.001,
AUC = 0.9861) due to decreased levels, although not
statistically significant, of a-synuclein in AD cases when
compared to controls (Suppl. Table 1).
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Fig. 1 ECL-based analysis of Tau, AP42 and a-synuclein in control,
AD and sCJD cases. Box plots showing (a) Tau levels (b) AB42 levels
and (c¢) a-synuclein levels in the CSF of Control, AD and sCJD
patients. Tau and a-synuclein levels are displayed on a logarithmic
scale (y-axis). Whiskers represent min to max for each group.
ANOVA test followed by post-test Tukey’s Multiple Comparison
Test was used to compare the values from different groups. P values
for the comparisons of the three groups are indicated in the figure:
*p < 0.05; **p < 0.01; ***p < 0.001

By comparing both detection systems, we found a good
correlation between ECL and ELISA methods for Tau
(r = 0.81) and AP42 (r = 0.78), while a weaker but pos-
itive correlation was observed for o-synuclein (» = 0.61)
between both methods (Table 1). Increased AUC values
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Table 1 Comparison of the clinical value of Tau, AP42 and o-
synuclein biomarkers between ECL and ELISA methodologies.
Regression values (r) correlating ECL and ELISA methodologies in

the combined analysis of Control, AD and sCJD cases and AUC
values for ELISA and ECL methodologies for each pair of groups

r value AUC
Con vs AD Con vs sCID sCJD vs AD
ELISA vs MSD ELISA MSD ELISA MSD ELISA MSD

Tau 0.81 0.8002 0.8125 0.9858 0.9931 0.9557 0.9653
Ap42 0.79 0.8155 0.9097 0.7058 0.7951 0.5489 0.7632
o-synuclein 0.61 0.6843 0.5139 0.8269 0.9306 0.7666 0.9861
AUC values greater than 0.8 are indicated in bold
are observed when using ECL methodology in comparison A 25000 -
to ELISA kits. Increased AUC values are modest for Tau, 22500 4 * Tau (ELISA) r=0.73,p =0.0099
but highly significant for AB42 and a-synuclein (Table 1). — 20000 - oTau(ECL)  r=081,p=0.0018

£ 17500
Correlation between a-synuclein and Tau levels £ 15000 -

& 12500 |
Among the biomarkers analysed herein by ECL, Tau and + 10000 -
a-synuclein levels present optimal discrimination rates S 7500 -
between AD and sCJD patients. Thus, we explored a 2 5000 -
potential correlation between a-synuclein and Tau levels in 2500 -
sCJD and AD cases. A strong and significant positive 0 T T T T )
relationship between the levels of both biomarkers was 0 5000 10000 15000 20000 25000
observed in sCJD patients using a-synuclein concentrations sCJD - a-synuclein (pg/ml)
as measured by ECL and Tau concentrations as measured
in both systems [ECL (r = 0.85) and ELISA (r = 0.73)] 3000 -
(Fig. 2a). A weaker but positive and significant correlation °Tau (ELISA) r j 060, p i 0.0493
between o-synuclein and Tau ECL (r = 0.85) or ELISA 2500 1 oTau(ECL)  r=074,p=00088
(r = 0.60) data was also detected in AD cases where the E 2000 -
levels of both proteins are significantly lower than those ?2
detected in sCJD (Fig. 2b). In addition, a-synuclein levels S 1500 -
in sCJD significantly correlate with the levels of S100B I'—? 1000 -
(r = 0.54) (Suppl. Figure 1). S100B is an astroglial marker [a)

. . . . <

widely reported as a CSF biomarker for prion diseases, 500 -
whose levels are highly upregulated in the CSF of CJD ) % oo
cases when compared to controls and AD [13]. a-synuclein o 500 1000 1500 2000

levels were unrelated to the age of control and diseased
patients (data not shown).

Discussion

In the field of neurodegenerative diseases, the need for
improved diagnostic accuracy urges for the identification of
more reliable biomarkers as well as for the development of new
optimized assays and methodologies for their quantification.
Development of quantitative assays for CSF biomarkers
on the MSD platform has been discussed in several pub-
lications [5, 24] but detailed descriptions about their clin-
ical performance for the differential diagnosis of
neurodegenerative diseases are very limited.

@ Springer
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Fig. 2 Correlations between Tau and a-synuclein levels in AD and
sCJD cases. Graphs showing the correlation between Tau and o-
synuclein levels in the CSF of a sCIJD and b AD cases. R values are
indicated for each analysis. For Tau measurements, data obtained
from ECL analysis (empty circles) and ELISA analysis (full circles)
are plotted

The aim of the present work was to study whether the
MSD platform presents a better performance in discrimi-
nating control, AD and sCJD cases than the well-estab-
lished colorimetric ELISA platforms.

ECL-based quantification proves to be slightly superior
(Tau) or significantly superior (AP42 and a-synuclein) in
the discrimination of controls, AD and sCJD groups on
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these groups of biomarkers, whose levels are deregulated in
both diseases and currently used for their clinical diagnosis.

Low AP42 and high Tau levels are shown to be a
characteristic feature in AD and sCJD cases, when com-
pared to control samples and thus, an overlap between the
detection of these biomarkers is commonly observed [32,
33]. The increased AUC values between the analysed
groups for Tau and AP42 using ECL indicate that imple-
mentation of the ECL-based technologies system in the
clinical work-up for both biomarkers could improve the
diagnostic discrimination between AD and sCJID.

A new promising clinical outcome is derived from
analysis of a-synuclein. The presence of an increased o-
synuclein level in sCJD patients has already been reported
during the last years. However, a large discrepancy on its
clinical accuracy, most likely due to the different mea-
surement tests used impeded the implementation in the
clinical practice [16, 19, 20].

ECL shows superior performance to the established
ELISA methods for the differential detection of a-synuclein
in sCJD cases when compared to control and AD samples.
This is in line with a previous report using a second gener-
ation of ELISA methodology, where only sCJD cases pre-
sented upregulated levels of o-synuclein in a cohort of
several neurodegenerative diseases [20]. Interestingly, o-
synuclein, contrary to Tau and AB42, is specifically regu-
lated in sCJD. Although increased levels of a-synuclein have
been reported in AD cases when compared to controls, these
increases range from low to moderate and present no relevant
clinical significance [34, 38].

Therefore, the introduction of a-synuclein in the clinical
work-up of dementia diseases could improve the diagnostic
accuracy and possibly monitor disease progression. Indeed,
a-synuclein levels correlate with those observed for Tau,
especially in sCJD. Since Tau has been extensively reported
to be a marker of neuronal/axonal injury [6] and sCJD pre-
sents increased neuronal damage when compared to AD, it is
tempting to speculate that o-synuclein could reflect the
extent of synaptic damage in a similar manner as Tau reflects
the extent of neuronal damage. In this line, we recently
described that human o-synuclein in the CSF is mainly
derived from neurons of the brain and spinal cord [22].

Since S100B levels in the CSF have been reported to
reflect the disease-specific pathological mechanisms
between sCJD and AD [13], the strong correlation between
S100B levels and o-synuclein supports the idea that the
differential a-synuclein levels in the CSF of sCJD and AD
patients reflect the specific aetiology between both diseases.

On the other hand, CSF-Tau levels increased in parallel
with CJD progression [29], while Tau levels remained
stable along disease duration in patients suffering from AD
and other non-prion dementias [2]. Thus, it will be inter-
esting to study in larger cohorts of AD and sCJD samples if

a-synuclein is able to track disease progression. In this
regard, although o-synuclein is not clinically useful as a
biomarker for a-synuclein-related disorders [10] and no
association between a-synuclein levels in the CSF and PD
severity has been observed [12], a-synuclein has been
proposed to predict PD cognitive decline in one study [30].
New studies should also consider the presence of under-
lying modifying factors such as the presence of preclinical
AD cases and co-morbidities (such as vascular events)
which could influence the levels of the three CSF
biomarkers analysed in the present study.

Major advantages of the ECL-based technology descri-
bed here are: (1) Reduction in laboratory time: The ECL-
based assay is performed in approximately 4 h. Conven-
tional ELISAs sometimes take two days or longer due to
overnight incubations, (2) Low volumes required for
sample input, (3) Excellent reproducibility of quantification
results: Compared to convention ELISA assays where up to
100 ul or more of precious samples are needed, the MSD
platform requires only 25-50 pl diluted CSF, in our case
diluted 1 in 8. Excellent reproducibility of the ECL-based
system has also been reported (Kruse et al., manuscript in
preparation).

Further studies on larger independent CSF cohorts of
defined AD and sCJD patients, as well as in samples from
patients suffering from other dementia types, are recom-
mended to establish cut-off definitions and to validate the
definitive performance of ECL measurements for Tau,
APB42 and a-synuclein in the clinical routine for the dif-
ferential diagnostic of neurodegenerative dementias.

However, the present data present a step forward toward
their differential diagnosis. On one hand, from a method-
ological point of view, ECL-based MSD technology pre-
sents a high discrimination potential between control and
diseased groups for Tau, AP42 and a-synuclein. On the
other hand, we describe the gained value of a-synuclein
measurements in the CSF as new sCJD biomarker which
overcomes the overlap observed in classical dementia
biomarkers (Tau, p-Tau and AB42) between AD and sCJID.
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