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Brain-derived tau: a novel blood-based 
biomarker for Alzheimer’s disease-type 
neurodegeneration
Fernando Gonzalez-Ortiz,1 Michael Turton,2 Przemysław R. Kac,1 Denis Smirnov,3 

Enrico Premi,4 Roberta Ghidoni,5 Luisa Benussi,5 Valentina Cantoni,4 

Claudia Saraceno,5 Jasmine Rivolta,4 Nicholas J. Ashton,1,6,7,8 Barbara Borroni,4 

Douglas Galasko,3 Peter Harrison,2 Henrik Zetterberg,1,9,10,11,12 Kaj Blennow1,9 

and Thomas K. Karikari1,13

Blood-based biomarkers for amyloid beta and phosphorylated tau show good diagnostic accuracies and agreements 
with their corresponding CSF and neuroimaging biomarkers in the amyloid/tau/neurodegeneration [A/T/ 
(N)] framework for Alzheimer’s disease. However, the blood-based neurodegeneration marker neurofilament light 
is not specific to Alzheimer’s disease while total-tau shows lack of correlation with CSF total-tau. Recent studies sug-
gest that blood total-tau originates principally from peripheral, non-brain sources.
We sought to address this challenge by generating an anti-tau antibody that selectively binds brain-derived tau and 
avoids the peripherally expressed ‘big tau’ isoform. We applied this antibody to develop an ultrasensitive blood-based 
assay for brain-derived tau, and validated it in five independent cohorts (n = 609) including a blood-to-autopsy cohort, 
CSF biomarker-classified cohorts and memory clinic cohorts.
In paired samples, serum and CSF brain-derived tau were significantly correlated (rho = 0.85, P < 0.0001), while serum 
and CSF total-tau were not (rho = 0.23, P = 0.3364). Blood-based brain-derived tau showed equivalent diagnostic per-
formance as CSF total-tau and CSF brain-derived tau to separate biomarker-positive Alzheimer’s disease participants 
from biomarker-negative controls. Furthermore, plasma brain-derived tau accurately distinguished autopsy-con-
firmed Alzheimer’s disease from other neurodegenerative diseases (area under the curve = 86.4%) while neurofila-
ment light did not (area under the curve = 54.3%). These performances were independent of the presence of 
concomitant pathologies. Plasma brain-derived tau (rho = 0.52–0.67, P = 0.003), but not neurofilament light (rho = 
−0.14–0.17, P = 0.501), was associated with global and regional amyloid plaque and neurofibrillary tangle counts. 
These results were further verified in two memory clinic cohorts where serum brain-derived tau differentiated 
Alzheimer’s disease from a range of other neurodegenerative disorders, including frontotemporal lobar degeneration 
and atypical parkinsonian disorders (area under the curve up to 99.6%). Notably, plasma/serum brain-derived tau cor-
related with neurofilament light only in Alzheimer’s disease but not in the other neurodegenerative diseases. Across 
cohorts, plasma/serum brain-derived tau was associated with CSF and plasma AT(N) biomarkers and cognitive func-
tion.
Brain-derived tau is a new blood-based biomarker that outperforms plasma total-tau and, unlike neurofilament light, 
shows specificity to Alzheimer’s disease-type neurodegeneration. Thus, brain-derived tau demonstrates potential to 
complete the AT(N) scheme in blood, and will be useful to evaluate Alzheimer’s disease-dependent neurodegenera-
tive processes for clinical and research purposes.
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Introduction
The AT(N) (amyloid, tau, neurodegeneration) research framework 
provides a unified scheme that emphasizes on pathophysiological 

evidence of amyloid beta (A), tau (T) and neurodegeneration (N) 

for the definition and staging of Alzheimer’s disease.1–3 However, 

the framework currently relies on established CSF and neuroima-

ging biomarkers that have major challenges from economical, 

practical and logistical perspectives that limit their widespread 

applications, particularly in contexts that require cost-effective 

and high-throughput assessments for biological evidence of 

Alzheimer’s disease. For example, given the paucity of dementia 

specialists in many hospital systems,4 biomarker screening at the 

primary care level would be beneficial to streamline patient 

management including referrals to specialist practitioners.5–8

Moreover, as therapeutic trials are now required to show biomarker 

evidence of candidate drug efficacy,9 it is essential that only partici-

pants with confirmed underlying pathology are included and further 

monitored in the course of trials.6 The Alzheimer’s disease field will 

therefore benefit from biomarker modalities that have improved 

simplicity, accessibility, convenience and cost-effectiveness without 

compromising on performance.5–8

The development of AT(N) blood biomarkers improves the 
needed scalability for large-scale diagnostic, prognostic and thera-
peutic trial applications. Plasma amyloid beta (Aβ)42/Aβ40 methods, 
measured using immunoprecipitation-mass spectrometry meth-
ods, have shown good accuracies to detect Aβ abnormalities in 
Alzheimer’s disease that are absent in neurodegenerative diseases 
without amyloidosis.10–13 Plasma p-tau, including those targeting 
p-tau181, p-tau217 and p-tau231, have also demonstrated excellent 

diagnostic performances to detect and to differentiate Alzheimer’s 
disease from other neurodegenerative diseases.14–19 Plasma Aβ and 
p-tau therefore show promise as the A and T biomarkers, respect-
ively, in the AT(N) framework.6,8,20 For neurodegeneration (N), how-
ever, plasma neurofilament light chain (NfL) has demonstrated 
excellent diagnostic performance to identify Alzheimer’s disease 
compared with controls, but is unable to distinguish it from other 
neurodegenerative diseases.21–24 For these reasons, plasma NfL 
may not be optimal for use as an Alzheimer’s disease-specific neu-
rodegeneration marker. Moreover, current plasma total-tau (t-tau) 
assays do not show good diagnostic utility,24–29 contrary to CSF 
t-tau that reliably reflects neurodegeneration in Alzheimer’s dis-
ease but not in other neurodegenerative diseases like Parkinson’s 
disease, Lewy body dementia and frontotemporal dementia.30–34

Plasma t-tau concentrations show large overlaps between diagnos-
tic groups and do not correlate with CSF t-tau, suggesting that plas-
ma and CSF t-tau do not originate from the same tissue 
sources.25,27,29 Indeed, while tau is known to be highly abundant 
in the CNS, the protein is also present in peripheral tissues (e.g. li-
ver, kidney, heart).35,36 The protein structure of tau in the CNS and 
PNS has fundamental differences in splice variants: while there are 
six tau isoforms of varying lengths in the adult human brain, the 
main form of tau in the PNS is distinguishable from these isoforms 
by the presence of a large peptide insert resulting from the tran-
scription of an extra exon (exon 4a) of the MAPT gene.37,38 Since 
CSF t-tau, but not plasma t-tau, agrees with PET and neuropatho-
logical evidence of Alzheimer’s disease,30,32–34 it is plausible that 
the tau forms measured by the blood assay originate, to a large ex-
tent, from non-CNS sources. In line with this reasoning, a recent 
study estimated that only a fifth of the signal measured by plasma 

mailto:thomas.karikari@gu.se


1154 | BRAIN 2023: 146; 1152–1165                                                                                                               F. Gonzalez-Ortiz et al.

t-tau is brain-derived while the remainder originates from periph-

eral sources.25 As a result, plasma t-tau tends to show promising 

diagnostic function largely in disorders with acute increases in 
CNS tau production and release, including traumatic brain injury 
and acute stroke following cardiac arrest.39–44 Together, a blood- 
based biomarker for neurodegeneration specific to Alzheimer’s dis-
ease is currently lacking. Discovery of such a biomarker would com-
plete the AT(N) system in blood, and enable examination of 
neurodegenerative process(es) specific to Alzheimer’s disease 
pathogenesis while differentiating these from neurodegenerative 
mechanisms common to related dementias.

In this study, we hypothesized that: (i) an immunoassay can 
be innovated to selectively measure brain-derived tau (BD-tau) 
in blood by using an antibody engineered to specifically target 
tau isoforms originating from the brain; (ii) such a novel assay 
would show strong correlations between plasma and CSF levels; 
and (iii) the assay would demonstrate specificity to Alzheimer’s 
disease by showing good performances to differentiate it from 
non-Alzheimer’s disease neurodegenerative diseases. Here, we 
report the development, analytical and clinical validation of a 
novel blood-based biomarker that is specific for BD-tau. In five in-
dependent research cohorts (n = 609 participants), we evaluated 
the capabilities of this new blood biomarker to: (i) differentiate 
neurochemically defined Alzheimer’s disease from biomarker- 
negative controls; (ii) distinguish Alzheimer’s disease from other 
neurodegenerative diseases, including in a cohort with neuro-
pathological confirmation; and (iii) to associate with the severity 
of plaque and tangle pathologies at autopsy, CSF AT(N) biomar-
kers (including in paired plasma/serum versus CSF samples), 
and cognition.

Materials and methods
Development and validation of a BD-tau blood assay

Sheep monoclonal antibodies were generated using a custom- 
designed synthetic peptide antigen conjugated to KLH at the N ter-
minus (GenScript Biotech). All work was undertaken according to 
the UK Animal Scientific Procedures Act, and the methodology 
has been described previously.45 Candidate hybridomas were se-
lected based on binding to an expressed glutathione 
S-transferase-linked protein construct for exons 4–5 of tau and 
recombinant full-length tau-441 (rPeptide). To ensure reactivity 
was solely to the contiguous sequence of exons 4–5, hybridomas 
were screened against additional peptides and glutathione 
S-transferase-linked protein constructs representing exons 4–4a, 
4a–5 and 4–4a–5. The TauJ.5H3 monoclonal antibody was shown 
in our validation studies to demonstrate specific reactivity to the 
junction between MAPT exons 4 and 5, and was therefore selected 
for use in assay development. Antibody design, generation and val-
idation were performed at Bioventix Plc.

For the BD-tau assay, TauJ.5H3 was used as the capture anti-
body, thereby precluding the binding of tau isoforms containing 
the exon 4a insert. A mouse monoclonal antibody raised against 
the N-terminal region of tau was used for detection. In vitro phos-
phorylated recombinant full-length tau-441 (#TO8-50FN, 
SignalChem) was used as the assay calibrator. Blood samples and 
calibrators were diluted with assay diluent (Homebrew buffer; 
#101556, Quanterix). Analytical validation followed protocols de-
scribed previously.14,19,46 Assay development work was conducted 
at the University of Gothenburg, Sweden.

Study cohorts, biomarker and neuropathological 
assessments

Discovery and Neurochemical cohorts

The Discovery cohort (n = 20) included paired CSF and serum sam-
ples from neurochemically defined Alzheimer’s disease partici-
pants (n = 10) and controls (n = 10) selected based on their CSF 
biomarker profile (CSF Aβ42 < 530 pg/ml, CSF p-tau > 60 pg/ml and 
CSF t-tau > 350 pg/ml14,31). The Alzheimer’s disease group had no 
evidence of other neurological conditions based on routine clinical 
and laboratory assessments. The control group consisted of se-
lected patients with a biomarker-negative profile.

The Neurochemical cohort (n = 60) consisted of serum samples 
from neurochemically defined Alzheimer’s disease participants 
(n = 24) and age-matched controls (n = 36). The selection criteria 
were the same as in the Discovery cohort. CSF biomarkers were 
measured using the established INNOTEST assays from Fujirebio. 
Both cohorts were from the Sahlgrenska University Hospital, 
Sweden.

Neuropathology cohort

The Neuropathology cohort consisted of plasma samples (n = 52) 
from research participants enrolled in the University of California 
San Diego (UCSD) Shiley-Marcos Alzheimer’s Disease Research 
Center. Participants underwent longitudinal annual assessments, 
which included blood sample collection, received consensus 
clinical diagnoses and were followed until death. Subsequently, 
post-mortem neuropathological examination was performed to de-
termine the presence and extent of amyloid and tau pathologies 
consistent with Alzheimer’s disease, as well as with other neurode-
generative and vascular pathologies. Brains were divided sagittally 
and the left hemibrain was fixed in 10% buffered formalin while the 
right hemibrain was sectioned coronally and frozen at −80°C. The 
formalin-fixed left hemibrain was cut serially into 1-cm slices for 
paraffin embedding. Sections were taken and stained with haema-
toxylin and eosin for histopathological examination from: middle 
frontal cortex (Brodmann areas 8/9), rostral superior temporal cor-
tex, inferior parietal cortex, hippocampus, entorhinal cortex, basal 
nuclei, midbrain with substantia nigra, pons with locus coeruleus 
and cerebellar cortex with dentate nucleus. Lesions were evaluated 
in 10-μm thick sections stained with thioflavin-S or in 5-μm thick 
sections with immunohistochemical staining.

Neuritic plaques, diffuse plaques and neurofibrillary tangles 
(NFTs) were identified either with 1% thioflavin-S stains viewed 
with ultraviolet illumination and a 440-μm bandpass wavelength 
excitation filter, or with immunohistochemical staining using anti-
bodies to Aβ (rabbit polyclonal antibody 69D, kindly provided by 
Edward Koo; 1:1200 dilution) or PHF1 tau (courtesy of Peter 
Davies; 1:600 dilution). Neuritic plaque density was estimated using 
methods recommended by the Consortium to Establish a Registry 
for Alzheimer’s Disease (CERAD)47 while Braak stage for NFT path-
ology was determined according to Braak et al.48 For more recent 
cases, pathological diagnosis of Alzheimer’s disease was made 
using the NIA-AA consensus criteria for the post-mortem diagnosis 
of Alzheimer’s disease, wherein Thal phase 4–5 (A3), Braak stage V– 
VI (B3) and moderate-to-severe neuritic plaque density (C2/3) corre-
sponds to high Alzheimer’s disease neuropathological change 
(ADNC).49 For biomarker–pathology associations, we evaluated 
comparisons with NIA Reagan,50 Braak stage47 and CERAD48 stages 
separately. Cerebral amyloid angiopathy was graded from 0 (ab-
sent) to 3 (severe) according to procedures described by the NACC 
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Neuropathology Working Group.49 We defined the ‘Low Pathology’ 
group as Braak 0–II in the absence of significant Lewy body demen-
tia, major vascular pathology, hippocampal sclerosis, limbic- 
predominant age-related TAR DNA binding protein-43 (TDP-43) en-
cephalopathy or other neurodegenerative pathology.51 The ‘Other 
Pathology’ group consisted of individuals who had been autopsy- 
verified to have had non-Alzheimer neurodegenerative diseases.

Memory Clinic Cohorts 1 and 2

The two memory mlinic cohorts included plasma (Cohort 1) or ser-
um (Cohort 2) samples from patients clinically diagnosed with fron-
totemporal lobar degeneration or Alzheimer’s disease, as well 
normal control individuals. The frontotemporal lobar degeneration 
group included behavioural frontotemporal dementia, agrammatic 
variant primary progressive aphasia, semantic variant primary 
progressive aphasia, corticobasal syndrome and progressive supra-
nuclear palsy according to current clinical criteria.52–54 The 
Alzheimer’s disease participants showed clinical profiles of 
Alzheimer’s disease dementia, in agreement with up-to-date diag-
nostic recommendations.55 Individuals with suspected neurode-
generative diseases were assessed with the core CSF biomarkers 
to rule in or rule out Alzheimer’s disease pathophysiology. 
Normal controls without a clinical presentation of memory pro-
blems and with a biomarker-negative profile were recruited among 
caregivers. Memory Clinic Cohort 1 included n = 375 participants, 
namely 60 individuals with Alzheimer’s disease, 256 with fronto-
temporal lobal degeneration and 59 healthy controls from the 
Center for Neurodegenerative Disorders, University of Brescia, 
Italy and from the IRCCS Istituto San Giovanni di Dio 
Fatebenefratelli, Brescia, Italy. Memory Clinic Cohort 2 included n 
= 102 participants; 19 with Alzheimer’s disease, 70 with frontotem-
poral lobal degeneration and 13 healthy controls from the Center 
for Neurodegenerative Disorders, University of Brescia, Italy. 
Further details about this cohort have been provided previously.56

Measurement of BD-tau in the clinical cohorts

BD-tau was measured blinded on Simoa HD-X using the previously 
described in-house assay at the University of Gothenburg, Mölndal, 
Sweden. Biotinylated N-terminal anti-tau mouse monoclonal anti-
body was used for detection. Full-length recombinant tau 441 phos-
phorylated in vitro by glycogen synthase kinase 3β (SignalChem) 
was used as the calibrator. The assay validation focused on dilution 
linearity, spike recovery, antibody specificity, precision and lower 
limit of quantification, following published methods.14,19,46

Plasma and CSF samples were diluted 4- and 30-fold, respectively, 
before analyses.

Signal variations within and between analytical runs were as-
sessed using three internal quality control samples analysed in du-
plicates at the beginning and the end of each run. Within-run 
variation for the Discovery, the Neurochemical and the 
Neuropathology cohorts (each analysed in a single run) were 6.0, 
6.9 and 8.7%, respectively. For Memory Clinic Cohort 1, the within- 
and between-run variations were 5.0 and 5.3%, respectively. The re-
spective within- and between-run variations for Memory Clinic 
Cohort 2 were 7.9 and 8.0%, respectively. All these values are less 
than the 20% allowable limit for clinical chemistry purposes.57

The Memory Clinic Cohort 1 results, generated using a different 
batch of reagents, were adjusted to the other cohorts by multiplying 
values by three, according to signals for the same quality control 
samples analysed on all plates.

Other plasma biomarkers

Measurements were performed on the Simoa HD-X platform. 
Plasma p-tau181 was measured either with a commercial method 
from Quanterix Inc. (pTau-181 V2 Advantage Kit #103714; 
Neuropathology cohort) or according to the method by Karikari 
et al.14 for all other cohorts. Plasma p-tau231 was measured using 
the University of Gothenburg assay.19 Plasma t-tau was measured 
with the Quanterix kit (#101552).

Ethical clearance

Participant consent was obtained according to the Declaration of 
Helsinki. The Discovery and Neurochemistry cohorts that used 
de-identified leftover clinical samples were both approved by the 
ethics committees at the University of Gothenburg (#EPN140811). 
The Neuropathology cohort was reviewed and approved by the hu-
man subject review board at UCSD. Informed consent was obtained 
from all patients or their caregivers consistent with California State 
law. The Memory Clinic cohorts were approved by the Brescia 
Ethics Committee (#NP 1965).

Statistical analyses

Statistical analyses were performed with Prism v.9.3.1 (GraphPad, 
San Diego, CA, USA). Data are shown as mean ± standard deviation 
unless otherwise stated. The distributions of data sets were exam-
ined for normality using the Kolmogorov–Smirnov test. 
Non-parametric tests were used for non-normally distributed 
data. Spearman correlation and the chi square test were used for 
continuous and categorical variables, respectively. Diagnostic per-
formances were evaluated with receiver operating curves 
(ROC) and area under the curve (AUC) assessments. Fold changes 
were examined by comparing biomarker values with the mean of 
the control group.

Group differences were examined using two-tailed Mann– 
Whitney test (two categories) or the Kruskal–Wallis test with 
Dunn’s multiple comparisons (three or more groups). Abnormally 
high BD-tau values beyond 500 pg/ml were excluded from the 
graphs for clarity of presentation but were included in the statistic-
al analyses. Significance was set at P < 0.05.

Data availability

Anonymized data are available on reasonable request from the cor-
responding author.

Results
TauJ.5H3 antibody specifically recognizes BD-tau

The TauJ.5H3 antibody was designed to selectively bind to continu-
ous exon 4–5 sequences on CNS-derived tau isoforms (Fig. 1A). As 
expected, the antibody did exclusively bind to recombinant protein 
constructs representing the exon 4–5 in a concentration-dependent 
manner. An identical binding pattern was observed for a control 
antibody selected by affinity purification of polyclonal serum 
against the exon 4 peptide (Fig. 1B). However, the TauJ.5H3 antibody 
did not recognize recombinant protein constructs containing the 
exon 4a insert; this includes constructs for the exons 4–4a 
(Fig. 1C), 4a–5 (Fig. 1D) and 4–4a–5 regions (Fig. 1E), confirming bind-
ing was only observed when the contiguous exon 4–5 sequence was 
present. The tau exon-4 antibody recognized recombinant 



1156 | BRAIN 2023: 146; 1152–1165                                                                                                               F. Gonzalez-Ortiz et al.

constructs that included the exon 4 region (that is, exons 4–4a and 
4–4a–5) while both the TauJ.5H3 and the tau exon-4 antibodies did 
not bind to a protein construct spanning the exon 4a–5 region 
(Fig. 1D). Additionally, TauJ.5H3 recognized all six tau isoforms 
abundantly expressed in the adult human CNS (Supplementary 
Fig. 1). Together, these results indicate that the TauJ.5H3 antibody 
recognizes tau isoforms that are derived from the CNS but avoids 
tau forms that include the exon 4a region predominantly expressed 
in peripheral tissues.

BD-tau assay shows good analytical performance in 
plasma and serum

We next developed a novel immunoassay to measure BD-tau in 
blood, by pairing the TauJ.5H3 antibody with an N-terminal-tau tar-
geting antibody. Following optimization, the assay showed excel-
lent analytical performance in both plasma and serum. 
Concentrations of the biomarker in endogenous blood samples de-
creased linearly when measured 2-fold diluted with the assay dilu-
ent versus when diluted 4- or 8-fold (Fig. 2A). The assay also showed 
between-run stability of 92–95% when aliquots of three independ-
ent plasma or serum samples were measured in up to five separate 
analytical runs (Fig. 2B). Moreover, there was a recovery of 93% of 
the expected analyte signal in exogenous CSF samples when spiked 
into test blood samples (Fig. 2C). These values were within recom-
mended/acceptable limits as stipulated by an international consor-
tium of clinical chemists57 and were also comparable to those we 

have reported previously for p-tau assays.14,19,46 The lower limit 
of quantification for the assay was estimated to be 0.03 pg/ml.

Correlation between BD-tau levels in paired CSF 
and blood samples suggests lack of interference 
from peripheral tau

We hypothesized that if BD-tau is not significantly affected by per-
ipheral tau contamination, concentrations in paired CSF and blood 
samples should show good correlation and similar diagnostic per-
formances. In the Discovery cohort, there was a strong correlation 
(Spearman’s rho = 0.85, P < 0.0001; Supplementary Table 3) of 
BD-tau levels in paired serum and CSF. To the contrary, concentra-
tions of the Quanterix t-tau assay (the performance of which is 
known to be impacted by tau from peripheral tissues25) did not 
correlate in the same serum versus CSF sample pairs (Spearman’s 
rho = 0.23, P = 0.3364; Supplementary Table 3). CSF BD-tau corre-
lated strongly with CSF t-tau measured with either the INNOTEST 
(Spearman’s rho = 0.93, P < 0.0001) or Quanterix (Spearman’s rho = 
0.85, P < 0.0001) assays.

BD-tau levels were increased in Alzheimer’s disease versus con-
trols in paired serum and CSF samples [P ≤ 0.0001; Fig. 3A(i and ii)], 
with fold changes of 9.5 and 2.2, respectively. However, t-tau was 
increased in Alzheimer’s disease versus controls in CSF (P = 
0.0076) but not in paired serum samples [P = 0.2176; Fig. 3B(i and 
ii)]. Here, the fold changes were smaller; 1.9 and 1.6 for serum and 
CSF, respectively. In the same sample pairs, the diagnostic accuracy 

Figure 1 Design and characterization of the TauJ.5H3 sheep monoclonal antibody specific for CNS-derived tau isoforms. (A, top) Schematic illustration 
of the full-length tau isoform (2N4R) in the adult human brain showing the different regions including the junction between exons 4 and 5, indicating 
the absence of the exon 4a insert. Note that the organization of the exons 4 and 5 here also applies to the other five major tau isoforms commonly ex-
pressed in the adult human CNS. (A, bottom) Schematic illustration of the high molecular weight tau (‘big tau’) isoform, which is the predominant form 
of tau in the adult human PNS. The exon 4a insert breaks the junction between exons 4 and 5 in the 2N4R isoform into two separate junctions—between 
exons 4 and 4a and between 4a and 5. The TauJ.5H3 BD-tau antibody was generated against a small contiguous peptide that specifically stretches the 
junction between exons 4 and 5, making it unique to CNS tau isoforms. The control anti-exon-4 antibody was generated against a recombinant protein 
form of the exon 4 that is common to all tau isoforms. (B) The TauJ.5H3 antibody did bind in a concentration-dependent manner to a recombinant pro-
tein construct corresponding to the exon 4–5 region found in the 2N4R and other CNS tau isoforms but not in the high molecular weight tau isoform 
abundantly expressed in peripheral tissue. The binding profile was the same as that of a control antibody generated against the exon-4 region. (C) The 
TauJ.5H3 antibody did not bind to a recombinant protein construct that covers the exons 4–4a region found in the high molecular weight, but not the 
2N4R, tau isoform. However, the anti-exon-4 antibody did bind in a concentration-dependent manner as it did against the exon 4–5 region in B above. 
(D) Both the TauJ.5H3 and anti-exon-4 antibodies did not recognize a recombinant protein construct for the exon 4a–5 region that is found in the high 
molecular weight tau but not CNS isoforms. (E) TauJ.5H3, but not the anti-exon-4 antibody, gave no signal in the presence of a recombinant fusion con-
struct corresponding to the continuous exon 4–4a–5 region.

http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
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of serum BD-tau was 100 versus 67.0% [5% confidence interval (CI) = 
42.3–91.7%] for serum t-tau.

Assuming that serum and CSF tau originate from the same 
BD-tau pool, we estimated that serum BD-tau reflects 4% of the cor-
responding CSF concentrations in normal ageing (Aβ− controls) and 
16% in Alzheimer’s disease. The t-tau assay, on the other hand, 
showed 3% serum-to-CSF ratios in both Alzheimer’s disease and 
Aβ− controls.

In the Neurochemical cohort, serum BD-tau was increased in 
Alzheimer’s disease versus controls (Mann–Whitney U = 0, P < 
0.0001; fold change = 3.1) similar to CSF t-tau, with an AUC of 
100% (Supplementary Fig. 2).

Plasma BD-tau differentiates Alzheimer’s disease 
from other neurodegenerative diseases

In the Neuropathology cohort, plasma BD-tau was increased in 
Alzheimer’s disease versus non-Alzheimer’s disease (Mann– 
Whitney U = 83.5, P < 0.0001) with a diagnostic accuracy of 86.4% 
(95% CI = 75.6–97.1%; Fig. 4A and C). To the contrary, plasma NfL 
was not significantly increased in Alzheimer’s disease (Mann– 
Whitney U = 280, P = 0.6238; AUC = 54.3%, 95% CI = 36.9–71.6%; 
Fig. 4B and C). Fold changes of 5.0 versus 1.0 were observed for plas-
ma BD-tau and NfL, respectively.

In secondary analyses, we stratified the Alzheimer’s disease 
group into High ADNC and High ADNC + Other (Alzheimer’s disease 
with concomitant pathologies such as Lewy body dementia and 
hippocampal sclerosis) subgroups, and the non-Alzheimer’s dis-
ease group into those diagnosed with Low or Other Pathology 
groups. We found no difference in plasma BD-tau between the 
High ADNC and the High ADNC + Other subgroups (P > 0.999; 
Fig. 4D). Similarly, there was no difference between the Low and 
Other Pathology subgroups (P > 0.999; Fig. 4D). However, plasma 
BD-tau differentiated the Other Pathology subgroup from both the 
High ADNC and High ADNC + Other subgroups (P ≤ 0.0036; Fig. 4D). 
While we observed differences between the Low Pathology versus 
each of the High ADNC and the High ADNC + Other subgroups at 
the group-level (Table 1), these did not reach statistical significance 
probably because of the reduced statistical power. Plasma NfL did 
not differentiate between any of the subgroups (Fig. 4E).

Profile of BD-tau in different neurodegenerative 
diseases

In Memory Clinic Cohort 1, serum BD-tau was significantly in-
creased in Alzheimer’s disease versus non-Alzheimer’s disease 
(P < 0.0001; AUC = 88.6%, 95% CI = 84.8–92.3%; Fig. 5A and C). To 
the contrary, plasma NfL showed no differential diagnostic utility 
(AUC = 54.9%, 95% CI = 47.7–62.1%; Fig. 5B and C). The fold changes 
(versus controls) in Alzheimer’s disease were 8.9 for BD-tau and 
2.6 for NfL. In non-Alzheimer’s disease, serum BD-tau had a fold 
change of 1.3 while for NfL this was 2.2.

When the non-Alzheimer’s disease group in Memory Clinic 
Cohort 1 was divided into specific diagnostic groups, the differen-
tial diagnostic accuracy of serum BD-tau versus Alzheimer’s dis-
ease remained high (up to 99.6%) and outperformed serum NfL in 
each group except in those with GRN mutations where NfL is known 
to be highly increased58 (Table 2). In agreement, concentrations of 
serum BD-tau were significantly higher in the Alzheimer’s disease 
group versus each other diagnostic group (Fig. 5D and E).

In Memory Clinic Cohort 2, plasma BD-tau concentrations were 
higher in Alzheimer’s disease versus non-Alzheimer’s disease (P < 
0.0001; AUC = 80.0%, 95% CI = 69.1–91.0%), (Supplementary Fig. 3).

BD-tau in blood associates with neurodegeneration 
markers in Alzheimer’s disease but not in other 
neurodegenerative diseases

Serum BD-tau correlated with CSF t-tau in the Discovery and 
Neurochemical cohorts (Spearman’s rho = 0.65–0.83, P < 0.0001). 
These associations existed in the entire cohorts and in the 
Alzheimer’s disease group (Supplementary Table 3).

In the Neuropathology cohort, plasma BD-tau correlated with 
NfL only in the Alzheimer’s disease group but not in the 
non-Alzheimer’s disease group (Supplementary Table 4). 
Similarly, serum BD-tau correlated with NfL in Memory Clinic 
Cohort 1 only in the Alzheimer’s disease group (Spearman’s rho = 
0.63, P < 0.0001) and controls (Spearman’s rho = 0.33, P = 0.0115), 
but not in the non-Alzheimer’s disease group (Spearman’s rho = 
−0.12, P = 0.0658; Supplementary Table 5). In agreement, serum 
NfL but not BD-tau correlated with cortical thickness in the 
non-Alzheimer’s disease group (data not shown).

Figure 2 Technical validation of a novel assay to measure BD-tau in blood. (A) Dilution linearity. The panel shows serial dilutions of three unique plas-
ma samples with the assay diluent. Compared with sample aliquots diluted 2-fold, those diluted 4-fold gave ∼50% less signal for BD-tau. The trend was 
the same when comparing 4- and 8-fold diluted samples. The bar plots show the mean values and the error bars show the standard error of the mean. 
(B) Within- and between-run stability. The concentrations for three separate plasma or serum samples were measured in duplicates in up to five in-
dependent analytical runs are shown, to depict day-to-day stability of the BD-tau assay. (C) Spike recovery. Serum samples diluted 1:2 as well as the 
assay diluent were each ‘spiked’ with CSF and levels in each sample were measured with our assay. The plot shows signals for the non-spiked serum 
sample, the CSF spike sample alone and the serum + CSF spike sample together.

http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
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Plasma BD-tau associates with plaque and tangle 
pathologies at post-mortem

Plasma BD-tau was increased in individuals with frequent versus 
sparse neuritic plaques according to the CERAD scale (P < 0.0001) 
and in those with High ADNC versus Low ADNC in line with the NIA 
Reagan criteria50 (data not shown). Plasma BD-tau correlated with glo-
bal neuritic plaque counts (Spearman’s rho = 0.58, P < 0.0001), and 
with diffuse plaque count (Spearman’s rho = 0.56, P < 0.0001; 
Table 3). In addition, plasma BD-tau correlated with regional mea-
sures of neuritic and diffuse plaque pathologies in the hippocampus, 
superior temporal gyrus and inferior parietal lobe (Spearman’s rho = 
0.53–0.68, P ≤ 0.0079; Table 3). Plasma BD-tau did not correlate with 
cerebral amyloid angiopathy (data not shown). To the contrary, plas-
ma NfL was neither increased according to, nor correlated with, any of 
the neuropathological measures of plaque pathology (Table 3).

Plasma BD-tau correlated with tangle pathology in the hippo-
campal, superior temporal and inferior parietal, and middle frontal 
regions (Spearman’s rho ≥ 0.54, P ≤ 0.0048; Table 3). On the other 
hand, plasma NfL did not correlate with tangle pathology (Table 3).

Serum BD-tau correlated inversely with CSF Aβ42 in the Discovery 
and Neurochemical cohorts (Spearman’s rho = −0.59–−0.73, P ≤ 
0.0003; Supplementary Table 3). Plasma/serum BD-tau correlated sig-
nificantly with plasma and CSF p-tau across cohorts (Supplementary 
Tables 3 and 4). However, serum BD-tau did not correlate with serum 
t-tau (Spearman’s rho = 0.26, P = 0.2738; Supplementary Table 3).

BD-tau associates with cognitive performance in 
Alzheimer’s disease

Plasma BD-tau correlated inversely with MMSE (Spearman’s rho = 
−0.34, P = 0.0184) and Clinical Dementia Rating global scores 
(Spearman’s rho = −0.30, P = 0.0352) in the Neuropathology cohort. 
Plasma BD-tau correlated positively with age of disease onset in 
Memory Clinic Cohort 1 (Spearman’s rho = 0.33, P < 0.0001).

Discussion
In this study, we present the development and validation of an ul-
trasensitive immunoassay, and report clinical performance results 

Figure 3 Concentrations and correlation of BD-tau in paired serum and CSF samples. [A(i and ii)] Concentrations of BD-tau in paired serum and CSF 
samples showing significant increases in Aβ+ Alzheimer’s disease and Aβ− control individuals classified according to their neurochemical CSF bio-
marker profiles. The corresponding levels of t-tau (Quanterix) in the same paired serum and CSF samples are shown in B(i) and B(ii), respectively. 
P-values indicate the results of Mann–Whitney tests. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle 
bar depicts the median and the lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown 
outside the coloured areas.

http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
http://academic.oup.com/brainj/article-lookup/doi/10.1093/brain/awac407#supplementary-data
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in five independent cohorts for an improved blood-based t-tau bio-
marker, BD-tau. In short, plasma BD-tau was shown to be an 
Alzheimer’s disease-type neurodegeneration biomarker that can 
discriminate between autopsy-verified Alzheimer’s disease from 
other neurodegenerative diseases, and in addition is associated 
with clinical severity of disease in the Neuropathology cohort. 
The significance of this biomarker, which also explains these find-
ings, is that blood and CSF levels correlate strongly in paired sam-
ples. The assay was developed using a monoclonal antibody that 
selectively binds to CNS tau isoforms (hence the name BD-tau). 
This property makes it superior to the current plasma t-tau bio-
marker that does not correlate with CSF t-tau, probably because it 
also captures tau from peripheral sources.25,27,29 Furthermore, 

BD-tau in blood, like NfL, has high diagnostic accuracy to detect 
neurodegeneration in Alzheimer’s disease. However, plasma 
BD-tau demonstrated the novel finding of being able to accurately 
distinguish pathologically confirmed Alzheimer’s disease from sev-
eral other neurodegenerative diseases while plasma NfL did not. 
These performances were specific to the neuropathological diagno-
sis of Alzheimer’s disease, and were unaffected by mixed patholo-
gies. Furthermore, plasma BD-tau, but not plasma NfL, was 
associated with global and regional amyloid-plaque and NFT 
counts in the Neuropathology cohort. Moreover, correlations be-
tween plasma/serum BD-tau and NfL were observed only in indivi-
duals with Alzheimer’s disease but not those with other 
neurodegenerative diseases.

Figure 4 Plasma BD-tau accurately differentiates autopsy-verified Alzheimer’s disease from other neurodegenerative diseases. (A) and (B) Tukey plots 
of plasma BD-tau and plasma NfL levels in the Alzheimer’s disease (AD) and the non-Alzheimer’s disease (non-AD) groups in the Neuropathology co-
hort. The corresponding ROC and AUC values indicating between-group discriminatory accuracies of the biomarkers are shown in C. The diagonal line 
on the ROC plot shows 50% accuracy meaning no difference from chance events. (D and E) Plasma BD-tau and NfL stratified according to ADNC. The 
non-AD group was divided into Low Pathology (limited amyloid plaques in the absence of tau tangles) or Other Pathology (non-Alzheimer pathologies). 
The pathology-confirmed Alzheimer’s disease group was also divided into High ADNC and High ADNC + Other (Alzheimer’s disease in the presence of 
concomitant pathologies) subgroups. (A) Plasma BD-tau was significantly increased in both the High ADNC and the High ADNC + Other subgroups com-
pared with the Other Pathology group. P-values indicate the results of Mann–Whitney test (for two groups) or Kruskal–Wallis test adjusted for multiple 
comparisons (three or more groups). In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts 
the median and the lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the 
coloured areas.
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Attempts to develop a blood-based t-tau biomarker with similar 
performance as CSF t-tau have been challenging. Plasma t-tau does 
not correlate with CSF t-tau when measured in paired sam-
ples.25,27,29 In agreement, several studies have reported poor diag-
nostic performances of plasma t-tau for Alzheimer’s disease and 
for differential diagnosis of Alzheimer’s disease versus other neu-
rodegenerative diseases.24–29,59,60 Since tau protein is expressed in 
several peripheral sources in addition to the CNS,35,36 we hypothe-
sized that plasma t-tau is significantly affected by tau from periph-
eral sources. An estimated 80% of the blood t-tau signal originates 
from peripheral tissues, meaning that the remaining 20% contribu-
tion from the CNS is unlikely to result in significant overall differ-
ences even when assuming typical fold increases of two to three 
in Alzheimer’s disease participants.25 Plasma t-tau rather shows 
diagnostic and prognostic utility in acute neurological disorders 
where CNS-derived tau levels in blood increase exponentially 
over a short duration presumably due to blood–brain barrier 
impairment.40,42,60,61

To address this problem, we aimed to develop a novel blood 
biomarker that selectively recognizes tau derived from the brain 
and avoids tau from peripheral sources. We took advantage of 
the fact that the MAPT gene has multiple splice variants ex-
pressed in a tissue-dependent pattern.36,37 Tau in the adult hu-
man brain has six isoforms between 352 and 441 amino acids 

long.36,62 However, tau in peripheral tissues—including the liver, 
kidney, heart and pancreas—is predominantly of the high mo-
lecular weight (‘big tau’) isoform with the exon 4a insert 
(Fig. 1A).36 Big tau is preferentially localized in peripheral tissues 
where it is the main form of tau expressed in the adult PNS.38,63

We hypothesized that by generating an antibody specifically 
against the junction between exons 4 and 5, we could develop a 
novel immunoassay that selectively targets BD-tau in blood. 
Biochemical characterization of the resulting monoclonal anti-
body, TauJ.5H3, the sequence of which was verified by epitope 
mapping (data not shown) showed that it only bound to recom-
binant protein constructs that had the exon 4–5 junction intact, 
and not those that stretched over exons 4–4a, 4a–5 and 4–4a–5 
(Fig. 1). In contrast, the tau exon-4 antibody recognized all con-
structs that included the exon 4, including those lacking the 
exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 
plasma t-tau does not correlate with CSF t-tau27–29 (as also 

Table 1 Demographic characteristics of the Neuropathology cohort

Variable Non-Alzheimer’s disease (n= 18) Alzheimer’s disease (n= 34) P-value (t-test or chi-squared 
as appropriate)

Low Pathology Other Pathology High ADNC High ADNC + Other Alzheimer’s disease versus 
non-Alzheimer’s disease

n 4 14 25 9
Age at plasma 78.9 ± 4.1 74.8 ± 8.2 72.5 ± 8.1 71.4 ± 9.5 0.13
Age at death 84.3 ± 4.2 78.1 ± 8.6 75.7 ± 7.8 74.8 ± 10.7 0.11
Last plasma to death interval 5.4 ± 3.6 3.3 ± 2.4 3.2 ± 1.9 3.4 ± 1.8 0.50
Female 0 (0%) 1 (7%) 10 (40%) 2 (22%) 0.04
Hispanic 2 (50%) 1 (7%) 1 (4%) 0 (0%) 0.22
Education, years 13.8 ± 2.9 16.6 ± 3.3 16.3 ± 2.5 15.6 ± 3.1 0.88
APOE 0 ϵ4 alleles 3 (75%) 12 (86%) 9 (36%) 4 (44%) *0.007
APOE 1 ϵ4 allele 1 (25%) 2 (14%) 12 (48%) 5 (56%)
APOE 2 ϵ4 alleles 0 (0%) 0 (0%) 4 (16%) 0 (0%)
MMSE 29.5 ± 1 22.7 ± 5.7 15.9 ± 7.1 22.1 ± 3.3 5.4 × 10−4

DRS 130.5 ± 11.1 108.8 ± 19.5 95.1 ± 26.7 105.9 ± 22.7 0.02
CDR-SOB 4.8 ± 6.7 6.7 ± 4.6 9.5 ± 4.1 7.7 ± 4.8 0.07
Clinical diagnosis

Normal 3 (75%) 2 (14%) 0 (0%) 0 (0%) **0.006
MCI 0 (0%) 0 (0%) 0 (0%) 0 (0%) -
Alzheimer’s disease 1 (25%) 3 (21%) 23 (92%) 9 (100%) **5.0 × 10−7

DLB/PDD 0 (0%) 8 (57%) 0 (0%) 0 (0%) **1.3 × 10−4

FTLD 0 (0%) 0 (0%) 1 (4%) 0 (0%) **1.0
Other 0 (0%) 1 (7%) 1 (4%) 0 (0%) **1.0

Plasma Aβ42, pg/ml 13.5 ± 1.9 14.7 ± 4.3 10.9 ± 3.6 10.6 ± 2.1 0.002
Plasma Aβ40, pg/ml 223.5 ± 30.6 214.1 ± 58.4 200.5 ± 52.8 198.2 ± 29.9 0.28
Plasma Aβ42/40 ratio 0.06 ± 0.002 0.069 ± 0.01 0.054 ± 0.009 0.054 ± 0.008 2.7 × 10−5

Plasma t-tau, pg/ml 1.8 ± 0.5 1.7 ± 0.4 2.5 ± 1.3 2.3 ± 1 0.003
Plasma p-tau181, pg/ml 2.6 ± 1 2.8 ± 1.6 5.6 ± 2 5.8 ± 2 4.1 × 10−7

Plasma p-tau231, pg/ml 7.5 ± 1.6 8.3 ± 5.4 14.6 ± 6.1 15.2 ± 3.9 1.1 × 10−4

Plasma NfL, pg/ml 21 ± 9.8 33.6 ± 17.4 27.3 ± 13.2 29.1 ± 10.5 0.50
Plasma BD-tau, pg/ml 13.3 ± 4.3 11.3 ± 6.6 72.1 ± 240.8a 23.1 ± 9.5 7.3 × 10−5

CDR-SOB = Clinical Dementia Rating Sum of Boxes; DLB = dementia with Lewy bodies; DRS = Dementia Rating Scale; FTLD = frontotemporal lobal degeneration; MCI = mild 

cognitive impairment; MMSE = Mini-Mental State Examination; PDD = Parkinson’s disease with dementia. 
aThe mean ± SD for plasma BD-tau becomes 24.1 ± 15.1 pg/ml when excluding an outlier BD-tau value of 1225.8 pg/ml. 

*Calculated as chi-squared test for overall number of e4 alleles (0, 1 or 2). 

**P-value for each diagnosis tested separately. The P-value for the overall chi-squared with all diagnostic possibilities is 7.2 × 10−7.
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demonstrated herein), which may be partly to blame for its poor 
diagnostic performance.

The most well-validated blood biomarker for neurodegenera-
tion, NfL, is unable to differentiate between Alzheimer’s disease 
and other dementias due to its increases in a wide range of neurode-
generative disorders.21,56,64 Consequently, the dementia research 
field currently lacks a blood biomarker that is specifically altered 
as a result of Alzheimer-type neurodegenerative changes, such as 
how plasma p-tau is to tau phosphorylation/pathology in the 
AT(N) framework.6,8,65 Our findings indicate that plasma BD-tau 
might be a biomarker that is specific for Alzheimer’s disease-type 
neurodegeneration and can discriminate Alzheimer’s disease from 

other neurodegenerative diseases, as shown previously for CSF 
t-tau.30–34 This conclusion is supported by our findings that plasma 
BD-tau was increased to the same extent in individuals diagnosed 
with Alzheimer’s disease at autopsy irrespective of whether or not 
they had mixed pathologies (Figs 4 and 5). In comparison, the bio-
marker levels were significantly lower in the non-Alzheimer group. 
However, plasma NfL failed to distinguish Alzheimer’s disease from 
other diseases, affirming its limitations for differential diagnosis.

If BD-tau in blood is an Alzheimer’s disease-specific neurode-
generation biomarker, it should be associated with the intensity 
of the key pathological features of Alzheimer’s disease—plaques 
and tangles, as demonstrated for blood p-tau.14,15,19,66 Plasma 

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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BD-tau correlated with neuritic and diffuse amyloid-plaque and 
NFT counts, and additionally with CSF and plasma Aβ42 and 
p-tau. Moreover, plasma BD-tau correlated with NfL only in 
Alzheimer’s disease but not in other neurodegenerative diseases, 
further supporting its Alzheimer’s disease specificity. Together, 
the results demonstrate that plasma/serum BD-tau is an 
Alzheimer’s disease-type neurodegeneration biomarker that as-
sociates with principal pathological features of the disease. 
Future studies will aim to elucidate what neurodegenerative pro-
cess(es) in Alzheimer’s disease that plasma BD-tau reflects—for 
e.g. neuronal injury intensity (such as CSF t-tau), loss and shrinkage 
of the neuropil (such as by using structural MRI) or functional neur-
onal impairment including glucose hypometabolism (such as by 
using FDG PET).

Despite serum BD-tau levels being significantly lower in 
non-Alzheimer’s disease versus Alzheimer’s disease, the concen-
trations in individuals with frontotemporal lobal degeneration, 
particularly those carrying GRN mutations, tended to be further 
lower than those of control participants and the other 
non-Alzheimer’s disease groups (including progressive supra-
nuclear palsy and corticobasal syndrome; Fig. 5). While this obser-
vation might be unexpected, highly comparable results have been 
reported for serum p-tau181 in the same population.56 Together, 
the findings may suggest a remarkable decrease in the secretion 
of CNS-specific biomarkers into the bloodstream in frontotemporal 
lobal degeneration. Conversely, the high increases in serum NfL for 
the GRN mutation carriers is corroborated in previous independent 
studies.58 These results deserve further investigation in other 
cohorts.

What is the value of plasma BD-tau since plasma p-tau also differ-
entiates Alzheimer’s disease from other neurodegenerative dis-
eases? First, we need separate biomarkers of amyloid, tau and 
neurodegeneration as stipulated in the AT(N) and the International 
Working Group frameworks.1–3 Biomarkers of neurodegeneration 
are not interchangeable with those that reflect amyloidosis or tau 
phosphorylation. The frameworks also allow for flexibility to include 
novel biomarkers including those identified in other biofluids. More 
recently, plasma Aβ42/Aβ40 and p-tau biomarkers have shown great 
potential to substitute for CSF A and T biomarkers in the AT(N) 
scheme.67 However, unlike in CSF where t-tau shows specificity to 
Alzheimer’s disease, there is currently no blood biomarker that re-
flects neurodegeneration specific to Alzheimer’s disease. NfL in 

blood does not meet this requirement because it reflects neurode-
generation shared among multiple neurodegenerative diseases.21,64

Plasma BD-tau shows high potential as a neurodegeneration bio-
marker of the Alzheimer’s type. We anticipate that combining plas-
ma BD-tau with p-tau and possibly Aβ42/Aβ40 will increase 
accuracy of a blood biomarker-based diagnosis of Alzheimer’s dis-
ease by increasing its agreement with results obtained at autopsy 
or by using CSF or neuroimaging biomarkers.

In the present study, we report a novel blood biomarker specific 
for BD-tau. Validation showed strong correlations between paired 
blood and CSF measures, and we verified a high performance to 
specifically identify Alzheimer’s disease-type neurodegeneration. 
Future studies will further address the characteristics of this novel 
biomarker, including exploring its longitudinal changes across the 
Alzheimer’s disease continuum in both sporadic and familial 
Alzheimer’s disease, associations with neuroimaging AT(N) bio-
markers and the influence of genetic risks (e.g. APOE ϵ4). 
Additionally, we will verify the generalizability of the biomarker 
in diverse, multi-ethnic cohorts from a variety of populations. 
Furthermore, we will characterize BD-tau in disorders that CSF 
t-tau is known to be increased in, including acute traumatic brain 
injury and Creutzfeldt–Jakob disease.
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