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Abstract

Background: The tau protein plays a central role in Alzheimer’s disease (AD) and there is huge
interest in measuring tau in blood and CSF.

Methods: We developed a set of immunoassays to measure tau in specimens from humans
diagnosed based on current best clinical and CSF biomarker criteria.

Results: In CSF, mid-region-detected and N-terminal-detected tau predominated and rose in
disease. In plasma, an N-terminal assay (NT1) detected elevated levels of tau in AD and AD-mild
cognitive impairment (MCI). Plasma NT1 measurements separated controls from AD-MCI (area
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under the curve, AUC=0.88) and AD (AUC=0.96) in a Discovery Cohort; and in a Validation
Cohort (with AUCs=0.79 and 0.75, respectively).

Conclusions: The forms of tau in CSF and plasma are distinct, but in each specimen type the
levels of certain fragments are increased in AD. Measurement of plasma NT1 tau should be
aggressively pursued as a potential blood-based screening test for AD/AD-MCI.

Keywords

Biomarker; dementia; enzyme-linked immunoassay; mild cognitive impairment; plasma; Single
molecule array

Introduction

Alzheimer’s disease (AD) research is entering the exciting phase in which the hard-won
knowledge about the molecular basis of this disorder is being translated into therapeutics.
However, recent drug trials have highlighted a need for better diagnosis of trial participants,
and development of biomarkers that can be used to monitor response to therapy [1, 2].
Measurement of tau and the amyloid B-protein (Ap) in CSF, and quantitation of amyloid
pathology by positron-emission tomography (PET) imaging are now incorporated into
clinical criteria for the diagnosis of AD-dementia, and mild cognitive impairment (MCI) due
to AD pathogenesis. But PET is expensive and limited in availability, and CSF sampling is
unpopular with patients and is rarely done serially. Thus, there is an urgent need for less
costly and intrusive, blood-based biomarkers that can replace or supplement current CSF and
PET markers.

Numerous studies have shown that in AD CSF tau is increased [3] and in several cases this
has been validated by autopsy confirmation of disease status [3, 4]. Typically, tau assays
employ mid-region-directed monoclonal antibodies (mAbs) and often are erroneously
referred to as total tau assays. Such assays (including the widely used INNOTEST ELISAS)
cannot detect fragments of tau that lack all or part of the mid-region domain. This is
important given the growing recognition that the primary structure of extracellular tau is
heterogeneous [5-10].

Recent reports suggest that minute amounts of tau can be detected in plasma [11-20] and
some studies indicate that certain forms of plasma tau may be increased in AD [14, 15, 18,
21] and are associated with neurodegeneration and cognitive dysfunction [17]. However,
there is a poor correlation between tau measured in CSF and in blood, and differences in the
antibodies used and hence the forms of tau detected, limit comparisons between studies.
Moreover, in the few studies that have measured plasma tau in more than one cohort the
results have been conflicting [18].

We report the development and application of a set of validated tau immunoassays capable
of detecting different populations of tau fragments in CSF and blood. We applied these
assays to the analysis of specimens from three pre-specified diagnostic groups: (1) patients
with mild AD and CSF INNOTEST Ap42 and tau values consistent with a diagnosis of AD,
(2) individuals with MCI and CSF INNOTEST values as in (1) (referred to as AD-MCI), and
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(3) cognitively intact subjects with CSF INNOTEST Ap42 and tau values in the normal
range. By analysing CSF samples using five distinct immunoassays we demonstrate that
full-length (FL) tau constitutes only a small fraction of the tau present in both normal and
AD CSF, whereas mid-region- and N-terminal-containing fragments are much more
abundant and increase with disease. Applying some of the same ultra-sensitive assays to
plasma we show that certain N-terminal fragments of tau are elevated in AD and in
individuals with AD-MCI. Elevation was seen with an N-terminal assay (NT1) which
requires a minimal sequence of 6-198, but not an N-terminal assay (NT2) that requires a
larger sequence (6—224). These results suggest that our NT1 assay may be useful as a
screening blood-based test for AD.

Materials and Methods

Reagents

Antibodies

Chemicals and reagents were from Sigma-Aldrich unless otherwise noted.

Antibodies used and their source are described in Supplementary Table 1. The anti-tau
antibody, TauAB, is a novel mouse monoclonal antibody (mAb) which was produced by
traditional hybridoma technology [22] from mice immunized with recombinant human
tau441. Subsequent epitope mapping revealed that TauAB recognized an epitope within
residues 425-441 (Figure 1A).

Immunoassays and assay validation

Detailed protocols describing immunoassays, the recombinant proteins used as standards,
and the methods used to test sensitivity, specificity and reproducibility are provided in the
Supplementary Methods.

Study Participants

Studies were conducted in accordance with the declaration of Helsinki [23] and patients
were only included after giving their written informed consent. Subjects were from: (1) the
Harvard Aging Brain Study (HABS); (2) research participants seen at UCL; and (3) research
participants in the UCSD Shiley-Marcos Alzheimer’s Disease Research Center (ADRC).
Each participant donated both plasma and CSF. Collectively the samples from the HABS
and UCL studies are referred to as our Discovery Cohort, and specimens from UCSD are
referred to as our Validation Cohort. We first analyzed the Discovery cohort and upon
finding that NT-1 was elevated in both AD and AD-MCI, we obtained a second cohort to
examine the robustness of our initial result. Subject enrollment, sample collection and
sharing of samples across sites was approved by the BWH and UCSD Ethics Committees,
and by the London region ethics committee. Table 1 shows clinical and demographic
characteristics, and further details of about the cohorts, and the procedures used for blood
and CSF collection are described in the Supplementary Methods.
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Clinical categorization of participants

Subjects were designated as AD, AD-MCI, or controls based on cognitive testing (MMSE)
and CSF biomarker criteria. The applied CSF AB1_42 and tau/Ap1_4o values were taken
from a prior study where the cut-offs were validated against amyloid PET [24]. Control
subjects had an MMSE score =28, tau/AB1-42 ratio <0.5, and AB1-42 concentration >630
pg/ml. AD-MCI and AD subjects had a tau/AB1-42 ratio >0.88 and Ap1-42 <630 pg/ml;
those with an MMSE score of 15-24 points were defined as AD and those with a CSF AD
biomarker profile and an MMSE score of 25-29 points as AD-MCI (Figure 2).

Statistical Analysis

Results

Statistical analyses were carried out using SPSS statistics, version 24.0 (IBM, Armonk, NY,
USA). For normally distributed data, ANOVA followed by Tukey’s post-hoc test was
performed, and for non-normal distributions, a Kruskal-Wallis H test followed by Dunn’s
post-hoc test was performed. True positive rate (sensitivity) was plotted against the false
positive rate (1-specificity) to obtain receiver operating characteristics (ROC) curves and
area under the curve was calculated using non-parametric methods. The significance
threshold was set to a two-sided p< 0.05.

Development and characterization of ELISAs for N-terminal fragments of tau.

A goal of this study was to produce new immunoassays to enable the detection and
quantification of distinct sub-groups of extracellular tau in both human CSF and plasma. As
a template we used a validated in-house mid-region ELISA [8] to develop two novel N-
terminal ELISAs. NT1 utilizes the anti-tau mAbs Taul2 and BT2, and NT2 employs Taul2
and ADx202 (Figure 1). These new ELISAs, which have lower limits of quantitation
(LLoQs) of less than 30 pg/ml, readily detect tau in human CSF (Figure 1C and D and
Supplementary Figure 1B and C) and show excellent response to dilution of sample, and
recovery of exogenously added tau (Supplementary Figure 1B and C).

Tau populations detected by mid-region and N-terminal ELISAs are elevated in AD CSF.

When used to measure tau in CSF from the Discovery Cohort both the NT1 and NT2
ELISAs allowed good discrimination between the AD-MCI and AD groups versus controls
(Figure 3B and C). As might be anticipated for assays that utilize highly similar antibodies,
the absolute amounts of tau detected by the INNOTEST assay (Figure 2B) and our in-house
mid-region (Figure 3A) were closely comparable (Supplementary Table 2). For instance, the
average concentration of tau detected in controls by the INNOTEST and in-house mid-
region assay were 236 + 23 pg/ml and 258 + 19.5 pg/ml, respectively, and for AD were 921
+ 96 pg/ml and 920 +124 pg/ml (Supplementary Table 2). Moreover, the fold increase seen
in the AD-MCI and AD groups relative to normal controls was approximately 3.6 for both
assays.

To enable comparison of absolute amounts of tau detected by different ELISAs the same
recombinant tau standard was used for each assay. The concentration of tau measured in
controls by our NT1 assay (278 + 22 pg/ml) was comparable to that measured by the mid-
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region assays, but in the AD-MCI and AD groups the levels of tau detected by NT1 were on
average ~25% lower than those detected by the mid-region ELISAs (Figure 2B, Figure 3A
and B, Supplementary Table 2). While tau measured by the NT2 ELISA was elevated in AD
and AD-MCI versus controls (Figure 3C), the amount of tau detected by the NT2 assay was
considerably lower than that measured by the other assays (Supplementary Table 2). The
relative elevation of tau measured by NT1 and NT2 in AD-MCI and AD versus controls was
approximately 2.5 for both assays.

Collectively, these results indicate that tau detected by the different assays comprise some
overlapping and some distinct populations of fragments and that the distribution of tau
species in CSF changes with disease. These findings are congruent with the very recent
report that used mass spectrometry and stable isotope labeling to study the kinetics of tau
production and turnover in human CSF [9].

Development and characterization of ultrasensitive immunoassays for tau.

Next, we sought to develop ultrasensitive immunoassays to search for low abundant species
in CSF and blood. For this purpose, we employed Simoa (named for Single molecule array)
technology and replicated our mid-region, NT1, NT2, and FL ELISASs as Simoa assays.
Preliminary experiments focused on identifying antibody combinations which produced the
best standard curve and lowest LLoQs, and involved flipping the mAbs used for capture and
detection (not shown). In three cases we were able to generate highly sensitive assays with
LLoQs of less than 0.7 pg/ml (Figure 1G-I). The NT1, NT2 and FL assays all readily
detected tau in human CSF and most importantly in blood plasma (Supplementary Figures
2-4). For as yet unknown reasons, various iterations of Simoa-based assays that employed
the Tau5 mAb did not allow reliable detection of tau in either CSF or plasma (data not
shown). However, for the NT1, NT2 and FL Simoa-based assays the signal detected in
human fluids was specific and could be greatly diminished by immunoprecipitation
(Supplementary Figures 2—4). Each assay exhibited good response to dilution of sample, and
excellent recovery of exogenously added tau (Supplementary Figures 2-4).

Simoa-measured N-terminal, but not full-length tau, is elevated in AD CSF.

Next, we applied NT1 and FL Simoa assays to analyze the Discovery CSF samples tested
using the corresponding ELISAs (Figure 3). Results from Simoa NT1 assay and NT1 ELISA
were highly correlated (R? = 0.885) and both allowed similarly good discrimination between
the AD-MCI and AD groups, versus controls (Figure 3B and E). Unexpectedly, the absolute
levels of tau detected by the Simoa assay were always significantly lower than those
detected by ELISA; this despite the fact that the same tau standard was used for both assays.
In general, we have found that Simoa assays tend to detect less biological analyte than
ELISAs employing the same mAbs and protein standards.

Until relatively recently, tau was considered to be an exclusively intra-neuronal protein, and
the presence of tau in human CSF was a product of axonal damage or neuronal death [25].
The results presented here (Figure 3D and Supplementary Table 3) and elsewhere [5-7, 9,
10] demonstrate that the vast majority of tau in CSF is not full-length, and therefore indicate
that most CSF tau is not released as a consequence of neuronal death. To determine if FL tau
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might serve as an indicator of neurodegeneration, we measured FL tau in CSF from the
Discovery Cohort (Figure 3D). All CSF specimens contained small, but measurable values
(Figure 3D). On average FL tau accounted for less than 5% of the tau detected by the NT1
Simoa assay and never exceeded 16% of tau detected by the NT1 Simoa assay (Figure 3D
and E, Supplementary Table 2). The contribution of FL tau relative to the mid-region
ELISA-measured tau was even smaller, on average <0.5%. Moreover, the levels of FL tau in
CSF overlapped between controls, AD-MCI and AD (Figure 3D and Supplementary Table
2).

Plasma NT1 tau is elevated in AD-MCI and AD subjects from the Discovery Cohort.

Next, we investigated whether the levels of tau were elevated in plasma of subjects with AD
or AD-MCI. In the Discovery Cohort, tau concentrations measured by the FL and NT2
Simoa assays were similar in normal controls and subjects with AD-MCI and AD, and there
were no significant differences between any of the groups (Figure 4A and C). In contrast, the
levels of tau measured using the NT1 assay were significantly elevated in AD-MCI and AD
compared to the two normal control sub-groups (Figure 4B). ROC analysis (Figure 4D and
E) showed that plasma NT1 measurements separated controls from AD-MCI, with an AUC
of 0.88 (95% CI: 0.77 — 0.99). Similarly, NT1 tau levels discriminated controls from patients
with AD-dementia with an AUC of 0.96 (95% CI: 0.90 — 1.00). A cut-off value (determined
by Youden’s index) of 3.07 pg/ml yielded excellent sensitivity (for AD: 0.95; 95% CI: 0.74
—1.00, AD-MCI: 0.95, 95% CI: 0.74 — 1.00) and good specificity (for AD: 0.92; 95% CI:
0.74 - 0.99; AD-MCI: 0.76; 95% CI: 0.53 — 0.92). Interestingly, plasma NT1 tau levels were
similar in AD and AD-MCI (Figure 4B).

Plasma NT1 tau is also elevated in AD-MCI and AD subjects from the Validation Cohort.

To further examine the discriminatory power of measuring NT1, we analyzed a second
separate cohort. Our Validation Cohort was from the UCSD ARDC, and as with the
Discovery Cohort, subjects were assigned to gold standard diagnostic groups based on
clinical assessment and INNOTEST Ap42 and tau CSF levels. In addition to testing the
usefulness of measuring NT1 in plasma from the Validation Cohort, we also investigated the
robustness of the assay by having 2 different operators measure NT1 in duplicate samples.

Plasma was available from a total of 87 subjects and repeated testing of samples on separate
days was highly reproducible, yielding an R2 value of 0.84 (Figure 5A). Thereafter, we
proceeded to analyze NT1 results based on diagnostic groups. This was done by comparing:
(i) day 1 results for all 87 samples (not shown), (ii) day 2 results for all 87 samples (not
shown), and (iii) by using the average of day 1 and day 2 results for the 86 samples which
yielded day-to-day variance <20% (Figure 5B). As in the Discovery Cohort, the levels of
NT1 in the AD-MCI and AD groups were significantly elevated compared to the controls
(Figure 5B). Moreover, the levels of NT1 were similar in AD-MCI and AD (Figure 5B), thus
suggesting that NT1 elevation is unlikely to be useful for monitoring progression from AD-
MCI to AD. ROC analysis (Figure 5C and D) revealed that plasma NT1 measurements
separated controls from AD-MCI with an AUC of 0.79 (95% Cl: 0.62 — 0.88), and controls
from AD-dementia with an AUC of 0.75 (95% CI: 0.68 — 0.91). To test how the cut-off
derived from the Discovery Cohort might apply to the Validation Cohort, we generated a
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Youden’s index for the Validation Cohort. Using the cut-off of 3.07 pg/ml which produced
excellent separation of AD, and AD-MCI from controls in our Discovery Cohort to our
Validation Cohort, produced high specificity (for AD: 0.83, 95% CI: 0.68 — 0.93, and AD-
MCI: 0.85, 0.71 — 0.94), but modest sensitivity (for AD: 0.65, 95% CI: 0.42 — 0.84, and AD-
MCI: 0.59, 95% ClI: 0.36 — 0.79).

A likely explanation for the poor transfer of cut-off values from the Discovery Cohort to the
Validation Cohort is the fact that the NT1 values were higher for AD-MCI and AD groups in
the Discovery Cohort compared to the Validation Cohort (4.85 vs. 3.42 pg/ml, and 5.12 vs.
3.40 pg/ml), thus complicating the use of a common cut-off. However, establishing a new
cut-off (2.88 pg/ml) based on Youden’s index analysis within the Validation Cohort
produced good sensitivity (for AD: 0.70; 95% CI: 0.47 — 0.87, and AD-MCI: 0.73; 95% CI:
0.50 — 0.89) and specificity (for AD: 0.78; 95% CI: 0.62 — 0.89, and 0.80; 95% ClI: 0.65 —
0.91). Moreover, when data from the Discovery and Validation cohorts were pooled and
used for ROC analysis (Supplementary Figure 5), Youden’s index analysis produced good
sensitivity (for AD: 0.79; 95% CI: 0.65 — 0.90, and AD-MCI: 0.70; 95% CI: 0.54 — 0.83)
and specificity (for AD: 0.88; 95% CI: 0.77 — 0.95, and 0.88; 95% CI: 0.77 — 0.95).

Discussion

While it has been known for over two decades that CSF tau is elevated in AD [26, 27] little
attention has been paid to the forms of tau that are elevated and why the elevation measured
in AD CSF is not seen in other neurodegenerative disorders [7, 28]. To date most efforts at
measuring tau in CSF have employed mid-region-directed mAbs incapable of detecting
fragments of tau that lack all or part of the mid-region domain. Similarly, while rapid
progress has been made on measuring tau in human plasma only a small number of tau
immunoassays have been used and these have been applied without regard to the limitations
imposed by the antibodies employed [14-18, 21, 29]. Here, we report the development and
application of an assay to measure full-length tau in CSF and plasma, which when used in
tandem with other tau immunoassays is capable of differentiating between N-terminal
fragments and full-length tau.

In AD, diagnostic assignment is challenging, and it is now widely appreciated that a sizeable
number of individuals defined by clinical criteria have cognitive dysfunction as a result of
non-AD processes [1, 30]. To minimize this problem and to exclude cognitively intact
controls that might have incipient AD we defined our diagnostic groups based on both
clinical criteria and the best available AD CSF biomarkers. In parallel with the attention
given to diagnosis, sample collection and handling, we were careful to validate the novel
assays we developed. This involved confirming the specificity of the analyte detected by
immunodepleting specimens with an anti-tau mAb, diluting to ensure: (i) linearity of
response, and (ii) identify conditions that minimize matrix interference.

Using well validated assays and CSF specimens we measured tau using four in-house
ELISASs and three in-house Simoa assays. All but one of the seven assays allowed detection
of tau in CSF. Our FL tau ELISA which on the day of testing had an LLoQ ~31 pg/ml did
not detect signal in any CSF samples. However, the more sensitive FL Simoa assay (LLOQ
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~0.7 pg/ml) detected tau in all 76 CSF samples examined, although the levels were very low
and never exceeded more than 4% of the tau detected by mid-region ELISA (Supplementary
Tables 2 and 3, and Supplementary Figure 4). To our knowledge this is the first reliable
demonstration of full-length tau in CSF. Importantly, unlike the other tau forms measured,
full-length tau which could be passively released as a consequence of neuronal injury, does
not appear to change with AD. This is in contrast to tau fragments which appear to be
actively secreted from neurons in response to Ap-exposed [9] and indicates that N-terminal
fragments which contain a plasma membrane-interacting domain escape neurons more
readily than C-terminal fragments. Whilst our results provide important insights into tau
processing and release in the context of AD, it will be of considerable interest to extend this
work to non-AD tauopathies.

Tau measured in CSF by our NT1 and NT2 ELISAs was elevated in AD and AD-MCI
versus controls, but the elevation was lower than that measured by either the INNOTEST
ELISA or our in-house mid-region ELISA. These results suggest that the tau detected by the
different assays comprise both overlapping and distinct populations of fragments and the
population measured by mid-region ELISAs change more with disease than do tau species
that contain an intact N-terminus. These data together with our finding of only low levels of
full-length tau support the notion that in CSF, smaller fragments predominate [7].

When applied to the analysis of plasma from the same subjects as used for CSF studies, all
three of our Simoa-based assays readily detected tau. In controls the levels of tau measured
by our FL, NT1 and NT2 assays spanned comparable ranges, but in general NT2 detected
the highest levels of tau, NT1 the lowest, and the FL assay intermediate values. This
outcome indicates that most plasma tau is full-length. In line with the observation that CSF
and plasma contain different populations of tau, the levels of tau measured in CSF and
plasma show little correlation. This finding raises the intriguing proposition that a
substantial portion of plasma tau comes from a peripheral source and not the brain. Indeed, it
is known that peripheral neurons express a form of tau referred to as “Big tau” which
contains an additional large exon (4a) [31, 32]. In future studies it will be important to
generate Big tau-specific mAbs and determine if this form of peripheral tau changes in
disease and whether AD-related genetic factors alter expression or turnover of peripherally
expressed tau.

Notwithstanding the possible contribution of peripheral sources of tau, it is striking that the
NT1 assay showed a significant disease-related increase. Consistent with prior studies that
used a commercial Simoa assay analogous to our NT2 assay, levels of tau measured using
the NT2 assay tended to be elevated in AD/AD-MCI, but exhibited broad overlap with
controls [17, 18, 33]. On an individual subject basis, the NT1 assay often measured higher
levels of tau in AD and AD-MCI than either the NT2 or FL assay, suggesting specific
elevation of a tau species detected by the NT1 assay. Importantly, ROC analysis of the
Discovery Cohort indicated that measurement of tau in plasma using our NT1 assay showed
sufficient diagnostic sensitivity (the ability to predict AD cases) and specificity (the ability
to exclude controls) to pursue its use as a potential screening assay for AD.
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When cut-offs determined in the Discovery Cohort were applied to the Validation Cohort
they exhibited good specificity (0.83; 95% CI: 0.68 — 0.93), but poor sensitivity (0.59; 95%
Cl: 0.36 — 0.79). Conversely, Youden’s index analysis within: (i) the Validation Cohort, and
(ii) a pool of the Validation Cohort and the Discovery Cohort, produced much more
encouraging results. A possible explanation for the difficulty in applying a common cut-off
to the Validation Cohort may lie in the fact that the levels of NT1-measured tau tended to be
lower in this cohort, than in the Discovery Cohort. Why this should be, is not yet clear.
However, it is worth noting that the AD and AD-MCI groups in the Validation Cohort had
lower CSF tau than the corresponding groups in the Discovery Cohort (Supplementary Table
2) and on average the subjects in the Validation Cohort were ~10 years older. This might
suggest a less aggressive disease process and hence slightly lower levels of NT1 tau.
Additional studies using larger and preferably longitudinal cohorts will be required to
determine cut-offs. Longitudinal studies will also resolve whether NT1 can serve as a
biomarker of disease progression. However, given that NT1 values are similar for AD and
AD-MCI it would appear that plasma NT1 will not be a useful measure to monitor
conversion of AD-MCI to AD. Future studies should also help clarify whether NT1 levels,
as has been suggested for other tau analytes [7], are affected by age and/or gender.

Despite these caveats, it is important to emphasize that a blood-based screening assay for
AD does not need to display perfect diagnostic sensitivity and specificity. A relative crude
marker that could be optimized to minimizing false negatives would significantly reduce the
numbers of individuals that might then need CSF analysis or PET imaging, and thus
streamline participant selection for clinical trials. As such, the application of our novel NT1
assay merits further investigation, both as a single predictor of disease and in combination
with other emerging blood-based biomarkers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Standard curves of plate-based tau ELISAs and ultra-sensitive tau Simoa assays.
(A) Schematic representation of human tau441 and epitopes of the relevant antibodies. (B)

Mid-region (BT2-Tau5b), (C) NT1 (Taul2-BT2), (D) NT2 (Taul2-ADx202) and (E) full-
length (Taul2-TauAB) ELISAs readily detect human tau with LLoQs ~30 pg/ml. Simoa-
based (F) mid-region (BT2-Tau5) (LLoQ ~3.70 pg/ml), and Simoa-based (G) NT1 (BT2-
Taul2), (H) NT2 (ADx202-Taul2), and full-length (TauAB-Taul2) assays are shown (LLoQ
~0.27 pg/ml). Each data point is the average +SEM of three technical replicates. Where the
error bars are not visible, the SEM is smaller than the size of the symbol.
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Figure 2. CSF biomarkers of AD concur with the clinical diagnosis of subjects in the Discovery
and Validation cohorts.

(A and C) Ap42 and (B and D) tau were measured in CSF using validated INNOTEST
ELISAs. In the Discovery Cohort, approximately equal numbers of healthy control subjects
were from two distinct sources the HABS study (NC HABS) and the UCL study (NC UCL).
Subjects with AD biomarker positive-mild cognitive impairment (AD-MCI) and AD
biomarker positive-clinical AD were from the UCL study. The NC, AD-MCI and AD groups
in the Validation Cohort were all from the UCSD study. Each point is the average of
duplicate measurement for a single individual, and group means = SEM are indicated.
Differences between groups were assessed with Kruskal-Wallis H test followed by Dunn’s
post-hoc test. Ap42 levels were lower in the AD-MCI and AD groups than in the NC
groups, whereas tau levels were elevated in the AD-MCI and AD groups. n.s., hon-
significant; p>0.05; *** p<0.001.
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Figure 3. CSF Mid-region and N-terminal-containing fragments of tau, but not full-length tau
are elevated in AD and AD-MCI.

Tau was measured in the CSF of subjects from the Discovery Cohort using three distinct
ELISAs for (A) mid-region tau (BT2-Tau5), (B) NT1 tau (Taul2-BT2), and (C) NT2 tau
(Taul2-ADx202), and two Simoa-based assays for (D) FL tau (TauAB-Taul2) and (E) NT1
tau (BT2-Taul2). Healthy control subjects were from the HABS study (NC HABS) and
UCL study (NC UCL). Each point represents a single individual and means + SEM are
indicated. Differences between groups were assessed with Kruskal-Wallis H test followed by
Dunn’s post-hoc test. All assays, except the FL assay detected higher levels of tau in AD-
MCI and AD, than NC. n.s., non-significant; p>0.05; *p<0.05; ***p<0.001.
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Figure 4. Plasma NT1 tau is elevated in AD-MCI and AD subjects from the Discovery Cohort.
Plasma samples from the Discovery Cohort were analyzed with ultrasensitive Simoa assays

for (A) FL tau (TauAB-Taul2), (B) NT1 tau (Taul2-BT2) and (C) NT2 tau (Taul2-
ADx202). As before, healthy controls were from the HABS study (NC HABS) and UCL
study (NC UCL). Subjects with mild cognitive impairment (AD-MCI) and AD were from
the UCL cohort. Each point represents a single individual and means + SEM are indicated.
Differences between groups were assessed with Kruskal-Wallis H test followed by Dunn’s
post-hoc test. NT1 tau was elevated in AD-MCI and AD versus controls, but both NT2 and
FL tau were similar in all groups. ROC curves of plasma NT1 tau values distinguishes (D)
NC from AD-MCI, and (E) NC from AD. Area under the curves (AUC) for ROC analyses
were calculated using a non-parametric approach. n.s., non-significant; p>0.05; ***p<0.001.
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Figure 5. Plasma NT1 tau is elevated in AD-MCI and AD subjects from the Validation Cohort.
Plasma from a total of 87 Validation Cohort subjects was analyzed using the Simoa-based

NT1 (BT2-Taul2) assay. (A) Samples were measured by two different operators on different
days and the values obtained on day 1 and day 2 were plotted one versus the other. Results
obtained on day 1 and day 2 were highly similar and had an R? value of 0.84. Each symbol
represents an individual subject, and the straight line indicates the line of best fit from a
linear regression model. All duplicate values, except one set, deviated from the line of best
fit by less than 20% (filled circles). (B) Day 1 and day 2 results that deviated from the line of
best fit by less than 20% were averaged and these values segregated based on diagnosis
(normal controls, NC; mild cognitive impairment, MCI and AD). Each point represents a
single individual and means + SEM are indicated. Differences between groups were assessed
with Kruskal-Wallis H test followed by Dunn’s post-hoc test. As in the Discovery Cohort,
NT1 tau was elevated in AD-MCI and AD versus controls and (C) there was a good
separation of NC versus AD-MCI, and (D) NC versus AD. Area under the curves (AUC) for
ROC analyses were calculated using a non-parametric approach. **p<0.01; ***p<0.001.
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