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Abstract. Alcadeins (Alcs) constitute a family of neuronal type I membrane proteins (�, �, �) that share identical localization and
function to the amyloid-� protein precursor (A�PP) in the brain. Alcs are proteolyzed in neurons through successive cleavages
via secretases, resulting in non-aggregative p3-Alc, where p3 corresponds to the A�PP-fragment. We found p3-Alc� detected in
human plasma reflected the pathological process of amyloid-� accumulation in Alzheimer’s disease (AD) patients and therefore
investigated the utility of p3-Alc� as a plasma biomarker in AD. We measured p3-Alc� plasma levels in 83 sporadic-AD, 18
mild cognitive impaired (MCI), and 24 control subjects using the sandwich-ELISA system. Pooled samples with previously
published data (171 AD and 45 controls) were also analyzed. The plasma p3-Alc� concentrations in patients with AD and MCI
were significantly higher compared with control subjects (224.7 ± 40.4, 223.3 ± 53.9, and 189.1 ± 32.9 pg/ml, respectively;
p = 0.0012). In AD patients, the plasma p3-Alc� concentration significantly correlated with age (r = 0.23, p = 0.037) and serum
creatinine levels (r = 0.23, p = 0.0012). Even after adjusting for confounding factors of age, gender, renal function, and ApoE-
ε4, high plasma p3-Alc� levels were correlated with significant AD risk, with an odds ratio 1.47 (95% confidence interval:
1.18–1.93, p = 0.0019) for every 10 pg/ml increase. Pooled analysis further confirmed these findings. Increased plasma p3-Alc�,
evident in the early stages of cognitive impairment, suggests that Alc metabolites are useful plasma biomarkers of AD.
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INTRODUCTION

Alzheimer’s disease (AD) is a common neurodegen-
erative disorder characterized by progressive cognitive
and behavioral deficits. The hallmarks of AD are the
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presence of senile plaques and neurofibrillary tangles,
together with neuronal loss. The major component of
senile plaques is the amyloid �-peptide (A�), gener-
ated by consecutive cleavages of the amyloid-� protein
precursor (A�PP) [1]. The production and aggrega-
tion of A� in the brain is believed to be the primary
cause of AD pathogenesis [2], a property that ham-
pers assessment of A� generation in the brain. While
the presence of A� in the cerebrospinal fluid (CSF) is a
potentially useful biomarker for AD [3, 4], the invasive
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nature of CSF sampling procedures limits its utility in
routine clinical practice. Furthermore, despite exten-
sive research, useful blood biomarkers for estimating
A� generation in the brain have not yielded consistent
results [3, 5, 6].

Alcadeins (Alc) constitute a family of three neu-
ronal type I membrane proteins found in mammals
(Alc�, Alc�, and Alc�). They colocalize in the brain
with A�PP and share identical functional proper-
ties with the cargo-receptors of the kinesin-1 motor
protein, which mediates anterograde axonal trans-
port [7–9]. Alcs, also known as calsyntenins, have
been identified as postsynaptic Ca2+-binding mem-
brane proteins and play an important role in associative
learning [10]. Both Alc and A�PP mainly colocal-
ize in dystrophic neurites within the senile plaques
of an AD brain [7]. Alcs are successively cleaved
by �- and �-secretases, leading to the release of sol-
uble Alc ectodomains (corresponding to the soluble
A�PP ectodomain) and p3-Alc (corresponding to the
A�PP fragment, p3) (supplementary Figure 1; avail-
able online: http://www.j-alz.com/issues/31/vol31-
2.html#supplementarydata03). Detecting changes in
non-aggregative p3-Alc species, possible in both
human CSF and blood, could reflect the pathologi-
cal process of A� accumulation, including �-secretase
dysfunction. Indeed, several recent studies have sug-
gested that monitoring p3-Alc� C-terminal alterations
in CSF may be useful for detecting �-secretase dys-
function in sporadic AD patients [11, 12].

Recently, we developed a p3-Alc�-specific ELISA
combined with an extraction method. The ELISA is
very sensitive to the major p3-Alc� species p3-Alc�35,
a product of �-secretase cleavage, along with other p3-
Alc� species (supplementary Figure 2), indicating its
reliability to quantify total plasma p3-Alc�. A recent
preliminary study using this ELISA showed a signifi-
cant increase in plasma p3-Alc� levels in AD patients,
in association with A�40 [13], suggesting that detec-
tion of p3-Alc� in plasma could be a useful biomarker
for sporadic AD.

A number of factors may influence the levels of
p3-Alc� detected. In our previous study, we observed
that plasma p3-Alc� levels in female AD patients
were significantly increased but not in male AD
patients, compared with controls subjects [13]. How-
ever, underlying mechanisms responsible for this
gender difference, if any, need to be further evalu-
ated. Age and duration of disease in AD patients could
also influence plasma p3-Alc� levels. In addition, renal
function may present changes in the metabolism of p3-
Alc�, thereby influencing the concentration of plasma

p3-Alc�. We further speculate that an apolipoprotein
E (APOE) phenotype may influence plasma p3-Alc�
levels by affecting the clearance rate of p3-Alc� pro-
duced by neurons, which is observed in the clearance
rate of A� [14].

To assess the clinical usefulness of plasma p3-Alc�
as biomarker for AD, we conducted a replication study
to confirm the quantitative variation of plasma p3-Alc�
in AD subjects and analyzed pooled data from previ-
ously reported cases. In addition, we investigated the
possible association between plasma p3-Alc� and con-
founding factors such as age, gender, renal function,
and ApoE phenotype. Finally, we evaluated plasma
p3-Alc� levels in patients with mild cognitive impair-
ment (MCI), proposed as the clinical stage preceding
AD dementia.

METHODS

Study subjects

This study enrolled patients with AD (n = 83), MCI
(n = 18), and control subjects (n = 24), all living in
Ehime, Japan. The clinical diagnosis of AD was made
in the Ehime University Hospital by a neurologist cer-
tified for dementia (T.M.) using the NINCDS-ADRDA
criteria [15]. A brain computed tomography (CT)
and/or magnetic resonance imaging (MRI) were per-
formed to exclude the presence of other diseases. All
patients underwent medical, neurological, and psychi-
atric examinations, as well as appropriate diagnostic
studies to exclude other disorders related to dementia.
The diagnosis of MCI was based on Petersen’s crite-
ria [16]. Control subjects were healthy, independent,
community-dwelling subjects from the Ehime Prefec-
ture with normal cognitive function. The aim of the
study was fully explained and written informed con-
sent was obtained from each participant. The Ethics
Committee of the Ehime University Graduate School
of Medicine approved this series of studies.

The severity of cognitive impairment was evaluated
in patients with AD and MCI at the time of blood
sampling using the Revised Hasegawa Dementia Scale
(HDS-R). This brief and reliable system for measuring
global cognitive function consists of a series of items
that assess orientation, memory, attention/calculation,
and verbal fluency. It has been suggested that the
HDS-R is more useful than the Mini-Mental State
Examination (MMSE) for cognitive screening in early
AD [17].

For the pooled analysis, we included previously
published p3-Alc� measurements from AD patients
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(n = 49) in Japanese cohort 1 and AD patients (n = 39)
and controls (n = 21) in Japanese cohort 2 from our
previous study [13]. Detailed information on these sub-
jects can be found in the original publication [13].

Measurement of plasma p3-Alcα35

To obtain plasma fractions, blood was collected into
tubes containing EDTA and separated immediately by
centrifugation at 3000 rpm for 15 min and stored at
−80◦C.

Details determining the plasma concentration of
p3-Alc� peptides have been reported elsewhere [13].
In brief, p3-Alc� peptides were extracted by adding
4 volumes (800 �l) of organic reagent (chloro-
form : methanol [2 : 1]) to 200 �l of plasma in conical
tubes (1.5 ml). Tubes were mixed for 10 s with a vortex
mixer and then left to stand for 1 h at room temperature.
After adding 160 �l of distilled water, samples were
mixed again with a vortex mixer and centrifuged at
15,000 rpm for 15 min, after which the aqueous phases
were recovered and dried using a SpeedVac system
(Sakuma, Tokyo, Japan). Dried samples were dissolved
in 250 �l PBS containing 1% (w/v) BSA and 0.05%
(v/v) Tween-20 (buffer A). The samples and samples
further diluted with buffer A (2- and 4-fold) were
used for ELISA. Aliquots of 100 �l were analyzed in
duplicate.

The p3-Alc� peptide concentrations were measured
using a specific ELISA system [13]. A polyclonal rab-
bit antibody 839 raised against the peptide between
positions 839 and 852 of p3-Alc� 35 was used to cap-
ture p3-Alc�. A horseradish peroxidase-conjugated
pan p3-Alc� antibody 817 raised against the peptide
between positions 817 and 822 of p3-Alc� 35 was used
with tetramethyl benzidine to colorimetrically detect
(OD450) the captured p3-Alc�. A serial dilution of the
synthetic p3-Alc� 35 peptide was used as the standard.
ELISA specificity for p3-Alc� was confirmed using the
synthetic p3-Alc� 35 (major species of CSF p3-Alc�),
p3-Alc� 39 and p3-Alc� 37 peptides [13].

Renal parameters

Confounding parameters such as serum creatinine
(sCre) concentration and estimated-glomerular fil-
tration rate (eGFR) were assessed. A conventional
method was used for sCre and the Modification of Diet
in Renal Disease (MDRD) Study equation modified for
Japanese subjects [18] was used to determine eGFR.
All Ehime subjects were free from chronic renal failure
(as defined by sCre ≥2.0 mg/dL).

Genotyping of ApoE

The ApoE isotype-related genotypes are combina-
tions of the ApoE ε2, ε3, and ε4 alleles derived from
the two genotypes of the rs429358 (T334C) and rs7412
(C472T): ε2, 334T/472T; ε3, 334T/472C; and ε4,
334C/472C. Risk genotype for AD (ε4) was detected
by analyzing the SNP rs429358 (T334C) [19].

Genomic DNA was extracted from peripheral blood
using a QIAamp DNA blood kit (Qiagen, Hilden,
Germany). A single-nucleotide polymorphism (SNP;
T334C [Cys112Arg], rs429358) on the ApoE gene
was analyzed using the TaqMan probe assay (Applied
Biosystems, Foster City, CA, USA) with commer-
cially available primers and probes purchased from
the Assay-on-Demand system (ref: C 3084793 20).
The fluorescence level of PCR products was mea-
sured using an ABI PRISM 7900HT sequence detector
(Applied Biosystems).

Statistical analysis

Values are expressed as mean ± standard deviation
(SD), unless otherwise specified. A student’s t test was
used to evaluate the means between the two groups and
Pearson’s correlation coefficients were used to analyze
associations with two variables. The χ2 test was used to
assess frequency differences between groups. Multiple
regression analyses of plasma were performed to eval-
uate the gender differences associated with p3-Alc�
and AD and to evaluate the parameters independently
related to plasma p3-Alc� levels. Comparisons among
the three groups were assessed using ANOVA fol-
lowed by Tukey-Kramer. Odds ratios (ORs) for the
presence of AD were obtained by logistic regression
analysis after correcting for the confounding parame-
ters. Receiver operating characteristic (ROC) analysis
was performed to evaluate the diagnostic potential of
plasma p3-Alc�. All analyses were conducted using
commercially available statistical software (JMP ver.
9.0, SAS Institute, Cary, NC, USA), with p < 0.05 con-
sidered as statistically significant.

RESULTS

The clinical characteristics of the subjects in the
Ehime and pooled populations are summarized in
Table 1. AD and MCI subjects were significantly older
than normal subjects (p < 0.05). Renal function (based
on sCre and eGFR levels) was similar among the three
groups.
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Fig. 1. Plasma p3-alcadeine� (p3-Alc�) levels in normal subjects
and patients with mild cognitive impairment (MCI) and Alzheimer’s
disease (AD) in Ehime and pooled populations. Horizontal bold
bar indicates mean. Box represents standard deviation. Vertical bar
shows 95% value range. p values indicate difference from normal
subjects.

Fig. 2. Plasma levels of p3-alcadelin� (p3-Alc�) in normal subjects
(white column) and AD patients (black column) in men and women
in Ehime and pooled populations. Number in the column indicates
number of subjects. Effect of gender, presence of AD and their inter-
action was assessed in a multiple regression analysis for plasma
p3-Alc�. In the Ehime population; gender, F = 0.59, p = 0.44; pres-
ence of AD, F = 12.5, p = 0.0006; gender∗AD interaction, F = 0.57,
p = 0.45. In pooled population, gender, F = 0.44, p = 0.51, presence
of AD, F = 11.1, p = 0.001; gender∗AD interaction, F = 2.7, p = 0.10.
∗p < 0.05, †p < 0.01, ‡p < 0.0001 versus normal subjects.

Plasma p3-Alcα levels in AD patients

Plasma p3-Alc� levels were significantly increased
in AD patients compared with both the control subjects
in the Ehime (224.7 ± 40.4 versus 189.1 ± 32.9 pg/ml,
p = 0.0001) and pooled populations (224.7 ± 50.9

versus 176.9 ± 54.7 pg/ml, p < 0.0001) (Fig. 1). Fur-
thermore, we noted no significant differences between
plasma p3-Alc� levels in MCI and AD patients in the
Ehime population (Fig. 1).

Confounding parameters for plasma p3-Alcα
levels

We noted no gender-dependent differences between
plasma p3-Alc� levels and AD status in either the
Ehime or pooled populations (Fig. 2). However, no
significant difference in male plasma p3-Alc� levels
was found between normal subjects and AD patients
from the pooled population (Fig. 2). Similarly, no sig-
nificant differences in plasma p3-Alc� levels were
found between male or female AD patients in both
the Ehime (224.6 ± 48.8 versus 224.7 ± 37.1 pg/ml,
p = 0.99) and pooled populations (220.6 ± 49.4 versus
210.9 ± 53.7 pg/ml, p = 0.24). Taken together, these
findings suggest no significant relationship between
plasma p3-Alc� levels and AD status based on gender.

We found a significant positive correlation between
age and plasma p3-Alc� levels in AD patients in both
the Ehime (r = 0.23, p = 0.037) (Fig. 3A) and pooled
populations (r = 0.28, p = 0.0002), compared with nor-
mal subjects (r = 0.09, p = 0.57). Plasma p3-Alc� levels
were significantly and positively associated with sCre
and negatively correlated with eGFR in AD patients
(Fig. 3B, C).

In AD patients, plasma p3-Alc� levels did not
significantly differ between ApoEε4 carriers and non-
carriers. However, after correction for age, gender,
and sCre levels, plasma p3-Alc� levels tended to be
lower in ApoEε4 carriers compared with non-carriers
(193.9 ± 48.1 versus 206.6 ± 43.5 pg/ml, p = 0.096)
(Table 2).

No significant relationship was noted between
plasma p3-Alc� levels and either HDS-R score
(r = 0.12, p = 0.28) or duration of disease in Ehime AD
patients (r = –0.16, p = 0.13).

Multiple regression analysis of plasma p3-Alcα
levels

Multiple regression analyses were performed to
further evaluate whether or not p3-Alc� was inde-
pendently associated with AD status. Our results
demonstrate that AD was indeed significantly and
independently associated with high plasma p3-Alc�
levels, even after adjustment for age, gender, renal
function, and ApoEε4 (Table 2). Logistic regression
analysis further showed that every 10 pg/ml increase in
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Table 1
Patient characteristics at baseline

Ehime Pooled samples

Normal AD MCI Normal AD
(n = 24) (n = 83) (n = 18) (n = 45) (n = 171)

Age, year 70.2 ± 6.6 79.1 ± 7.0∗ 78.9 ± 6.4∗ 71.6 ± 6.6 77.3 ± 7.2∗
Male, n (%) 4 (17) 23 (28) 4 (22) 11 (24) 56 (33)
HDS-R, score – 15.0 ± 6.2 24.9 ± 2.9 – –
Serum creatinine, mg/dl 0.71 ± 0.16 0.71 ± 0.23 0.69 ± 0.20 – –
Estimated GFR, ml/min/1.73 m2 67.8 ± 11.6 70.9 ± 21.5 70.1 ± 15.2 – –
ApoEε4, n (%) 3 (12.5) 34 (41)∗ 4 (22) – –

Values are mean ± SD. AD, Alzheimer’s disease; MCI, mild cognitive impairment; HDS-R, Hasegawa dementia score-revised; GFR, glomerular
filtration ratio; ApoE ε4, apolipoprotein E ε4. Pooled samples are the combined samples of the Ehime population and Japanese cohorts 1 and 2.
∗p < 0.05 versus normal subjects.

Table 2
Multiple regression analysis of plasma p3-Alcadein� concentration in control subjects and Alzheimer’s disease patients in the Ehime population

Model 1 Model 2 Model 3

� p B p B p

Gender, female 0.04 0.67 0.26 0.008 0.05 0.55
Age, year 0.27 0.01 0.21 0.035 0.16 0.12
AD, presence = 1 0.24 0.022 0.31 0.002 0.33 0.002
ApoEε4, carrier = 1 – – –0.15 0.096 0.13 0.16
Serum creatinine, mg/dl – – 0.42 <0.0001 – –
Estimated GFR, ml/min/1.72 m2 – – – – –0.31 0.0005
r2 0.185 0.318 0.282

AD, Alzheimer’s disease; ApoE ε4, apolipoprotein E ε4; GFR, glomerular filtration ratio. – : not included in the model.

Table 3
Odds ratio of a 10 pg/ml increase in plasma p3-Alcadein� concen-

tration for the presence of Alzheimer’s disease

P3-A1c�35, (10 pg/ml)
OR 95% CI p

Model 1 1.31 1.14–1.54 <0.0001
Model 2 1.28 1.07–1.56 0.005
Model 3 1.45 1.17–1.88 0.0003
Model 4 1.51 1.20–2.00 0.0001
Model 1∗ 1.20 1.11–1.31 <0.0001
Model 2∗ 1.17 1.07–1.28 0.0002

OR, odds ratio; CI, confidence interval. Model 1, no adjust-
ment; model 2, adjusted for age and gender; model 3, model
2 + adjustment for ApoEε4 carrier and serum creatinine; model 4,
model 2 + adjustment for ApoE ε4 carrier and estimated glomerular
filtration rate. Models 1 to 4: Logistic regression analyses were per-
formed for the presence of Alzheimer’s disease in 24 normal subjects
and 83 Alzheimer’s disease patients in Ehime. Model 1∗, adjusted
for cohort in pooled population; model 2∗, adjusted for age, gen-
der, and cohort in pooled population. Models 1∗ and 2∗: Logistic
regression analyses were performed for the presence of Alzheimer’s
disease in 45 normal subjects and 171 Alzheimer’s patients in pooled
samples.

plasma p3-Alc� concentration was significantly asso-
ciated with an increased risk of AD, with an OR of
1.45–1.51 after adjustment for all possible confound-
ing parameters examined (Table 3).

ROC analysis

To further evaluate the diagnostic and screening
potential of plasma p3-Alc� levels as a marker for AD,
ROC analysis was performed in three models (Fig. 4).
In the Ehime population, area under the curve (AUC) of
plasma p3-Alc� ROC for the presence of AD was 0.77.
Inclusion of age and gender to the model increased
the AUC to 0.87, and additional inclusion of sCre and
ApoEε4 genotype further increased it to 0.93. In the
pooled population, AUC of ROC for the presence of
AD was 0.88, inclusive of plasma p3-Alc�, age, gen-
der, and cohort parameters.

DISCUSSION

In agreement with previous findings, our present
study showed that in the Ehime population, plasma p3-
Alc� levels in AD patients were significantly increased
compared with normal subjects [13]. In addition, we
found plasma p3-Alc� levels were significantly asso-
ciated with age and renal function in AD patients (sCre
and/or eGFR). Our findings show an increased plasma
p3-Alc� concentration to be an independent predic-
tor for the presence of AD, even after adjustment for
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Fig. 3. Relationship between plasma levels of p3-alcadelin� (p3-
Alc�) and age (A), serum creatinine level (B), and estimated
glomerular filtration rate (GFR) (C) in Alzheimer’s disease patients
(n = 83) in Ehime.

confounding factors of age, gender, renal function, and
ApoE genotype. Our findings suggest the clinical util-
ity of plasma p3-Alc� levels as a novel biomarker for
the presence of AD.

A previous study reported an association between
plasma p3-Alc� levels and AD in female subjects [13].

Fig. 4. Receiver operating characteristic (ROC) analysis. ROC anal-
ysis of plasma levels of p3-alcadelin� (p3-Alc�) for the presence of
Alzheimer’s disease (AD) in the Ehime population with 24 normal
subjects and 83 AD patients [top]. Area under the curve (AUC) of
ROC of plasma p3-Alc� for the presence of AD was 0.77. Inclusion
of age, gender, and serum ApoEε4 genotype to the model increased
AUC to 0.93 [middle]. In the pooled population, AUC of ROC for
the presence of AD was 0.88 with plasma p3-Alc�, age, gender, and
cohort.

In contrast, our study found no significant difference
in the association between AD and plasma p3-Alc�
levels in either gender in the Ehime and pooled pop-
ulations, suggesting the association between plasma
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p3-Alc� levels and AD are not gender-specific. The
discrepancy between the influence of gender on the
association between AD and p3-Alc� level may have
been due to differences in the control subjects used in
these two studies. One more independent cohort also
showed no significant differences in plasma p3-Alc�
levels between male and female AD subjects (Hata S,
Matsubara E, Suzuki T, unpublished observation).

In our present study, we observed a significant cor-
relation between plasma p3-Alc� levels and age in
AD patients compared with the control subjects, with
similar results observed in the pooled analysis. Given
the inclusion of estimated GFR, which is an age- and
gender-dependent index of renal function, eliminated
the effect of age and gender on p3-Alc� in a multiple
regression analysis (Table 1), the association between
age and p3-Alc� may reflect an age-dependent decline
in renal function.

We found that both positive sCre and negative eGFR
levels were associated with increased plasma p3-Alc�
levels, indicating that plasma p3-Alc� concentration
increased with renal impairment. These findings sug-
gest that circulating p3-Alc� may be excreted from or
metabolized in the kidney, a concept supported by the
fact that A� co-metabolites of p3-Alc� were found in
urine of AD patients [20, 21].

Previous studies have shown that ApoE plays a
role in the clearance of A� from the brain [14]
and therefore could influence the clearance of other
transmembrane-bound peptides, including A�. Fur-
thermore, compared with ApoEε3, ApoEε4 showed
reduced activity for receptor-mediated A� clearance
and perivascular drainage [14]. Our findings that
plasma p3-Alc� levels were decreased in ApoEε4
carriers compared with non-carriers, although not sig-
nificant, may reflect the possibility of reduced p3-Alc�
clearance from the brain, similar to A�. These find-
ings, together with the possible kidney metabolism of
p3-Alc�, suggest that plasma p3-Alc� levels indicate
the balance between p3-Alc� neuronal synthesis by
neurons, p3-Alc� clearance from brain into the circu-
lation, and the metabolic removal of p3-Alc� by the
kidney.

Our findings have demonstrated that p3-Alc� in
plasma is a useful biomarker of AD, even in the pres-
ence of confounding factors. In the Ehime cohort, ROC
analysis revealed an AUC value of 0.87 inclusive of
plasma p3-Alc�, age, and gender, with a sensitivity
of 0.89 at the highest specificity of 0.68. Although the
inclusion of sCre and ApoE genotype further increased
AUC to 0.93, these findings indicate plasma p3-Alc�,
along with age and gender parameters, has a strong

potential to detect AD in patients, as confirmed in the
pooled samples (Fig. 4).

Interestingly, plasma p3-Alc� levels in patients with
MCI were also significantly higher compared with con-
trols. Although MCI patients have an increased risk of
converting to AD, MCI is heterogeneous with several
possible outcomes including returning to normal cog-
nition. Accordingly, it is essential to identify high-risk
subjects with MCI who will develop AD [22]. Showing
an elevation in plasma p3-Alc� levels in MCI patients
leads to the question of whether p3-Alc� might be of
substantial benefit even at very early clinical, even pre-
clinical, stages of AD. These potential benefits must
be further examined using serial measurements with
a long-term follow-up to determine the potential of
plasma p3-Alc� levels in predicting AD at the preclin-
ical stage.

Several limitations to our study warrant mention.
Given its cross-sectional nature, we were unable to
specify the causality of increased plasma p3-Alc� lev-
els in AD. In addition, our sample size was relatively
small, even in the pooled analysis, and therefore sta-
tistical power is limited. We also did not determine the
p3-Alc� species that corresponded to A�42 or A�40,
which could provide further information about the
pathological alteration of �-secretase in sporadic AD
patients. Further studies in a larger population on the
potential influence of specific p3-Alc� species levels
in AD will be needed to confirm our results.

In conclusion, we confirmed that plasma p3-Alc�
levels were significantly increased in AD patients com-
pared with cognitively normal subjects. These levels
were significantly correlated to renal function and
moderately correlated to ApoE genotype. Plasma p3-
Alc� levels is a potent marker for the detection of AD,
even after correcting for possible confounding param-
eters, indicating that plasma p3-Alc� is indeed a novel
circulating biomarker for sporadic AD.

DISCLOSURE STATEMENT

Authors’ disclosures available online (http://www.j-
alz.com/disclosures/view.php?id=1274).

REFERENCES

[1] Querfurth HW, LaFerla FM (2010) Alzheimer’s disease. N
Engl J Med 362, 329-344.

[2] Karran E, Mercken M, De Strooper B (2011) The amyloid
cascade hypothesis for Alzheimer’s disease: An appraisal for
the development of therapeutics. Nat Rev Drug Discov 10,
698-712.

http://www.j-alz.com/disclosures/view.php?id=1274


428 K. Kamogawa et al. / Plasma p3-Alcα in Alzheimer’s Disease

[3] Blennow K, Hampel H, Weiner M, Zetterberg H (2010) Cere-
brospinal fluid and plasma biomarkers in Alzheimer disease.
Nat Rev Neurol 6, 131-144.

[4] Forlenza OV, Diniz BS, Gattaz WF (2010) Diagnosis and
biomarkers of predementia in Alzheimer’s disease. BMC Med
8, 89.

[5] Mayeux R, Schupf N (2011) Blood-based biomarkers for
Alzheimer’s disease: Plasma A�40 and A�42, and genetic
variants. Neurobiol Aging 32(Suppl 1), S10-S19.

[6] Song F, Poljak A, Valenzuela M, Mayeux R, Smythe GA,
Sachdev PS (2011) Meta-analysis of plasma amyloid-� levels
in Alzheimer’s disease. J Alzheimers Dis 26, 365-375.

[7] Araki Y, Tomita S, Yamaguchi H, Miyagi N, Sumioka A,
Kirino Y, Suzuki T (2003) Novel cadherin-related membrane
proteins, Alcadeins, enhance the X11-like protein-mediated
stabilization of amyloid beta-protein precursor metabolism. J
Biol Chem 278, 49448-49458.

[8] Araki Y, Miyagi N, Kato N, Yoshida T, Wada S, Nishimura
M, Komano H, Yamamoto T, De Strooper B, Yamamoto K,
Suzuki T (2004) Coordinated metabolism of Alcadein and
amyloid beta-protein precursor regulates FE65-dependent
gene transactivation. J Biol Chem 279, 24343-24354.

[9] Araki Y, Kawano T, Taru H, Saito Y, Wada S, Miyamoto K,
Kobayashi H, Ishikawa HO, Ohsugi Y, Yamamoto T, Mat-
suno K, Kinjo M, Suzuki T (2007) The novel cargo Alcadein
induces vesicle association of kinesin-1 motor components
and activates axonal transport. EMBO J 26, 1475-1486.

[10] Ikeda DD, Duan Y, Matsuki M, Kunitomo H, Hutter H,
Hedgecock EM, Iino Y (2008) CASY-1, an ortholog of calsyn-
tenins/alcadeins, is essential for learning in Caenorhabditis
elegans. Proc Natl Acad Sci U S A 105, 5260-5265.

[11] Hata S, Fujishige S, Araki Y, Kato N, Araseki M, Nishimura
M, Hartmann D, Saftig P, Fahrenholz F, Taniguchi M,
Urakami K, Akatsu H, Martins RN, Yamamoto K, Maeda
M, Yamamoto T, Nakaya T, Gandy S, Suzuki T (2009)
Alcadein cleavages by amyloid �-precursor protein (APP)
�-and �-secretases generate small peptides, p3-Alcs, indicat-
ing Alzheimer Disease-related �-secretase dysfunction. J Biol
Chem 284, 36024-36033.

[12] Hata S, Fujishige S, Araki Y, Taniguchi M, Urakami K,
Peskind E, Akatsu H, Araseki M, Yamamoto K, Martins RN,
Maeda M, Nishimura M, Levey A, Chung KA, Montine T,
Leverenz J, Fagan A, Goate A, Bateman R, Holtzman DM,
Yamamoto T, Nakaya T, Gandy S, Suzuki T (2011) Alterna-
tive processing of �-secretase substrates in common forms of
mild cognitive impairment and Alzheimer’s disease: Evidence
for �-secretase dysfunction. Ann Neurol 69, 1026-1031.

[13] Konno T, Hata S, Hamada Y, Horikoshi-Sakuraba Y, Nakaya
T, Saito Y, Yamamoto T, Yamamoto T, Maeda M, Ikeuchi
T, Gandy S, Akatsu H, Suzuki T, Japanese Alzheimer’s Dis-
ease Neuroimaging, Initiative (2011) Coordinated increase of
�-secretase reaction products in the plasma of some female
Japanese sporadic Alzheimer’s disease patients: Quantitative
analysis of p3-Alc� with a new ELISA system. Mol Neurode-
gener 6, 76.

[14] Charidimou A, Gang Q, Werring DJ (2012) Sporadic cerebral
amyloid angiopathy revisited: Recent insights into pathophys-
iology and clinical spectrum. J Neurol Neurosurg Psychiatry
83, 124-137.

[15] McKhann G, Drachman D, Folstein M, Katzman R, Price
D, Stadlan EM (1984) Clinical diagnosis of Alzheimer’s dis-
ease: Report of the NINCDS-ADARDA Work Group under
the auspices of Department of Health and Human Services
Task Force on Alzheimer’s disease. Neurology 34, 939-944.

[16] Petersen RC (2004) Mild cognitive impairment as a diagnostic
entity. J Intern Med 256, 183-194.

[17] Kim KW, Lee DY, Jhoo JH, Youn JC, Suh YJ, Jun YH,
Seo EH, Woo JI (2005) Diagnostic accuracy of mini-mental
status examination and revised hasegawa dementia scale for
Alzheimer’s disease. Dement Geriatr Cogn Disord 19, 324-
330.

[18] Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,
Yamagata K, Tomino Y, Yokoyama H, Hishida A, Collabo-
rators developing the Japanese equation for estimated GFR
(2009) Revised equations for estimated GFR from serum cre-
atinine in Japan. Am J Kidney Dis 53, 982-992.

[19] Guo H, Tabara Y, Igase M, Yamamoto M, Ochi N, Kido T,
Uetani E, Taguchi K, Miki T, Kohara K (2010) Abnormal noc-
turnal blood pressure profile is associated with mild cognitive
impairment in the elderly: The J-SHIPP study. Hypertens Res
33, 32-36.

[20] Ghiso J, Calero M, Matsubara E, Governale S, Chuba J, Beavis
R, Wisniewski T, Frangione B (1997) Alzheimer’s soluble
amyloid beta is a normal component of human urine. FEBS
Lett 408, 105-108.

[21] Takata M, Nakashima M, Takehara T, Baba H, Machida K,
Akitake Y, Ono K, Hosokawa M, Takahashi M (2008) Detec-
tion of amyloid beta protein in the urine of Alzheimer’s
disease patients and healthy individuals. Neurosci Lett 435,
126-130.

[22] Waldstein SR, Wendell CR (2010) Neurocognitive function
and cardiovascular disease. J Alzheimers Dis 20, 833-842.


