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Abstract

Objective: We aimed to identify biomarkers of Alzheimer’s disease (AD) in order to improve
diagnostic accuracy at mild stage. Methods: AD patients aged >50 years were included in the
disease group. We evaluated the relationship between potential blood and cerebrospinal
fluid inflammatory biomarkers, cognitive status, temporal lobe atrophy and disease severity.
Inflammatory biomarkers including interleukin 6 (IL-6), IL-18, fractalkine and tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) levels were measured. APOE genotypes
were determined. Results: We enrolled 41 subjects in the disease group and 40 subjects in
the normal control group. The majority (88.9%) of subjects in the disease group had mild AD.
Elevated levels of plasma IL-6 and decreased levels of plasma TRAIL in the disease group were
noted. Plasma levels of IL-6 and TRAIL were significantly correlated with their cerebrospinal
fluid levels. Conclusion: Plasma IL-6 and TRAIL were identified as potential biomarkers of AD
at an early stage. © 2015 S. Karger AG, Basel
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Introduction

Alzheimer’s Disease and Biomarkers

Alzheimer’s disease (AD) dementia refers to the clinical syndrome that arises as a conse-
quence of the AD pathophysiological process, while results in the loss of neurons from wide-
spread areas of the brain. Accumulation of f-amyloid (AB) remained the hallmark in AD
pathology and soluble oligomeric AB42 neurotoxicity has been believed to be the causative
agent. The diagnosis of definite AD relies upon neuropathology of the brain. Nevertheless, robust
diagnosis at an early stage is more important in clinical practice. Although the clinical diagnostic
criteria for probable AD described by the National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
(ADRDA) have been applied over 25 years, their sensitivity was 81% specificity 70% after path-
ological confirmation [1, 2]. Many challenges appeared especially in the early diagnosis of AD.

Identification of biomarkers is an important step to improve the accuracy of early AD diag-
nosis. Applications of neuroimaging including magnetic resonance imaging (MRI), positron
emission tomography with [18F] fluorodeoxyglucose (FDG-PET), and amyloid imaging might
help in raising sensitivity or specificity in the diagnosis of AD. However, in daily practice the
use of neuroimaging is impeded by cost and availability. Furthermore, incorporation of cere-
brospinal fluid (CSF) biomarkers provides more diagnostic/prognostic information. Abnor-
mally low AP and/or high tau levels can help predict pathological changes associated with AD.
However, two- to three-fold differences in the cutoff values of total tau and A levels were
found for the same kit across different studies [3]. In addition, the procedure of spinal tapping
is more invasive than venipuncture and is not easily accepted by patients suspected to have
AD. Blood samples are much easier to obtain than CSF, and the cost of venipuncture is far less
than that of neuroimaging. Until now, numerous potential biomarkers for AD in peripheral
blood have been reported, but large discrepancies exist among different studies. A consensus
on a standard protocol for blood sample collection and storage is lacking.

Inflammatory Cytokines

Neuroinflammation is commonly seen in the postmortem brains of AD patients. Increased
oxidative stress markers were found in brains of amnestic mild cognitive impairment subjects,
most of whom with pre-AD [4]. Chronic inflammation was proposed as a dysregulated mech-
anism in AD patients [5]. A has been shown to induce expression of interleukin 6 (IL-6) in
astrocytes and microglia in culture [6]. In hippocampal neurons, Af and IL-6 were both able
to induce synaptic dysfunction [7]. Several studies attempted to prove the validity of IL-6
levels in the serum or CSF as a biomarker for AD. Nevertheless the results were inconclusive
[8,9]. Increased blood levels of IL-18 were reported in AD patients [10, 11]. IL-18 has a direct
neuromodulatory role in synaptic plasticity and is involved in numerous inflammatory
processes [12]. The chemokine fractalkine (CX3CL1) mediates neuron-microglia communi-
cation in neurodegenerative diseases, including tauopathies, another hallmark found in AD
pathology [13]. Increased levels of fractalkine were found in the hippocampus tau-injured
neurons of AD patients [14] and the plasma levels of AD patients and subjects with mild
cognitive impairment [15]. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
has a dual role in inflammation. The TRAIL receptor could mediate oligomeric AB-induced
apoptosis [16]. An inverse correlation between serum TRAIL levels and Mini-Mental State
Examination (MMSE) has been discussed in a group with a small number of AD patients [17].

Analysis of Potential Biomarkers both in Plasma and CSF

Few reports measured biomarkers both in plasma and CSF of AD patients [18]. Until now,
the mechanism of how cytokines in the central nervous system contribute peripheral cytokine
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is still unknown. Whether plasma A could reflect CSF AB or A in the brain is also incon-
clusive. It has been reported that plasma and CSF A concentrations were not related on an
individual basis [19].

Neuroimaging Biomarker

The mesial temporal lobe, especially the hippocampus, has emerged as the most sensitive
area to be examines for AD-related atrophy. The radial width of the temporal horn (rWTH)
on computed tomography (CT) scans is sensitive to the regional brain atrophy common in
early AD [20, 21] and pathologically validated [22]. Compared to hippocampal volumetry, CT
measurement of rWTH was much less time-consuming and had less error in operation. Hippo-
campal volumetry required individual segmentation of structures within the mesial temporal
lobe, which may vary across different operators [23]. The measurement of rWTH may provide
clinically value for early diagnosis of AD.

Objective of This Study

Our aims were to identify clinically useful plasma biomarkers and to find the relationship
between their peripheral and central distribution. We also wanted to examine the correlation
between neuroimaging and neurocognitive tests.

Materials and Methods

Study Design

From October 2010 to September 2012 subjects were recruited at Shin-Kong WHS
Memorial Hospital with institutional review board approval (20100806R). Informed consent
was obtained from participants and/or their primary caregivers. We enrolled patients with
AD into the AD group. The diagnosis of AD fulfilled the revised NINCDS criteria of the year
2007 [24]. Any subjects who had significant cerebrovascular disease revealed by brain CT or
MRI were excluded. Subjects enrolled in the normal control group complained of no memory
problem. For both groups, all participants were aged >50 years and had no major psychiatric
disorders, history of head trauma or clinically relevant uncontrolled hypertensive, cardiopul-
monary, metabolic or hematological diseases.

Neuropsychological Assessments

Cognitive function tests were performed by experienced clinical psychologists. For
subjects in the AD group, the Neuropsychology Battery developed by the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) was applied. CERAD included tests of
verbal fluency (naming animals), a modified 15-item Boston Naming Test, MMSE, word list
memory, recall, and recognition, constructional praxis and recall of constructional praxis.
Differences between MMSE score with age and education-adjusted reference score were
defined as rMMSE. Disease severity was estimated by Clinical Dementia Rating (CDR). In
subjects diagnosed as AD, a CDR of 0.5 or 1 indicates mild stage, where a CDR of 2 indicates
moderate stage and a CDR >3 indicates severe stage. Subjects in the normal control group had
to have an AD8 score <2 or a Montreal Cognitive Assessment (MoCA) score >26 [25].

Calculation of the Temporal Atrophy Index

Estimates of temporal lobe atrophy were computed from CT images, which were obtained
by a single Siemens sensation 16 (16-slice) CT scanner. On CT films, the scan where the
temporal horn could be appreciated in its full length was chosen. Two parallel lines were
drawn tangential to the tip of the horn where the width was largest. The rWTH was the
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distance between the two lines. The widths of the most anterior aspect of the temporal horn
were measured on both sides at the level of the circle of Willis. The corresponding width
between the bilateral inner table of the skull bone was measured and defined as skull width.
The temporal atrophy index was defined as (right temporal horn width + left temporal horn
width)/skull width x 100%. All measurements and calculations were done by an experienced
investigator using the Picture Archiving and Communication System (PACS).

Spinal Tapping Procedure

Subjects who agreed to undergo spinal tapping received the procedure in the lateral
decubitus position. After local anesthesia a spinal needle was inserted into the level of the
L4-5 interspace. The collected CSF was sent to the laboratory for analysis of cell count,
protein, glucose, Gram stain and bacterial culture. Another 3 ml of the collected CSF was
stored at -80°C within 1 h for further analysis.

Blood Sample Preparation

For each subject, a 12-16 ml blood sample was drawn via venipuncture. No fasting was
required. The drawn blood was aliquoted into two BD Vacutainer® Blood Collection Tubes
containing K2 EDTA and stored immediately at 4°C. Within 3 h of blood sampling, centrifu-
gation at 3,000 rpm for 10 min at 4°C was done. The supernatants were aliquoted into poly-
propylene tubes and protease inhibitors (Roche, Germany) were added. The prepared plasma
samples were stored at -80°C until ELISA assays.

ELISA

Plasma samples were analyzed for IL-6, IL-18, fractalkine and TRAIL by following spe-
cific commercial plate-based ELISAs: (1) Human IL-6 Quantikine Kit (R&D Systems, USA),
(2) Human IL-18 Kit (IBL, Japan), (3) Human Fractalkine Quantikine Kit (R&D Systems, USA),
and (4) Human TRAIL Quantikine Kit (R&D Systems, USA). Assays were performed according
to the manufacturer’s instructions.

Apolipoprotein E Genotyping

Genomic DNA was extracted using Puregene® Blood Core Kit B (QIAGEN®, USA). Specific
primers and probes designed by Applied Biosystems Inc. (USA) were used to detect two
single nucleotide polymorphisms that could classify allelic variants (€2, €3, €4) of the APOE
gene. Assays were operated according to the manufacturer’s instructions. The primers distin-
guish the €2 allele from the €3 and €4 alleles at amino acid position 158 (NCBI rs7412) and
the €4 allele from the €2 and €3 alleles at amino acid position 112 (NCBI rs429358). TagMan
real-time polymerase chain reaction (RT-PCR) assays were performed in an ABI 7900 HT
RT-PCR system using a cycling program of 95°C for 10 min, 40 cycles of 95°C for 15 s, and
60°C for 1 min. One negative control (water) was included in each plate.

Statistical Analyses

All statistical analyses were performed using the GraphPad Prism version 5.0 statistical
software. x? tests were used to compare gender data in the two groups. The Kolmogorov-
Smirnov test was used for normality test for plasma protein levels in the normal control
group, data set of cognitive tests, and temporal lobe atrophy. The quantitative data were
expressed as mean and standard deviation. We used unpaired t tests to compare levels of
biomarkers between the two groups with equal variances. Unequal variance t tests (with
Welch'’s correction) were applied to compare levels of biomarkers between the two groups
with unequal variances. Pearson correlation analysis was used for the relation between
plasma and CSF biomarker levels. Correlation analyses between biomarker level and age
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Table 1. Demographic data of the AD group and the normal control group

AD (n=41) Control (n = 40) x? or tor U test
Age, years 73.1+9.4 63.0+£5.6 p <0.0001?
Education, years 5.4+3.8 10.6+4.2 p <0.0001°
Gender, M/F 14/27 13/27 n.s.c
ApoE4 allele frequency 11.25%¢ 6.4%

Data are presented as mean * standard deviation unless indicated otherwise. Mean age was higher and
mean education lower in the AD group. No gender difference was found between the two groups.

aUnequal variance t test (with Welch’s correction). " Mann-Whitney U test. °Comparison between gender
distribution of the two groups was done by x? test (not significant). 9n = 40, ApoE genotyping not available
for one subject in the AD group.

were done for an identified biomarker, with Pearson tests used for TRAIL and Spearman tests
used for IL-6. Age-adjusted linear regression was used for correlation analysis of the CERAD
score and the temporal atrophy index. The regression formula was presented as Y™ = A +
B1(X1) + B2(X2), with ‘Y” referring to the expected levels of biomarker, ‘A’ referring to
constant, ‘B1’ referring to regression coefficient of X1 (age) and ‘X2’ referring to group
(dummy variable). The regression coefficient B2 associated with the dummy variable was
interpreted as the expected difference in the mean of the outcome variable for that AD group
as compared to the normal control group, holding all other predictors constant. All test results
are presented as two-tailed p values, and p < 0.05 was considered statistically significant.

Results

Demographic Data

We included a total of 41 subjects with AD as the AD group and 40 subjects without
memory problems as the normal control group (table 1). The male:female ratio was similar
between the two groups. Mean age was higher and mean education was lower in the AD
group. Six subjects (14.6%) were under acetylcholinesterase inhibitor treatment when the
blood sample was obtained and none was under memantine. The numbers of ApoE4 carriers
were 9 (22.0%) in the AD group and 4 (10.0%) in the normal control group. All ApoE4 carriers
were heterozygous. Allele frequencies of the APOE gene in the AD group were highest for €3
(92.5%), 11.25% for €4, and lowest for €2 (2.5%). Allele frequencies of the APOE gene in the
normal control group were highest for €3 (86.25%), 7.5% for €2, and lowest for €4 (6.4%).

Scores of Global Cognitive Status
Cognitive tests were only performed in the AD group. The mean MMSE in the AD group
was 17.5 (table 2). The ratio of mild AD (CDR = 0.5 or 1) was 87.8% (table 3).

Correlations of Neurocognitive Scores and Temporal Atrophy Index

The CERAD score and the MMSE passed Kolmogorov-Smirnov normality tests. CERAD
was highly correlated with rMMSE and clock drawing (r = 0.85 and r = 0.63, respectively, p <
0.0001) (fig. 1a, b). A significantly reduced CERAD score as CDR increased was noted by
Kruskal-Wallis test (p <0.0001) (fig. 1c). A negative correlation between CERAD and temporal
atrophy indexwasnoted (r=-0.46,p <0.01, age-adjusted linear regression p < 0.001) (fig. 1d).
The clock drawing score also showed a negative correlation with the temporal atrophy index
(r=-0.37,p < 0.05).
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Table 2. Cognitive test data in

Disease

the AD group Test (full score) Mean Range
MMSE 17.5 8to 27
rMMSE -1.7 -14to 7
Clock drawing 5.4 0to 10
CERAD 48.8 18to 76
CDR 0.86 0.5to 4
Table 3. Prevalence of CDR score
in the AD group L 0.5 1 =
Number (%) 23 (56.1) 13 (31.7) 5(12.2)
104 .- 085 159 r=063
p < 0.0001 . " p < 0.0001
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Fig. 1. Relationships between cognitive test scores and temporal atrophy index. a, b Positive correlation be-
tween CERAD score and rMMSE (a) and between CERAD score and clock drawing test score (b), analyzed by
Pearson correlation (both p < 0.0001). ¢ Reduced CERAD score as disease severity increased, analyzed by
Kruskal-Wallis test (p < 0 0001). d Negative correlation between temporal atrophy index and CERAD score,
analyzed by Pearson correlation (p < 0.01).

Concentrations of Potential Plasma Biomarkers

We compared plasma levels of pathogenic proteins and cytokines between the AD group
and the normal control group (table 4). Plasma levels of IL-6, fractalkine and TRAIL in the
control group were normally distributed by Kolmogorov-Smirnov test. Data of plasma levels
of IL-6 were transformed by log normalization for further analyses (fig. 2). Plasma levels of
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Table 4. Comparison of plasma biomarkers in the AD and in the normal control group
AD Control tor U test

IL-6, pg/ml 2.343+1.379 (n = 38) 1.622+0.806 (n = 39) p=0.0071%*
IL-18, pg/ml 250.6+141.8 (n = 38) 249.6+132.0 (n=39) p=0.6782
Fractalkine, pg/ml 618.2+209.5 (n =39) 580.6+114.3 (n =36) p=0.33392
TRAIL, pg/ml 121.8+40.42 (n = 41) 143.0+34.56 (n = 40) p=0.0132*

Data are presented as mean * standard deviation. Plasma levels of IL-6 were elevated in the AD group
compared to the normal control group. No group difference in plasma levels of IL-18 or fractalkine was noted.
Decreased levels of plasma TRAIL were found in the AD group.

2Plasma biomarkers were compared using unequal variance (Welch) t tests.

*p <0.05.

TRAIL decreased in the AD group (p < 0.05) (fig. 3). Age did not correlate with plasma levels
of IL-6 or TRAIL. No significant difference between the two groups was noted in the plasma
levels of IL-18 and fractalkine.

Correlation of Neurocognitive Scores and Concentrations of Potential Plasma Biomarkers

Furthermore, we determined whether the level of these biomarkers could reflect disease
severity. Although no significant correlation was found, plasma IL-18 showed a declining
trend as disease progressed (fig. 4).

Correlation of Plasma and CSF Concentrations of Potential Biomarkers

In addition, we examined whether the levels of cytokines in plasma could reflect their
levels in CSF. In a small number of subjects, plasma levels of TRAIL and IL-6 were highly corre-
lated with their CSF levels (p < 0.01 and p < 0.05, respectively) (fig. 5).

Discussion
Elevate Inflammatory Cytokine IL-6 and Reduce TRAIL in Early AD

This study disclosed the changes of neuroinflammatory proteins in early AD. AD patients
have higher levels of plasma IL-6 and lower levels of TRAIL than controls. Levels of IL-6 and
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Fig. 5. Correlation between CSF and plasma levels of TRAIL (a) and IL-6 (b). Highly correlated plasma levels
of TRAIL and IL-6 with each of their CSF levels were found by Pearson correlation.

TRAIL in plasma and CSF were significantly correlated with each other. In addition, we report
a negative correlation between CERAD and temporal atrophy index. Senile plaques in AD
brains are associated with reactive astrocytes and activated microglial cells, expressing a
number of inflammatory cytokines such as IL-6 [26]. The neuroimmunological cascade has
been assumed as a major contribution to neuronal dysfunction. Interrelationship among
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cholinergic neurotransmission, soluble A and AB-induced production of proinflammatory
cytokines contributes to AD pathology [27]. In our study, we found that plasma levels of IL-6
were elevated in the AD group, which is consistent with a result from a large-scale meta-
analysis [11]. IL-6 may play multiple roles in aging and neurodegeneration. Elderly without
dementia who had higher IL-6 levels in blood had reduced hippocampal volumes [28]. The
level of serum IL-6 was also found to be elevated in subjects with metabolic syndrome [29],
which might play a role in the onset of AD [30]. The elevation of plasma IL-6 probably started
in the very early stage of AD.

Until now, only one study has reported that plasma levels of TRAIL were decreased in AD
[17]. We confirmed that the plasma TRAIL level was decreased in the AD group with a large
number of subjects, but this level did not correlate with age. This proapoptotic tumor necrosis
factor family cytokine has been largely studied as a cancer therapeutic. TRAIL plays broader
roles in regulating immune processes, suggested by its widespread expression under inflam-
matory conditions and its ability to induce both apoptotic and pro-survival signaling pathways
[31]. TRAIL could activate caspases to cleave Beclin-1 and Atg5, thus leading to cytotoxicity
[32]. Neutralization of TRAIL can protect AB-induced toxicity in vitro [33]. Plasma TRAIL
emerges as another candidate biomarker for early AD and TRAIL-targeting therapeutics may
have potential new applications.

Highly Correlated Plasma and CSF Inflammatory Cytokines (IL-6 and TRAIL)

Highly correlated plasma and CSF biomarker levels found in IL-6 and TRAIL might
implicate a strong connection between peripheral and central inflammatory cytokines. Many
hypotheses were proposed for interchange between peripheral and central inflammatory
cytokines [34, 35]. A reverse correlation between the level of CSF IL-6 and anxiety was
reported, without data of plasma levels [36]. As we found elevation of plasma IL-6 and
reduction of plasma TRAIL in early AD, plasma levels of these two cytokines might reflect
proportional changes of those in the central nervous system. This trend might be consistent
with evidence of CSF IL-6 elevation in the early stage of AD [37, 38].

No Significant Difference in IL-18 and Fractalkine

IL-18 is a regulator of both cellular and humoral immunity and has both physiological
and pathological roles in the central nervous system. IL-18 may act directly on the neurons
of the hippocampus, cerebral cortex and cerebellum [39]. Together with IL-12, IL-18 can
stimulate the production of gamma interferon in Th1 cells and Th2 cytokines. Evidence for
elevated and unchanged serum level of IL-18 has been reported [40]. IL-18 overexpression
has been shown to initiate inflammatory processes in the brains of AD patients [41]. However,
we did not detect significant difference in plasma IL-18 or fractalkine between the two groups.
Only a declining trend in plasma IL-18 as disease progressed was found.

Significance of Application of Neuroimaging and Neurocognitive Tests on AD Patients

In this study, the temporal atrophy index in CT imaging was negatively correlated with
the cognitive test CERAD score, especially clock drawing. In other words, AD patients with a
higher rate of temporal atrophy showed worse cognitive function. This correlation has not
been mentioned before and strengthens the value on clinical diagnosis. Moreover, the tem-
poral atrophy index is a simple way of estimating temporal atrophy. Clock drawing is a
component of CERAD and MoCA, but not of MMSE. The test involves frontal battery and is
helpfulindetermining subjects with a potential risk of cognitive impairment [42, 43]. Semantic
impairments play a major role in AD patients’ poor clock drawing. AD patients easily make
stimulus-bound errors, such as placing the clock hands on the number 10 and 11 or writing
out the time using letters or numbers. Assessment of clock drawing-related errors for making

KARGER

432



ik BB Dement Geriatr Cogn Disord Extra 2015;5:424-434
Dementla DO 10.1159/000439214 © 2015 S. Karger AG, Basel
(a:nd Geriatric www.karger.com/dee
ognitive Disorders

Wau et al.: Alterations of the Neuroinflammatory Markers IL-6 and TRAIL in Alzheimer's
Disease

an AD diagnosis might be more helpful than memory tests, which often demonstrate a floor
effect, even in the very early stage of AD [44]. Clinical application of the clock drawing test
remains crucial both in screening and in the evaluation of cognitive decline.

Study Limitations

The limitations of this study might have unknown influences on the results and include
(1) arelative larger proportion of subjects with younger age and higher education level in the
normal control group, (2) cholinesterase inhibitor use among some AD patients, (3) lack of
information on body mass index or nutrition intake and (4) no control of individual variation
in blood-CSF barrier integrity. Although our findings may depend in part on the analysis algo-
rithms used, they suggest plasma IL-6 and TRAIL as potential biomarkers of AD, especially in
differentiating early AD subjects from the normal population. Plasma IL-6 and TRAIL could
reflect the changes of cytokines in the brain, which needs further large-scale analysis. We
hope that our results will contribute to the early diagnosis of AD.
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