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Abstract The amyloid cascade hypothesis on the patho-
genesis of Alzheimer’s disease (AD) states that amyloid
f (AP) accumulation in the brain is a key factor that ini-
tiates the neurodegenerative process. Af is generated from
amyloid precursor protein (APP) through sequential
cleavages by BACEI1 (the major f-secretase in the brain)
and y-secretase. The purpose of this study was to charac-
terize APP metabolism in vivo in AD patients versus
cognitively healthy subjects by examining alterations in
cerebrospinal fluid (CSF) biomarkers. We measured
BACE] activity and concentrations of a- and f-cleaved
soluble APP (sAPPx and sSAPPJ, respectively) and AS40 in
CSF, biomarkers that all reflect the metabolism of APP, in
75 AD patients and 65 cognitively healthy controls. These
analytes were also applied in a multivariate model to
determine whether they provided any added diagnostic
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value to the core CSF AD biomarkers Af42, T-tau, and
P-tau. We found no significant differences in BACEL
activity or sAPPa, sAPPf, and Af40 concentrations
between AD patients and controls. A multivariate model
created with all analytes did not improve the separation of
AD patients from controls compared with using the core
AD biomarkers alone, highlighting the strong diagnostic
performance of Af42, T-tau, and P-tau for AD. However,
AD patients in advanced clinical stage, as determined by
low MMSE score (<20), had lower BACE1 activity and
sAPPa, sAPPf, and A 540 concentrations than patients with
higher MMSE score, suggesting that these markers may be
related to the severity of the disease.
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Introduction

Alzheimer’s disease (AD) is the most common dementing
illness (Blennow et al. 2006). It is characterized by certain
histopathological changes in the brain including extracel-
lular deposits of amyloid f§ (Af) and intracellular tangles of
hyperphosphorylated tau (P-tau) protein. These processes
may be monitored by cerebrospinal fluid (CSF) biomark-
ers. Established CSF biomarkers for AD include the total
concentration of tau protein (T-tau), correlated with corti-
cal axonal degeneration; the concentration of P-tau, cor-
related with tangle pathology; and the concentration of the
42-amino acid—long isoform of Af (Af42), inversely
correlated with plaque pathology (Blennow et al. 2010).
Several studies show that a biomarker profile with elevated
CSF concentrations of T-tau and P-tau accompanied by a
reduced concentration of Af42 identifies dementia or mild
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cognitive impairment (MCI) due to AD with 85-95%
sensitivity and specificity (Blennow et al. 2010).

Abnormal metabolism of Af is considered a key factor
in the development of AD. Af is generated from amyloid
precursor protein (APP) after sequential cleavages by
f-secretase, which liberates the N-terminal soluble ecto-
domain APPpS (sAPPp), and y-secretase, which cuts at the
C-terminal part of the Af peptide. On a molecular level, it
is not clear exactly how Af contributes to the pathogenesis
of AD, but oligomeric forms of Af42 have neurotoxic
properties and inhibit long-term potentiation in experi-
mental models (Shankar and Walsh 2009). The main Af;
isoform generated by f- and y-secretase cleavages is Af340,
which is less prone to aggregation and fibril formation than
Af42. Most APP molecules are cleaved by a-secretase,
which prohibits Af formation and releases sAPP«, which
may have neuroprotective functions (Mattson et al. 1997).

The major f-secretase in the brain is the f-site APP-
cleaving enzyme 1 (BACE1). Due to its pivotal role in Af
production, BACE1 is now tested as an AD drug target in
clinical trials (May et al. 2011). Increased BACEI1
expression and enzymatic activity have been detected in
postmortem AD brain samples (Fukumoto et al. 2002;
Holsinger et al. 2002; Yang et al. 2003; Johnston et al.
2005). BACEI may also be cut, releasing an enzymatically
active BACE1 fragment into the extracellular space. Ele-
vated CSF BACEIL activity and protein concentrations have
been found in some studies of patients with dementia or
MCI due to AD (Holsinger et al. 2004, 2006; Verheijen
et al. 2006; Zetterberg et al. 2008). One large study found
elevated BACELI activity among MCI but not AD patients
(Zhong et al. 2007). Some studies have found elevated CSF
concentrations of sAPPx and sAPPfS in AD patients
(Lewczuk et al. 2010; Perneczky et al. 2011), but other
studies have failed to replicate this (Zetterberg et al. 2008;
Johansson et al. 2011). More research on these biomarkers
is needed to clarify the discrepancies.

The purpose of this study was to characterize alterations
of APP metabolism in AD in vivo in humans by measuring
CSF BACE] activity and concentrations of sAPPa, SAPPf,
and Ap40 in AD patients and cognitively healthy controls.
In particular, we wanted to test whether these biomarkers
may provide any added value to the established CSF bio-
markers T-tau, P-tau, and Af42 in the diagnosis of AD.

Methods
Study Population
The study population consisted of 75 subjects with prob-

able AD and 65 cognitively healthy control subjects,
recruited from 3 specialized and coordinated memory
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Table 1 Demographics and CSF biomarkers

AD (n =175) Control
(n = 65)

Age, median (range), year 72* (51-86) 65 (61-91)
Sex, No.

Men 35 35

Women 40 30
MMSE, median (range), 24 (0-30)° [20-26] 29 (26-30)

[interquartile range] [28-30]
T-tau, mean (SD), ng/L 556 (347) 300 (144)
P-tau, mean (SD), ng/L 80.0* (35.0) 45.0 (20.8)
Ap42, mean (SD), ng/L 406" (103) 658 (173)

Ap42 amyloid f 1-42, AD Alzheimer’s disease, MMSE min-mental
state examination, P-tau hyperphosphorylated tau, 7-fau total tau

4 P < 0.001 versus controls

°® One patient scored O and three scored 30. A total of 55 patients
were classified as having mild AD (MMSE > 20) and 20 as having
moderate-to-severe AD (MMSE < 20)

clinics in Sweden within the Swedish Brain Power net-
work. Demographics and biochemical characteristics are
given in Table 1.

All subjects were examined clinically, including neu-
ropsychological evaluations with mini-mental state exam-
ination (MMSE) (Folstein et al. 1975). They also
underwent imaging of the brain with computed tomogra-
phy and CSF collection. Controls had no history of
dementia, did not show any signs of other psychiatric ill-
nesses, and were followed up clinically for 3 years to
exclude development of any neurodegenerative disease.
For AD diagnosis, we used the criteria for dementia
according to the Diagnostic and Statistical Manual of
Mental Disorders (Third Edition Revised) (DSM-IIIR)
(American Psychiatric Association 1987) and the criteria
for probable AD according to the National Institute of
Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) (McKhann et al. 1984).

Disease severity was evaluated using MMSE scores. A
score <10 indicated severe dementia, 10-20 indicated
moderate dementia and >20 indicated mild dementia,
according to earlier proposed cutoffs (Mungas 1991).

CSF collection was conducted following standardized
operating procedures (Blennow et al. 2010). Lumbar
puncture was performed in the L3-L4 or L4-L5 interspace.
The first 12 mL of CSF was collected in a polypropylene
tube and was centrifuged at 2000x g at 4°C for 10 min. The
supernatant was pipetted off, gently mixed to avoid pos-
sible gradient effects, and aliquoted in polypropylene tubes
that were stored at —80°C pending biochemical analyses,
without being thawed and refrozen.
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Laboratory Methods

CSF BACEI activity was measured using a previously
described solution-based assay (Zetterberg et al. 2008). In
brief, 15 pL of CSF was first diluted to 60 pL with running
buffer (50 mM sodium acetate, 15 mM EDTA, 0.2%
3-[(3-cholamidopropyl) dimethylammonio]-1-propanesul-
fonic acid (CHAPS), 1 mM deferoxamine mesylate, 10 pM
pepstatin A, and 0.01% bovine serum albumin at pH 4.5),
followed by incubation on a shaker for 30 min. A double
volume (120 pL) of the biotinylated 15 mer optimized
BACEI substrate (biotin-KTEEISEVNFEVEFR) in running
buffer was added to a final concentration of 133 nM, and the
proteolytic reaction was allowed to proceed for 3 h at 37°C.
The reaction was stopped by addition of 60 pL of 1 M Tris
(pH 8.0), and 200 pL of the mixture was transferred to a
streptavidin-coated 96-well plate (Pierce, Rockford, Illi-
nois), where it was incubated for 17 h at 4°C. Unbound
material was removed by successive washes using a com-
bined solution of phosphate-buffered saline with 0.1%
polysorbate 20 (Tween 20; Sigma Chemical Co, St Louis,
Missouri, USA) (PBST). The BACEI cleavage product was
detected by using a rabbit polyclonal NF neoepitope-specific
antibody (Shi et al. 2005) in combination with alkaline
phosphate-conjugated goat antirabbit IgG. Each antibody
was incubated for 1 h, with intermediate and final PBST
washing steps. After addition of 100 pL of chemilumines-
cence substrate (CDP-star; PerkinElmer, Upplands Visby,
Sweden), the plate was immediately inserted into a device
(SpectraMax Gemini XPS; Molecular Devices, Sunnyvale,
California) for integrated luminescence for 30 min. The
extent of BACE1 activity was quantified using recombinant
BACEI! standards. CSF BACEI activity was completely
inhibited by statin-val- and BACEIl-specific inhibitors,
verifying the specificity of the assay (Zetterberg et al. 2008).

CSF concentrations of sAPPx and sAPPfS were deter-
mined using the MSD sAPPa/sAPPfS Multiplex Assay
according to the instructions by the manufacturer (Meso
Scale Discovery, Gaithersburg, Maryland, USA). This
assay employs the 6E10 antibody to capture sAPPx and a
neoepitope-specific antibody to capture sAPPf. Both iso-
forms are detected by the SULFO-TAG-labeled anti-APP
antibody p2-1. CSF concentration of AfX-40 (called AS40
in this paper) was determined using the MSD MULTI-
ARRAY Human Ap40 Ultra-Sensitive kit that uses 6E10
as capture antibody and an end-specific SULFO-TAG-
labeled anti-A 340 antibody for detection.

We also analyzed the established CSF AD biomarkers
Af1-42 (called AP42 in this paper), T-tau, and P-tau
(“core” biomarkers). Af42 was measured using a sand-
wich enzyme-linked immunosorbent assay (ELISA)
(INNOTEST p-amyloid[1-42], Innogenetics, Ghent, Belgium),
specifically constructed to measure Af containing both the

Ist and 42nd amino acids, as previously described
(Andreasen et al. 1999). T-tau was measured using a
sandwich ELISA (INNOTEST hTAU-Ag, Innogenetics)
specifically constructed to measure all tau isoforms irre-
spective of phosphorylation status, as previously described
(Blennow et al. 1995). Tau phosphorylated at threonine
181 (P-tau) was measured using a sandwich ELISA
(INNOTEST Phospho-Tau[181P], Innogenetics), as previ-
ously described (Vanmechelen et al. 2000). Note that the
absolute concentrations of CSF biomarkers differ across
assays and analytical techniques, and the INNOTEST
ELISAs generally report higher concentrations for Af42,
T-tau, and P-tau than, for example, the XM AP Luminex assay
INNO-BIA AlzBio3 (Innogenetics) (Olsson et al. 2005),
although the diagnostic accuracy for AD is stable across these
platforms (Hoistad et al. 2005; Fagan et al. 2011).

All biochemical analyses were performed by experi-
enced and board-certified laboratory technicians who were
blinded to the clinical diagnoses and other clinical infor-
mation. Intra-assay coefficients of variation were below
10% for all analytes.

Statistical Analysis

The distribution of quantitative data was significantly
skewed for several of the studied parameters according to
the D’Agostino and Pearson omnibus normality test.
Therefore, these data were analyzed with the Kruskal-
Wallis test using Dunn’s post hoc test for multiple com-
parisons and Mann—Whitney U test for univariate pairwise
comparisons of groups. For normally distributed data, the
one-way ANOVA using Bonferroni’s post hoc test was
applied for multiple comparisons and the 7 test for pairwise
group comparisons. The Spearman rank and Pearson cor-
relation coefficient tests were used for testing correlations.
Statistical significance was determined at P < 0.05. Mul-
tivariate discriminant analysis (DA) using the orthogonal
projection to latent structures (OPLS) algorithm (Bylesjo
et al. 2006) was applied to examine whether the pattern of
biomarkers could differentiate AD patients from controls
and patients with mild AD from patients with moderate-
to-severe AD. Score vectors representing combinations of
biomarkers were constructed, and their diagnostic accura-
cies were compared using receiver-operating characteris-
tics (ROC) statistics.

Results
Univariate Analyses

There were no significant differences in BACE1 activities
or concentrations of sAPPu, sSAPPf5, and A 40 between the
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AD and control groups (Fig. 1). However, a tendency to
higher levels of BACE1 activity was noted in AD patients.
As expected, AD patients had significantly higher con-
centrations of P-tau and T-tau and lower concentrations of
Af342 than controls (Table 1). Regarding disease severity,
three AD patients had MMSE score 30 and one had MMSE
score 0. Exclusion of these outlying individuals did not
change any results significantly (data not shown).

Multivariate Model

The pattern of analytes differed between the AD and
control groups (Fig. 2), but the additional biomarkers
sAPPu«, sAPPS, Ap40, and BACEI had a very small con-
tribution to the discrimination compared with the core CSF
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Fig. 2 Multivariate analysis scatter plot (a) and variable importance
in projection (VIP) plot (b) for the Alzheimer’s disease (AD) and
control groups. Af42, T-tau, and P-tau contributed most to the
separation of AD patients and controls. Red lines in panel A represent
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AD biomarkers. The ROC statistics showed that the com-
bination of the core biomarkers A 42, T-tau, and P-tau was
superior to anyone of these three biomarkers alone in terms
of area under the curve (AUC). Adding sAPPa, sAPPS,
Ap40, and BACEI to the model did not increase the AUC
(Fig. 3).

Correlations Between Biomarkers

There were strong correlations between sAPPx and sAPPf;
in both diagnostic groups, and BACE]1 correlated slightly
with sAPPx, sAPPS, and Ap40 (Table 2). There were
positive correlations between T-tau and all other bio-
markers in controls and between T-tau and Af40, BACEI,
and P-tau in the AD group. Ap42 correlated with all
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the median. AB40 amyloid f 1-40, Af42 amyloid f 1-42, BACEI
p-site APP-cleaving enzyme 1 activity, P-tau hyperphosphorylated
tau, SAPP soluble amyloid precursor protein, and 7-fau total tau
(Color figure online)



Neuromol Med (2012) 14:65-73

69

R
>
=
2
=
(7]
S — OPLS-DA, AUC=0.956
@ —  AB42, AUC=0.899

2 T-tau, AUC=0.871

= P-Tau, AUC=0.796
0 1 1 1 1 1

0 20 40 60 80 100
100% - Specificity%

Fig. 3 Receiver-operating characteristic (ROC) curves for Af42,
T-tau, and P-tau. The black line shows the ROC curve for the
combined use of the three core biomarkers. The area under the curve
(AUC) for the combination of these three biomarkers did not differ
significantly from when all the biomarkers measured in this study
were included (AUC = 0.95). Af42 amyloid  1-42, P-tau hyper-
phosphorylated tau, and 7-fau total tau (Color figure online)

biomarkers except sAPPf in controls and with no bio-
markers in the AD group. P-tau correlated (omitting the
already mentioned correlations) with Af40 and BACE] in
controls and with sAPPa, sSAPPf, and AP40 in the AD
group.

The AD patients were significantly older than the con-
trols (Table 1, P < 0.001). To study the influence of age
on biomarkers, we tested correlations between biomarkers
and age within the diagnostic groups. No such correlations
were seen, except for T-tau versus age in controls
(Table 2).

Biomarkers and MMSE Scores

CSF BACEI activity and concentrations of P-tau, sAPPq«,
sAPPf, and Ap40 all correlated with MMSE scores in AD
patients (Table 2). In line with this, stratification of
patients in mild AD and moderate-to-severe AD based on
an MMSE cut-point score of 20 revealed significant dif-
ferences in biomarker concentrations depending on the
disease severity. Patients with moderate-to-severe AD had
lower sAPPa, sAPPfS, and Ap40 concentrations and
BACE!1 activity than mild AD patients and controls
(Fig. 4). Patients with mild AD had higher P-tau concen-
trations than moderate-to-severe patients (Fig. 5). T-tau
and Af42 concentrations were similar in the two AD
groups.

A multivariate model containing all biomarkers suc-
cessfully separated patients with mild AD from patients
with moderate-to-severe AD, although with some overlap
(Fig. 6A). sAPPa, sAPPf3, Af40, and BACE1 had the most

Table 2 Correlations between CSF biomarkers, age, and MMSE

Control

Age MMSE

sAPPf Ap40 BACEI T-tau P-tau Ap42

SAPPu

—0.14 (0.26)
~0.13 (0.32)
—0.08 (0.54)
—0.04 (0.76)

0.01 (0.94)
0.02 (0.88)
~0.08 (0.52)

0.28 (<0.05)
0.22 (0.08)

0.22 (0.08)
0.21 (0.09)

0.29 (<0.05)
0.27 (<0.05)

0.60 (<0.0001)
0.61 (<0.0001)
0.49 (<0.0001)

0.48 (<0.0001)
0.34 (<0.05)

0.94 (<0.0001)

SAPPx
SAPPf
Ap40

AD

0.94 (<0.0001)
0.30 (<0.05)

0.56 (<0.0001)
0.30 (<0.05)
0.33 (<0.01)

0.43 (<0.0001)
0.48 (<0.0001)
0.91 (<0.0001)

0.53 (<0.0001)
0.51 (<0.0001)

0.26 (<0.05)

0.09 (0.45)

0.51 (<0.0001)
0.40 (<0.001)
0.37 (<0.01)
0.02 (0.88)

~0.18 (0.13)

0.53 (<0.0001)
0.18 (0.13)

0.48 (<0.0001)
0.18 (0.13)

BACEI1
T-tau

0.12 (0.32)
0.16 (0.20)
0.12 (0.34)
0.00 (0.98)

0.33 (<0.01)
0.22 (0.07)
~0.13 (0.29)

0.28 (<0.05)
0.22 (0.07)

—0.05 (0.65)

—0.17 (0.14)

0.42 (<0.001)

0.79 (<0.0001)
—0.11 (0.33)

0.29 (<0.05)
0.17 (0.15)
—0.18 (0.13)

0.30 (<0.05)
0.09 (0.45)
—0.21 (0.07)

P-tau

—0.17 (0.08)
—0.10 (0.41)

Ap42
Age

0.07 (0.57)
0.13 (0.27)

0.02 (0.83)
0.18 (0.13)

—0.13 (0.28)

0.26 (<0.05)

0.39 (<0.001) 0.36 (<0.01) 0.26 (<0.05)

0.33 (<0.01)

MMSE

The Spearman correlation coefficient was used for skewed data (for correlations involving BACE1, T-tau, Af42, and MMSE in the AD group, and BACEI, P-tau, MMSE, and age in controls)

and the Pearson correlation coefficient for normally distributed data. Data are Pearson and Spearman correlation coefficients (P values). Af40 amyloid f 1-40, Af42 amyloid f 1-42, AD
Alzheimer’s disease, BACEI f-site APP-cleaving enzyme 1 activity, MMSE mini-mental state examination, P-fau hyperphosphorylated tau, sAPP soluble amyloid precursor protein, and 7-fau

total tau
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Fig. 4 Scatter plots of amyloid f-related biomarkers concentrations
in mild (MMSE > 20) and moderate-to-severe (MMSE < 20) Alz-
heimer’s disease (AD) patients and controls. Patients with moderate-
to-severe AD had significantly lower CSF concentrations of sAPPu,

impact on the group discrimination, with P-tau having a
slightly smaller, but still significant, contribution (Fig. 6B).

Discussion

Here, we show that CSF biomarkers may distinguish dif-
ferent disease stages of AD. It is well known that CSF
T-tau, P-tau, and Ap42 can be useful in making an early
AD diagnosis (Blennow et al. 2010), but data on the tem-
poral dynamics of biomarkers are still limited (Jack et al.
2010). The amyloid cascade hypothesis states that Af
accumulation in the brain is a key factor in the AD path-
ogenesis. The biomarkers in this study all reflect APP and
A metabolism. We did not detect any significant differ-
ences between AD patients and controls in CSF BACEI
activity or concentrations of sSAPPo, SAPPf, and A 40, and
no added diagnostic value of these biomarkers compared
with the core AD biomarkers Ap42, T-tau, and P-tau in a
multivariate analysis, arguing against them for plain AD
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sAPPf5, Ap40, and BACEI1 than patients with mild AD and controls.
Ap40 amyloid f 1-40, BACE1 f-site APP-cleaving enzyme 1 activity,
MMSE mini-ental state examination, and sAPP soluble amyloid
precursor protein

diagnosis. However, there were significant differences in
levels of BACEI activity and concentrations of sAPPa,
sAPPf, Af40, and P-tau when comparing patients with
mild and moderate-to-severe AD, with the latter group
displaying the lowest levels. These data comport with
recent findings from our laboratory, where concentrations
of AP40 decreased over time in AD patients followed with
serial CSF samplings over 4 years (Mattsson et al., man-
uscript in preparation). Note that such changes are unlikely
to be detected with shorter follow-up (Blennow et al.
2007). Similarly, we have previously reported that patients
in severe clinical stages of the neurodegenerative disease
Niemann-Pick type C have lower concentrations of Af42,
Af40, AB38, and sAPPf than patients with less severe
disease burden (Mattsson et al. 2011). Since neuronal Apf
release appears to depend on synaptic activity (Cirrito et al.
2008) such reductions might be related to loss of functional
synapses or neurons with disease progression. We propose
the hypothesis that CSF concentrations of distinct amyloid-
related biomarkers, including sAPPa, sAPPS, and Ap40
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Fig. 6 Multivariate analysis scatter plot (A) and variable importance
in projection (VIP) plot (B) for mild (MMSE > 20) and moderate-
to-severe (MMSE < 20) Alzheimer’s disease (AD) patients. sAPPa,
sAPPf, AP40, and BACEI contributed most to the separation of
patients with mild and moderate-to-severe AD. Red lines in panel A

might function as general markers of disease progression in
patients with neurodegenerative diseases. These biomark-
ers could offer a way to monitor long-term effects of dis-
ease-modifying drugs in clinical trials, where a longitudinal
stability in biomarker concentrations following drug
administration might indicate successful inhibition of dis-
ease progression.

Comparing our data with earlier studies, it should be
noted that previously described elevations of CSF BACEL1

represent the median. Af40 amyloid f 1-40, Af42 amyloid f 1-42,
BACEI [-site APP-cleaving enzyme 1 activity, MMSE mini-mental
state examination, P-fau hyperphosphorylated tau, sAPP soluble
amyloid precursor protein, and 7-fau total tau (Color figure online)

in AD patients have been reported in small study popula-
tions (Holsinger et al. 2004, 2006; Verheijen et al. 2006) or
have been minor with large overlaps between the diag-
nostic groups (Zetterberg et al. 2008). One of the largest
previous studies failed to report differences in CSF BACEL1
activity between AD patients and controls but found sig-
nificantly higher BACE1 activity in MCI patients com-
pared with controls (Zhong et al. 2007). This is in line with
our results and suggests that BACE1 activity may be
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elevated in early-stage AD. It should be noted though that
comparisons between studies might be complicated by the
use of different BACE1 assays in different studies.

The lack of difference between AD patients and controls
in concentrations of sAPPax, sAPPS, and Af40 is in line
with previous results from our laboratory (Zetterberg et al.
2008; Johansson et al. 2011), but other studies have shown
elevated sAPPf (Perneczky et al. 2011) and/or sAPPu
(Lewczuk et al. 2010; Perneczky et al. 2011) concentra-
tions in patients with AD or MCI who later progressed to
AD. However, these studies did not include cognitively
healthy controls. CSF sAPP concentrations are reduced in
cerebrovascular disease (Selnes et al. 2010), inflammatory
conditions (Gisslen et al. 2009; Mattsson et al. 2009, 2010),
and amyotrophic lateral sclerosis (Steinacker et al. 2011). It
is possible that at least part of the associations described in
earlier studies (Lewczuk et al. 2010; Perneczky et al. 2011)
may have been driven by reductions in sAPP concentra-
tions in the non-AD disease groups. In the present study,
the heterogeneity in the disease severity among the AD
patients averaged out disease stage-dependent differences
in biomarker concentrations, showing that disease severity
may be a confounding factor, which may contribute to
differences among studies.

A limitation of our study is that MMSE is a rather crude
measure of disease severity. Additional tests, such as
ADAS-cog (Alzheimer’s Disease Assessment Scale—
cognitive subscale) or CDR (Clinical Dementia Rating)
were not performed in all included subjects, hindering us
from analyzing them in relation to biomarkers.

We confirmed previously described correlations between
sAPPua and sAPPf (Zetterberg et al. 2008; Gisslen et al.
2009; Lewczuk et al. 2010; Selnes et al. 2010) and between
CSF BACEI1 activity and sAPPo, sAPPS, and Ap40
(Zetterberg et al. 2008; Mattsson et al. 2009). These
expected correlations underscore the validity of the bio-
marker results and the biological relevance of CSF BACE1
activity in relation to APP processing within the central
nervous system. There were differences in the correlations of
Ap42 with sAPPa, A 40, and BACE1 when comparing AD
patients with controls, which can be explained by a lower
CSF Apf42 concentration in the AD group. The AD patients
in this study expressed a characteristic pattern of established
AD biomarkers, with low Af42 and high P-tau and T-tau
concentrations, which strengthens the conclusions drawn
from the other analyses.

In summary, we found no significant differences in CSF
BACEI] activity or sAPPa, SAPPS, and A40 concentra-
tions between AD patients and controls, and no added
diagnostic value from these biomarkers compared with the
core biomarkers Ap42, T-tau, and P-tau. However, we
found that the biomarker concentrations differed among
AD patients with mild and moderate-to-severe dementia,

@ Springer

suggesting that they may be valuable as markers of disease
progression.
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