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Abstract: Introduction: Biomarkers represent a promising adjunct to clinical techniques in the diagnosis of Alzheim-
er's Disease (AD) and other neurodegenerative diseases. At present, the potential of cerebrospinal fluid (CSF) bio-
markers in diagnosing AD has been suggested but the degree of clinical utility is yet to be defined due to variability
between studies. In this paper we compare the performance of two cerebrospinal fluid assay methods in predicting
clinically diagnosed AD. Methods: CSF biomarker concentrations for AB, ,,, P-tau,,,, and T-tau were analysed us-
ing INNOTEST (ELISA) and INNO-BIA AlzBio3 (Luminex) assay methods from Innogenetics, Belgium. Patients were
clinically diagnosed based on NINCDS-ADRDA criteria supplemented with structural MRI, *8F-fluorodeoxy-glucose
positron emission tomography (FDG-PET) and cognitive profiling. Results: An abnormally low AB, ,, was the most use-
ful biomarker in predicting clinical AD. Depending on the assay method, the predictive accuracy remained constant
or improved slightly when abnormalities in P-tau,,,, and T-tau were considered in addition to AB, ,,. The Luminex
method with our optimised reference concentrations performed best for patients < 65 years with sensitivity = 1 and
a specificity = 0.60 for both AB, ,, and when one or more abnormal biomarkers were considered. Conclusion: Given
accurate, robust and reproducible CSF analytical methods, of which the Luminex method seems the most useful
and practicable, our investigation suggests that measuring CSF AB, ,., P-tau and T-tau has utility in the diagnosis
of probable AD and, when used with clinical diagnostic techniques, seems especially helpful in the diagnosis of AD
with onset prior to the age of 65 years.
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Introduction

Alzheimer’s Disease (AD) is the most common
cause of dementia and is therefore a major
social and health concern in an aging popula-
tion [1]. Cerebrospinal fluid (CSF) biomarker
analysis provides the potential to facilitate
accurate and rapid diagnosis of clinical AD [2,
3]. In addition, CSF biomarker research has
shown the potential to diagnose pre-symptom-
atic and prodromal states important for early
intervention, developing therapeutics [4], and
to investigate the pathophysiology of AD [5].

AD is characterised pathologically by extracel-
lular AB plaques, intracellular neurofibrillary
tangles (NFTs) and neuronal loss [2]. However,
it is not the only cause of dementia that
expresses these pathological hall marks, mak-

ing differentiation between neurodegenerative
diseases difficult. Other neurodegenerative
pathologies such as Lewy-body dementia (LBD)
and Parkinson’s Disease dementia (PDD) also
can exhibit AR plaques and NFTs [6]. In addi-
tion, the specificity of AB plaques and NFTs for
AD decreases with age due to their increasing
prevalence in asymptomatic individuals [7, 8].
Whether this is due to compensatory cognitive
capacity or an undetected pathology unique to
AD is yet to be determined [8]. Diagnosis of AD
is obscured further by coexistent non-Alzheim-
er’'s disease (NAD), which is present in a signifi-
cant proportion of dementia patients [9], mak-
ing it difficult to differentiate clinically [10]. This
clinical and pathological overlap of neurodegen-
erative disease is a problem for clinicians as
accurate and early diagnosis is necessary for
appropriate management and recommendation
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of symptomatic treatment. In addition, accu-
rate diagnosis will help to reduce the costs and
burden of unnecessary investigations, the risks
of medication errors [11], and alleviate patient
concerns with regard to prognosis [12].
Currently, clinical work-up combined with imag-
ing techniques diagnoses AD dementia with an
accuracy of 80-90% [12, 13].

Non-clinical techniques such as CSF analysis
and neuroimaging have been shown to improve
diagnostic accuracy of AD dementia and other
neurodegenerative diseases when used in
addition to clinical diagnosis [14, 15]. The
attention given to CSF biomarkers relates to
the highly communicable and rapid exchange
between brain interstitial fluid and the CSF
[15], and the high association with neuronal
pathology [2]. The characteristic CSF biomark-
ers of low amyloid-B, ,, (AB, ,,), high phosphory-
lated-tau at the threonine 181 position
(P-tau,g, ), and high total-tau (T-tau) are highly
associated with AD pathology [2], and have
been found to be the most consistent diagnos-
tic markers of AD [1, 6, 16, 17], their predictive
accuracy increasing when used in combination
[2, 12]. On confirming dementia via autopsy,
combinations of these markers have been
shown to have sensitivities and specificities
consistently > 80% in discriminating AD demen-
tia from controls and NAD dementia [13].

The potential of biomarkers in diagnosing the
prodromal stages of AD has also been investi-
gated [18-20]. CSF AB,,, and tau concentra-
tions have been shown to reliably reflect pro-
dromal AD pathology [20] and predict con-
version from mild cognitive impairment (MCI) to
AD dementia [21]. MRI has also been shown to
detect prodromal AD [22], and when used in
association with CSF biomarkers and neuropsy-
chological evaluation, has been shown to pre-
dict the conversion of MCl to AD dementia more
accurately than each modality in isolation [23].

Diagnosing pre-symptomatic and prodromal AD
will be critical once disease modifying thera-
peutics are developed to prevent irreversible
disease and neuronal loss [12, 24]. Although
AB, ,,» P-tau,,,, and T-tau have been found to
be associated with presymptomatic disease
[20], the low prevalence of AD in the presymp-
tomatic population will limit the predictive val-
ues and therefore the clinical value of such a

diagnostic test [18].
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The diagnostic abilities of CSF biomarkers are
widely accepted. However, the accuracy of CSF
biomarkers and other biomarkers in predicting
AD has been variable amongst studies [15],
making their absolute utility uncertain [15].
Lack of standardized laboratory technique and
inconsistencies in assay kit performance bet-
ween studies has resulted in the variability of
absolute values of CSF analytes and contribut-
ed to study comparability issues [2, 3]. Inter-
study comparison has been obscured further
by variability in ages and characteristics of
patients enrolled in studies, variability in clini-
cal and pathological diagnostic criteria [24,
25], and the presence of other diseases pos-
sessing pathological overlap with AD [9]. Efforts
continue to investigate the underlying issues
creating these discrepancies and to stan-
dardise sample handling, laboratory methods
and vendor calibration, in order to harmonise
clinical data [2, 26].

Noting the degree of inter-study variability in
biomarker performance, we set out to investi-
gate the utility of two CSF analysis methods at
our Neurodegenerative Disorders Research
clinic and associated laboratory. Using ELISA
and Luminex methods, we investigated the
accuracy of AB ., P-tau, ,,, and T-tau CSF con-
centrations in predicting clinical AD in a popula-
tion of AD and NAD dementia patients. For the
ELISA method, we employed the manufactur-
er's reference concentrations. For the Luminex
method we calculated our own reference con-
centrations: first, via linear regression using the
manufacturer’s values for the ELISA method
(Luminex with linear regression derived refer-
ence concentrations, LLRRC) and secondly, via
optimisation of the reference concentrations to
provide the greatest test sensitivity in predict-
ing clinical AD (Luminex with optimised refer-
ence concentrations, LORC). To our knowledge,
no previous studies have compared the
Luminex and ELISA methods in the diagnosis of
AD.

Methods and materials

AD and NAD dementia patients from our neurol-
ogy research clinic were diagnosed using
accepted NINCDS-ADRDA criteria supplement-
ed with structural MRI, (18)F-fluorodeoxy-
glucose positron emission tomography (FDG-
PET) and cognitive profiling. Following Insti-
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Patients suitable for lumbar
puncture
n=73

Y

Patients from which CSF samples
were obtained
n=72

Patients who had CSF samples that
underwent analysis
n=54

Patients who declined
n=1

Patients who had CSF samples
of inadequate volume for
analysis

n=5

Patients who had CSF samples
inadequate for analysis
n=13

Figure 1. Flowchart of patient enrol-

Patients who had CSF samples successfully
analysed
n=54 (ELISA)
n=52 (Luminex)

ment for CSF analysis.

Table 1. Patient demographics

1) (Figure 1). There

Age of Diagnosis N N (male:female) Mean (yrs) Std.
AD < 65 13 7.6 60.3
AD > 65 31 22:9 74.2
Non-AD 10 5:5 68.1

Dev. (yrs) Range (yrs) were 31 patients with
4.4 51-65 AD and 5 without at >
7.2 66-101 65 years, and 13 with

i <
8.3 52-99 AD and 5 without at <

tutional Review Board approval, lumbar punc-
tures were requested in 73 patients. Figure 1
outlines the enrolment of the final 54 patients
used for CSF analysis. Of the 54 patients, 44
patients had a clinical diagnosis of AD and 10
control patients had various NAD neurodegen-
erative disorders including MCI (n = 2), fronto-
temporal dementia (FTD; n = 3), LBD (n = 1),
posterior-cortical atrophy syndrome (PCAS; n =
1) and vascular cognitive impairment (VCI; n =

145

65years. Forthe Lum-
inex analysis there
were two non-results in the AD group, both over
65 years, reducing the number of AD patients
to n = 42. Patient demographics are shown in
Table 1.

The two CSF biomarker analysis methods were
the ELISA and Luminex assay methods both
from Innogenetics (Gent, Belgium). The ELISA
method uses a separate assay for each of the
CSF biomarkers: AB P-tau, .. and T-tau. The

1-427 181P
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Figure 2. CSF biomarker concentrations for ELISA
and Luminex assay methods for all patients. Hori-
zontal lines represent mean + standard deviation.

All statistics and linear

Method Age (years) AB

142

Lower limit T-tau Upper limit P-tau

regression models were

ELISA 51-70 562 370
>71 567 512
45-77
> 77

LLRRC All agest 332 65

LORC All agest 513 55

1a: UPPEY liMit calculated using Graph-
66.3 pad Prism 6.0. In com-
paring clinical diagnosis

66.3 and abnormal biomark-
66.31 er concentrations, 2x2
39 analyses were conduct-
23 ed with two tailed Fish-

TEstimated value as manufacturer only provided reference concentration for 45-77 years.

FReference concentrations approximated for all ages.

Luminex is a single assay, measuring all three
biomarkers using colour coded microsphere
beads bound to monoclonal antibodies.

Various combinations of the three biomarkers
and each biomarker individually were analysed
in their ability to predict the clinical diagnosis of
AD. Combinations have been designated A, B
and C. Combination A consists of a combina-
tion of one or more abnormal biomarkers;
Combination B consists of 2 or 3 abnormal bio-
markers; Combination C consists of 3 abnor-
mal biomarkers. The performance of each bio-
marker profile was investigated for all patients
and also for patients aged < 65 years and > 65
years.

146

er's tests rather than
Chi-squared due to the
small sample sizes.
T-tests with Welch’s cor-
rection (variances assumed unequal) were
used in comparing the mean CSF protein levels
in AD and NAD patients.

The conduct of this study was approved by
Neurodegenerative Disorders Research Ethics
Advisory Council.

CSF biomarker concentrations for ELISA and
Luminex assay methods

The CSF biomarker concentrations for the
ELISA and Luminex analyses are shown in
Figure 2. Differences in mean biomarker con-
centrations for AD and NAD groups for the
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entire patient sample were most statistically
significant for AB, ,.: the ELISA and Luminex
methods had p-values of 0.06 and 0.08 respec-
tively. This was mirrored in the strong correla-
tion of AB, ,, with clinical AD. For P-tau,,,, and
T-tau, statistical significance between the dif-
ference of means for AD and NAD patients was
weaker (p > 0.20) for both ELISA and Luminex
methods, reflected by the reduced accuracy of
these markers in predicting clinical AD and the
limited improvement in diagnostic accuracy
when used in combination with AB, .. Mean
ages in AD and NAD groups were assumed
equivalent with p > 0.35 for all age groups. Age
dependent variations in biomarker concentra-

tions were therefore assumed to be minimal.

Calculation of biomarker reference concentra-
tions

For the ELISA method the reference concentra-
tions used were based on manufacturer’s val-
ues (Table 2). For the Luminex method, values
were not provided by the manufacturer so were
deduced via linear regression (LLRRC) (Figure
3). In addition, optimising the Luminex refer-
ence concentrations to produce the greatest
sensitivity in predicting clinical AD were then
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Figure 3. Linear regression: relationship be-
tween ELISA and Luminex CSF biomarker
concentrations.

carried out (LORC). A summary of the reference
concentrations used is outlined in Table 2.
Below the lower limit for AR, , and above the
upper limits for P-tau, ;. ,and T-tau were consid-
ered abnormal and characteristic of AD pathol-
ogy [12].

Results

Of the 44 clinically diagnosed AD and 10 NAD
patients of which CSF analysis was appropri-
ate, CSF samples were analysed using the
ELISA and Luminex assays for AB, ., P-tau,,,
and T-tau concentrations. The ability of a com-
bination of abnormal biomarker concentrations
and abnormal single biomarker concentrations
in predicting clinical AD was calculated by 2x2
analyses for ELISA, LORC and LLRRC methods.
This was conducted for all patients and then for
patients < 65 and > 65 years.

Biomarker performance in predicting clinical
AD

For all patients, LORC performed best of the
three methods, and equally for both Combi-
nation A (Table 3, Row 3) and a single low A
(Table 4, Row 3), while a single high P-tau

1-42
181P
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Table 3. Performance of a biomarker panel in predicting AD. Sn, sensitivity; Sp, specificity; +LR, posi-

tive likelihood ratio; p, p-value

Biomarker combination A B C
Row Sn Sp +LR p Sn Sp +LR p Sn Sp +LR  p
All patients
1 ELISA 0.95 050 190 ~* 0.68 0.60 1.70 0.57 0.60 1.43
2 LLRRC 0.88 0.50 1.76 0.65 050 1.30 0.24 0.70 0.80
3 LORC 1 050 200 ~* 098 050 196 * 0.76 060 190 *
Patients < 65 yrs
4 ELISA 1 060 250 ~* 0.62 060 155 0.62 0.60 1.55
5 LLRRC 0.92 0.60 230 ~* 0.70 060 1.75 0.23 0.60 0.58
6 LORC 1 060 250 ~* 1 0.60 250 * 0.77 060 1.93
Patients > 65 yrs
7 ELISA 0.94 0.40 1.57 0.70 0.60 1.75 0.55 0.60 1.38
8 LLRRC 0.86 0.40 1.43 0.59 040 0.98 0.24 0.80 1.20
9 LORC 1 040 167 * 0.97 040 162 * 0.76 0.60 1.90
*p < 0.05.
Table 4. Performance of a single biomarker in predicting AD
Single biomarker AB,,, P-tau T-tau
Sn Sp +LR p Sn Sp +HR p Sn Sp +LR p
Row
All patients
1 ELISA 091 050 180 * 0.68 0.60 1.70 0.61 0.60 1.53
2 LLRRC 0.81 0.60 202 * 0.38 0.50 0.76 0.46 0.60 1.14
3 LORC 1 0.50 2.00 * 0.95 050 190 ~* 0.79 0.56 1.77
Patients < 65 yrs
4 ELISA 1 0.60 250 * 0.62 0.60 154 0.62 0.60 1.54
5 LLRRC 0.92 0.60 230 ~* 0.31 0.60 0.77 0.62 0.60 1.54
6 LORC 1 0.60 250 * 1 0.60 250 * 0.77 0.60 1.92
Patients > 65 yrs
7 ELISA 0.87 0.40 1.45 0.71 0.60 1.77 0.61 0.60 1.53
8 LLRRC 0.76 0.60 1.90 0.41 0.40 0.69 0.52 0.60 1.29
9 LORC 1 0.40 167 * 0.93 0.40 1.55 0.79 0.60 1.98
*p < 0.05.

performed slightly less in predicting clinical AD
(Table 4, Row 3). The performance of T-tau was
poorer in predicting clinical AD (Table 4, Row 3).
Predictive accuracy decreased for Combination
B, and then further for Combination C for all
three methods (Table 3, Rows 1, 2 and 3).

For patients < 65 years, clinical AD was predict-
ed most accurately. AR, ,, (Table 4, Row 6) and
Combination A (Table 3, Row 6) for both ELISA
and LORC and p-tau (Table 4, Row 6) for LORC
were equivalent in predicting clinical AD and
performed best overall in this study. A high
P-tau was significantly weaker in predicting clin-
ical AD for ELISA and LLRRC (Table 4, Rows 4
and 5). High T-tau performed weakest out of
the three biomarkers (Table 4, Rows 4, 5 and
6). Combinations B and C generally had reduced

148

predictive accuracy for all methods (Table 3,
Rows 4,5 and 6). An exception was Combination
B using LORC (Table 3, Row 6), performing
equivalently to Combination A, due to the high
correlation of both AB, ,. and P-tau, .. for LORC
(Table 4, Row 6).

1-42 181P

The methods evaluated in the present study
were least accurate for patients > 65 years, as
shown in Tables 3 and 4. However, using LORC,
a single abnormally high T-tau performed at its
best in the study (Table 4, Row 9).

In summary, LORC predicted clinical AD equiva-
lently or more accurately than the ELISA meth-
od for all biomarker combinations and single
biomarkers. LLRRC was the least accurate in
predicting clinical AD. Overall, Combination A
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was equivalent or slightly better than a single
low AB, ,, in predicting clinical AD, performing
the most accurately out of all the biomarker
combinations considered. An exception was a
high P-tau ., using LORC for patients < 65
years, which performed equivalently. Overall,
an abnormally high P-tau,,,, or high T-tau pre-
dicted clinical AD less accurately, and had a
relatively small contribution to predictive accu-
racy when in combination with AB, .. Predictive
accuracy was reduced for Combinations B and
C as the requirement for two or more and three
abnormal biomarkers respectively restricted
the biomarker profiles that could be considered
abnormal. The predictive accuracy of clinical
AD was greatest for patients < 65 years, the
accuracy decreasing when the entire patient
sample was considered, the predictive accura-
cy poorest for patients > 65 years.

Discussion

Within the present study we identify low AB, .
as the most useful biomarker in predicting clini-
cal AD, the predictive accuracy remaining con-
stant or increasing only slightly when the other
biomarkers and their possible permutations
were considered. However, the various degrees
of tauopathy and amyloidopathy that constitute
the heterogeneous nature of AD [10, 20, 27-29]
will not be accounted for by a single CSF bio-
marker. The superior performance of AB, . in
predicting clinical AD in our sample should not
discourage measuring P-tau and T-tau, as it
might help in understanding the heterogeneity
of AD and response to treatment [16]. The ref-
erence concentrations and assay method were
also responsible for the diagnostic findings:
ELISA showed a high correlation of AB, ,, with
clinical AD; while LORC, in addition to a high
correlation with abnormal AB, ,,, had a more
significant correlation with the other biomark-
ers. Multiple biomarkers that account for the
CSF correlates of the amyloidopathy and tauop-
athy of AD will not only increase the ability to
detect various pathological phenotypes of AD
but also distinguish between AD and other neu-
rodegenerative disease having pathological
overlap. CSF biomarkers such as a-synuclein
and neurofilament light chain, when used in
addition to AB, ,,, P-tau,,,,and T-tau, and deter-
mination of the tau/Ap ratio might further facili-
tate differentiation between AD and other neu-
rodegenerative diseases such as Parkinson’s
Disease (PD), PDD, LBD and Parkinsonian dis-
orders [6, 16].
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The Luminex method has been used in CSF
analyses to understand its diagnostic useful-
ness [2, 30]. The performance of the Luminex
technique in this study revealed an increased
speed of laboratory turn-around time of 2 days
(as compared to 6 days for the ELISA method),
and a reduced sample volume both of which
make the Luminex method, in our experience,
the forerunner in CSF analysis for the diagnosis
of AD.

Our study found a better correlation between
biomarkers and clinical AD in patients < 65
years, which is in line with the increase of these
biomarkers with age in normal adults [7, 8] and
are thus more favourable in younger popula-
tions for ruling in AD [8], where the diagnosis of
AD can be more difficult and challenging [31].
However, careful selection of age dependent
reference concentrations may improve clinical
utility in older patients [8].

There were other limitations in this study.
Specificities in predicting the clinical diagnosis
of AD may have been underestimated if there
was a failure to detect co-existent or incipient
AD in the NAD group. The small sample size of
this study, particularly the NAD group must be
considered when interpreting our findings and
will affect the generalizability of test accuracy
and reference concentrations. The potential for
inter-assay variability must also be taken into
account when considering these results. A larg-
er population of AD and NAD patients needs to
be studied to confirm our results, without selec-
tion bias, and confirmed by post-mortem
analysis.

Conclusion

Since clinical diagnosis is not definitive for AD,
this study does not give an absolute perfor-
mance of these biomarkers in predicting AD
but confirms their utility in supporting a diagno-
sis of probable AD, especially in younger adults
with onset of AD prior to 65 years of age. Given
robust and reliable CSF analysis, these CSF
biomarkers will probably be helpful in achieving
a more accurate diagnosis in uncertain clinical
situations [13] and to enhance our understand-
ing of the causes of dementia in individual
patients. CSF proteomic studies in dementia
might be useful in predicting responses to par-
ticular therapies like monoclonal antibodies to
AB.

Am J Neurodegener Dis 2014;3(3):143-151
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