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Abstract Introduction: A blood-based biomarker panel to identify individuals with preclinical Alzheimer’s
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disease (AD) would be an inexpensive and accessible first step for routine testing.
Methods: We analyzed 14 biomarkers that have previously been linked to AD in the Australian Im-
aging Biomarkers lifestyle longitudinal study of aging cohort.
Results: Levels of apolipoprotein J (apoJ) were higher in AD individuals compared with healthy
controls at baseline and 18 months (P 5 .0003) and chemokine-309 (I-309) were increased in AD
patients compared to mild cognitive impaired individuals over 36 months (P 5 .0008).
Discussion: These data suggest that apoJ may have potential in the context of use (COU) of AD diag-
nostics, I-309 may be specifically useful in the COU of identifying individuals at greatest risk for pro-
gressing towardAD. This work takes an initial step toward identifying blood biomarkers with potential
use in the diagnosis and prognosis of AD and should be validated across other prospective cohorts.
� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease
characterized by extracellular deposition of amyloid b (Ab)
in senile plaques and intracellular formation of neurofibrillary
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tangles of hyperphosphorylated tau protein. Although a small
percentage of AD patients carry specific mutations that cause
the disease at an earlier age, most patients are considered spo-
radicwith a later age of onset. For this subgroup, themajor risk
factor is the ε4 allele of the APOE gene. Currently, the defin-
itive diagnosis of AD can be performed only postmortemwith
the analysis of senile plaques in the brain parenchyma,
although positron emission tomography (PET) scan modal-
ities have received regulatory approval that can detect the
imer’s Association. This is an open access article under the CC BY-NC-ND
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presence of Ab among living individuals. Furthermore, the
search for biomarker panels has also been extended to cerebro-
spinalfluid (CSF) inADandother neurological diseases [1–3].
It is to note that the examination of CSF, which reflects more
closely what happens in the brain, has the disadvantage that
CSF collection requires trained people, it is associated with
a higher degree of risks, and it is not suitable for repeated
draws. Although PET and CSF biomarkers are currently the
gold standard to detect amyloid living patients, these
biomarkers are expensive and cannot be used in routine
clinical care. Blood-based biomarkers provide cost- and
time-effective methods that can be used as the first step in a
multistage neurodiagnostic process that would significantly
streamline and cost contain this novel strategy. Recent years
have witnessed an exponential increase in the investigation
ofblood-basedbiomarkers that have diagnostic andprognostic
potential in AD. The identification of blood-based biomarkers
that can identify groups that are at a higher risk for AD within
routine clinical care (e.g., within primary care clinics) before
the clinical manifestation would make possible targeted early
treatments aimedat postponing the onset of the clinical disease
itself. Such a paradigmwould be advantageous not only for the
individuals at risk, but also for the whole community, as
delaying the onset of the disease would lighten the economic
burden that is associated with the care of these patients.

In the recent years, several groups have published reports
that associate AD to a specific group of biomarkers that
largely focus on (1) discriminating between AD cases and
controls (i.e., putative “context of use” [COU] related to
AD diagnostics) or (2) predict the onset of the disease (i.e.,
putative COU related to AD prognostics). With regards to
diagnostics, Ray et al. [4] defined a group of 18 plasma
biomarkers out of a larger group of 120 analyzed that discrim-
inated AD from controls with high accuracy. Later in 2008,
research based on this 18 biomarker panel found that using
5 of these 18 was sufficient to differentiate between AD and
controls with the same accuracy [5]. However, two subse-
quent analyses of these 18 proteins in different cohorts [6,7]
failed to validate the biomarker panel finding significant
differences between AD and controls only in five and three
biomarkers, respectively. In 2012, the current group [8] iden-
tified a panel of 18 blood-based biomarkers that distinguished
between AD and controls with high accuracy in the AIBL
cohort and replicated the findings in the ADNI cohort. At
the same time, an independent group analyzed two cohorts
(TARC and ADNI) and found a panel of 11 biomarkers that
accurately discriminatedAD fromcontrols across both serum
and plasma [9], which was a continuation of their previous
work [10] in which a panel of 30 biomarkers was identified.
Another research group [11] reported that a panel of three
blood-based biomarkers was able to discriminate AD from
controls with a correct classification of more than 80%. In
2012, Johnstone et al. [12] reported a panel of 11 biomarkers
in ADNI cohort identified preclinical AD. Other groups have
performed similar analysis and identified a plasma biomarker
panel in AD [13]. Some other studies have also associated
blood-based biomarker panels withmicrovascular pathology,
brain atrophy, and cognitive decline in AD [14,15]. The
common problem in all these studies is the variability of the
biomarkers evaluated and the statistical analysis used to
determine the diagnostic and prognostic value of the panel
for AD with sufficient sensitivity and specificity. In this
study, a panel of 14 biomarkers that have been identified as
significant in 1 or more of the previous analyses was
selected for analysis using the well-characterized AIBL
cohort, baseline and longitudinal samples. These analyses
were undertaken with the goal of determining if biomarker
levels were different in AD compared with healthy controls
(HCs) and mild cognitive impairment across time points,
hence demonstrating their diagnostic value. In addition, if
these biomarkers were associated with brain Ab burden as
assessed by PET results suggesting that different levels may
be able to predict which individuals will convert to MCI/
AD.The longitudinal analysis inADpatientswas also carried
out to study whether these biomarkers were associated with
the progression of the disease.
2. Materials and methods

2.1. Population sample
2.1.1. The AIBL cohort
The cohort recruitment process including the neuropsy-

chological, lifestyle, and mood assessments have been previ-
ously described in detail [16]. In brief, the AIBL study
recruited a total of 1166 participants over the age of 60 years
at baseline, of whom 54 were excluded because of comorbid
disorders or consent withdrawal. Using the NINCDS-ARDA
international criteria for AD diagnosis [17] and symptomatic
predementia phase criteria for MCI diagnosis [18], a clinical
review panel determined disease classifications at each
assessment time point to ensure accurate and consistent
diagnoses among the participants. According to these
diagnostic criteria, participants were classified into one of
three groups; AD, MCI, or HCs. At baseline, there were a
total of 768 HCs, 133 MCI, and 211 AD subjects.

The AIBL study is a prospective, longitudinal study,
following participants at 18-month intervals. This particular
study reports on 711 individuals who completed the full
study assessment and corresponding blood sample collection
at baseline, 18 months and 36 months follow-up time points.

The institutional ethics committees of Austin Health, St.
Vincent’s Health, Hollywood Private Hospital, and Edith
Cowan University granted ethics approval for the AIBL
study. All volunteers gave written informed consent before
participating in the study.

2.1.2. Sample collection and APOE genotyping
Plasma was isolated from whole blood and collected in

standard EDTA tubes with prostaglandin E1 (33.3 ng/mL,
Sapphire Biosciences, NSW, Australia) added. On
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completion of blood fractionation, samples were aliquoted
and immediately stored in liquid nitrogen until required for
analysis. DNA was isolated from whole blood using a
QIAamp DNA Blood Midi Kit (Qiagen, VIC, Australia) ac-
cording to the manufacturer’s protocol, and APOE genotype
was determined through either polymerase chain reaction
(PCR) amplification and restriction enzyme digestions, as
previously described [19], or through TaqMan genotyping
assays (Life Technologies, Mulgrave, VIC, Australia) for
rs7412 (assay ID: C____904973_10) and rs429358 (assay
ID: C___3084793_20). For TaqMan assays, PCRs and real-
time fluorescence measurements were carried out on a
ViiA� 7 real-time PCR system (Applied Biosystems, VIC,
Australia) using the TaqMan GTXpress Master Mix (Life
Technologies) methodology per manufacturer’s instructions.

2.1.3. Plasma biomarker assay
Aliquots were prepared according to the volume required

for each set of assays and stored at280�C. All samples were
assayed in duplicate via a multiplex biomarker assay plat-
form using ECL on the SECTOR Imager 2400A from
Meso Scale Discovery (MSD; http://www.mesoscale.com).
The analytes requiring similar dilution were grouped
together in the multiplexing plate by the manufacturer.
The MSD platform has been used extensively to assay bio-
markers associated with a range of human diseases including
AD. ECL measures have well-established properties of
being more sensitive and requiring less sample volume
than conventional enzyme-linked immunosorbent assay,
the gold standard for most assays. The biomarkers assayed
were chosen from previously generated and cross-
validated AD algorithms from various biomarker studies
[8–10,20] and included the following: thrombopoietin
(TPO), interleukin-18 (IL-18), fatty acid binding protein
(FABP3), pancreatic polypeptide Y (PPY), chemokine
I309 (I309), serum amyloid A (SAA), C-reactive protein
(CRP), soluble vascular adhesion molecule 1 (sVCAM1),
soluble intercellular adhesion molecule 1 (sICAM1),
alpha-2-macroglobulin (A2M), beta-2 microglobulin
(B2M), Factor VII (FVII), adiponectin (adipo), apolipopro-
tein J (apoJ).

Plates were washed and blocked as per manufacturer
instructions using the supplied buffers. Samples were diluted
according to each respective assay group and applied to the
plate, along with standards. Plates were then sealed and
incubated at room temperature for 2 hours. Plates were
washed three times using phosphate buffered saline Tween
20 (PBST), then secondary detection antibodies were added
and plates were sealed and incubated for a further hour.
Plates were washed three times with PBSTand read solution
was added according to the assay instructions. Plates were
immediately read using an MSD plate reader. The supplied
software was used to determine standard curve and sample
concentration, according to 5-PL curve-fitting techniques.
The final protein biomarker concentration was reported in
pg/mL units.
2.1.4. Assessment of neocortical Ab via PiB-PET
A subset of the AIBL cohort (n5 287) underwent carbon

11-labeled Pittsburgh compound B–positron emission
tomography (11C-PiB-PET) imaging at baseline to measure
brain Ab burden, as previously described [21]. PET standard-
ized uptake value (SUV) data were summed and normalized
to the cerebellar cortex SUV values to obtain the region to
cerebellar ratio (standardized uptake value ratio [SUVR]).
A threshold of 1.5 SUVR was used to discriminate between
high (PiB1) and low (PiB2) brain Ab burden [22]. Of the
total 711 participants reported on here, 180 individuals
underwent PiB-PET imaging at baseline, 158 at 18-month
follow-up, and 120 underwent at 36-month follow-up.

2.1.5. Statistical methodology
Descriptive statistics including means, standard devia-

tions, and frequencies were calculated across clinical classi-
fications. Gender and APOE ε4 allele comparisons were
assessed using chi squared (c2) test and Fisher’s exact test
where necessary. Analysis of mean biomarker levels
between clinical classifications adjusted for age, gender,
and APOE ε4 allele status to assess the potential of these
proteins as biomarkers for AD was performed using
proportional odds logistic regression (for three group ana-
lyses, HC/MCI/AD as the outcome) and generalized linear
modeling (GLM, for two groups, HC vs. AD as the outcome,
binomial family). These statistical models were used as they
are able to assess the differences in mean biomarker levels,
adjusted for confounders under the assumption that there
is a certain level of uncertainty in the outcome (clinical clas-
sification is not 100% correct). P-values were compared a
Bonferroni adjusted alpha (a), with the number of bio-
markers tested as the adjustment factor (a 5 0.05/14,
0.00036).

For the longitudinal analyses, linear mixed-effects
modeling (LMM, using the biomarker as the [Gaussian]
outcome at each time point) was used to assess mean
biomarker levels over time for stable HC and AD groups
individually, adjusted for age, gender, site, and APOE ε4
allele status. Assessment of biomarkers longitudinally
between HC/MCI and AD groups was performed using
cumulative link mixed models (CLMMs) for the three group
clinical classification comparison, and the generalized linear
mixed models (GLMMs, binomial family) for the individual
group comparisons. GLM combined with receiver operating
characteristic (ROC) analyses were combined to perform
100-fold repeated random subsampling validation for
disease predictions.

Correlations between quantitative SUVR and all the bio-
markers were carried out using Spearman’s rank correlation
analysis (r). A cutoff value of 1.5 for SUVR was used as the
most appropriate criterion for biomarker evaluation. The R
statistical software environment, version 2.15 was used for
all statistical analyses (Team, R Development Core. 2009.
R: A Language and Environment for Statistical Computing
Manual).

http://www.mesoscale.com
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3. Results

3.1. Population demographics

Baseline, 18-month, and 36-month follow-up time points
demographic data, APOE ε4 allele status, and Mini–Mental
State Examination (MMSE) for the AIBL cohort are pre-
sented in Table 1. PiB-SUVRs for the AIBL imaging subco-
hort are also presented in Table 1. Plasma levels of
biomarkers (pg/mL) TPO, IL-18, FABP3, PPY, I309, SAA,
CRP, sVCAM1, sICAM1, A2M, B2M, FVII, adipo, apoJ
were assayed in 554 healthy controls, 65 participants with
MCI, and 92 participants with AD (total N 5 711 at base-
line). Age, APOE ε4 allele status, and MMSE were signifi-
cantly different between clinical classifications at baseline,
18 months, and 36 months (P, .0001). There was no differ-
ence in the proportion of females to males at either time
point (P . .05). Total number of participants from the
AIBL imaging subcohort was lower compared with the total
group. PiB-SUVR was significantly higher in the MCI and
AD groups compared with the HC group (P , .0001).

3.2. Association of biomarkers between clinical
classification at the time of collection

Comparing biomarker levels between HC and MCI
groups before adjustment for cofounders, FABP3 was signif-
icantly higher at both baseline (P 5 .00002) and 18-month
(P 5 .0001) time points, but not at 36 months (P 5 .0096)
(Table 2). This significance however was abrogated after ad-
justing for age, gender, and APOE ε4 allele status. For the
MCI versus AD group comparison, PPY stood out at
18 months, with significantly higher levels in AD compared
with MCI participants, even after adjustment for both con-
founders and multiple testing (P 5 .0001). Comparing
biomarker levels between HC and AD groups across the
three time points, 7 of 14 biomarkers measured were signif-
icantly higher in AD compared to HC at baseline and
18 months, and six biomarkers were significantly higher at
36 months. After adjustment for confounders, apoJ at base-
line and at 18 months was marginally significant after adjust-
ment for multiple comparisons (P 5 .0004). Those
associations that were not replicated at multiple time points
Table 1

Demographic characteristics

Baseline 18 months

HC MCI AD HC MC

N 554 65 92 543 51

Age (mean SD) 69.79 (6.51) 74.84 (7.54) 77.01 (7.43) 71.12 (6.34) 76

Gender (F/M) 330/224 36/29 52/40 328/215 23

APOE ε4 (2ve/1ve) 401/153 32/33 28/64 395/148 32

MMSE (median IQR) 29 (2) 27 (3) 21 (4.25) 29 (2)

SUVR (N) 127 32 21 116 19

SUVR (mean SD) 1.36 (0.38) 2.02 (0.57) 2.29 (0.5) 1.35 (0.37) 2

Abbreviations: HC, healthy control; MCI, mild cognitive impairment; AD, Alzh

ination; IQR, interquartile range; SUVR, standardized uptake value ratio.
still showed differences between comparative groups; how-
ever, these were only significant at the nominal significance
level (without Bonferroni correction, a 5 0.05, Table 2).
3.3. Comparison of mean biomarker levels between HC
and AD groups over 36 months

Assessing mean biomarker levels over time between clin-
ical classifications (three groups, CLMM), adjusted for age,
gender, site, and APOE ε4 allele status, strongest associa-
tions were seen for I309 (P 5 .01), sVCAM (P 5 .04),
B2M (P5 .02), and ApoJ (P 5 .01), although none of these
reached the Bonferroni corrected threshold. Conducting
pairwise comparisons over time (GLMM), levels of I309
were significantly increased in AD participants compared
with MCI participants over time (P 5 .00076). Before
adjustment for covariates, levels of PPY were also higher
in AD participants compared with MCI participants over
time (P 5 .009).
3.4. Biomarker trends over time for HC and AD groups

To assess biomarker levels over time, stratified data (two
groups; only those that remained either HC (N 5 590) or
AD (N 5 109) over 36 months [stable groups]) were as-
sessed, adjusted for covariates age, gender, site, and APOE
ε4 allele status using LMM. TPO levels were significantly
decreased for the HC group (B 5 20.03 6 0.005,
P , .0001), but not for the AD (B 5 20.02 6 0.01,
P 5 .332); however, the slope was similar. CRP levels for
HC decreased (B 5 20.05 6 0.02, P 5 .05), whereas for
the AD group, they increased, albeit this was not significant
(B 5 0.14 6 0.08, P 5 .09). sVCAM1 levels in the AD
group increased over time (B5 0.036 0.01, P5 .02); how-
ever, this was not seen for the HC group (B5 0.0016 0.004,
P 5 .73). For IL-18, the decrease in biomarker levels
over time was slightly stronger for the HC group
(B 5 20.03 6 0.006, P 5 .0002) compared with the AD
group (B 5 20.02 6 0.02, P 5 .18). Both A2M and B2M
increased over time in HC and AD groups; however, rates
were slightly different, with HC mean levels for A2M
increasing more than that for the AD group (HC:
36 months

P-valuesI AD HC MCI AD

116 526 50 129

.05 (7.28) 78.68 (7.63) 72.65 (6.26) 77.56 (7.47) 80.41 (7.39) ,.0001

/28 67/49 318/208 25/25 73/56 ..05

/19 34/82 387/139 29/21 41/88 ,.0001

27 (3) 19 (8) 29 (2) 26.5 (3) 16 (10) ,.0001

23 95 18 24

.03 (0.63) 2.32 (1.35) 1.38 (0.37) 1.8 (0.65) 2.43 (0.53) ,.0001

eimer’s disease; SD, standard deviation; MMSE, Mini–Mental State Exam-



Table 2

Cross-sectional comparisons across three clinical classifications namely HC, MCI, and AD

Time point Biomarker

Mean (SD) HC/MCI/AD HC versus MCI HC versus AD MCI versus AD

HC MCI AD Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Baseline TPO 453.72 (128.25) 486.4 (133.06) 498.25 (151.94) 0.0012 0.0356 0.0563 0.2509 0.0039 0.0502 0.5974 0.5387
IL-18 201.62 (78.55) 202.11 (99.01) 205.86 (102.95) 0.9283 0.8336 0.8567 0.7213 0.9954 0.8138 0.8969 0.5814
FABP3 6417.9 (2498.74) 7664.95 (2577.08) 7707.77 (2993.31) 2.02E208 0.3356 2.18E205 0.1285 3.41E206 0.8375 0.9936 0.4419
PPY 151.51 (123.25) 195.11 (190.74) 226.44 (153.94) 3.16E205 0.1075 0.1249 0.9325 7.56E206 0.037 0.0775 0.1454
I309 1.76 (0.89) 1.66 (0.66) 2.25 (1.43) 0.0015 0.2862 0.5181 0.117 1.13E205 0.0167 0.001 0.0066
SAA 5,014,328.58 (12,441,294.73) 4,556,617.17 (5,400,336.74) 10,066,848.34 (25,001,707.84) 0.019 0.0582 0.2092 0.2693 0.0319 0.1127 0.6153 0.6228
CRP 2,623,075.41 (5,483,161.45) 2,105,933.51 (1,992,259.53) 2,764,309.64 (5,501,614.76) 0.1497 0.9508 0.905 0.5195 0.059 0.4626 0.1728 0.4252
sVCAM 412,578.76 (93,418.88) 443,844.82 (107,111.58) 464,594.39 (118,439.3) 7.59E206 0.1634 0.012 0.3654 4.09E205 0.0855 0.3422 0.7705
sICAM 258,715.61 (57,091.32) 274,167.46 (70,100.74) 275,757.24 (57,768.89) 0.0046 0.1765 0.0524 0.3084 0.0165 0.6791 0.8869 0.9136
A2M 1,747,511,738.03 (513,469,652) 1,855,714,846.34 (602,037,583.95) 1,893,399,396.14 (581,856,370.49) 0.0062 0.4693 0.1635 0.8476 0.0101 0.4797 0.5236 0.4959
B2M 2,302,005.26 (854,220.32) 2,564,836.72 (962,444.25) 2,600,875.68 (868,669.09) 6.45E205 0.6796 0.0223 0.7112 0.0002 0.283 0.5081 0.975
fVII 855,774.28 (204,030.04) 879,676.06 (200,143.09) 870,519.29 (211,777.27) 0.33 0.4349 0.3435 0.3465 0.5341 0.8441 0.7428 0.6244
Adipo 72,058,918.21 (37,972,553.53) 85,795,000.94 (47,271,598.65) 91,367,246.13 (52,484,686.66) 9.37E206 0.0461 0.0067 0.0898 9.60E205 0.0402 0.5956 0.9282
ApoJ 34,840,490.7 (6,569,730.63) 36,905,488.48 (7,081,682.5) 38,901,971.01 (8,064,135.24) 2.70E207 0.0003 0.0183 0.0875 4.31E207 0.0004 0.1232 0.1435

18 months TPO 439.01 (124.56) 484.25 (130.48) 489.65 (168.28) 0.0005 0.0172 0.0176 0.0276 0.0034 0.0836 0.8974 0.4575
IL-18 197.31 (78.42) 202.49 (92.26) 201.59 (101.17) 0.9834 0.9396 0.8507 0.5852 0.9475 0.8877 0.86 0.4857
FABP3 6560.26 (2371.26) 7983.14 (2970.32) 7921.63 (3075.55) 3.03E209 0.2022 0.0001 0.1219 5.15E208 0.4821 0.8588 0.8237
PPY 160.98 (124.66) 164.33 (162.1) 231.27 (157.33) 3.65E205 0.0443 0.4921 0.0557 1.44E207 0.01 0.0002 0.0001
I309 1.82 (1.04) 1.72 (0.91) 2.25 (1.28) 0.0021 0.9447 0.369 0.0669 0.0001 0.1752 0.0028 0.0202
SAA 4,508,476.82 (10,011,818.68) 6,010,980.54 (13,928,739.6) 11,051,022.73 (26,601,726.7) 0.0049 0.0331 0.8312 0.8133 0.0007 0.007 0.0519 0.2179
CRP 2,324,026.89 (3,678,293.91) 3,244,249.76 (7,168,549.06) 3,750,314.02 (9,648,464.51) 0.2513 0.5808 0.8488 0.9327 0.2133 0.5945 0.5862 0.9336
sVCAM 413,866.28 (94,396.07) 451,372.28 (128,980.99) 461,761.39 (123,431.77) 3.82E205 0.5612 0.0336 0.6051 0.0001 0.5823 0.5645 0.8394
sICAM 256,940.34 (63,741.88) 276,181.68 (81,976.23) 273,854.69 (65,996.05) 0.0086 0.629 0.07 0.3302 0.022 0.8845 0.8916 0.5686
A2M 1,799,156,641.14 (533,559,105.75) 1,818,415,510.22 (540,494,569.01) 1,966,783,241.78 (593,726,925.78) 0.0051 0.6885 0.7756 0.5794 0.002 0.4514 0.097 0.1402
B2M 2,380,739.82 (906,482.97) 2,586,551.41 (1,058,022.97) 2,792,433.32 (1,002,092.54) 2.00E206 0.4936 0.1107 0.754 1.18E206 0.1792 0.1148 0.3201
fVII 859,839.14 (217,735.63) 843,890.76 (211,518.29) 904,916.05 (221,993.04) 0.1079 0.094 0.636 0.9626 0.0399 0.275 0.0974 0.3038
Adipo 73,899,317.71 (40,137,703.56) 87,609,586.8 (51,060,964.01) 89,456,380.55 (47,630,520.81) 2.76E205 0.0681 0.0197 0.0158 0.0001 0.0711 0.7607 0.399
ApoJ 35,076,852.22 (6,760,610.92) 36,935,240.02 (7,250,908.7) 39,828,311.84 (8,650,920.67) 3.59E209 0.0003 0.0635 0.1112 7.05E210 0.0004 0.0451 0.523

36 months TPO 437.79 (119.73) 463.2 (105.38) 478.3 (153.32) 0.0012 0.1789 0.1478 0.6842 0.0023 0.4755 0.5599 0.3682
IL-18 194.68 (77.96) 199.61 (97.69) 194.57 (94.75) 0.7527 0.876 0.8155 0.5699 0.6417 0.7694 0.6611 0.4462
FABP3 6953.36 (2904.37) 7988.9 (3178.54) 8026.43 (3242.37) 1.14E205 0.6319 0.0096 0.7746 0.0001 0.4757 0.8671 0.5791
PPY 162.11 (118.95) 172.88 (151.87) 228.83 (165.22) 0.0004 0.2124 0.7835 0.1079 2.56E205 0.0651 0.0111 0.0119
I309 1.91 (1.12) 1.72 (0.89) 2.29 (1.41) 0.0054 0.5469 0.1233 0.0118 0.0001 0.5706 0.0007 0.0266
SAA 6,591,850.97 (20,102,101.96) 6,152,281.83 (9,696,054.8) 11,689,850.22 (28,348,629.61) 0.0022 0.0106 0.3237 0.1837 0.0018 0.016 0.3668 0.8677
CRP 2,815,106.56 (6,320,376.91) 2,580,568.27 (3,838,300.23) 4,135,642.49 (10,667,549.77) 0.2797 0.9952 0.6139 0.9748 0.3071 0.9831 0.8702 0.8581
sVCAM 427,124.68 (103,231.67) 458,365.34 (108,775.08) 493,257.79 (138,934.86) 1.67E207 0.0134 0.0351 0.2046 1.60E207 0.0136 0.1919 0.6776
sICAM 264,728.18 (65,030.13) 273,235.93 (73,269.22) 290,037.45 (80,897.55) 0.0017 0.1356 0.406 0.624 0.001 0.3142 0.2503 0.5674
A2M 1,827,578,796.9 (545,505,679.48) 1,778,523,439.16 (433,650,399.82) 1,981,649,902.93 (624,365,511.97) 0.1339 0.6535 0.4509 0.2519 0.0359 0.6007 0.0396 0.1643
B2M 2,449,111.13 (900,460.4) 2,776,486.26 (1,441,411.42) 2,869,544.1 (1,083,739.71) 5.85E205 0.1774 0.1267 0.4804 4.51E205 0.1172 0.25 0.5588
fVII 859,473.47 (211,784.3) 828,173.72 (239,319.27) 920,802.51 (236,389.85) 0.4943 0.5917 0.3422 0.3441 0.2094 0.4345 0.1037 0.0791
Adipo 76,652,983.41 (42,470,109.59) 95,692,502.42 (128,009,842.11) 91,388,867.36 (48,296,710.64) 0.0017 0.2182 0.4015 0.358 4.92E205 0.0149 0.0003 0.0246
ApoJ 35,855,560.96 (6,862,794.16) 36,925,546.32 (7,663,254.78) 39,890,373.94 (8,623,166.76) 0.0027 0.0448 0.6585 0.752 0.001 0.0456 0.0799 0.0771

Abbreviations: HC, healthy control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; SD, standard deviation; TPO, thrombopoietin; IL-18, interleukin-18; FABP3, fatty acid binding protein;

PPY, pancreatic polypeptide Y; I309, chemokine I309; SAA, serum amyloid A; CRP, C-reactive protein; sVCAM, soluble vascular adhesion molecule; sICAM, soluble intercellular adhesion molecule; A2M,

alpha-2-macroglobulin; B2M, beta-2 microglobulin; FVII, Factor VII; adipo, adiponectin; apoJ, apolipoprotein J.
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B 5 0.008 6 0.004, P 5 .03; AD: B 5 0.006 6 0.01,
P 5 .57), while the mean AD levels for B2M increased
more than that for the HC group (HC: B 5 0.001 6 0.001,
P 5 .81; AD: B 5 0.03 6 0.01, P 5 .05).

3.5. Capability of a combined biomarker model to
diagnose AD

To assess the diagnostic capability of the strongest bio-
markers for AD at each time point (found via stepwise
modeling), an ROC analysis was performed after building
a generalized linear model using APOE ε4 allele status,
age, sVCAM1, PPY, I309, apoJ, SAA, and CRP (main
effects model only) with dependent variable HC (set as 0)
and AD (set as 1). Training the model using a random
70% of the data, and testing the model on the remaining
30%, and iterating through this 100 times enabled cross-
validated prediction estimates of approximately 78%–79%
sensitivity and specificity, and AUC values at approximately
85% for all three time points. Repeating this with age,
gender, and APOE ε4 allele status only, sensitivity, speci-
ficity, and AUC values were approximately 77%, 77%, and
83%, respectively.

3.6. Cross-sectional differences between transitional,
nontransitional, and stable AD

We further grouped AIBL study participants based on the
change in clinical classification over 36 months [23]. Partic-
ipants were classified into three groups: (1) those HC that did
not transition (nontransition), (2) those who transitioned
from either HC or MCI to either MCI or AD, including
MCI participants (transition), and (3) stable AD participants
(stable AD) over the 36-month period (Table 3). Because
transitions were classed as change from baseline, statistics
from baseline are not shown. Table 4 summarizes the
cross-sectional differences in the levels of biomarkers
between different categories.

Before adjustment for confounders, biomarkers such as
PPY, I309, and B2M were able to significantly differentiate
(P , .00036) between nontransitional and stable AD
categories at both 18- and 36-month time points. At the
18-month but not at the 36-month time point, FABP3 and
apoJ were able to differentiate between nontransitional and
Table 3

Demographics table showing participants in three classifications namely nontrans

18 months 36 m

Nontransition Stable AD Transition Non

N 520 80 79 504

Age (mean SD) 70.93 (6.23) 78.64 (7.63) 76.6 (7.62) 72.4

Gender (F/M) 314/206 46/34 41/38 305

APOE ε4 (2ve/1ve) 375/145 23/57 40/39 366

MMSE (median SD) 29 (1.33) 19 (5.73) 26 (3.21) 2

SUVR (N) 110 14 29 93

SUVR (mean SD) 1.35 (0.36) 2.26 (0.52) 2.1 (1.35) 1.3

Abbreviations: AD, Alzheimer’s disease; SD, standard deviation; MMSE, Min
stable AD (P , .00036). At the 36-month but not at the
18-month time point, SAA and sVCAM were able to differ-
entiate between nontransitional and stable AD (P, .00036).
None of these associations were statistically significant after
adjustment for age, gender, and APOE ε4 allele status.
Finally, apoJ was significantly increased in the stable AD
group compared with the nontransition group at 18 months,
both before and after adjustment for confounders
(P , .00036).

Comparing biomarker levels between nontransition and
transition groups at both 18- and 36-month time points,
FABP3 and sVCAMwere significantly increased in the tran-
sition groups over the nontransition groups (P, .00036), but
only before adjustment for confounders. Adipo and PPY
were also significantly increased at the 18-month time point
in the transition group (P , .00036) compared with the
nontransition group, but only before adjustment for
confounders. Those associations that were not replicated at
multiple time points still showed differences between
comparative groups; however, these were only significant
at the nominal significance level (without Bonferroni
correction, a 5 0.05, Table 4).
3.7. Correlation with SUVR

Associations of biomarker levels with quantitative SUVR
were assessed among the participants who underwent
PiB-PET at all three collection time points showing weak-
to-moderate associations. Table 5 shows the correlation coef-
ficients (r values) from correlation analyses between SUVR
and each protein, at baseline, 18 and 36 months. There were
correlations for TPO (BL, 18M), FABP3 (BL, 18M), PPY
(BL, 18M), I309 (BL), B2M (BL), adipo (18M, 36M),
A2M (36M), and apoJ (36M) with SUVR within the MCI
subgroup. Within AD group, correlation with SUVR was
observed for FABP3 (36M) and apoJ (18M).
4. Discussion

AD is characterized by a series of pathological events.
These include amyloid b (Ab) and tau protein deposition,
oxidative damage, and inflammation, resulting in neuronal
cell death and symptoms of cognitive dysfunction. For
ition, transition, and stable AD groups

onths P-values

transition Stable AD Transition 18 months 36 months

78 91

8 (6.14) 80.75 (7.24) 78.09 (7.67) ,.0001 ,.0001

/199 45/33 49/42 .344 .469

/138 23/55 45/46 ,.0001 ,.0001

9 (1.18) 14 (7.16) 25 (4.79) ,.0001 ,.0001

9 33

9 (0.37) 2.29 (0.55) 2.07 (0.68) 1.18E218 8.64E213

i–Mental State Examination; SUVR, standardized uptake value ratio.



Table 4

Cross-sectional differences between transitional, nontransitional, and stable AD group

Biomarker Time point

Mean (SD) All groups
Nontransitional versus
stable AD

Nontransition versus
transition

Stable AD versus
transition

Nontransition Stable AD Transition Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

TPO 18 months 734,927.17 (915,001.31) 1,213,129.15 (1,769,353.4) 892,786.19 (910,036.55) 0.001 0.008 0.003 0.031 0.001 0.011 0.608 0.649
IL-18 18 months 785,441.3 (882,205.56) 941,067.44 (1,499,137.36) 864,354.28 (1,182,220.84) 0.851 0.780 0.848 0.703 0.843 0.596 0.955 0.647
FABP3 18 months 656,531.23 (650,406.72) 1,216,359.82 (1,600,944.1) 1,210,246.46 (1,189,060.66) 2.54E209 0.089 4.66E206 0.609 5.04E210 0.108 0.732 0.407
PPY 18 months 754,884.28 (942,461.94) 1,100,224.7 (863,039.37) 933,822.1 (1,500,440.09) 0.001 0.645 1.59E206 0.012 1.89E204 0.244 0.005 0.005
I309 18 months 745,631.85 (889,056.6) 1,177,579.61 (1,258,715.97) 742,981.38 (861,920.76) 0.037 0.307 1.16E204 0.132 0.011 0.785 0.006 0.026
SAA 18 months 725,269.34 (856,747.47) 1,220,882.21 (1,766,987.01) 892,634.17 (1,079,246.36) 0.024 0.132 0.005 0.012 0.012 0.038 0.230 0.531
CRP 18 months 802,298.22 (1,013,351.45) 756,708.33 (1,093,736.16) 931,625.38 (1,460,346.78) 0.259 0.715 0.078 0.383 0.196 0.491 0.302 0.433
sVCAM 18 months 692,349.99 (783,842.15) 1,089,117.41 (1,411,766.29) 970,385 (1,438,177.48) 1.39E204 0.695 0.001 0.580 5.73E205 0.528 0.552 0.973
sICAM 18 months 715,202.24 (925,269.56) 954,110.77 (1,174,231.67) 955,533.97 (1,243,870.25) 0.013 0.720 0.040 0.758 0.011 0.732 0.880 0.732
A2M 18 months 1,799,650,345.22 (534,498,021.57) 1,976,590,545.15 (633,002,758.16) 1,847,123,591.56 (500,192,450.05) 0.006 0.611 0.006 0.669 0.310 0.798 0.196 0.312
B2M 18 months 2,381,850.43 (907,635.57) 2,765,830.14 (965,757.82) 2,658,577.56 (1,076,595.34) 5.79E206 0.598 1.83E205 0.267 0.012 0.989 0.246 0.500
fVII 18 months 860,000.98 (217,912.04) 896,958.07 (219,752.27) 871,258.44 (219,811.81) 0.150 0.197 0.127 0.553 0.639 0.431 0.452 0.932
Adipo 18 months 73,569,851.3 (39,896,168.21) 88,122,933.79 (49,723,473.27) 91,055,858.46 (47,752,718.81) 1.36E205 0.046 0.002 0.148 1.61E204 0.002 0.505 0.124
ApoJ 18 months 35,079,670.75 (6,775,600.88) 40,217,838.62 (8,576,304.99) 37,220,101.86 (7,678,193.84) 4.58E209 2.54E204 1.11E209 2.20E204 0.012 0.072 0.020 0.151
TPO 36 months 703,881.17 (822,936.35) 1,077,448.34 (1,296,890.2) 788,618.72 (667,868.9) 0.009 0.264 0.015 0.646 0.005 0.499 0.583 0.728
IL-18 36 months 746,645.04 (858,530.23) 810,618.65 (1,376,366.07) 838,000.74 (1,111,612.79) 0.792 0.951 0.453 0.691 0.714 0.638 0.526 0.807
FABP3 36 months 822,703.27 (1,049,183.88) 981,094.25 (933,201.02) 1,201,488.19 (1,363,089.1) 5.49E205 0.855 0.006 0.292 5.38E205 0.495 0.695 0.338
PPY 36 months 781,974.64 (989,104.79) 1,151,973.57 (1,092,561.08) 954,990.77 (1,174,520.34) 0.006 0.603 1.10E204 0.059 0.002 0.445 0.046 0.054
I309 36 months 838,533.81 (1,078,746.36) 1,353,072.01 (1,746,175.95) 804,245.28 (931,700.18) 0.145 0.071 1.10E204 0.235 0.047 0.255 0.001 0.011
SAA 36 months 767,652.82 (800,384.12) 1,345,618.34 (1,628,667.49) 981,199.98 (1,443,722.11) 0.007 0.032 1.80E204 0.004 0.002 0.007 0.063 0.327
CRP 36 months 814,023.99 (954,192.13) 1,026,815.36 (1,628,202.09) 743,721.04 (864,164.17) 0.326 0.893 0.979 0.328 0.382 0.887 0.416 0.354
sVCAM 36 months 792,271.17 (881,653.84) 1,384,448.99 (1,597,444.07) 1,030,504.74 (1,333,138.23) 5.53E206 0.118 5.85E207 0.005 4.81E207 0.020 0.051 0.107
sICAM 36 months 810,655.53 (993,834.31) 1,252,178.56 (1,731,630.77) 1,025,007.5 (1,135,948.28) 0.004 0.431 0.003 0.269 0.002 0.206 0.353 0.473
A2M 36 months 1,829,309,760.37 (546,555,071.17) 1,994,538,938.13 (671,081,010.33) 1,846,566,354.11 (471,139,174.28) 0.133 0.671 0.030 0.503 0.929 0.366 0.059 0.236
B2M 36 months 2,449,468.3 (902,701.5) 2,906,874.61 (1,081,026.87) 2,732,263.3 (1,245,439.21) 9.75E205 0.181 1.34E204 0.125 0.038 0.580 0.133 0.315
fVII 36 months 858,762.71 (211,954.37) 908,875.33 (231,706.93) 888,053.93 (244,355.77) 0.524 0.574 0.242 0.613 0.760 0.678 0.238 0.182
Adipo 36 months 76,456,574.56 (42,427,744.89) 89,827,129.94 (50,476,152.8) 96,095,398.58 (98,293,155.58) 0.001 0.096 1.76E204 0.025 0.212 0.443 0.023 0.286
ApoJ 36 months 35,837,220.52 (6,875,230.87) 40,429,122.93 (8,704,482.98) 37,761,901.99 (7,900,428.96) 0.003 0.061 0.015 0.205 0.048 0.152 0.556 0.552

Abbreviations: AD, Alzheimer’s disease; SD, standard deviation; TPO, thrombopoietin; IL-18, interleukin-18; FABP3, fatty acid binding protein; PPY, pancreatic polypeptide Y; I309, chemokine I309; SAA,

serum amyloid A; CRP, C-reactive protein; sVCAM, soluble vascular adhesion molecule; sICAM, soluble intercellular adhesion molecule; A2M, alpha-2-macroglobulin; B2M, beta-2 microglobulin; FVII, Factor

VII; adipo, adiponectin; apoJ, apolipoprotein J.
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Table 5

Correlation between SUVR and protein biomarkers

Biomarker All groups HC MCI AD

Baseline

TPO 0.085 0.039 0.315 20.284

IL-18 0.097 0.095 0.086 0.147

FABP3 0.186 0.068 0.522 0.242

PPY 0.21 0.116 0.345 20.011

I309 0.047 20.051 0.354 20.189

SAA 0.065 0.073 0.056 20.021

CRP 20.009 0.019 20.069 0.168

sVCAM 0.194 0.111 0.272 20.305

sICAM 0.159 0.101 0.181 0.053

A2M 0.064 0.063 0.103 20.11

B2M 0.147 0.128 0.237 20.005

fVII 0.068 0.027 0.164 0.167

Adipo 0.069 0.016 0.099 20.062

ApoJ 0.03 0.013 0.01 20.129

18 months

TPO 0.103 0.033 0.563 20.264

IL-18 0.036 20.02 0.094 0.158

FABP3 0.168 0.029 0.434 0.187

PPY 0.179 0.109 0.328 20.11

I309 0.03 20.025 0.246 20.197

SAA 20.009 20.04 0.07 0.005

CRP 20.087 20.052 20.176 0.091

sVCAM 0.141 0.041 0.012 0.024

sICAM 0.067 0.039 0.094 20.11

A2M 0.011 20.022 0.035 20.191

B2M 0.077 20.005 0.176 20.239

fVII 20.019 20.087 0.211 20.008

Adipo 0.082 0.01 0.258 20.167

ApoJ 20.006 20.026 20.023 20.294

36 months

TPO 0.082 0.072 0.066 0

IL-18 0.067 0.074 20.105 0.191

FABP3 0.113 20.012 0.21 0.399

PPY 0.116 20.008 0.197 20.139

I309 20.004 20.045 0.026 0.052

SAA 0.006 0.039 20.013 0.069

CRP 20.079 0.045 20.079 0.104

sVCAM 0.158 0.063 0.052 0.13

sICAM 0.101 0.132 20.013 0.095

A2M 20.043 20.024 0.235 20.098

B2M 0.004 0.005 0 0.02

fVII 20.115 20.097 20.279 20.163

Adipo 0.081 0.004 0.382 20.098

ApoJ 20.005 20.007 20.265 20.085

Abbreviations: SUVR, standardized uptake value ratio; HC, healthy

control; MCI, mild cognitive impairment; AD, Alzheimer’s disease;

TPO, thrombopoietin; IL-18, interleukin-18; FABP3, fatty acid binding

protein; PPY, pancreatic polypeptide Y; I309, chemokine I309; SAA,

serum amyloid A; CRP, C-reactive protein; sVCAM, soluble vascular

adhesion molecule; sICAM, soluble intercellular adhesion molecule;

A2M, alpha-2-macroglobulin; B2M, beta-2 microglobulin; FVII, Factor

VII; adipo, adiponectin; apoJ, apolipoprotein J.
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effective treatment, early diagnosis of AD is essential. How-
ever, apart from amyloid imaging, there are no established
blood biomarkers for AD. Many biomarkers reported in
the literature were limited by cohorts that were not charac-
terized specifically for AD or were the result of cross-
sectional studies. Blood-based biomarkers are considered
by many as a significant step forward to improve diagnostic
specificity and as a bridge between potential interventions
and monitoring of the disease progression.

The current selection of biomarkers has been highlighted
by previous work and warranted validation as to their useful-
ness. In this regard, we have measured their changes in the
participants of the well characterized AIBL cohort where
cognitive and lifestyle characteristics of each participant
are well documented and may be compared. This work
was undertaken to set the stage for a programmatic line of
work seeking to identify biomarkers of potential relevance
to predicting risk for future AD and current clinical diag-
nosis. Although the results from the current are internally
and not externally validated, the biomarkers investigated
were chosen on the basis that they had previously shown
some association with AD, thus by assessing each of the
markers in a large and well-characterized cohort, we have
been able to contribute to the evidence base defining their
potential use in AD prediction and diagnosis. The current
work clearly identifies signals across multiple plasma-
based biomarkers that warrant further investigation and
shows that many markers are not validated after adjustment
for disease-modifying confounders.

Initial cross-sectional analysis of our data with propor-
tional odds logistic regression revealed that 11 of the 14 tested
analyte levels changed over the 36months betweenHC,MCI,
and AD before adjustment for covariates and multiple
comparisons. The analytes that demonstrated no change
were IL-18, CRP, and FVII. After accounting for the influ-
ences of age, sex, APOE genotype, and site with the general-
ized linear model statistical method, we found that the apoJ
and I309 levels are raised in AD category compared with
HC and MCI participants, respectively, at each of the base-
line, 18- and 36-month sample times. This suggests that these
molecules might be affected or even have direct roles in the
brain as it undergoes pathological changes.

ApoJ, also known as clusterin, was initially discovered
over 20 years ago as a molecule which causes some testic-
ular cells and erythrocytes to cluster and aggregate [24]. It
appears to be associated with apoptosis in tissues that
have been injured or undergoing regression or involution
[25–29]; however, its pathological significance remains
unclear. Determining the primary function of apoJ is
complicated by its propensity to interact with a range of
molecules, including itself [30]. It has been thought of as
an extracellular heat shock protein due to the presence of
a heat shock DNA element in its promoter region [31]. It
behaves much like an extracellular version of small heat
shock proteins that chaperone misfolded proteins to remain
soluble [32]. Its expression is upregulated in many
processes including development [33], response to injury
and stress, apoptosis [34,35], and neurodegeneration [36].
Therefore, it is no surprise that we find apoJ to be signifi-
cantly increased in our AD participants compared with
their HC counterparts in all of the assessment periods. On
examination of apoJ, when the status of participants transits
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from HC to MCI or AD, it appears that this analyte does not
change markedly. These results suggest that apoJ, as
measured in the current protocols, may be most relevant
to the specific COU of detecting AD and perhaps moni-
toring progression within AD rather than the COU of
predicting future risk of AD although more work is needed.

In human plasma, this molecule is carried as a component
of high density lipoprotein (HDL) [37,38]. As a molecule in
the brain, it exists as a lower molecular weight form [39]
that is bound to HDL particles [40]. It has been identified in
noncovalent reversible complexes with soluble Ab and
some evidence suggests that it might cross the blood-brain
barrier [41,42]. The molecular weight differences between
liver-derived plasma apoJ and the astrocyte-derived form in
the brain are likely due to variation in glycosylation between
these two compartments.

This may be of functional significance for the AD brain
because intracellular forms of apoJ lack glycosylation [43]
before secretion and also appear to lack chaperone activity
[44]. These characteristics coupled with its ability to bind
a variety of molecules has led to the theory that secreted
apoJ is a molecular chaperone for extracellular misfolded
proteins [45–47]. There has been speculation that apoJ
might be a physiological carrier of Ab, and indeed, there
is evidence showing a reduction of Ab toxicity through its
sequestrating action [48]. Because of this, interest in post-
translational modification of apoJ has expanded. Although
it is known that differentially modified forms of apoJ are
made by different tissues [39,49], the significance of these
modifications are slowly being discovered [50].

Altered levels of apoJ are not only important for AD
[51–53], but also for other conditions [54,55], some of
which are linked to metabolic syndrome [56–60], another
risk factor for AD. It would be interesting to investigate
the altered apoJ levels observed between the AD and
healthy participants over time in light of post-
translational modifications. Further monitoring of our
cohort is still ongoing to gather more conclusive data.
ApoJ may yet be a useful early monitoring tool in combina-
tion with other biomarkers for cases of suspected AD.

PPY also demonstrated differences when examining our
data in those participants whose clinical status was AD.
This applied for all three periodic assessments, where the
AD group exhibited higher levels of PPY compared with
HC. This molecule has been identified in previous blood-
based biomarker investigations [3,8,9,61,62] as being
associated with MCI and AD but its role is currently
unclear. PPY is a small signaling molecule secreted by PP
cells at the periphery of Islets of Langerhans within the
pancreas and released into the circulation after a meal
[63]. The most widely accepted function for PPY is the regu-
lation of postprandial appetite suppression via actions on the
gastrointestinal tract and brain [64] via the Y4 and Y5 neu-
ropeptide receptors which initiate vagal signaling [65,66].
However, it has also been shown to control other
pancreatic secretions [67–71]. An impaired feeding
induced response from the gut that produces low levels of
PPY is associated with obesity and hyperphagia [72,73],
whereas excess PPY results in weight loss [74]. In the
AIBL cohort, the AD participants have lower averageweight
[16], suggesting that an overproduction of PPY might be a
factor. This could arise from an over stimulation of the vagal
nerve [75]. Interestingly, vagal nerve stimulation was once
considered as a treatment for AD [76] because of previously
observed improvements in cognition and depression from
this treatment [77,78]. This suggests that increased PPY
may have relationship with dietary physiology and might
be a response to AD brain pathology hence is most likely
relevant for COU of AD diagnosis.

Adipo is a protein hormone which has come to light due
to its connection with antiobesity [79] and neuroprotective
effects. It regulates many functions including inflammatory
response [80], food intake, glucose regulation [81], and fatty
acid catabolism in the periphery. It is secreted into the circu-
lation by adipose tissue as a collection of full-length species
ranging up to trimeric and larger species and even globular
form. Indeed, low levels of adipo are considered a risk factor
for metabolic syndrome [82], which itself is a risk factor for
AD. In our cohort, increased adipo levels were seen in the
AD participants over their HC counterparts at baseline and
36-month sampling periods. This increase is consistent
with previous work [83,84] which also shows that there is
some correlation in CSF. Although the 18-month period
showed a similar trend, this might suggest that the alteration
is a gradual process in response to changing brain pathology.
This may also be a response to neuroinflammation because it
is a relatively abundant anti-inflammatory adipokine which
concomitantly reduces expression of proinflammatory
cytokines [85] while increasing anti-inflammatory cytokines
[86]. This work suggests that adipo may be of most use in the
specific COU of AD diagnostics.

Among the biomarkers tested in the transition from MCI
to AD, chemokine I-309 (CCL1) was found to show the most
significant changes. This is consistent with previous work in
CSF where it was associated with cognitive decline [1] and
in other biomarker panels [9,87]. This molecule is a
glycoprotein that is secreted by activated T-lymphocytes
[88,89] and is related to a class of inflammatory cytokines
that carry the C-C motif. Its primary function appears to
be to attract monocytes, natural killer cells, immature B
cells, and dendritic cells, which all carry the necessary
CCR8 receptor [90]. It also elicits activation of monocyte
intracellular calcium mobilization as part of the immune
response [89].

Generally, chemokines are produced locally at sites of
inflammation or infection to regulate recruitment of other
immune cells such as leukocytes and lymphocytes. The
consistent increase of I-309 in the MCI-AD transition partic-
ipants could indicate increasing brain injury or pathology.
Chemokines are typically released by endothelial cells on
stimulation by inflammatory cytokines [91–93], but I-309
is unusual because it is released by the more mobile
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T-lymphocytes, which could suggest a wider immune
response from the body. One of the possible effects may
be to attract immune cells to injured areas, such as to help
clear away amyloid as seen in studies of the similar CCL2
receptor [94]. The current data suggest that plasma I-309
levels may be most useful in the COU of detecting AD
and distinguishing AD from MCI. Interestingly, we also
find it to be changed significantly in those who underwent
transition from MCI to AD over all three test periods. It is
possible that specific alterations of I-309 at specific time
points may also be indicative of imminent likelihood of
transition from MCI to AD.

sVCAM1 belongs to a class of cell adhesion molecules
(CAMs), binding proteins that appear to be important in
inflammatory or injury processes involving the endothelium
and blood cells, such as platelets. These soluble molecules
are generally present in the circulation near sites of injury to
the endothelium, such as an atherosclerotic plaque [95–99].
After cytokine activation, CAMS are released into the
circulation, which may then be detected. It has been
reported that measurement of these molecules could be
useful in diagnosis of cardiovascular injury [100–103].
When comparing the HC with AD participants, sVCAM
did not change markedly until 36 months in our study.
This delay might indicate that sVCAM might be a
reparatory physiological response to injury and
inflammation, rather than an initiator that directly
influences the pathology because it is upregulated in
endothelial cells that have been stimulated by cytokines
[104]. It mediates the adhesion of lymphocytes, monocytes,
eosinophils, and basophils to the vasculature [105,106] and
is implicated in the early stages of atherosclerosis [107].
This suggests that peripheral vascular injury contributes
to the pathology of the AD-affected brain. Further follow-
up examinations of the cohort would help to shed more light
on the physiological processes involved.

There are significant advantages of the present study
over much prior work. First, the current work examined
longitudinal change in multiple previously identified poten-
tial AD blood-based biomarkers. In addition, the sample
size is significantly larger than much prior work and the
deep phenotypic characterization of the AIBL cohort is
an additional advantage. In the current work, multiple
biomarkers were examined longitudinally to identify a set
of markers for further examination in the COU of
diagnosing and predicting future risk of AD. In this
work, multiple markers were supported as potential diag-
nostic AD biomarkers while others were only likely useful
for future risk prediction. As was pointed out recently by
an international working group (including the current
team), the first step in moving biomarker discovery to
potential clinical use is the identification and initial support
of the biomarkers within the specific COU. The current
work addresses that first step and sets the stage for move-
ment toward (1) additional replication of these biomarkers
(individually and in combination) as well as (2) discovery
of additional biomarkers of relevance to this specific COU.
The AIBL cohort provides a unique cohort for these next
steps, which will then be replicated across independent
cohorts.
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RESEARCH IN CONTEXT

1. Systematic review: Blood biomarkers have attracted
a great deal of attention in recent times in regards to
early diagnosis and monitoring of Alzheimer’s dis-
ease (AD); however, there is a huge inconsistency
in the field.

2. Interpretation: We have used plasma samples from
the Australian Imaging, Biomarkers and Lifestyle
(AIBL) Study of Ageing cohort to specifically
answer the question if plasma protein biomarkers
can be used for diagnostic accuracy. Our results
show that levels of I309 and PPY were significantly
increased in AD participants compared with MCI
participants over time. We also showed apolipopro-
tein J to be increased in AD patients compared
with healthy participants longitudinally.

3. Future directions: The current work addresses that
first step and sets the stage for movement towards
(1) additional replication of these biomarkers (indi-
vidually and in combination) as well as (2) discovery
of additional biomarkers of relevance to this specific
COU. The AIBL cohort provides a unique cohort for
these next steps, which will then be replicated across
independent cohorts.

http://www.AIBL.csiro.au


V.B. Gupta et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 8 (2017) 60-7270
References

[1] Hu WT, Chen-Plotkin A, Arnold SE, Grossman M, Clark CM,

Shaw LM, et al. Novel CSF biomarkers for Alzheimer’s disease

and mild cognitive impairment. Acta Neuropathol 2010;

119:669–78.

[2] Roher AE, Maarouf CL, Sue LI, Hu Y, Wilson J, Beach TG. Prote-

omics-derived cerebrospinal fluidmarkers of autopsy-confirmedAlz-

heimer’s disease. Biomarkers 2009;14:493–501.

[3] Craig-Schapiro R, KuhnM, Xiong C, Pickering EH, Liu J, Misko TP,

et al. Multiplexed immunoassay panel identifies novel CSF bio-

markers for Alzheimer’s disease diagnosis and prognosis. PLoS

One 2011;6:e18850.

[4] Ray S, Britschgi M, Herbert C, Takeda-Uchimura Y, Boxer A,

Blennow K, et al. Classification and prediction of clinical Alz-

heimer’s diagnosis based on plasma signaling proteins. Nat Med

2007;13:1359–62.

[5] Gomez Ravetti M, Moscato P. Identification of a 5-protein biomarker

molecular signature for predicting Alzheimer’s disease. PLoS One

2008;3:e3111.

[6] Marksteiner J, Kemmler G, Weiss EM, Knaus G, Ullrich C,

Mechtcheriakov S, et al. Five out of 16 plasma signaling proteins

are enhanced in plasma of patients with mild cognitive impairment

and Alzheimer’s disease. Neurobiol Aging 2011;32:539–40.

[7] Bjorkqvist M, Ohlsson M, Minthon L, Hansson O. Evaluation of a

previously suggested plasma biomarker panel to identify Alzheimer’s

disease. PLoS One 2012;7:e29868.

[8] Doecke JD, Laws SM, Faux NG, Wilson W, Burnham SC, Lam CP,

et al. Blood-based protein biomarkers for diagnosis of Alzheimer dis-

ease. Arch Neurol 2012;69:1318–25.

[9] O’Bryant SE, Xiao G, Barber R, Huebinger R, Wilhelmsen K,

Edwards M, et al. A blood-based screening tool for Alzheimer’s dis-

ease that spans serum and plasma: findings from TARC and ADNI.

PLoS One 2011;6:e28092.

[10] O’Bryant SE, Xiao G, Barber R, Reisch J, Hall J, CullumCM, et al. A

blood-based algorithm for the detection of Alzheimer’s disease. De-

ment Geriatr Cogn Disord 2011;32:55–62.

[11] Laske C, Leyhe T, Stransky E, Hoffmann N, Fallgatter AJ, Dietzsch J.

Identification of a blood-based biomarker panel for classification of

Alzheimer’s disease. Int J Neuropsychopharmacol 2011;14:1147–55.

[12] Johnstone D, Milward EA, Berretta R, Moscato P. Multivariate protein

signatures of pre-clinical Alzheimer’s disease in the Alzheimer’s Dis-

ease Neuroimaging Initiative (ADNI) plasma proteome dataset. PLoS

One 2012;7:e34341.

[13] Soares HD, Potter WZ, Pickering E, Kuhn M, Immermann FW,

Shera DM, et al. Plasma biomarkers associated with the apolipopro-

tein E genotype and Alzheimer disease. Arch Neurol 2012;

69:1310–7.

[14] Thambisetty M, Simmons A, Hye A, Campbell J, Westman E,

Zhang Y, et al. Plasma biomarkers of brain atrophy in Alzheimer’s

disease. PLoS One 2011;6:e28527.

[15] Ewers M, Mielke MM, Hampel H. Blood-based biomarkers of

microvascular pathology in Alzheimer’s disease. Exp Gerontol

2010;45:75–9.

[16] Ellis KA, Bush AI, Darby D, De Fazio D, Foster J, Hudson P, et al.

The Australian Imaging, Biomarkers and Lifestyle (AIBL) study of

aging: methodology and baseline characteristics of 1112 individuals

recruited for a longitudinal study of Alzheimer’s disease. Int Psycho-

geriatr 2009;21:672–87.

[17] TierneyMC, Fisher RH, Lewis AJ, ZorzittoML, SnowWG, Reid DW,

et al. The NINCDS-ADRDAWork Group criteria for the clinical diag-

nosis of probable Alzheimer’s disease: a clinicopathologic study of 57

cases. Neurology 1988;38:359–64.

[18] Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH,

Fox NC, et al. The diagnosis of mild cognitive impairment due to

Alzheimer’s disease: recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guide-

lines for Alzheimer’s disease. Alzheimers Dement 2011;7:270–9.

[19] Hixson JE, Vernier DT. Restriction isotyping of human apolipoprotein

E by gene amplification and cleavage with HhaI. J Lipid Res 1990;

31:545–8.

[20] Hye A, Riddoch-Contreras J, Baird AL, Ashton NJ, Bazenet C,

Leung R, et al. Plasma proteins predict conversion to dementia

from prodromal disease. Alzheimers Dement 2014;10:799–8072.

[21] Pike KE, Savage G, Villemagne VL, Ng S, Moss SA, Maruff P, et al.

Beta-amyloid imaging and memory in non-demented individuals: ev-

idence for preclinical Alzheimer’s disease. Brain 2007;130:2837–44.

[22] Burnham SC, Faux NG, Wilson W, Laws SM, Ames D, Bedo J, et al.

A blood-based predictor for neocortical Abeta burden in Alzheimer’s

disease: results from the AIBL study. Mol Psychiatry 2014;

19:519–26.

[23] Rembach A, Watt AD, Wilson WJ, Villemagne VL, Burnham SC,

Ellis KA, et al. Plasma amyloid-beta levels are significantly

associated with a transition toward Alzheimer’s disease as measured

by cognitive decline and change in neocortical amyloid burden. J

Alzheimers Dis 2014;40:95–104.

[24] Fritz IB, Burdzy K, Setchell B, Blaschuk O. Ram rete testis fluid con-

tains a protein (clusterin) which influences cell-cell interactions

in vitro. Biol Reprod 1983;28:1173–88.

[25] Leger JG, Montpetit ML, Tenniswood MP. Characterization and

cloning of androgen-repressed mRNAs from rat ventral prostate.

Biochem Biophys Res Commun 1987;147:196–203.

[26] Bettuzzi S, Troiano L, Davalli P, Tropea F, Ingletti MC, Grassilli E,

et al. In vivo accumulation of sulfated glycoprotein 2 mRNA in rat

thymocytes upon dexamethasone-induced cell death. Biochem Bio-

phys Res Commun 1991;175:810–5.

[27] Ide H, Yeldandi AV, Reddy JK, Rao MS. Increased expression of

sulfated glycoprotein-2 and DNA fragmentation in the pancreas of

copper-deficient rats. Toxicol Appl Pharmacol 1994;126:174–7.

[28] French LE, Soriano JV, Montesano R, Pepper MS. Modulation of

clusterin gene expression in the rat mammary gland during preg-

nancy, lactation, and involution. Biol Reprod 1996;55:1213–20.

[29] May PC, Clemens JA, Panetta JA, Smalstig EB, Stephenson D,

Fuson KS. Induction of sulfated glycoprotein-2 (clusterin) and glial

fibrillary acidic protein (GFAP) RNA expression following

transient global ischemia is differentially attenuated by LY231617.

Brain Res Mol Brain Res 1996;42:145–8.

[30] BlaschukO, BurdzyK, Fritz IB. Purification and characterization of a

cell-aggregating factor (clusterin), the major glycoprotein in ram rete

testis fluid. J Biol Chem 1983;258:7714–20.

[31] Michel D, Chatelain G, North S, Brun G. Stress-induced transcription

of the clusterin/apoJ gene. Biochem J 1997;328:45–50.

[32] Poon S, Easterbrook-Smith SB, Rybchyn MS, Carver JA,

Wilson MR. Clusterin is an ATP-independent chaperone with very

broad substrate specificity that stabilizes stressed proteins in a

folding-competent state. Biochemistry 2000;39:15953–60.

[33] O’Bryan MK, Cheema SS, Bartlett PF, Murphy BF, Pearse MJ. Clus-

terin levels increase during neuronal development. J Neurobiol 1993;

24:421–32.

[34] Viard I, Wehrli P, Jornot L, Bullani R, Vechietti JL, Schifferli JA,

et al. Clusterin gene expression mediates resistance to apoptotic

cell death induced by heat shock and oxidative stress. J Invest Derma-

tol 1999;112:290–6.

[35] Bailey RW, Aronow B, Harmony JA, Griswold MD. Heat shock-

initiated apoptosis is accelerated and removal of damaged cells is de-

layed in the testis of clusterin/ApoJ knock-out mice. Biol Reprod

2002;66:1042–53.

[36] McGeer PL, Kawamata T, Walker DG. Distribution of clusterin in

Alzheimer brain tissue. Brain Res 1992;579:337–41.

[37] de Silva HV, Harmony JA, Stuart WD, Gil CM, Robbins J. Apolipo-

protein J: structure and tissue distribution. Biochemistry 1990;

29:5380–9.

http://refhub.elsevier.com/S2352-8729(17)30025-8/sref1
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref1
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref1
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref1
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref2
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref2
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref2
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref3
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref3
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref3
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref3
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref4
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref4
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref4
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref4
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref5
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref5
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref5
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref6
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref6
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref6
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref6
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref7
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref7
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref7
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref8
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref8
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref8
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref9
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref9
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref9
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref9
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref10
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref10
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref10
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref11
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref11
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref11
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref12
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref12
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref12
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref12
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref13
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref13
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref13
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref13
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref14
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref14
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref14
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref15
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref15
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref15
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref16
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref16
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref16
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref16
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref16
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref17
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref17
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref17
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref17
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref18
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref18
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref18
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref18
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref18
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref19
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref19
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref19
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref20
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref20
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref20
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref21
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref21
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref21
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref22
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref22
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref22
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref22
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref23
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref23
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref23
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref23
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref23
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref24
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref24
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref24
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref25
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref25
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref25
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref26
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref26
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref26
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref26
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref27
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref27
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref27
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref28
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref28
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref28
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref29
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref29
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref29
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref29
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref29
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref30
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref30
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref30
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref31
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref31
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref32
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref32
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref32
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref32
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref33
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref33
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref33
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref34
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref34
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref34
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref34
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref35
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref35
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref35
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref35
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref36
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref36
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref37
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref37
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref37


V.B. Gupta et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 8 (2017) 60-72 71
[38] Jongbloed W, Herrebout MA, Blankenstein MA, Veerhuis R. Quan-

tification of clusterin in paired cerebrospinal fluid and plasma sam-

ples. Ann Clin Biochem 2014;51:557–67.

[39] Oda T, Pasinetti GM, Osterburg HH, Anderson C, Johnson SA,

Finch CE. Purification and characterization of brain clusterin.

Biochem Biophys Res Commun 1994;204:1131–6.

[40] DeMattos RB, Brendza RP, Heuser JE, KiersonM, Cirrito JR, Fryer J,

et al. Purification and characterization of astrocyte-secreted apolipo-

protein E and J-containing lipoproteins from wild-type and human

apoE transgenic mice. Neurochem Int 2001;39:415–25.

[41] Ghiso J, Matsubara E, Koudinov A, Choi-Miura NH, Tomita M,

Wisniewski T, et al. The cerebrospinal-fluid soluble form of Alz-

heimer’s amyloid beta is complexed to SP-40,40 (apolipoprotein J),

an inhibitor of the complement membrane-attack complex. Biochem

J 1993;293:27–30.

[42] Koudinov A,Matsubara E, Frangione B, Ghiso J. The soluble form of

Alzheimer’s amyloid beta protein is complexed to high density lipo-

protein 3 and very high density lipoprotein in normal human plasma.

Biochem Biophys Res Commun 1994;205:1164–71.

[43] Kang SW, Yoon SY, Park JY, Kim DH. Unglycosylated clusterin

variant accumulates in the endoplasmic reticulum and induces cyto-

toxicity. Int J Biochem Cell Biol 2013;45:221–31.

[44] Rohne P, Prochnow H, Wolf S, Renner B, Koch-Brandt C. The chap-

erone activity of clusterin is dependent on glycosylation and redox

environment. Cell Physiol Biochem 2014;34:1626–39.

[45] Wyatt A, Yerbury J, Poon S, Dabbs R, Wilson M. Chapter 6: The

chaperone action of clusterin and its putative role in quality control

of extracellular protein folding. Adv Cancer Res 2009;104:89–114.

[46] Wyatt AR, Wilson MR. Identification of human plasma proteins as

major clients for the extracellular chaperone clusterin. J Biol Chem

2010;285:3532–9.

[47] Wyatt AR, Yerbury JJ, Berghofer P, Greguric I, Katsifis A,

Dobson CM, et al. Clusterin facilitates in vivo clearance of extracel-

lular misfolded proteins. Cell Mol Life Sci 2011;68:3919–31.

[48] Narayan P, Orte A, Clarke RW, Bolognesi B, Hook S, Ganzinger KA,

et al. The extracellular chaperone clusterin sequesters oligomeric

forms of the amyloid-beta(1-40) peptide. Nat Struct Mol Biol

2012;19:79–83.

[49] Kapron JT, Hilliard GM, Lakins JN, Tenniswood MP, West KA,

Carr SA, et al. Identification and characterization of glycosylation

sites in human serum clusterin. Protein Sci 1997;6:2120–33.

[50] Liang HC, Russell C, Mitra V, Chung R, Hye A, Bazenet C, et al.

Glycosylation of human plasma clusterin yields a novel candidate

biomarker of Alzheimer’s disease. J Proteome Res 2015;14:5063–76.

[51] Gupta VB, Doecke JD, Hone E, Pedrini S, Laws SM, ThambisettyM,

et al. Plasma apolipoprotein J as a potential biomarker for Alz-

heimer’s disease: Australian Imaging, Biomarkers and Lifestyle

study of aging. Alzheimers Dement (Amst) 2016;3:18–26.

[52] Miners JS, Clarke P, Love S. Clusterin levels are increased in

Alzheimer’s disease and influence the regional distribution of Abeta.

Brain Pathol 2017;27:305–13.

[53] Zhang S, Li X, Ma G, Jiang Y, Liao M, Feng R, et al. CLU rs9331888

polymorphism contributes to Alzheimer’s disease susceptibility in

Caucasian but not East Asian populations. Mol Neurobiol 2016;

53:1446–51.

[54] Niccoli Asabella A, Ruggeri M, Rubini D, Polimeno L, Spinelli C,

PolitoM, et al. Correlation between cognitive impairment and plasma

levels of clusterin/ApoJ in Parkinson disease patients not affected by

dementia. Recenti Prog Med 2013;104:393–7.

[55] Vareka I, Stejskal D, Varekova R, Burianova K, Hnatek J. Changes in

clusterin serum concentration levels in oncologic patients during the

course of spa therapy–a pilot study. Biomed Pap Med Fac Univ Pal-

acky Olomouc Czech Repub 2009;153:117–20.

[56] Won JC, Park CY, Oh SW, Lee ES, Youn BS, Kim MS. Plasma clus-

terin (ApoJ) levels are associated with adiposity and systemic inflam-

mation. PLoS One 2014;9:e103351.
[57] Cubedo J, Padro T, Garcia-Moll X, Pinto X, Cinca J, Badimon L. Pro-

teomic signature of Apolipoprotein J in the early phase of new-onset

myocardial infarction. J Proteome Res 2011;10:211–20.

[58] Pettersson C, Karlsson H, Stahlman M, Larsson T, Fagerberg B,

Lindahl M, et al. LDL-associated apolipoprotein J and lysozyme

are associated with atherogenic properties of LDL found in type 2

diabetes and the metabolic syndrome. J Intern Med 2011;

269:306–21.

[59] Poulakou MV, Paraskevas KI, Wilson MR, Iliopoulos DC, Tsigris C,

Mikhailidis DP, et al. Apolipoprotein J and leptin levels in patients

with coronary heart disease. In Vivo 2008;22:537–42.

[60] Skaggs BJ, Hahn BH, Sahakian L, Grossman J, McMahon M.

Dysfunctional, pro-inflammatory HDL directly upregulates mono-

cyte PDGFRbeta, chemotaxis and TNFalpha production. Clin Immu-

nol 2010;137:147–56.

[61] Hu WT, Holtzman DM, Fagan AM, Shaw LM, Perrin R, Arnold SE,

et al. Plasma multianalyte profiling in mild cognitive impairment and

Alzheimer disease. Neurology 2012;79:897–905.

[62] Sattlecker M, Kiddle SJ, Newhouse S, Proitsi P, Nelson S,

Williams S, et al. Alzheimer’s disease biomarker discovery using SO-

MAscan multiplexed protein technology. Alzheimers Dement 2014;

10:724–34.

[63] Fiocca R, Sessa F, Tenti P, Usellini L, Capella C, O’Hare MM, et al.

Pancreatic polypeptide (PP) cells in the PP-rich lobe of the human

pancreas are identified ultrastructurally and immunocytochemically

as F cells. Histochemistry 1983;77:511–23.

[64] Adrian TE, Besterman HS, Cooke TJ, Bloom SR, Barnes AJ,

Russell RC. Mechanism of pancreatic polypeptide release in man.

Lancet 1977;1:161–3.

[65] Asakawa A, Inui A, Yuzuriha H, Ueno N, Katsuura G, Fujimiya M,

et al. Characterization of the effects of pancreatic polypeptide in

the regulation of energy balance. Gastroenterology 2003;

124:1325–36.

[66] McTigue DM, Edwards NK, Rogers RC. Pancreatic polypeptide in

dorsal vagal complex stimulates gastric acid secretion and motility

in rats. Am J Physiol 1993;265:G1169–76.

[67] Adrian TE, Besterman HS, Mallinson CN, Greenberg GR,

Bloom SR. Inhibition of secretin stimulated pancreatic secretion by

pancreatic polypeptide. Gut 1979;20:37–40.

[68] Gettys TW, Tanaka I, Taylor IL. Modulation of pancreatic exocrine

function in rodents by treatment with pancreatic polypeptide.

Pancreas 1992;7:705–11.

[69] Greenberg GR, McCloy RF, Adrian TE, Chadwick VS, Baron JH,

Bloom SR. Inhibition of pancreas and gallbladder by pancreatic poly-

peptide. Lancet 1978;2:1280–2.

[70] Louie DS,Williams JA, Owyang C. Action of pancreatic polypeptide

on rat pancreatic secretion: in vivo and in vitro. Am J Physiol 1985;

249:G489–95.

[71] Putnam WS, Liddle RA, Williams JA. Inhibitory regulation of rat

exocrine pancreas by peptide YY and pancreatic polypeptide. Am J

Physiol 1989;256:G698–703.

[72] Lassmann V, Vague P, Vialettes B, Simon MC. Low plasma levels of

pancreatic polypeptide in obesity. Diabetes 1980;29:428–30.

[73] Marco J, Zulueta MA, Correas I, VillanuevaML. Reduced pancreatic

polypeptide secretion in obese subjects. J Clin Endocrinol Metab

1980;50:744–7.

[74] Berntson GG, Zipf WB, O’Dorisio TM, Hoffman JA, Chance RE.

Pancreatic polypeptide infusions reduce food intake in Prader-Willi

syndrome. Peptides 1993;14:497–503.

[75] Schwartz TW, Holst JJ, Fahrenkrug J, Jensen SL, Nielsen OV,

Rehfeld JF, et al. Vagal, cholinergic regulation of pancreatic

polypeptide secretion. J Clin Invest 1978;61:781–9.

[76] Sjogren MJ, Hellstrom PT, Jonsson MA, Runnerstam M,

Silander HC, Ben-MenachemE. Cognition-enhancing effect of vagus

nerve stimulation in patients with Alzheimer’s disease: a pilot study. J

Clin Psychiatry 2002;63:972–80.

http://refhub.elsevier.com/S2352-8729(17)30025-8/sref38
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref38
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref38
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref39
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref39
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref39
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref40
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref40
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref40
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref40
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref41
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref41
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref41
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref41
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref41
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref42
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref42
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref42
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref42
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref43
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref43
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref43
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref44
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref44
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref44
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref45
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref45
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref45
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref46
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref46
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref46
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref47
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref47
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref47
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref48
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref48
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref48
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref48
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref49
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref49
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref49
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref50
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref50
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref50
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref51
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref51
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref51
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref51
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref52
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref52
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref52
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref53
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref53
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref53
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref53
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref54
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref54
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref54
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref54
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref55
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref55
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref55
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref55
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref56
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref56
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref56
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref57
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref57
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref57
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref58
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref58
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref58
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref58
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref58
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref59
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref59
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref59
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref60
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref60
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref60
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref60
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref61
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref61
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref61
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref62
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref62
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref62
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref62
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref63
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref63
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref63
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref63
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref64
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref64
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref64
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref65
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref65
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref65
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref65
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref66
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref66
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref66
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref67
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref67
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref67
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref68
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref68
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref68
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref69
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref69
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref69
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref70
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref70
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref70
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref71
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref71
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref71
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref72
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref72
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref73
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref73
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref73
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref74
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref74
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref74
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref75
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref75
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref75
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref76
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref76
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref76
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref76


V.B. Gupta et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 8 (2017) 60-7272
[77] Clark KB, Naritoku DK, Smith DC, Browning RA, Jensen RA.

Enhanced recognition memory following vagus nerve stimulation

in human subjects. Nat Neurosci 1999;2:94–8.

[78] Sackeim HA, Keilp JG, Rush AJ, George MS, Marangell LB,

Dormer JS, et al. The effects of vagus nerve stimulation on cognitive

performance in patients with treatment-resistant depression.

Neuropsychiatry Neuropsychol Behav Neurol 2001;14:53–62.

[79] Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH, Pajvani UB,

et al. Adiponectin acts in the brain to decrease body weight. Nat

Med 2004;10:524–9.

[80] Tilija Pun N, Subedi A, Kim MJ, Park PH. Globular adiponectin

causes tolerance to LPS-induced TNF-alpha expression via auto-

phagy induction in RAW 264.7 macrophages: involvement of

SIRT1/FoxO3A axis. PLoS One 2015;10:e0124636.

[81] Holland WL, Adams AC, Brozinick JT, Bui HH, Miyauchi Y,

Kusminski CM, et al. An FGF21-adiponectin-ceramide axis controls

energy expenditure and insulin action in mice. Cell Metab 2013;

17:790–7.

[82] Song YM, Lee K, Sung J. Adiponectin levels and longitudinal

changes in metabolic syndrome: The Healthy Twin Study. Metab

Syndr Relat Disord 2015;13:312–8.

[83] Une K, Takei YA, Tomita N, Asamura T, Ohrui T, Furukawa K, et al.

Adiponectin in plasma and cerebrospinal fluid in MCI and Alz-

heimer’s disease. Eur J Neurol 2011;18:1006–9.

[84] van Himbergen TM, Beiser AS, Ai M, Seshadri S, Otokozawa S,

Au R, et al. Biomarkers for insulin resistance and inflammation

and the risk for all-cause dementia and Alzheimer disease: results

from the Framingham Heart Study. Arch Neurol 2012;69:594–600.

[85] Yokota T, Oritani K, Takahashi I, Ishikawa J, Matsuyama A, Ouchi N,

et al. Adiponectin, a newmember of the family of soluble defense col-

lagens, negatively regulates the growth of myelomonocytic progeni-

tors and the functions of macrophages. Blood 2000;96:1723–32.

[86] Wolf AM, Wolf D, Rumpold H, Enrich B, Tilg H. Adiponectin in-

duces the anti-inflammatory cytokines IL-10 and IL-1RA in human

leukocytes. Biochem Biophys Res Commun 2004;323:630–5.

[87] O’Bryant SE, Edwards M, Johnson L, Hall J, Villarreal AE,

BrittonGB, et al. A blood screening test for Alzheimer’s disease. Alz-

heimers Dement (Amst) 2016;3:83–90.

[88] Miller MD, Hata S, De Waal Malefyt R, Krangel MS. A novel poly-

peptide secreted by activated human T lymphocytes. J Immunol

1989;143:2907–16.

[89] Miller MD, Krangel MS. The human cytokine I-309 is a monocyte

chemoattractant. Proc Natl Acad Sci U S A 1992;89:2950–4.

[90] Roos RS, Loetscher M, Legler DF, Clark-Lewis I, Baggiolini M,

Moser B. Identification of CCR8, the receptor for the human CC che-

mokine I-309. J Biol Chem 1997;272:17251–4.

[91] Rollins BJ, Pober JS. Interleukin-4 induces the synthesis and

secretion of MCP-1/JE by human endothelial cells. Am J Pathol

1991;138:1315–9.

[92] Li YS, Shyy YJ, Wright JG, Valente AJ, Cornhill JF, Kolattukudy PE.

The expression of monocyte chemotactic protein (MCP-1) in human

vascular endothelium in vitro and in vivo. Mol Cell Biochem 1993;

126:61–8.

[93] Chuluyan HE, Schall TJ, Yoshimura T, Issekutz AC. IL-1 activation

of endothelium supports VLA-4 (CD49d/CD29)-mediated monocyte
transendothelial migration to C5a, MIP-1 alpha, RANTES, and PAF

but inhibits migration to MCP-1: a regulatory role for endothelium-

derived MCP-1. J Leukoc Biol 1995;58:71–9.

[94] El Khoury J, Toft M, Hickman SE, Means TK, Terada K, Geula C,

et al. Ccr2 deficiency impairs microglial accumulation and acceler-

ates progression of Alzheimer-like disease. Nat Med 2007;13:432–8.

[95] van derWal AC, Das PK, Tigges AJ, Becker AE. Adhesionmolecules

on the endothelium and mononuclear cells in human atherosclerotic

lesions. Am J Pathol 1992;141:1427–33.

[96] Davies MJ, Gordon JL, Gearing AJ, Pigott R, Woolf N, Katz D, et al.

The expression of the adhesion molecules ICAM-1, VCAM-1, PE-

CAM, and E-selectin in human atherosclerosis. J Pathol 1993;

171:223–9.

[97] O’Brien KD, Allen MD, McDonald TO, Chait A, Harlan JM,

Fishbein D, et al. Vascular cell adhesion molecule-1 is expressed in

human coronary atherosclerotic plaques. Implications for the mode

of progression of advanced coronary atherosclerosis. J Clin Invest

1993;92:945–51.

[98] O’Brien KD,McDonald TO, Chait A, AllenMD, Alpers CE. Neovas-

cular expression of E-selectin, intercellular adhesion molecule-1, and

vascular cell adhesion molecule-1 in human atherosclerosis and their

relation to intimal leukocyte content. Circulation 1996;93:672–82.

[99] Nakashima Y, Raines EW, Plump AS, Breslow JL, Ross R. Upregu-

lation of VCAM-1 and ICAM-1 at atherosclerosis-prone sites on the

endothelium in the ApoE-deficient mouse. Arterioscler Thromb Vasc

Biol 1998;18:842–51.

[100] Guray U, Erbay AR, Guray Y, Yilmaz MB, Boyaci AA, Sasmaz H,

et al. Levels of soluble adhesion molecules in various clinical presen-

tations of coronary atherosclerosis. Int J Cardiol 2004;96:235–40.

[101] Gross MD, Bielinski SJ, Suarez-Lopez JR, Reiner AP, Bailey K,

Thyagarajan B, et al. Circulating soluble intercellular adhesion mole-

cule 1 and subclinical atherosclerosis: the Coronary Artery Risk Devel-

opment in Young Adults Study. Clin Chem 2012;58:411–20.

[102] Wang L, Liu ZQ, Huo YQ, Yao LJ,Wei XG,Wang YF. Change of hs-

CRP, sVCAM-1, NT-proBNP levels in patients with pregnancy-

induced hypertension after therapy with magnesium sulfate and

nifedipine. Asian Pac J Trop Med 2013;6:897–901.

[103] Kocijancic M, Cubranic Z, Vujicic B, Racki S, Dvornik S,

Zaputovic L. Soluble intracellular adhesion molecule-1 and

omentin-1 as potential biomarkers of subclinical atherosclerosis in

hemodialysis patients. Int Urol Nephrol 2016;48:1145–54.

[104] Zangrilli JG, Shaver JR, Cirelli RA, Cho SK, Garlisi CG, Falcone A,

et al. sVCAM-1 levels after segmental antigen challenge correlate

with eosinophil influx, IL-4 and IL-5 production, and the late phase

response. Am J Respir Crit Care Med 1995;151:1346–53.

[105] Chan BM, Elices MJ, Murphy E, Hemler ME. Adhesion to vascular

cell adhesion molecule 1 and fibronectin. Comparison of alpha 4 beta

1 (VLA-4) and alpha 4 beta 7 on the human B cell line JY. J Biol

Chem 1992;267:8366–70.

[106] Blann AD, McCollum CN. Circulating endothelial cell/leukocyte

adhesionmolecules inatherosclerosis.ThrombHaemost1994;72:151–4.

[107] Glowinska B, Urban M, Peczynska J, Florys B. Soluble adhesion mol-

ecules (sICAM-1, sVCAM-1) and selectins (sE selectin, sP selectin, sL

selectin) levels in children and adolescents with obesity, hypertension,

and diabetes. Metabolism 2005;54:1020–6.

http://refhub.elsevier.com/S2352-8729(17)30025-8/sref77
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref77
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref77
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref78
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref78
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref78
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref78
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref79
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref79
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref79
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref80
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref80
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref80
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref80
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref81
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref81
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref81
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref81
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref82
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref82
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref82
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref83
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref83
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref83
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref84
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref84
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref84
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref84
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref85
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref85
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref85
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref85
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref86
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref86
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref86
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref87
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref87
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref87
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref88
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref88
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref88
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref89
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref89
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref90
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref90
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref90
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref91
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref91
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref91
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref92
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref92
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref92
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref92
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref93
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref93
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref93
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref93
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref93
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref94
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref94
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref94
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref95
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref95
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref95
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref96
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref96
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref96
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref96
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref97
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref97
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref97
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref97
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref97
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref98
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref98
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref98
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref98
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref99
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref99
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref99
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref99
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref100
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref100
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref100
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref101
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref101
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref101
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref101
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref102
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref102
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref102
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref102
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref103
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref103
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref103
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref103
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref104
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref104
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref104
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref104
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref105
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref105
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref105
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref105
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref106
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref106
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref107
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref107
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref107
http://refhub.elsevier.com/S2352-8729(17)30025-8/sref107

	Altered levels of blood proteins in Alzheimer's disease longitudinal study: Results from Australian Imaging Biomarkers Life ...
	1. Introduction
	2. Materials and methods
	2.1. Population sample
	2.1.1. The AIBL cohort
	2.1.2. Sample collection and APOE genotyping
	2.1.3. Plasma biomarker assay
	2.1.4. Assessment of neocortical Aβ via PiB-PET
	2.1.5. Statistical methodology


	3. Results
	3.1. Population demographics
	3.2. Association of biomarkers between clinical classification at the time of collection
	3.3. Comparison of mean biomarker levels between HC and AD groups over 36 months
	3.4. Biomarker trends over time for HC and AD groups
	3.5. Capability of a combined biomarker model to diagnose AD
	3.6. Cross-sectional differences between transitional, nontransitional, and stable AD
	3.7. Correlation with SUVR

	4. Discussion
	Acknowledgments
	References


