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Amyloid beta (AB), especially AB oligomers, is important in Alzheimer’s disease (AD) pathogenesis. We
studied plasma AB4o, AB42, and A oligomers levels in 44 AD patients and 22 non-demented controls. Cog-
nitive functions were assessed by Chinese version of mini-mental state examination (MMSE), Abbrevi-
ated Metal Test (AMT), Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAS-cog). Plasma
Ap monomers and oligomers levels were measured by ELISA. We found that the median plasma AB4o
and APy, levels were similar between AD and controls, and without significant correlation with cognition.
Plasma AB oligomers level was higher in AD than controls (642.54 ng/ml [range 103.33-2676.93] versus
444.18 ng/ml [range 150.19-1311.18], p = 0.047), and negatively correlated with cognition. In multivar-
iate logistic regression analysis, the highest tertile of A oligomers levels showed an increased risk of AD
than the combined group of middle and lowest tertiles (OR = 8.85, p = 0.013), after adjustment of gender,
age and APOE4 genotype. Increased plasma A oligomers level was associated with decreased MMSE and
AMT scores (p = 0.037, p = 0.043, respectively) and increased ADAS-cog score (p = 0.036), suggesting neg-
ative correlation with cognitive function. We concluded that plasma A oligomers level is an useful bio-

marker for AD diagnosis.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Alzheimer’s disease (AD) is the most common cause of demen-
tia [1]. It is pathologically characterized by the abnormal accumu-
lation of extracellular senile plaques containing amyloid beta (AB)
and intracellular neurofibrillary tangles containing hyperphospho-
rylated tau [2]. AB is generated from proteolytic cleavage of amy-
loid precursor protein (APP) [2,3]. APso and AP4, are the most
common monomeric Ap isoforms in vivo [4,5]. There is an equilib-
rium of AB between the brain and peripheral blood [6,7]. Recent
evidences suggest that soluble AB oligomers are the major neuro-
toxic species especially in early AD [8-10]. Immunization with
AB4y significantly reduced amyloid plaque density and improved
cognitive function in AD animal models and AD patients [11-13].
Unfortunately, severe aseptic meningoencephalitis developed in
6% AD patients after active immunization. Ap antibodies may be
effective to remove cerebral AB and/or reduce AB neurotoxicity
[14,15]. Human plasma-derived antibodies, intravenous immuno-
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globulin, contain AB autoantibodies and is a potentially effective
treatment for AD [16,17].

Studies on plasma AR, and Ay levels in AD patients as bio-
markers of AD yield inconsistent results. There are only a few stud-
ies on plasma Ap oligomers level as a biomarker of AD. We studied
the plasma levels of ABaa, AB4o peptides and A oligomers of Chi-
nese AD patients and non-demented elderly controls, and their
relationship with cognitive function.

2. Subjects

The study was approved by the our regional IRB. This cross-sec-
tional study involved 66 subjects (44 Chinese AD patients and 22
Chinese non-demented elderly controls). All subjects were re-
cruited from the Memory Clinic of Queen Mary Hospital. Written
informed consents were obtained from all study subjects and their
relatives. The inclusion criteria for controls included no complaints
of memory or other cognitive difficulties during the history taking
or system review components of examination, and no examination
findings suggestive of cognitive compromise. For all participants,
exclusion criteria were age below 58 years or over 90 years, active
infection, end-stage illness (e.g. renal failure, heart failure), cancer
within 5 years, depression by DSM-IV criteria (American
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Psychiatric Association 2000), deafness and other communication
barriers. AD was diagnosed according to the National Institute of
Neurological and Communicative Disorders and Stroke/Alzhei-
mer’s Disease and Related Disorders Association (NINCDS-ADRDA)
criteria [18]. Cognitive status of studied subjects were assessed by
the Mini-Mental State Examination (MMSE), Abbreviated Mental
Test (AMT) and Alzheimer’s disease Assessment Scale-Cognitive
Subscale (ADAS-cog).

3. Materials and methods
3.1. Plasma and serum collection

Five milliliters venous blood was collected in EDTA-containing
collection tubes for plasma and 5 ml venous blood was collected
in clotted blood tubes for serum. After centrifuged at 3000 rpm
for 15 min, plasma and serum was stored at —80 °C until used.

3.2. ELISA for plasma A monomers levels

C-terminal capturing antibodies and N-terminal or midregion
detecting antibodies are used in standard for ELISA measuring AB
levels. We employed sandwich ELISA Kkits (Invitrogen) for measur-
ing plasma A4, and A4 levels.

3.3. Preparation of Ap oligomers and western blot to detect Ap
oligomers

AP oligomers were prepared as described previously [19]. Solid
AB4, peptide (American peptide company) stored at —80 °C was
placed on ice when ready to prepare stock peptide films. 221.7 pl
cold HFIP was added to 1 mg A4, (final peptide concentration
was 1 mM). Peptides were incubated at room temperature (RT)
for 1 h, and then placed on ice for 5-10 min. Solution was then ali-
quotted into non-siliconized microcentrifuge tubes (100 pl solu-
tion containing 0.45 mg AB4;) and evaporated overnight at RT. A
thin clear film remained at the bottom of the tubes. Twenty micro
liters dimethyl sulfoxide (DMSO) was added to 0.45 mg AB4 (final
peptide concentration was 5 mM). After the solution was mixed
thoroughly, 980 pl F12 medium without phenol red was added to
the solution (final peptide concentration was 100 uM). Solution
was incubated at 5 °C overnight and then centrifuged at 14,000g
for 10 min at 4 °C. The supernatant contained A oligomers. Stan-
dard western blot using 12% SDS-PAGE gel, AB oligomers antibody
(7A1a, New England Agent), and antibody against Af residues 1-16
(2C8, Santa Cruz) was performed to confirm successful synthesis of
synthetic AB oligomers.

3.4. ELISA for plasma Ap oligomers levels

Rabbit antibody against Ap N-terminal, AR residues1-14 (Ab-
cam) was coated in PBS (50 pl/well) at 5 pg/ml into 96-well opa-
que microplates at 4 °C. The plates were then washed 4X with
PBS-T and blocked with PBS containing 2% bovine serum albumin
(BSA) and 0.05% Tween-20 (300 pl/well) for at least 1hr at RT,
and stored dessicated at 4 °C until use. An 8-point standard curve
(1-1000 ng/ml) was prepared in duplicate using oligomerised
AB4p. Serine protease inhibitor, 4-(2-aminoethyl) benzenesulfonyl
fluoride hydrochloride (AEBSF) was added to diluted samples (di-
luted 1:2 with PBS containing 1% BSA) and the standards at a final
concentration of 1 mM in order to prevent proteolysis of AB pep-
tides. The samples and standards (100 pl/well) were added to the
plates and incubated at RT for 2 h. The plates were washed 4x with
PBS-T. 7Ala antibody diluted at 1:2500 with PBS containing 1%
BSA was added to wells (100 pl/well). The plates were then

incubated for 1.5 h at RT with shaking. Rabbit anti-mouse HRP con-
jugated antibody diluted at 1:5000 in PBS containing 1% BSA was
added (100 pl/well) and plates were then incubated for 30 min at
RT with shaking. The enhanced chemiluminescent substrate
(SuperSignal ELISA Femto Maximum Sensitivity Substrate) was
added (100 pl/well) and solution was mixed in wells for 1 min
using a microplate mixer. Relative light units (at ~425 nm) were
measured by a luminometer 1-5 min after addition the substrate.

3.5. Apolipoprotein E genotyping

The assay of Apolipoprotein E genotyping has been reported
previously [31].

3.6. Statistical analysis

In this study, the distributions of Ap levels were non-normal, so
the levels were transformed (log10) before analysis. Correlational
analysis was performed using Pearson’s simple correlation. The
AD group and control group were compared using the Mann-Whit-
ney U test. Plasma A oligomers levels were also categorized by
tertiles, and the proportions of the highest, middle and lowest ter-
tiles between the AD and control groups were analyzed by Chi-
square statistics. Multivariate analyses were then performed to ad-
just for potential confounders, including gender, age and APOE4
genotype. We used logistic regression analyses to analyze the asso-
ciation between the highest tertile of plasma AB oligomer levels
and Alzheimer’s disease, with gender, age and APOE4 genotype in-
cluded as covariates in the final model. A p-value of less than 0.05
is considered as statistically significant. All analyses were per-
formed with SPSS 18.0 software.

4. Results
4.1. Clinical features of studied subjects

Demographic characteristics of the AD patients and control sub-
jects recruited in the study are shown in Table 1. AD patients were
older than control subjects. As expected, AD patients were more
frequently women and had shorter duration of education than con-
trols. The cognitive scores of AD patients and controls are shown in
Table 2.

4.2. No differences in plasma Ap4» and AB4 levels between AD patients
and control subjects

There was no difference in the median plasma levels of A4y,
AB4o and the APB4y/AB4o ratio between AD patients and controls
(AB42, 9.94 pg/ml versus 8.42 pg/ml for AD and control respec-

Table 1
Demographic characteristics of AD patients and normal controls.

AD subjects Non-demented

Subjects
Number of Subjects 44 22
Women (%) 35 (79.5%) 10 (45.5%)"
Median Age (range) in year 81.50 (58-89) 73 (58-86)*
Median duration of symptoms 4 (1-12)
(range) in year

Median Education (range) in year 0.625 (0-16) 11 (0-16)*
Smoking history (%) 3 (6.8%) 2 (9.1%)%
Hypertension (%) 31 (70.5%) 13 (59.1%)
Diabetes mellitus (%) 11 (25%) 5(22.7%)
APOE4 (1 or 2 allele) 13 (29.5%) (18.2%)

T P=0.005.

¥ P<0.001.
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Table 2
Cognitive scores of AD patients and control subjects.

Group Median MMSE Median AMT Median ADAS-cog
(range) (range) (range)
AD patients 17.50 (3-28) 6.00 (0-10) 26.84 (11.67-69)
(44)
Controls (22) 29.00 (23-30)" 10.00 (6-10)" 5.00(1-13)"

T P<0.001.
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Fig. 1. Western blot of synthetic AB oligomers. 2C8 is an AB N-terminal antibody
and can recognize both AB monomers and oligomers. 7Ala is AB oligomeric
antibody and only recognize Ap oligomers. Western blot using 7A1a showed three
bands at ~10, ~16 and ~20kDa which represented Ap dimers, tetramers and
pentamers respectively, illustrating that our synthetic AB oligomers predominantly
contained AB dimers and pentamers. Western blot using 2C8 also revealed similar
bands but weaker.

tively, p=0.187; AB4o, 145.93 pg/ml versus 130.34 pg/ml for AD
and control respectively, p = 0.196; AB4>/AB4o ratio, 0.071 versus
0.062 for AD and control respectively, p = 0.550).

4.3. Correlation of plasma AB4, and ABag levels and cognitive function

There was no significant correlation found between plasma lev-
els of AB4, and AB4o with cognitive function in both control sub-
jects and AD patients (not shown).

4.4. Plasma Ap oligomers level was higher in AD patients and showed
an independent association with AD

Western blot analysis confirmed the presence of synthetic Ap
oligomers (Fig. 1). The calibration curve of ELISA for A oligomers
is shown in Fig. 2. Plasma AP oligomers levels of AD patients and
control subjects were estimated according to this curve. The prop-
erties of synthetic AR oligomers are not identical to that of natural
plasma AB oligomers. Hence, the AP oligomers concentrations
measured in our ELISA are the relative concentrations to that of
synthetic Ap oligomers. The median plasma AB oligomers level
was higher in AD patients than control subjects (642.5 ng/ml ver-
sus 441.8 ng/ml, p =0.047) (Fig. 3). Analysis of plasma AP oligo-
mers level by tertiles showed a significantly higher proportion of
the highest tertile of plasma Ap oligomer level in AD patients than
in controls (43.2% vs 13.6%, p = 0.041) (Table 3). There were no cor-
relations detected between gender or age with plasma AB oligo-
mers level in either AD patients or controls. Logistic regression
analysis, with adjustment of confounders including gender, age
and APOE4 genotype, showed that the highest tertile of plasma
Ap oligomer levels was independently associated with an increased
risk of AD (O.R. 8.85, 95% CI 1.58 to 49.55) (Table 4).

4.5. Correlation between plasma Ap oligomers level and cognitive
status

There was no significant correlation between sex or age with
the median plasma Ap oligomers level in either AD patients or con-
trol subjects (not shown). Increased plasma Ap oligomers level was
associated with decreased MMSE and AMT scores (p=0.037,
p = 0.043, respectively) and increased ADAS-cog scores (p = 0.036)
(Fig. 4). These suggested that plasma A oligomers level was neg-
atively correlated with cognitive function.

5. Discussion

We observed that the median plasma AR, and AB4g levels were
indifferent between AD and controls. This is consistent with some
cross-sectional studies [20,21]. Other studies support that high
plasma AB4; level is a risk factor of AD and plasma ARy, level de-
clines gradually after development of AD [22,23]. Mehta et al. re-
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Fig. 2. Calibration curve of ELISA for AB oligomers. The 8-point calibration curve of chemiluminescence signal was made at various synthetic Ap oligomers concentrations (0-
1000 ng/ml). Plasma levels of AB oligomers of AD patients and control subjects were estimated according to this curve.
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Fig. 3. Plasma A oligomers levels of AD patients and control subjects. (A) The
middle line indicates the median AB oligomers level whereas the upper and lower
lines indicate the upper-quartile and lower-quartile respectively. AD patients have
a higher median AB oligomers level than control subjects (642.5 ng/ml versus
441.8 ng/ml, p =0.047). (B) Scatter plot of plasma A oligomers level of studied
subjects; solid dots indicate AD patients and empty dots indicate normal controls.

Table 3
Plasma A monomer and oligomers levels of AD patients and control subjects.
AD Controls
Median AB4 (range), 9.94 (2.42-21.47)  8.42 (3.94-17.64)
pg/ml
Median A4 (range), 145.93 130.34 (84.97-231.54)
pg/ml (57.09-218.13)
Median AB oligomers (range) 642.54 44418

(103.33-2676.93)°  (150.19-1311.18)

Plasma Ap oligomers tertiles

Lowest tertile 12 (27.3%) 10 (45.5%)
(103.3-437.5)

Midddle tertile 13 (29.5%) 9 (40.9%)
(431.6-806.6)

Highest tertile 19 (43.2%)" 3 (13.6%)

(806.7-2676.9)

* p=0.047.
* p=0.041.

Table 4
Logistic regression analysis of plasma AB oligomers (in tertile) and risk of AD.
Odds Ration  95% p
(OR) Confidence
interval of
OR
Gender (Women vs Men) 5.07 129 19.97 0.02
Age, years 1.19 1.07 1.32 0.01
APOE genotype (4+ vs 4-) 2.82 053 15.10 023
Plasma AB oligomers 8.85 1.58 49.55 0.013

(Highest tertile vs middle and lowest
tertile combined)

Note: Model adjusted for gender, age and APOE genotypes.

ported that the mean plasma ARy level was higher in AD than con-
trols but with substantial overlap while plasma AB4, levels were
similar [24]. The indifference in median plasma Ap4, levels be-
tween AD and controls may be explained as despite increased
AB4> production in AD patients, deposition of plasma Aps, into
brain is also increased [23,25]. AB4, deposits into the brain earlier
than A4 and constitutes the main form of cerebral AB deposits
[25]. A cross-sectional study reported that in women with AD,
the lowest plasma A4, level was found in moderate to severe pa-
tients as compared with mild patients (p < 0.05) and healthy sub-
jects (p <0.01) [26].

Accumulating evidence supports that soluble nonfibrillar AB
oligomers are the important neurotoxic species in AD especially
in early disease [32]. The amount of soluble A oligomers in post-
mortem AD brain is correlated with disease symptoms [33,34]
whereas amyloid plaque load is not correlated with severity of
dementia in AD [35]. In-vitro and in vivo studies suggest that the
major pathogenic mechanisms of AB oligomers in AD is impair-
ment of synaptic transmission [36-40]. Shankar et al. demon-
strated that AB oligomers isolated directly from cortex of AD
brain potently inhibited long-term potentiation, enhanced long-
term depression and reduced dendritic spine density when in-
jected into hippocampus of mice. In addition, AB oligomers also
impaired memory of a learned behavior in normal rats and these
synaptotoxic effects were specifically attributed to AR dimers.[41]
Other soluble low molecular weight AB oligomers such as trimers
are also synaptotoxic [36,44]. However, other studies revealed that
ApB oligomers in synapses were between 50 and 100 kDa in molec-
ular weight, [37,39] consistent with the finding of a prominent AB
oligomer in AD brain extract [45] and that A oligomers of ~56 kDa
(AB*56) led to cognitive impairment in vivo [38].

CSF AB oligomers level was reported to be increased in AD pa-
tients [27], and two studies reported that plasma AB oligomers le-
vel was increased in AD patients [28,29]. Using a combination of
immunoprecipitation with immobilization of immunocomplexes
to magnetic beads and flow cytometry, Santos et al. studied plasma
levels of AB4o, AB4> and AB oligomers from AD patients and normal
controls. They reported that plasma Ap oligomers level allowed dif-
ferentiation of AD and control with sensitivity of 71% and specific-
ity of 81% [28]. Using sandwich ELISA in which the same AB N-
terminal antibody was used to capture and detect antigen, Xia et
al. found that more than half AD patients had detectable plasma
AB oligomers levels whereas most control subjects had plasma
ApB oligomers below detection limit, and AB oligomers level was
higher in brain tissue and plasma of AD patients [29]. In addition,
some AD patients had decline in plasma AB4, and Ap oligomers lev-
els over a 1-2-year period; and neither the plasma levels of AR,
nor Af4 was different between AD patients and controls [29].
We employed sandwich ELISA using a AP oligomers conforma-
tion-specific antibody, 7A1a, as the detection antibody to measure
plasma AP oligomers level. Similar ELISA has been employed to
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Fig. 4. Correlation between plasma Ap oligomers level and cognitive function. Plasma level of AB oligomers was negatively correlated with cognitive functions as increased
plasma AB oligomers level was associated with decreased MMSE score (p = 0.037) (A) and AMT score (p = 0.043) (B), and increased ADAS-cog score (p = 0.036) (C).

measure cerebral cortex homogenates Ap oligomers level by van
Helmond et al. who reported that brain homogenates Af oligomers
level was significantly higher in AD than controls [43]. 7Ala is
shown to bind to synthetic AR oligomers with different sizes
including low molecular weight species such as dimers, trimers
and tetramers (~10 to ~18 kDa) and high molecular weight spe-
cies ranging from 50 kDa to greater than 150 kDa [43]. To adjust
for the confounding effects of age, gender and APOE4 genotype,
we examined the relationship of the tertiles of plasma AR oligo-
mers level with AD by multivariate logictic regression analyses.
We found a strong independent association of the highest tertile
of plasma Ap oligomers level with AD versus the combined group
of middle and lowest tertiles. Our result is consistent with that
of Xia et al. and Santos et al. [28,29]. Our ELISA is a simple conve-
nient assay which measures plasma level of soluble A oligomers
of different sizes (low and high molecular weight species) known
to be synaptotoxic, which may be used clinically to facilitate AD
diagnosis.

Tomic et al. reported that soluble fibrillar Ap oligomers level
was elevated in multiple brain regions of AD patients, and
negatively correlated with cognitive function [30]. We found that
plasma Ap oligomers level is negatively correlated with cognitive
function in AD, hence it may reflect dementia severity in AD. Our
results support a direct pathogenic role of Ap oligomers in AD,
which is clinically relevant as Ap oligomers-specific

immunotherapy such as AB oligomers-specific monoclonal anti-
body is potentially efficacious for prevention and treatment of
AD [42].
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