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Plasma levels of AP peptides are
altered in amnestic mild cognitive
impairment but not in sporadic
Alzheimer’s disease
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Abstract. Plasma AP levels have been examined in sporadic Alzheimer’s
disease yielding conflicting results; both no difference and an increase in
plasma concentrations of AB,, and AP, in sporadic cases of AD as compared
to controls have been reported. Elevated plasma AP, levels may be detected
several years before the onset of symptoms (in mild cognitive impairment
stadium). Levels of AP, and AB., were measured in plasma from 54 patients
with AD, 39 subjects with MCI and 35 controls using a commercially
available ELISA. Mean plasma Ap., levels were significantly higher in MCI
as compared to both AD (P<0.001) and control subjects (P<0.001), while
AP, did not differ between the groups. No correlations were observed
between A levels and age, MMSE scores or gender. According to ROC
curve analysis the maximum accuracy in discriminating MCI versus both
controls and AD subjects has been achieved using a cut-off value of 3.8.
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INTRODUCTION

Dementia is one of the strongest predictors of mor-
tality, with a risk two to three times those of other
life-shortening illnesses, thus constituting a major
medical and socioeconomic burden (Tschanz et al.
2004). Alzheimer’s disease (AD) is the most preva-
lent cause of dementia in the developed countries,
occupying the eighth place among the ten leading
causes of death (Fitzpatrick et al. 2004, Minino et al.
2002). A definite diagnosis of sporadic AD can only
be obtained owing to brain biopsy or at post-mortem
neuropathologic examination. Routine clinical, neu-
ropsychological and neuroimaging diagnostic proce-
dures, while costly and time-consuming, can at best
result in a diagnosis of “probable AD”, as defined in
the DSM-IV and ICD-10 sets of criteria (Knopman et
al. 2001). Moreover, in the early stages of the disease,
when its presentation may not yet be typical, AD is
often misclassified, e.g., as a disorder of the fron-
totemporal dementia spectrum (Galton et al. 2000). A
biological marker providing additional information
helpful in the differential diagnosis of AD is therefore
mostly required (Sobow et al. 2004).

Mild cognitive impairment (MCI), introduced as a
clinical construct in the mid-90s, is a manifestation of
a heterogenous underlying pathology and characterizes
a diverse population of patients, the subgroup of which
progress to an overt dementia (Dubois and Albert
2004). Longitudinal studies reveal that a percentage of
MCI cases (particularly of the amnestic type) evolve
into clinically overt AD, with the annual conversion
rates usually estimated at 5-10%, although even
exceeding 15% in some studies (Amieva et al. 2004).
However, a significant proportion of MCI patients
return to the state with no cognitive impairment with-
out any treatment or their cognitive deterioration
remains stable (Larrieu et al. 2002, Petersen et al.
1999). 1t is therefore hardly possible clinically to sin-
gle out those MCI cases which represent an early stage
in the development of AD.

Currently, the most extensively evaluated patho-
genetic theory related to AD is the “amyloid cascade
hypothesis”. According to that theory, deposition of the
insoluble, proteolysis-resistant forms of AP peptide
subsequently initiates the cascade of events leading to
neuronal death and eventually development of the clin-
ical symptoms of AD (Hardy and Higgins 1992). In
contrast to familial cases of AD (FAD) that are strong-

ly related to BAPP mismetabolism, pathogenesis of the
sporadic form of AD is vague. It is probably the con-
vergence of both genetic (e.g. APO E or CYP46 poly-
morphisms) and nongenetic (e.g., hormonal influence,
pathology of microcirculation) factors that synergisti-
cally lead to neuropathological and clinical image sim-
ilar to FAD (Selkoe 2004, Zekanowski et al. 2004).

AP is generated during constitutive cellular metabo-
lism and secreted to the extracellular space, allowing
its detection in the CSF (Shoji 2002). Results of the
early studies evaluating total A concentrations in the
CSF of AD patients are contradictory, as either lack of
change, slight increase or slight decrease have been
reported (Andresen and Blennow 2002). However, in
the majority of studies a statistically significant decline
in the concentration of the 42 amino acid-residue-long
isoform of AP (Ap..) has consistently been observed in
the CSF of AD patients (Andreasen et al. 1999, Motter
et al. 1995). This phenomenon can, at least partially, be
explained by a diminished clearance of A, which
precipitates into amyloid plaques (Strozyk et al. 2003).
The decrease in AP, has even been reported in MCI
subjects, thus possibly rendering this marker available
in the earliest stages of the disease (Hampel et al.
2004). Concentrations of AB., have been stable longi-
tudinally, correlated neither with severity nor with pro-
gression rate of dementia (Andreasen et al. 1999a). The
applicability of CSF AP, assessment as a diagnostic
marker of AD is narrowed by its low specificity
towards other types of dementia, e.g., dementia with
Lewy bodies, Creutzfeld-Jakob disease, vascular
dementia (Andreasen et al. 1999b). Furthermore, an
important restriction is the necessity of lumbar punc-
ture, a procedure which outside of Scandinavian coun-
tries and Japan is carried out relatively rarely owing to
reluctance of the patients.

Plasma levels of AP peptides represent a potentially
attractive biomarker of AD. They are relatively easy to
assess and, importantly, might reflect a central patho-
genic process of the disorder, e.g., BAPP metabolism
deregulation and consecutive brain A accumulation.
Plasma Ap., concentrations are elevated in FAD
(Kosaka et al. 1997, Scheuner et al. 1996). The results
of studies on the population of patients with sporadic
AD are inconclusive; either an increase (Mayeux et al.
1999, Mehta et al. 2000) or lack of change (Tamaoka
et al. 1996, Vanderstichele et al. 2000) have been
reported. It has also been proposed that plasma AP,
levels increase merely with age, regardless of the diag-



nostic category (Fukumoto et al. 2003). Finally, elevat-
ed plasma AP., concentrations may be observed sever-
al years before the onset of symptoms (Graff-Radford
et al. 2002, Mayeux et al. 1999), though the results of
one study suggest that this effect is restricted to women
only (Assini et al. 2004).

The aim of the present study was to assess the lev-
els of AP peptides (AP and AP.,) in plasma of AD
patients and MCI subjects compared to healthy con-
trols matched for age, gender and education and to
estimate the sensitivity and specificity of plasma Ap
concentrations as diagnostic markers for AD and
amnestic MCI.

METHODS

Patients’ evaluation and selection

It’s been repetitively shown that a considerable pro-
portion of subjects with other than AD types of demen-
tia tend to fulfill internationally accepted AD criteria,
e.g., those of NINCDS-ADRDA working group.
Therefore, one of the major obstacles in getting reli-
able results in AD clinical studies might be patients
selection. Here, we attempted to overcome this source
of potential bias by using restrictive patients selection
method targeted to exclude patients with mixed AD
and patients fulfilling diagnostic criteria for other spe-
cific forms of dementia, e.g., dementia with Lewy bod-
ies or frontotemporal dementia. Since it is the amnes-
tic form of MCI which is most probably a clinical pre-
cursor of AD, only subjects with a preliminary diagno-
sis of amnestic MCI were recruited. That way we
hoped to enrich our sample in “pure” AD cases.

All the patients involved in the study were diag-
nosed in the specialized university-based Alzheimer’s
Clinic during the period of 2001-2003. Initially, a total
number of 132 newly diagnosed patients fulfilling the
NINCDS-ADRDA diagnostic criteria for AD were
found eligible. To ensure that our sample is not “con-
taminated” by cases with high probability of suffering
from non-AD or mixed dementia we excluded: 36
patients fulfilling ICD-10 criteria for mixed AD
dementia, 11 patients fulfilling diagnostic criteria for
dementia with Lewy bodies, 5 subjects fulfilling crite-
ria for frontotemporal dementia, and 8 patients with a
long-term history of addiction (or harmful use) to alco-
hol, benzodiazepines or barbiturates, alone or in com-
bination. As the goal of our study was to evaluate a
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diagnostic marker in subjects with sporadic AD, from
the remaining cohort of 72 participants we excluded
another 18 with a family history of AD. From the pre-
liminarily recruited group of 70 subjects fulfilling
Petersen’s criteria for MCI we excluded 31 cases for
the following reasons: presence of an isolated deficit in
a single cognitive domain other than memory (n=4),
multiple domain deficits (»=7), clinically significant or
badly controlled cardiovascular disorders, the influ-
ence of which on the development of the observed
deficits could not be excluded (n=11), long-term histo-
ry of addiction (or harmful use) to alcohol, benzodi-
azepines or barbiturates, alone or in combination
(n=2), and family history of AD (n=7).

All the participants or their caregivers (in case of
AD patients) were provided with detailed information
on the study protocol and signed an informed consent
form; the study protocol was approved by the Ethical
Committee of the Medical University of Lodz.

Sample characteristics and plasma A( levels
measurements

Finally, 128 participants were enrolled in the study:
54 patients with sporadic AD (17 men, mean age 77.5
+ 4.4 years, mean MMSE 17.5 &+ 3.4), 39 subjects with
amnestic MCI (13 men, mean age 74.0 + 3.4, mean
MMSE 27.3 + 0.9), and 35 cognitively intact elderly
without clinically significant vascular dementia risk
factors or family history of dementia (11 men, mean
age 75.0 = 2.9, mean MMSE 29.5 + 0.6) (Table I).

Whole blood was collected from fasting subjects in
EDTA-containing recipients and cellular material was
pelleted by centrifugation. Platelets have been regard-
ed a primary source of circulating BAPP and Ap.
However, no sampling technique modification pre-
venting the activation of platelets was applied, based
on data indicating lack of any associations between
platelet activation and plasma A levels measured with
a similar method (Olsson et al. 2003). As an increasing
number of reports fail to observe a correlation between
statins treatment and plasma AP levels, we did not
introduce any additional procedures in cases of hyper-
cholesterolemia treated with statins (Hoglund et al.
2004). Plasma was stored at -4°C for a maximum of 8
hours and then frozen in 1 ml aliquots and stored at
-70°C until measurements. The concentrations of Ap
peptides (AP and AP,) in plasma were measured
using commercially available sandwich ELISA colori-
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Table 1

Demographic characteristics of the study participants

Study n Age Gender  Years of formal Age at MMSE score  ADAS-cog score

group (mean = SD)  (fraction education symptomatic onset  (mean £ SD) (mean + SD)
of women) (mean + SD) (AD cases only)

AD 54 775+44 0.69 73+33 73.5+42 17.5+3.4 30.5+10.6

MCI 39 740+34 0.66 10.0£3.2 N/A 27.3+0.9 104+ 2.7

Controls 35  75.0+2.9 0.68 8.6+2.9 N/A 29.5+0.6 30+ 1.9

Total 128  75.6+4.1 0.68 85+33 N/A 23.8+5.9 16.9+13.9

metric assay (BioSource Intl, Inc) which has been
shown to be sensitive enough (range 15.6—1000 pg/ml)
to ensure an accurate result in plasma.

RESULTS

Mean plasma concentrations of AP peptides (values
in pg/ml = SD) in AD, MCI and control subjects are
presented in Table II; AB./AP. quotient — by some
authors considered more sensitive than Ap,, levels
alone — was calculated as well. The statistical analysis
of between-group differences was performed using a
nonparametric U Mann-Whitney test; the differences
between groups in age, years of formal education and
MMSE test scores (see Table 1) were adjusted for. No

Table 11

Mean values of plasma levels of AP peptides (pg/ml +
SD) and A./AP., ratio in the study groups

Study 7 APy* ABo **  APW/AP, **
group

AD 54 168.7+322 37.8+103 4.6+09
MCI 39 160.14£202 568+93 29+0.6
Controls 35 160.1+152 363+63 4.5+06

(*) differences not significant (U Mann-Whitney test);
(**) differences significant between MCI and both AD and
controls at P<0.001 (U Mann-Whitney test)

difference in any of the evaluated parameters (A.,
ABs, AB«w/ABn) was observed between the AD and
control groups. In subjects with MCI plasma Ap.,levels
were significantly elevated versus both AD (P<0.001)
and controls (P<0.001), whereas AP, concentrations
were not significantly altered. This pattern of changes
resulted in a significantly lower AB./A. ratio in the
MCI group compared to both AD (P<0.001) and con-
trol groups (P<0.001) (Fig. 1). Contrary to some previ-
ous reports, a linear regression method analysis
(ANOVA) did not reveal any correlation between age
of the participants and plasma A levels; the observed
differences were also unrelated to subjects’ gender.
Both visual inspection of the boxplots (Fig. 1) and
the comparison of means using independent samples
nonparametric tests revealed that AP,/Ap., ratio and
ABs levels alone could almost perfectly separate MCI
subjects from both AD and controls. As a next step, we
have performed area under the curve ROC analyses to
estimate the cut-off values of AP, and Ap./Ap.ratio
that yield a highest accuracy in discriminating the sam-
ples. The value of AB./Ap., ratio lower than 3.8 dis-
criminated MCI from AD with a sensitivity of 97.4%
(95% CI = 86.5-99.6) and specificity of 83.3%
(70.7-92.1), and MCI from controls with a sensitivity
of 97.4% (86.5-99.6) and specificity of 88.6%
(73.2-96.7). The level of AP., higher than 45 pg/ml
discriminated MCI from AD with a sensitivity of
94.9% (82.6-99.2) and specificity of 75.9%
(62.4-86.5), while MCI from controls with a sensitivi-
ty of 94.4% (82.6-99.2) and specificity of 91.4%
(76.9-98.1). The comparison of ROC curves for the
evaluated variables is presented in Figures 4 and 5.
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Fig. 1. Boxplots showing differences between the study
groups in AB./AB. ratio. Note that although there is
some overlap between the groups, there is close to perfect
separation of MCI subjects from both AD and controls
considering 95% confidence intervals (grey zones of box-
plots).

DISCUSSION

The comparison of concentrations of AP peptides in
plasma of AD subjects versus carefully selected con-
trol group presented in our study indicates the lack of
applicability of this assessment in the differential
diagnosis of sporadic AD. The absence of statistically
significant differences is in concordance with some of
the previous papers (Fukumoto et al. 2003, Tamaoka
et al. 1996, Vanderstichele et al. 2000). We did not
observe a formerly reported correlation between plas-
ma AP levels and age of the study participants
(Fukumoto et al. 2003) or any other demographic vari-
able, like MMSE score, gender or years of formal edu-
cation (Assini et al. 2004). We found an increase in
AP., concentrations in plasma of MCI subjects com-
pared to either AD patients or controls; therefore,
alterations in plasma A, might represent a potential-
ly sensitive biochemical marker in that group of
patients (Assini et al. 2004, Graff-Radford et al. 2002,
Mayeux et al. 1999).
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Fig. 2. Receiver Operating Characteristic (ROC) curve for
AB./AP., ratio as a discriminating test for MCI and AD. The
value of AP./AP., ratio lower than 3.8 discriminates MCI
from AD with sensitivity of 97.4% (95% CI = 86.5-99.6) and
specificity of 83.3% (95% CI = 70.7-92.1); an open box on
the curve represents maximum sensitivity/specificity point.
Area under the ROC curve = 0.938; SE = 0.025; 95% confi-
dence interval = 0.867 to 0.977.

In an attempt to explain the obtained results, a
hypothesis can be formulated that the elevation of
plasma AP, in MCI is a reflection of efforts to elim-
inate the pathological peptide from the central nerv-
ous system (CNS) through the yet viable blood-brain
barrier (BBB). In the later stages of disease, when
the BBB is impaired, elimination of AB, from the
brain would become ineffective which might lead to
its accumulation, toxicity towards neurons, and pro-
gressive cell death. The efficiency of AP peptides’
elimination in earlier stages of AD has indirectly
been proven on animal models (Das et al. 2001); this
mechanism can be responsible for the efficacy of
both active and passive immunization in diminishing
the number of amyloid deposits in the brains of
experimental animals (DeMattos et al. 2001, 2002).
Moreover, there is a substantial evidence for a pro-
gressive damage of the BBB in the course of neu-
rodegeneration in AD (Claudio 1996, Kalaria 1999).
Some authors point out the possibility of functional
changes in the BBB associated with passage of AP
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Fig. 3. Receiver Operating Characteristic (ROC) curve for
AB./AP., ratio as a discriminating test for MCI and controls.
The value of AP./AP.. ratio lower than 3.8 discriminates
MCI from controls with sensitivity of 97.4% (95% CI =
86.5-99.6) and specificity of 88.6% (73.2-96.7); an open
box on the curve represents maximum sensitivity/specificity
point. Area under the ROC curve = 0.961; SE = 0.024; 95%
confidence interval = 0.888 to 0.992.

peptides and their putative indirect influence on its
permeability (Pluta et al. 1996, Shibata et al. 2000,
Strazielle et al. 2000). It is therefore probable that in
a very early stage of AD alterations in the catabolism
of BAPP occur, resulting in a preferential synthesis
of longer, more amyloidogenic isoform of AP pep-
tide — AB,; AB4, is initially effectively removed via
the BBB (by means of mechanisms associated with
the LRP-1 receptor and proteins influencing lipid
metabolism, such as oa2-macroglobulin and
apolipoprotein E) which brings about a gradual
increase in plasma AB,, but not AB,, still compe-
tently transported backwards (Shibata et al. 2000,
Strazielle et al. 2000).

The results of our study, indicating an elevation of
AB,,, but not AB,, in MCI subjects, would support this
hypothesis. In later stages of AD, owing to a progres-
sive destruction of the BBB and changes in a
brain/plasma amyloid balance, both failure in the
removal of AB,, from the brain (and its increased dep-

osition in amyloid plaques) and retrograde transport
of AB peptides from plasma to the brain (mainly
responsible for vascular amyloidosis) would occur
(Bading et al. 2002, Mackic et al. 2002). With this
theoretical sequence of events the lack of changes in
plasma concentrations of AB peptides can be
explained.

CONCLUSIONS

The plasma level of AB,, or AB./AB., quotient allow
— with around 95% sensitivity and at least 75% speci-
ficity — the discrimination of MCI subjects from
healthy controls and AD patients; unfortunately, that
does not necessarily impose that a subgroup with “pro-
gressive” MCI (evolving towards AD) can be singled
out with these parameters. For this purpose, a long-
term follow-up is inevitable; we have initiated it on the
described study group. It is also possible that the ele-
vation of plasma AB,, will constitute a personal indica-
tor of the risk of conversion into AD rather than classi-
cal biomarker of the trait.
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