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Plasma MTBR-tau243 biomarker identifies 
tau tangle pathology in Alzheimer’s disease
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Insoluble tau aggregates within neurofibrillary tangles are a defining 
neuropathological feature of Alzheimer’s disease (AD) and closely correlate 
with clinical symptoms. Although tau pathology can be assessed using tau 
positron emission tomography, a more accessible biomarker is needed for 
diagnosis, prognosis and tracking treatment effects. Here we present a new 
plasma tau species, the endogenously cleaved, microtubule-binding region 
containing residue 243 (eMTBR-tau243), which specifically reflects tau 
tangle pathology. Across the AD spectrum in three different cohorts (n = 108, 
55 and 739), plasma eMTBR-tau243 levels were significantly elevated at the 
mild cognitive impairment stage and increased further in dementia. Plasma 
eMTBR-tau243 showed strong associations with tau positron emission 
tomography binding (β = 0.72, R2 = 0.56) and cognitive performance 
(β = 0.60, R2 = 0.40), outperforming other plasma tau (%p-tau217 and 
%p-tau205) biomarkers. These results suggest that plasma eMTBR-tau243 
may be useful for estimating the tauopathy load in AD, thereby improving 
the diagnostic evaluation of AD in clinical practice and monitoring the 
efficacy of tau-targeted therapies in clinical trials.

Amyloid β (Aβ)-targeted immunotherapies can slow cognitive and func-
tional decline by 25–40% in symptomatic individuals with Alzheimer’s 
disease (AD)1,2. However, accumulating evidence indicates that such 
therapies are more effective in symptomatic individuals with lower 
levels of aggregated tau in the brain2. Also, as ~25% of older people have 
amyloid plaques without symptoms3, diagnostic tests that measure 
amyloid plaques do not necessarily indicate that a patient’s cognitive 
impairment is caused by AD. Therefore, biomarkers that quantify the 
amount of aggregated tau can facilitate identification of patients who 
have cognitive symptoms caused by AD and indicate the magnitude and 
likelihood of benefit from anti-Aβ therapies. Furthermore, there is a 
growing interest in tau-targeted treatments, because tau pathology cor-
relates more strongly with clinical disease progression than amyloid4,5. 

Anti-tau therapies might have additive or synergistic effects when 
combined with current anti-Aβ therapies and they could potentially 
benefit many patients with AD who have already passed the therapeutic 
window for anti-Aβ therapy. However, to be able to effectively develop 
anti-tau treatments, we need reliable, specific and accessible biomark-
ers that reflect tau-related pathological changes in AD.

Positron emission tomography (PET) imaging with radioligand 
binding to the aggregated filament form of tau provides insights into 
the brain’s accumulation of insoluble tau aggregates specific to AD, 
such as neurofibrillary tangles and neuropil threads6–8. Tau-PET imag-
ing studies have revealed a strong correlation between insoluble tau 
aggregates and cognitive decline, even in the early stages of AD demen-
tia, establishing tau-PET as the most precise prognostic indicator for 
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%p-tau217 and %p-tau205, which are associated with both Aβ and tau 
pathologies in AD12,19,20. To determine whether plasma eMTBR-tau243 
is more specific to AD tau tangle pathology, we examined the plasma 
biomarkers across various diagnostic groups. Finally, we assessed the 
associations between the plasma biomarkers and downstream effects 
of AD pathologies, including brain atrophy and cognitive impairment.

Results
Development of plasma eMTBR-tau243 assay
First, we applied the CSF MTBR-tau243 method previously reported19 
to measure MTBR-tau243 in three matched plasma and CSF samples 
from individuals with different levels of tau-PET pathological loads (low, 
medium and high). Tau species were immunoprecipitated and digested 
with trypsin followed by MS analysis for the tryptic peptide (residues 
243–254). We found that the tryptic MTBR-tau243 peptide level was 
correlated with tau-PET signal for CSF but not for plasma samples (Sup-
plementary Fig. 1). Next, we discovered an eMTBR-tau243 species with 
carboxy-terminal endogenous cleavage at residue 256 (valine) and 
deamidation at residue 255 (asparagine), which was proportional to 
tau-PET in both the plasma and the CSF samples (Supplementary Fig. 2).

Using the newly developed assay, we investigated whether plasma 
eMTBR-tau243 increases with cognitive symptoms in two pilot cohorts: 
the Swedish BioFINDER-2 cohort (n = 108) and the Charles F. and 
Joanne Knight Alzheimer Disease Research Center (Knight ADRC) 
cohort (n = 55). The pilot BioFINDER-2 cohort included 57 cognitively 
unimpaired Aβ-negative participants (CU−), 4 cognitively unimpaired 
Aβ-positive participants (CU+), 10 mild cognitive impairment (MCI) 
Aβ-positive participants (MCI+) and 37 AD dementia Aβ-positive 
participants (AD+) (Supplementary Table 1). The mean (s.d.) age was 
76.1 ± 7.0 years, 53 (49%) were women and 56 (52%) were APOE-ε4 carri-
ers. The pilot Knight ADRC cohort included 15 CU−, 14 CU+, 18 very mild 
AD+ (Clinical Dementia Rating (CDR) = 0.5), and 8 AD+ (CDR = 1+). The 
mean (s.d.) age was 73.2 ± 6.1 years, 24 (44%) were women and 28 (51%) 
were APOE-ε4 carriers (Supplementary Table 2).

We compared eMTBR-tau243 levels in plasma between different 
diagnostic groups. In both pilot BioFINDER-2 and the Knight ADRC 
cohorts, plasma eMTBR-tau243 levels were significantly increased 
in AD+ compared with MCI+ (or very mild AD+; P = 0.015 and 0.005, 
respectively). However, plasma eMTBR-tau243 levels were no dif-
ferent in CU+ compared with CU− (P = 0.632 and 0.791, respectively) 

AD-related symptoms currently available5,9. However, the high cost and 
extensive infrastructure required for PET imaging limit its availability 
to specialized facilities. In contrast, fluid biomarkers offer greater 
clinical accessibility and affordability because of their much lower 
infrastructure requirements, affordability and potential for testing 
independent of location. The most widely used fluid biomarkers to 
identify AD pathology are Aβ peptides 40 and 42 (Aβ42/Aβ40 ratio) 
and tau phosphorylated at residues 181 and 217 (p-tau181, p-tau217 
and their ratios to nonphosphorylated tau (%p-tau181 and %p-tau217)) 
measured in cerebrospinal fluid (CSF) or plasma10–13. However, these 
biomarkers are more associated with amyloid plaques than insoluble 
tau aggregates14–16. For example, levels of CSF and plasma p-tau species 
are elevated in preclinical AD, many years before extensive insoluble 
tau aggregates are detectable in the cortex by tau-PET17,18. Furthermore, 
recent clinical trials have shown significant reductions of CSF and 
plasma p-tau181 and p-tau217 in response to anti-Aβ immunothera-
pies, which reduced levels of amyloid plaques but had less or no effect 
on tau aggregates1,2. These observations collectively indicate that 
p-tau181 and p-tau217 species in CSF and plasma do not directly meas-
ure insoluble tau aggregates, but instead reflect changes in soluble tau 
phosphorylation in response to Aβ plaques. Therefore, we recently 
developed mass spectrometry (MS)-based assays that quantify the 
levels of p-tau205 and the tau microtubule-binding region containing 
residue 243 (MTBR-tau243) in CSF19,20. We found that CSF MTBR-tau243 
is selectively and highly correlated with insoluble tau aggregate pathol-
ogy, as measured by tau-PET, and less strongly associated with amyloid 
pathology than other tau species19. However, although CSF is more 
widely available than PET, lumbar puncture requires highly trained 
personnel and is perceived by some patients as risky or invasive. A 
blood-based test for aggregated tau would be more acceptable, acces-
sible and scalable, facilitating clinical diagnosis, potentially providing 
prognostic information on the likelihood of benefit for anti-Aβ thera-
pies and enhancing the efficiency of clinical trials.

In the present study, we developed a new plasma-based assay of 
endogenously cleaved MTBR-tau243 (eMTBR-tau243). This assay was 
first tested in two pilot cohorts (n = 108 and n = 55) and subsequently 
evaluated in a larger clinical cohort, the Swedish BioFINDER-2 study 
(n = 739), which includes individuals across the entire AD continuum, 
with Aβ-PET, tau-PET, magnetic resonance imaging (MRI) and cogni-
tive data available. We compared plasma eMTBR-tau243 with plasma 

Table 1 | Characteristics of participants from the validation cohort

Overall (n = 739) CU− (n = 110) CU+ (n = 198) MCI+ (n = 169) AD+ (n = 134) Other (n = 128)

Age, years 72.4 (9.32) 63.8 (11.5) 74.4 (8.41) 73.8 (7.56) 75.3 (7.41) 72.1 (8.14)

Women, n (%) 371 (50.2) 61 (55.5) 104 (52.5) 79 (46.7) 87 (64.9) 40 (31.3)

Education, years 12.8 (3.75) (n = 720) 13.4 (3.41) (n = 109) 13.0 (3.65) (n = 197) 12.7 (4.11) (n = 164) 12.2 (3.63) (n = 126) 12.9 (3.78) (n = 124)

APOE-ε4, n (%) 388 (52.5) (n = 664) 43 (39.1) (n = 101) 93 (47.0) (n = 139) 122 (72.2) (n = 168) 95 (70.9) (n = 132) 35 (27.3) (n = 124)

Aβ-PET, centiloids 41.5 (48.3) (n = 483) −7.26 (5.98) (n = 83) 48.6 (38.3) (n = 131) 81.4 (38.9) 97.9 (36.7) (n = 19) −1.69 (19.0) (n = 80)

Aβ positivity, n (%) 516 (69.8) (n = 732) 0 (0) 198 (100) 169 (100) 130 (97.0) (n = 130) 19 (14.8) (n = 125)

Tau-PET, Braak I–VI (SUVR) 1.23 (0.321) 
(n = 649)

1.08 (0.0757) (n = 104) 1.13 (0.154) (n = 175) 1.28 (0.300) 
(n = 144)

1.65 (0.471) (n = 105) 1.09 (0.0826) (n = 121)

Tau-PET positivity, n (%) 172 (23.3) (n = 649) 1 (0.9) (n = 104) 22 (11.1) (n = 175) 57 (33.7) (n = 144) 83 (61.9) (n = 105) 9 (7.0) (n = 121)

Plasma eMTBR-tau243 
(fmol l−1)

2.18 (4.64) 0.0845 (0.0973) 0.520 (1.06) 2.32 (3.17) 8.01 (7.69) 0.244 (0.587)

Plasma %p-tau217 (%) 1.52 (1.24) 0.460 (0.112) 1.24 (0.662) 1.95 (1.06) 3.07 (1.37) 0.640 (0.349)

Plasma %p-tau205 (%) 0.517 (0.273) 0.287 (0.133) 0.437 (0.163) 0.628 (0.231) 0.813 (0.293) 0.383 (0.180)

MMSE 26.1 (4.60) (n = 720) 29.0 (1.37) (n = 108) 28.8 (1.29) (n = 194) 26.2 (2.88) (n = 162) 19.5 (5.43) (n = 129) 26.1 (3.55) (n = 127)

Mean (s.d.) is shown unless otherwise specified. In the cases where some were missing, the final sample size is shown in parentheses. Aβ positivity was assessed using CSF Aβ42/40 or Aβ-PET 
using previously validated thresholds. Tau-PET positivity was assessed in the global region (Braak I–VI) using a previously validated cutoff (SUVR > 1.22). Participants classified as ‘other’ include: 
18 PD or DLB, 6 PSP or CBS, 4 VaD, 2FTD, 86 MCI− and 12 had another neurodegenerative dementia. SUVR, standardized uptake value ratio.
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(Extended Data Fig. 1a.c), indicating that the measure is not increased 
by the presence of just amyloid plaques. We also investigated the 
correlations between plasma eMTBR-tau243 and CSF MTBR-tau243 
levels in the pilot BioFINDER-2 and the Knight ADRC cohorts. Plasma 
eMTBR-tau243 levels were strongly correlated with CSF MTBR-tau243 
levels in BioFINDER-2 (Spearman’s ρ = 0.92 (95% confidence interval 
(CI) = 0.89–0.94), P < 0.001) and the Knight ADRC (0.79 (95% CI = 0.66–
0.88), P < 0.001; Extended Data Fig. 1b,d).

Differences by diagnosis in the validation cohort
We next measured plasma eMTBR-tau243 levels in the larger 
BioFINDER-2 validation cohort, which included 739 individuals, com-
pletely independent of the pilot cohort. Of these, 110 were CU−, 198 were 
CU+, 86 had MCI without Aβ pathology (MCI−), 169 had MCI+, 134 had 
AD+, 18 had Parkinson’s disease (PD) or Lewy body dementia (DLB), 6 had 
progressive supranuclear palsy (PSP) or corticobasal syndrome (CBS), 
4 were classified as vascular dementia (VaD), 2 had frontotemporal 
dementia (FTD), 2 were Arg406Trp (R406W) MAPT mutation carriers 
(one tau-PET positive and the other tau-PET negative) and 12 had other 
neurodegenerative dementias (Table 1). The mean (s.d.) age was 72.4 
(9.3) years, 50.2% were women and 52.5% were APOE-ε4 carriers. Cor-
relations between plasma eMTBR-tau243 and other plasma biomarkers, 
including %p-tau217 and %p-tau205, are detailed in Extended Data Fig. 2.

We compared plasma biomarker levels across diagnostic 
groups in the validation cohort. Similar to the pilot cohorts, plasma 
eMTBR-tau243 levels were significantly higher in patients who were 
MCI+ and AD+ than CU− (P < 0.001 for both) or CU+ (P < 0.001 for both; 
Fig. 1a and Supplementary Table 3). No significant differences were 
observed between CU− and CU+ (P = 0.235), indicating the lack of amy-
loid pathology-driven, plasma eMTBR-tau243 elevation during pre-
symptomatic stages. However, significant differences were detected 
between participants who were MCI+ and MCI− participants (P < 0.001). 
Notably, plasma eMTBR-tau243 levels were not elevated in non-AD 
tauopathies and the levels were similar to those in controls in PSP or 
CBS (primary 4R tauopathies) and in FTD (where some have primary 3R 
tau pathology). However, one of two MAPT R406W mutation carriers 
(with mixed 3R/4R tau pathology similar to AD), who was Aβ negative 
but tau-PET positive with symptoms of FTD, exhibited an elevated 
plasma eMTBR-tau243 level.

As expected, plasma %p-tau217 levels also increased across the AD 
continuum (Fig. 1b). However, unlike eMTBR-tau243, %p-tau217 levels 
were significantly higher in CU+ than CU− (P < 0.001). Plasma %p-tau205 
levels demonstrated a similar trend to %p-tau217, albeit with greater 
variability across disease stages (Fig. 1c).

Associations with tau-PET in the validation cohort
We evaluated the relationship between plasma biomarkers and tau-PET 
using linear regression analyses adjusted for age and sex. First, we 
examined tau-PET-positive individuals, because plasma eMTBR-tau243 
levels were expected to increase significantly during the later stages 
of the disease. Plasma eMTBR-tau243 demonstrated a robust positive 
correlation with tau pathology as measured by tau-PET in a global corti-
cal region of interest (ROI; Braak I–VI regions) (β = 0.68 (95% CI = 0.57–
0.80), P < 0.001, R2 = 0.45; Fig. 2a and Supplementary Table 4). Plasma 
%p-tau217 and %p-tau205 also exhibited positive associations with tau 

pathology (%p-tau217: β = 0.57 (95% CI = 0.44–0.70), P < 0.001, R2 = 0.32 
and %p-tau205: β = 0.50 (95% CI = 0.36–0.64), P < 0.001, R2 = 0.22), 
but their associations were significantly lower than that of plasma 
eMTBR-tau243 (Pdiff ≤ 0.002 in all cases).

Similar findings were observed among Aβ-positive individuals 
(Fig. 2b and Supplementary Table 4). The strongest association was 
observed between tau pathology and plasma eMTBR-tau243 (β = 0.74 
(95% CI= 0.68–0.81), P < 0.001, R2 = 0.54), which was significantly stronger 
than the associations with %p-tau217 (β = 0.68 (95% CI = 0.61–0.75), 
P < 0.001, Pdiff < 0.001, R2 = 0.45) and %p-tau205 (β = 0.60 (95% CI = 0.52–
0.68), P < 0.001, Pdiff < 0.001, R2 = 0.34). Results were similar when analyz-
ing all participants, irrespective of Aβ status, as shown in Fig. 2c.

Furthermore, the relationships between plasma %p-tau217 
and %p-tau205 with tau-PET differed markedly from that of plasma 
eMTBR-tau243. Specifically, eMTBR-tau243 showed a more linear 
correlation with tau-PET, particularly in tau-PET-positive individuals, 
whereas the relationships for %p-tau217 and %p-tau205 plateaued. 
Plasma %p-tau217 levels increased with Aβ positivity before tau pathol-
ogy became detectable on PET. This distinction was also evident in 
the distribution of data separated into quadrants based on biomarker 
thresholds (Extended Data Fig. 3). For eMTBR-tau243 in Aβ-positive 
participants, most individuals were negative on both tau-PET and 
eMTBR-tau243 (59.2%), followed by those positive for both (29.8%), with 
minimal discordance (tau-PET-positive/eMTBR-tau243-negative: 4.1%; 
tau-PET-negative/eMTBR-tau243-positive: 6.9%; Extended Data Fig. 3a). 
In contrast, plasma %p-tau217 showed a higher proportion of individu-
als who were plasma positive but tau-PET negative (40.6%). These find-
ings suggest that, although eMTBR-tau243 levels become abnormal 
around the same time as tau-PET, %p-tau217 becomes abnormal earlier. 
Plasma %p-tau205 patterns in the distribution of data separated into 
quadrants were similar to those of eMTBR-tau243.

We further analyzed associations with tau-PET in Aβ-positive indi-
viduals using specific ROIs reflecting early (Braak I–II), intermediate 
(Braak III–IV) and late (Braak V–VI) tau-accumulating regions. For early 
accumulating regions, the associations of eMTBR-tau243 and %p-tau217 
with tau-PET were not significantly different (eMTBR-tau243: β = 0.72 
(95% CI = 0.66–0.79) versus %p-tau217: β = 0.69 (95% CI = 0.63–0.76), 
Pdiff = 0.147). However, eMTBR-tau243 showed significantly stronger 
and more linear correlations with tau-PET in intermediate and late 
accumulating regions (intermediate region: eMTBR-tau243: β = 0.75 
(95% CI = 0.68–0.81) versus %p-tau217: β = 0.69 (95% CI = 0.62–0.76), 
Pdiff < 0.001; and late region: eMTBR-tau243: β = 0.70 (95% CI = 0.63–
0.77) versus %p-tau217: β = 0.64 (95% CI = 0.56–0.71), Pdiff < 0.001; 
Extended Data Fig. 4 and Supplementary Table 4). Similar results were 
observed in tau-PET-positive individuals (Extended Data Fig. 5 and 
Supplementary Table 4).

To assess the independent contribution of plasma biomarkers, we 
included all three markers as predictors in a multivariate model, with 
continuous tau pathology measures as the outcome. Among Aβ-positive 
participants, plasma eMTBR-tau243 demonstrated the largest effect 
across all tau-PET regions (global region: eMTBR-tau243: β = 0.50 (95% 
CI = 0.39–0.60), P < 0.001; %p-tau217: β = 0.18 (95% CI = 0.07–0.29), 
P = 0.002; %p-tau205: β = 0.12 (95% CI = 0.03–0.21), P = 0.008), which 
was most pronounced for the intermediate and late cortical regions 
(Fig. 3 and Supplementary Table 5). These findings suggest that plasma 

Fig. 1 | Plasma biomarker levels by diagnostic group in the validation cohort 
demonstrate that plasma eMTBR-tau243 is highly specific for AD compared 
with other neurodegenerative diseases. a–c, Plasma levels of eMTBR-tau243 
(a), %p-tau217 (b) and %p-tau205 (c) by clinical diagnosis and Aβ status in the 
main BioFINDER-2 cohort (n = 739). Statistical differences were assessed using 
ANCOVA adjusted for age and sex followed by Tukey’s corrected, post hoc 
pairwise comparisons (two-sided analysis). Dots are gray color coded to indicate 
tau-PET negativity in the global (Braak I–VI) ROIs whereas white color-coded dots 
indicate tau-PET data that are not available and other color-coded dots indicate 

tau-PET positivity. MAPT R406W mutation carriers are shown in pink (one FTD 
who is tau-PET positive and one MCI− who is tau-PET negative). Plasma thresholds 
were derived using Gaussian mixture modeling. Percentage of Aβ- and tau-
positive individuals are included in each group. Aβ status was assessed using CSF 
Aβ42/40 or Aβ-PET and tau status with a global tau-PET (SUVR > 1.22). Boxplots 
summarize data distribution, showing the median (central line), interquartile 
range (IQR; box) and whiskers extending to 1.5 × the IQR. Boxplots are displayed 
only for diagnostic groups with ten or more participants. Specific P values can be 
found in Supplementary Table 3. *P < 0.05, **P < 0.01, ***P < 0.001.
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eMTBR-tau243 not only has a stronger association with tau-PET meas-
ures compared with %p-tau217, but also provides independent informa-
tion about insoluble tau pathology that %p-tau217 does not capture.

Associations with Aβ-PET in the validation cohort
In all participants, plasma %p-tau217 demonstrated the strongest 
association with Aβ-PET (β = 0.81 (95% CI = 0.76–0.87), P < 0.001, 
R2 = 0.67). Plasma eMTBR-tau243 also showed a significant associa-
tion (β = 0.63 (95% CI = 0.56–0.71), P < 0.001, R2 = 0.39, Pdiff < 0.001), as 
well as %p-tau205 (β = 0.48 (95% CI = 0.40–0.56), P < 0.001, R2 = 0.28, 
Pdiff < 0.001; Extended Data Fig. 6a and Supplementary Table 4). Simi-
lar findings were observed when focusing on Aβ-positive individuals 
(Extended Data Fig. 6b and Supplementary Table 4).

When plasma and PET biomarkers were dichotomized into normal 
and abnormal categories, most participants were Aβ-PET positive but 
plasma eMTBR-tau243 negative (43.5%) or negative for both biomarkers 
(40.4%). A smaller proportion was positive for both biomarkers (15.5%), 
with only 0.6% being plasma positive and PET negative (Extended Data 
Fig. 3b). Similar trends were observed with plasma %p-tau205, probably 

as a result of its higher cutoff, which was influenced by the wide vari-
ability in this biomarker. In contrast, plasma %p-tau217 showed higher 
concordance with Aβ-PET. Most individuals were negative for both 
biomarkers (39.8%) or positive for both (48.0%), with a smaller propor-
tion being Aβ-PET positive but plasma negative. When all three plasma 
biomarkers were included in a multivariate model to predict continu-
ous Aβ-PET, plasma %p-tau217 had the highest correlation (β = 0.67 
(95% CI = 0.55–0.79), P < 0.001). By comparison, %p-tau205 (β = −0.05 
(95% CI = −0.16 to 0.05), P = 0.328) and eMTBR-tau243 (β = 0.08 (95% 
CI = −0.03 to 0.20), P = 0.162) showed no significant associations in 
Aβ-positive individuals (Extended Data Fig. 7 and Supplementary 
Table 5). These results were consistent across all participants. These 
findings suggest that plasma %p-tau217 provides the strongest associa-
tion with Aβ-PET of these tau measures and independent information 
about Aβ pathology that the other tau measures do not capture.

Plasma biomarkers to identify tau- and Aβ-PET outcomes
The accuracy of each plasma biomarker in predicting abnormal tau- and 
Aβ-PET status was evaluated using receiver operating characteristic 
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Aβ-positive individuals (b, n = 436) and all participants (c, n = 649). Plasma 
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(ROC) curves. Among Aβ-positive participants, plasma eMTBR-tau243 
consistently demonstrated a significantly higher area under curve 
(AUC) compared with %p-tau217 and %p-tau205 across all studied 
tau-PET regions, except for the early tau accumulation region ver-
sus %p-tau217. For the global region (Braak I–VI), eMTBR-tau243 had 
an AUC of 0.92 (95% CI = 0.88–0.96) versus 0.86 for %p-tau217 (95% 
CI = 0.82–0.91, Pdiff = 0.002) and 0.83 for %p-tau205 (95% CI = 0.78–
0.89, Pdiff < 0.001). In the intermediate region (Braak III–IV), the AUC 
for eMTBR-tau243 was 0.93 (95% CI = 0.90–0.96) versus 0.89 for 
%p-tau217 (95% CI = 0.86–0.93, Pdiff = 0.046) and 0.85 for %p-tau205 (95% 
CI = 0.80–0.89, Pdiff < 0.001). Similarly, in the late region (Braak V–VI), 
eMTBR-tau243 achieved an AUC of 0.95 (95% CI = 0.92–0.97) compared 
with 0.88 for %p-tau217 (95% CI = 0.83–0.93, Pdiff = 0.001) and 0.88 for 
%p-tau205 (95% CI = 0.82–0.93, Pdiff = 0.004). For the early region (Braak 
I–II), however, eMTBR-tau243 had an AUC of 0.87 (95% CI = 0.83–0.91) 
versus 0.75 for %p-tau205 (95% CI = 0.70–0.80, Pdiff < 0.001), whereas 
%p-tau217 showed an AUC of 0.83 (95% CI = 0.79–0.88, Pdiff = 0.080) 
which was not significantly different from that of eMTBR-tau243 (Fig. 4 
and Supplementary Table 6).

When analyzing all participants regardless of Aβ status, eMTBR- 
tau243 still exhibited the highest AUCs for predicting tau-PET sta-
tus across all studied regions. However, comparing with %p-tau217, 
the differences were only statistically significant in the global region  
(eMTBR-tau243: AUC = 0.92 (95% CI = 0.88–0.96) versus %p-tau217: 
AUC = 0.88 (95% CI = 0.84–0.93), Pdiff = 0.008) and late region 
(eMTBR-tau243: AUC = 0.94 (95% CI = 0.91–0.98) versus %p-tau217: 
AUC = 0.89 (95% CI = 0.84–0.95), Pdiff < 0.001). In contrast, plasma 
%p-tau217 (AUC = 0.97 (95% CI = 0.95–0.98)) outperformed 
eMTBR-tau243 (AUC = 0.80 (95% CI = 0.76–0.83), Pdiff < 0.001) in pre-
dicting Aβ-PET positivity across all participants.

Associations with brain atrophy and cognition
The associations between the plasma biomarkers and downstream 
effects of AD pathology such as brain atrophy and cognitive impair-
ment were analyzed with a specific focus on the AD spectrum (that 
is, Aβ-positive individuals). When analyzed individually, plasma 
eMTBR-tau243 demonstrated the strongest association with brain 
atrophy measured by MRI (β = 0.46 (95% CI = 0.38–0.54), P < 0.001, 

R2 = 0.29), outperforming %p-tau217 (β = 0.40 (95% CI= 0.31–0.48), 
P < 0.001, R2 = 0.24, Pdiff = 0.028) and %p-tau205 (β = 0.37 (95% CI = 0.28–
0.45), P < 0.001, R2 = 0.21, Pdiff = 0.006; Extended Data Fig. 8 and Sup-
plementary Table 7). Similarly, plasma eMTBR-tau243 showed the 
strongest association with early cognitive impairment as measured 
by the modified Preclinical Alzheimer Cognitive Composite (mPACC)21 
(β = 0.60 (95% CI = 0.53–0.68), P < 0.001, R2 = 0.38; %p-tau217: β = 0.51 
(95% CI = 0.43–0.60), P < 0.001, R2 = 0.28, Pdiff = 0.034; and %p-tau205: 
β = 0.48 (95% CI = 0.40–0.57), P < 0.001, R2 = 0.26, Pdiff = 0.008). Plasma 
eMTBR-tau243 also demonstrated the strongest associations with 
global cognitive performance as assessed by the Mini-Mental State 
Examination (MMSE)22 (β = 0.59 (95% CI = 0.51–0.66), P < 0.001, 
R2 = 0.36; %p-tau217: β = 0.51 (95% CI = 0.43–0.59), P < 0.001, R2 = 0.28, 
Pdiff = 0.012; and %p-tau205: β = 0.48 (95% CI = 0.40–0.56), P < 0.001, 
R2 = 0.26, Pdiff = 0.002). In tau-PET-positive individuals, plasma 
eMTBR-tau243 exhibited the strongest correlations with brain atro-
phy and cognitive performance. These correlations were significantly 
higher than those for %p-tau217 and %p-tau205, except for the MMSE 
where the difference remained significant for %p-tau205 (Pdiff = 0.004), 
but only approached significance for %p-tau217 (Pdiff = 0.052) (Extended 
Data Fig. 9 and Supplementary Table 7).

When the three plasma biomarkers were included in multivari-
ate models to examine their independent contributions, plasma 
eMTBR-tau243 was the strongest predictor of brain atrophy among 
Aβ-positive participants (eMTBR-tau243: β = 0.37 (95% CI = 0.23–
0.51), P < 0.001; %p-tau217: β = 0.03 (95% CI = −0.11 to 0.18), P = 0.669; 
and %p-tau205: β = 0.10 (95% CI = 0.02–0.22), P = 0.099; Fig. 5 and 
Supplementary Table 8). The eMTBR-tau243 also had the strong-
est associations with early cognitive impairment on the mPACC 
(eMTBR-tau243: β = 0.47 (95% CI = 0.34–0.59), P < 0.001; %p-tau217: 
β = 0.03 (95% CI = −0.10 to 0.16), P = 0.632; and %p-tau205: β = 0.14 
(95% CI = 0.03–0.25), P = 0.010) and also with global cognitive impair-
ment on the MMSE (eMTBR-tau243: β = 0.44 (95% CI = 0.32–0.57), 
P < 0.001; %p-tau217: β = 0.03 (95% CI = −0.11 to 0.16), P = 0.687; and 
%p-tau205: β = 0.16 (95% CI = 0.05–0.26), P = 0.004). Plasma %p-tau217 
showed no significant independent association with brain atrophy or 
cognition in the multivariate models, whereas %p-tau205 provided a 
minor yet significant contribution to predicting brain atrophy and 
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early cognitive performance. Detailed results, including analyses for 
all participants and tau-positive individuals, are shown in Fig. 5 and 
Supplementary Table 8.

Discussion
In the present study, we developed a new blood biomarker, plasma 
eMTBR-tau243, that is more strongly associated with, and more specific 
to, the tau tangle pathology of AD than other established AD plasma 
biomarkers including %p-tau217. Furthermore, plasma eMTBR-tau243 
had a significantly stronger correlation with brain atrophy and cog-
nitive measures than %p-tau217 and %p-tau205, which indicates its 
potential utility for stage of clinical diagnosis and clinical trials. For 
example, plasma eMTBR-tau243 could potentially serve as an alter-
native to tau-PET for monitoring tau pathology in clinical trials and 
could improve diagnostic and prognostic accuracy in clinical practice.

Plasma eMTBR-tau243, which has a cleavage at the C-terminal 
side of residue 256 (valine), was strongly associated with AD tau tan-
gle pathology and AD symptoms. The CSF assay for MTBR-tau243 
using a tryptic peptide did not show this association, potentially as 
a result of a larger contribution of non-CNS tau species derived from 
peripheral tissues in the plasma than in the CSF when using the tryptic 
MTBR-tau243 peptide19. We have previously shown that the early R1 
region (surrounding residues 243–254) was significantly enriched in 
brains with more advanced AD, whereas the late R1 region (surround-
ing residues 260–267) was not23. A recent cryo-electron microscopy 
(cryo-EM) study using various lengths of recombinant tau with different 
truncation sites also indicated that tau species containing mid-domain 
(residues 151, 181 and 231) and early R1 regions (residue 244) either did 
not form filament structures or formed structures that were not similar 
to AD paired helical filaments (PHFs)24. Importantly, this cryo-EM study 
revealed that the high tau aggregation competency to form the AD 
PHF structure was observed once the truncation occurred in the late 
R1 region (around residue 258), which could lead to shedding of the 
eMTBR-tau243 fragment peptide from the insoluble tau aggregates to 
soluble compartments including biofluid. These results suggest that 
the specific endogenous cleavage in the R1 region (around residue 258) 
may precede or contribute to AD PHF formation, which is consistent 
with our findings that the eMTBR-tau243 ending at residue 256 reflects 
AD tangle pathology specifically. In addition, we found that deamida-
tion at asparagine residue 255 identified plasma eMTBR-tau243 that 

was associated with AD tau pathology. Deamidation is one of the most 
common post-translational modifications, typically increases with 
time and is irreversible under physiological conditions25. We speculate 
that deamidation occurs more frequently to tau species that have been 
sequestered in AD brain aggregates over months to years, which might 
distinguish them from peripheral tau and other more newly formed 
tau species.

Next, we compared the relationships of plasma eMTBR-tau243 
and two phosphorylated tau measures (%p-tau217 and %p-tau205) with 
AD clinical stages, AD pathologies measured by tau- and Aβ-PET, brain 
atrophy measured by MRI and cognitive performance as assessed by 
mPACC and MMSE. Plasma MTBR-tau243 was significantly increased 
in Aβ-positive MCI and further increased in AD dementia (up to 
200-fold) compared with CU, but not in Aβ-positive CU compared with 
Aβ-negative CU, indicating that elevated plasma eMTBR-tau243 levels 
were not directly attributable to Aβ pathology. This was in contrast with 
plasma p-tau measures, including %p-tau217, that are more associated 
with Aβ-PET14,18 or with Aβ pathology in postmortem studies15. Indeed, 
%p-tau217 and %p-tau205 significantly increased in Aβ-positive CU 
compared with Aβ-negative CU and demonstrated the different tra-
jectories over the disease continuum compared with eMTBR-tau243. 
In addition, we observed that plasma eMTBR-tau243 levels were not 
increased in other dementia syndromes (including PSP, CBS and FTD) 
that are often associated with primary 3R or 4R tauopathies, suggest-
ing a specificity for AD-related tau pathology. Notably, we found that 
eMTBR-tau243 was particularly increased in one of two MAPT R406W 
mutation carriers that was Aβ negative but had a positive tau-PET sta-
tus, whereas eMTBR-tau243 was not increased in the tau-PET-negative 
mutation carrier. Tau pathology in the MAPT R406W mutation carri-
ers is known to be similar to AD tau pathology, including the filament 
structure elucidated by immunohistochemistry26,27 and cryo-EM28 and 
reactive to the multiple AD tau-PET tracers29–34, supporting our finding 
that eMTBR-tau243 is a specific biomarker for AD-like tau tangles and 
not for Aβ plaques.

Plasma eMTBR-tau243 demonstrated the highest and most lin-
ear correlation with tau-PET. This was observed in the entire cohort, 
and also in the Aβ-positive group, especially in tau-PET-positive indi-
viduals. This suggests that eMTBR-tau243 is a biomarker that specifi-
cally reflects aggregated tau pathology independent of Aβ pathology. 
Although %p-tau217 and %p-tau205 were also well correlated with 
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Fig. 4 | Accuracy of assessing Aβ and tau-PET status by region in the validation 
cohort demonstrates superior performance of plasma eMTBR-tau243 over 
%p-tau217 and %p-tau205. a, ROC curves for the three plasma biomarkers to 
assess tau-PET status in Aβ-positive individuals (n = 436). AUCs are included 
in the figure and asterisks represent significantly different AUCs from that 
of plasma eMTBR-tau243. b, AUCs (dots) and 95% CIs (black lines) for all PET 

status outcomes (listed on the left) shown for each plasma biomarker (color 
coded) in Aβ-positive individuals (n = 436). c, The same analysis presented for 
all participants (n = 649 for tau-PET and n = 483 for Aβ-PET). Asterisks represent 
significantly different (P < 0.05) AUCs from that of plasma eMTBR-tau243, 
assessed using the DeLong test. All tests were two sided. Specific P values can be 
found in Supplementary Table 6.
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tau-PET, they had a substantial increase in the p-tau measures before 
the tau-PET measure increased and a nonlinear logarithmic relationship 
with tau-PET that plateaued after exceeding the tau-PET threshold. This 
suggests that the plasma p-tau biomarkers studied here may be associ-
ated with tau pathology as a result of their quantitative relationship with 
the amount of Aβ pathology, as observed in the previous study of CSF 
MTBR-tau243 (ref. 19). In addition, multivariate modeling analysis with all 
three plasma tau measures as predictors of tau- or Aβ-PET indicated that 
eMTBR-tau243 has the largest independent association with tau-PET and 
may uniquely recapitulate the mature tau tangle pathology that occurs 
in the symptomatic AD pathological continuum which p-tau measures 
do not reflect. In contrast, plasma %p-tau217 showed the strongest inde-
pendent association with Aβ-PET in a multivariate model that predicted 
continuous Aβ-PET burden, corroborating previous findings that iden-
tified %p-tau217 as the most accurate biomarker to identify early AD 
pathological changes12,35. Finally, we found that, among the three plasma 
biomarkers, eMTBR-tau243 (in both univariate and multivariate models) 
showed the strongest associations with cognitive and neurodegenerative 
measures, suggesting that eMTBR-tau243 is a superior plasma biomarker 
for predicting downstream phenotypic changes in AD.

Notably, plasma eMTBR-tau243 in Aβ-positive participants exhib-
ited significantly higher and more linear correlations with tau-PET signal 
in intermediate (Braak III–IV) and late (Braak V–VI) tau-accumulating 
regions compared with the p-tau species. In contrast, the associations 
with tau-PET signal in early tau-accumulating regions (Braak I–II) did not 
differ between eMTBR-tau243 and %p-tau217, which implies that plasma 
eMTBR-tau243 better recapitulates more advanced tau pathological 
stages (that is, neocortical spreading phase) compared with the early 
pathological stages (for example, entorhinal accumulation phase).

Study limitations include the relatively large volume of plasma 
(1.5 ml) required for accurate measurement in this first version of the 
assay. This new plasma biomarker should also be further validated 
in larger and even more real-world populations, including cohorts 
with a higher frequency of other neurodegenerative or psychiatric 
diseases, medical comorbidities and other demographic backgrounds 
(for example, racial and ethnic differences) that may affect plasma 
biomarker measurements.

In conclusion, our findings indicate that plasma eMTBR-tau243 
reflects aggregated tau AD-related proteinopathy that steadily 
increases during the clinical symptomatic phase of AD and may be used 
to stage AD tauopathy. This measure could help determine whether 
cognitive decline is caused by AD pathology from tau tangles in indi-
vidual patients with cognitive symptoms. It may also be useful in clinical 
practice to help identify those symptomatic AD patients with lower 
levels of tau who are more likely to benefit from anti-Aβ immuno-
therapies2. Although tau-PET is still useful as the gold standard for 
tau pathology and provides regional information (not possible with 
blood biomarkers), plasma eMTBR-tau243 might be a viable alterna-
tive to tau-PET for identifying suitable study participants in clinical 
trials and, even more importantly, it might be used as an important 
study endpoint to cost-effectively determine whether a new therapy 
affects insoluble tau proteinopathy in the brain. Furthermore, CSF 
MTBR-tau243 was recently adopted as the fluid biomarker represent-
ing insoluble tau aggregate pathology (T2) by commonly used A/T/(N) 
(amyloid/tau/(neurodegeneration)) criteria for AD19,36,37. Our findings 
suggest that plasma eMTBR-tau243 may also be considered as a ‘T2 (AD 
tau proteinopathy)’ biomarker for diagnosis and staging of AD.
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cognition in the validation cohort. Forest plots represent standardized β 
(colored dots) (βSTD) and 95% CI (black lines) from a multivariate model including 
all three plasma biomarkers as predictors. a–c, Analysis shown for tau-PET-
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for cognitive outcomes). Vertical dashed lines indicate 0. Asterisks represent 
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using CSF Aβ42/40 or Aβ-PET and tau status using global tau-PET (SUVR > 1.22). 
All tests were two sided.
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Methods
Participants
Participants were included from the Swedish BioFINDER-2 study 
(NCT03174938)11 at Lund University (Lund, Sweden), and the Knight 
ADRC study at Washington University (St. Louis, MO, USA). The 
BioFINDER-2 study participants were recruited at Skåne University 
Hospital and the Hospital of Ängelholm in Sweden. Details on recruit-
ment, exclusion and inclusion criteria have been presented before11. 
The Knight ADRC study consisted of community-dwelling volunteers 
enrolled in studies of memory and aging at Washington University. 
Fluid samples were collected in the Aβ-stable isotope-labeling, kinetics 
study38 participants. introduced from the study of memory and aging 
in the Knight ADRC.

In the present study, we analyzed three different cohorts. In the 
pilot BioFINDER-2 cohort (n = 108), participants were divided into cog-
nitively impaired (CU) either Aβ-negative or -positive (CU− (n = 57) or 
CU+ (n = 4), respectively), mild cognitive impairment (MCI) Aβ-positive 
(MCI+; n = 10) and AD dementia Aβ-positive (AD+; n = 37). In the pilot 
Knight ADRC cohort (n = 55), participants were divided into CU− (n = 15) 
and CU+ (n = 14) with Clinical Dementia Rating (CDR) = 0, very mild AD 
dementia (CDR = 0.5), Aβ-positive (n = 18) or AD+ with CDR ≥ 1 (n = 8). In 
the BioFINDER-2 validation cohort (n = 739), participants were divided 
into CU− (n = 110), CU+ (n = 198), MCI+ (n = 169), AD+ (n = 134), Parkinson’s 
disease or Lewy body dementia (PD or DLB) (n = 18), progressive supra-
nuclear palsy or corticobasal syndrome (PSP or CBS) (n = 6), vascular 
dementia (VaD; n = 4), frontotemporal dementia (FTD; n = 2), R406W 
MAPT mutation carriers (n = 2) (one tau-PET positive and the other 
tau-PET negative), MCI without Aβ-positive (MCI−) (n = 86) and other 
neurodegenerative dementia (n = 12).

In accordance with the research framework by the National Insti-
tute on Aging–Alzheimer’s Association study, individuals with subjec-
tive cognitive decline and cognitively healthy controls were considered 
to be the CU group. All participants gave written informed consent and 
ethical approval was granted by the Regional Ethical Committee in Lund 
Sweden and the Washington University Human Research Protection 
Office, respectively.

Fluid samples for plasma eMTBR-tau243 method development
Three kinds of plasma samples were made by mixing plasma samples 
from multiple participants (in the Knight ADRC) with low, middle and 
high tau-PET status, respectively. The corresponding CSF samples 
were also made.

Plasma measurements
Measurement of plasma eMTBR-tau243 was performed at Washington 
University using the newly developed immunoprecipitation–MS (IP–
MS) method. We developed the new tau purification method with the 
monoclonal antibody HJ32.11 binding near residue 243 (ref. 19). HJ32.11 
antibody was coupled to Sepharose beads at 3 mg g−1 concentration 
and the beads with 45 μg of HJ32.11 antibody were added into 1.4 ml of 
plasma clarified by centrifugation (1.5 ml of plasma, originally), fol-
lowed by the IP and Arg-C (Promega) digestion to recover the tau spe-
cies with an endogenously cleaved site at residue 256. We quantified the 
specific tau peptide with deamidation and C-terminal cleavage at resi-
dues 255 (asparagine) and 256 (valine) (sequence: LQTAPVPMPDLKD*V, 
D* is deamidated asparagine) by using the high-resolution MS analysis 
on an anoAcquity UPLC system (Waters) coupled to an Orbitrap Tri-
brid Eclipse (Thermo Fisher Scientific) operating in a parallel reac-
tion monitoring mode. AQUA internal standard peptide labeled with 
[13C15N]lysine was used as the reference standard to quantify the plasma 
eMTBR-tau243 species. As different lots of internal standard solution 
were used for the BioFINDER-2 cohort and the Knight ADRC cohort 
analyses, the absolute levels of plasma eMTBR-tau243 were calculated 
in different ranges, although the biomarker characteristics could be 
assessed within each cohort. Interday assay variability (CV) assessed by 

quality control plasma samples was <10% in the BioFINDER-2 validation 
cohort analysis. The schematic procedure of plasma eMTBR-tau243 
analysis is described in Supplementary Fig. 3.

Measurement of plasma %p-tau217 and %p-tau205 was performed 
for the post-IP plasma (after immunodepletion with HJ32.11) at Wash-
ington University, using the previously reported method with IP–MS12. 
For %p-tau217, the ratio between signals from TPSLPpTPPTR 212–221 
phosphorylated peptide at T217 and the unmodified peptide was used. 
For %p-tau205, the ratio between signals from SGYSSPGSPGpTPGSR 
195–209 phosphorylated peptide at T205 and unmodified peptide 
was used.

CSF measurements
Measurement of CSF MTBR-tau243 was performed at Washington  
University using the previously reported methods with IP–MS, chemi-
cal extraction or MS analysis19,23.

In addition, CSF Aβ42/40 levels were used in both cohorts to assess 
Aβ positivity. In the BioFINDER-2 cohort, CSF levels of Aβ42/40 were 
measured as previously explained11. A threshold of 0.080, based on 
a Gaussian mixture model, determined Aβ positivity39. In the Knight 
ADRC cohort, CSF Aβ42/40 levels were measured by MS as explained 
previously38. A threshold of 0.1389, maximizing the combined sen-
sitivity and specificity in distinguishing Aβ-PET status, was used to 
determine Aβ positivity23.

Imaging acquisition and quantification
In the BioFINDER-2 cohort, Aβ- and tau-PET-acquiring methods 
have been previously reported11. Briefly, Aβ-PET was acquired using 
[18F]flutemetamol and tau-PET using [18F]RO948. Of note, most of 
the patients with AD dementia did not undergo amyloid-PET in 
BioFINDER-2, because of the study design. For tau-PET, standardized 
uptake value ratios (SUVRs) were calculated using the inferior cer-
ebellum cortex as a reference region and binding from global region 
of interest (ROI) was used for the main analyses (Braak I–VI). We also 
quantified tau-PET in early (Braak I–II), intermediate (Braak III–IV) and 
late (Braak V–VI) regions of tau deposition40. Tau positivity was assessed 
based on tau-PET in all cases. In the Braak I–VI global region, cutoff for 
positivity was set at SUVR > 1.22 (ref. 41).

We used T1-weighted, anatomical magnetization-prepared, rapid 
gradient echo (MPRAGE) images (1-mm isotropic voxels) for assessing 
cortical thickness. A cortical thickness meta-ROI was calculated includ-
ing entorhinal, inferior temporal, middle temporal and fusiform regions 
using FreeSurfer (v.6.0, https://surfer.nmr.mgh.harvard.edu) parcella-
tion, which are areas known to be susceptible to AD-related atrophy.

Cognitive tests
MMSE (measure of global cognition) and mPACC (sensitive to early 
cognitive impairment) were used as a measure of global cognition in 
the BioFINDER-2 cohort. The mPACC-5 composite was calculated using 
the mean of z-scores of the AD Assessment Scale (ADAS) delayed recall 
(weighted double), animal fluency, MMSE and Trail Making Test A42 
as a sensitive measure of early cognitive impairment21. We calculated 
z-scores with a group of CU− individuals as reference.

Statistical analyses
Statistical analyses were conducted using R v.4.1.0. Differences in 
plasma biomarker levels across diagnostic groups were assessed using 
ANCOVA, adjusted for age and sex, followed by Tukey’s corrected post 
hoc pairwise comparisons. Spearman’s ρ was calculated to evaluate 
correlations between plasma eMTBR-tau243 and CSF MTBR-tau243, 
in the pilot cohorts, as well as among plasma biomarkers in the valida-
tion cohort.

In the validation cohort, linear regression models were used to 
investigate associations between plasma biomarkers (outcomes) 
and tau- and Aβ-PET load (predictors, analyzed in separate models), 
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adjusting for age and sex. The relative strength of these associations, 
compared with those involving plasma eMTBR-tau243, was determined 
by bootstrapping the differences (1,000 resamples). Associations 
between plasma biomarkers and neurodegeneration (cortical thick-
ness from MRI) and cognitive performance (mPACC and MMSE) were 
similarly evaluated using linear regression, with plasma biomarkers as 
predictors and neurodegeneration or cognitive measures as outcomes. 
Models were adjusted for age and sex, with additional adjustment 
for years of education in cognitive analyses. To assess the independ-
ent predictive value of plasma biomarkers for AD-related outcomes, 
multivariate linear regression models were performed, including all 
plasma biomarkers as predictors while adjusting for age and sex (and 
years of education for cognitive outcomes).

The diagnostic accuracy of plasma biomarkers for differentiating 
tau- and Aβ-PET-positive or -negative status was evaluated using ROC 
curves and AUCs, calculated using the pROC package. Comparisons 
of AUCs between biomarkers were performed using the DeLong test. 
When applicable, analyses were stratified by tau-PET-positive individu-
als, Aβ-positive individuals and the full cohort.

All tests were two sided, with statistical significance defined as 
P < 0.05.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The datasets generated and/or analyzed during the present study are 
available from the corresponding authors (K.H., R.J.B. and O.H.). We will 
share datasets within the restrictions of institutional review board (IRB) 
ethics approvals, upon reasonable request. Pseudonymized data from 
the BioFINDER-2 will be shared by request from a qualified academic 
investigator for the sole purpose of replicating procedures and results 
presented in the article, as long as data transfer is in agreement with EU 
legislation on the general data protection regulation and decisions by 
the Ethical Review Board of Sweden and Region Skåne, which should be 
regulated in a material transfer agreement. The Knight ADRC data are 
available to qualified investigators who have a proposal approved by 
R.J.B. and an institutional committee (https://knightadrc.wustl.edu/
Research/ResourceRequest.htm). The study must be approved by an 
IRB to ensure ethical research practices and investigators must agree 
to the terms and conditions of the data use agreement, which includes 
not distributing the data without permission.
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Extended Data Fig. 1 | Plasma eMTBR-tau243 changes by diagnosis and 
correlations with CSF MTBR-tau243 in the two pilot cohorts. a,c, Levels 
of plasma eMTBR-tau243 by clinical diagnosis and Aβ status in the pilot 
BioFINDER-2 cohort (n = 108) (a) and the pilot Knight ADRC cohort (n = 55) (c). 
Differences in plasma eMTBR-tau243 levels by diagnostic groups were tested 
using ANOVA and the post hoc analyses were performed two-sided using. 
Boxplots summarize data distribution, showing the median (central line), 
interquartile range (box), and whiskers extending to 1.5 times the interquartile 
range. *, p < 0.05; **, p < 0.01; ***, p < 0.001. b,d, Associations between CSF MTBR-
tau243 and plasma eMTBR-tau243 in BioFINDER-2 cohort (n = 108) (b) and the 
Knight ADRC cohort (n = 55) (d). CSF MTBR-tau243 in BioFINDER-2 and the Knight 

ADRC cohorts were analyzed by the previously reported immunoprecipitation 
method19 and the chemical extraction method23, respectively. In the pilot 
BioFINDER-2 cohort, green dots color indicates global tau-PET positivity. In the 
pilot Knight-ADRC cohort, green dots color indicates Aβ-status positivity. For the 
scatter plots, linear regression lines (solid black) with 95% confidence intervals 
(shaded area) are also shown. All tests were two-sided. BioFINDER-2 pilot: AD+ vs. 
CU-: p < 0.001; AD+ vs. MCI + : p = 0.014; Knight-ADRC: AD+ vs CU-: p < 0.001; AD+ 
vs. CU + : p = 0.001; AD+ vs. very mild AD + : p = 0.005. Abbreviations: Aβ, amyloid 
β; AD + , Alzheimer’s disease dementia Aβ-positive; CU-, cognitively unimpaired 
Aβ-negative; CU + , cognitively unimpaired Aβ-positive; MCI + , mild cognitive 
impairment Aβ-positive; MTBR, microtubule-binding region.
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Extended Data Fig. 2 | Cross-correlation among plasma biomarkers in the 
validation cohort. All individuals with available data are included in these plots. 
(a) Plasma %p-tau217 vs. eMTBR-tau243, (b) plasma %p-tau205 vs. eMTBR-tau243, 
and (c) plasma %p-tau217 vs. %p-tau205 are shown. Dots are gray-color-coded 
to indicate tau-PET negativity in the Global (Braak I-VI) regions of interests (ROI) 
while white-color-coded dots indicate tau-PET data are not available and other 
color-coded dots indicate tau-PET positivity. MAPT R406W mutation carriers 

are shown in pink (one FTD case and one MCI-). Plasma thresholds were derived 
using Gaussian mixture modelling. Percentage of individuals in each of the 
four quadrants are shown. Strength of correlation is shown using Spearman’s 
ρ. All tests were two-sided and all p-values < 0.001. ***p:<0.001. Abbreviations: 
FTD, frontotemporal dementia; MCI-, mild cognitive impairment without Aβ 
pathology.
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Extended Data Fig. 3 | Relationships between plasma and PET status. Barplots 
represent the percentage of individuals that were classified in each of the 
four possible status using plasma and PET dichotomized values. (a) Global 
tau-PET in Aβ-positive participants and (b) Aβ-PET in all participants. Plasma 
thresholds were derived using Gaussian mixture modelling. We used previously 
validated cutoffs for PET (Aβ: >1.03 SUVR; tau: 1.22 SUVR). For eMTBR-tau243 in 
Aβ-positive participants, most individuals were negative both on tau-PET and 

eMTBR-tau243 (59.2%), followed by those positive for both (29.8%), with minimal 
discordance (tau-PET-positive/eMTBR-tau243-negative: 4.1%; tau-PET-negative/
eMTBR-tau243-positive: 6.9%). In contrast, plasma %p-tau217 showed a higher 
proportion of individuals who were plasma-positive but tau-PET-negative 
(40.6%), indicating the order to see the abnormality of each tau measures. 
Abbreviation: SUVR, standardized uptake value ratio.
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Extended Data Fig. 4 | Association of plasma biomarkers and tau-PET 
in different regions in Aβ-positive individuals of the validation cohort. 
Association of plasma biomarkers and tau-PET in early region (Braak I-II) (a, 
n = 436), intermediate region (Braak III-IV) (b, n = 436), and late region (Braak 
V-VI) (c, n = 436). Only Aβ-positive individuals are included in these plots. 
Dots are gray-color-coded to indicate tau-PET negativity in the Global (Braak 
I-VI) regions of interests (ROI) while other color-coded dots indicate tau-PET 
positivity. MAPT R406W mutation carriers are shown in pink. Plasma thresholds 

were derived using Gaussian mixture modelling. Tau-status was assessed using 
global tau-PET with a previously validated cutoff (SUVR > 1.22). The percentage 
of individuals in each of the four quadrants is displayed. Standardized β values 
from linear regression analyses, adjusted for age and sex, are also shown. LOESS 
trend lines (solid black) with 95% confidence intervals (shaded area) illustrate 
data tendencies. All tests were two-sided and all p-values < 0.001. ***p:<0.001. 
Abbreviations: LOESS, locally estimated scatterplot smoothing; SUVR, 
standardized uptake value ratio.
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Extended Data Fig. 5 | Association of plasma biomarkers and tau-PET in 
different regions in tau-PET-positive individuals of the validation cohort. 
Association of plasma biomarkers and tau-PET in early region (Braak I-II) (a), 
intermediate region (Braak III-IV) (b), and late region (Braak V-VI) (c). Only Tau-
PET-positive (in each respective region) individuals are included in these plots. 
Dots are gray-color-coded to indicate tau-PET negativity in the Global (Braak 
I-VI) regions of interests (ROI) while other color-coded dots indicate tau-PET 
positivity. MAPT R406W mutation carriers are shown in pink. Plasma thresholds 

were derived using Gaussian mixture modelling. Global tau-PET status was 
assessed using global tau-PET with a previously validated cutoff (SUVR > 1.22). 
The percentage of individuals in each of the four quadrants is displayed. 
Standardized β values from linear regression analyses, adjusted for age and sex, 
are also shown. LOESS trend lines (solid black) with 95% confidence intervals 
(shaded area) illustrate data tendencies. All tests were two-sided. All p-values 
were <0.001. ***p:<0.001. Abbreviations: LOESS, locally estimated scatterplot 
smoothing; SUVR, standardized uptake value ratio.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-025-03617-7

Extended Data Fig. 6 | Association of plasma biomarkers and Aβ-PET in 
the validation cohort. Only Aβ-positive individuals (a) and all individuals (b) 
with available data are included in the scatter plots. Dots are gray-color-coded 
to indicate tau-PET negativity in the Global (Braak I-VI) regions of interests 
(ROI) while other color-coded dots indicate tau-PET positivity. MAPT R406W 
mutation carriers are shown in pink. Plasma thresholds were derived using 
Gaussian mixture modelling. We used previously validated cutoffs for Aβ-PET 

(SUVR > 1.03). Tau-status was assessed using global tau-PET (SUVR > 1.22). 
The percentage of individuals in each of the four quadrants is displayed. 
Standardized β values from linear regression analyses, adjusted for age and 
sex, are also shown. LOESS trend lines (solid black) with 95% confidence 
intervals (shaded area) illustrate data tendencies. All tests were two-sided 
and all p-values < 0.001. ***p:<0.001. Abbreviations: LOESS, locally estimated 
scatterplot smoothing; SUVR, standardized uptake value ratio.
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Extended Data Fig. 7 | Multivariate analysis of association between plasma 
biomarkers and Aβ-PET in the validation cohort. Forest plots represent 
standardized β (dot) and 95%CI (black lines) from a multivariate model including 
all three plasma biomarkers as predictors and continuous Aβ-PET as the 
outcome. The analyzed groups are listed on the left (Aβ-positive: n = 328; all: 

n = 483). Models were adjusted for age and sex. Vertical dotted lines indicate zero. 
Asterisks represent significant effect (p < 0.05) for each biomarker and model. 
Aβ-status was assessed using CSF Aβ42/40 or Aβ-PET. All tests were two-sided. 
Specific p-values can be found in Supplementary Table 5.
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Extended Data Fig. 8 | Association of plasma biomarkers with brain atrophy 
and cognition in Aβ-positive individuals of the validation cohort. We show 
associations between each plasma biomarker and brain atrophy, as measured 
as cortical thickness (a), and early (b) and global (c) cognitive dysfunction, 
measured by mPACC and MMSE, respectively. Only Aβ-positive individuals are 
included in these plots. Dots are gray-color-coded to indicate tau-PET negativity 
in the Global (Braak I-VI) regions of interests (ROI) while other color-coded dots 
indicate tau-PET positivity. Tau-status was assessed using global tau-PET with a 

previously validated cutoff (SUVR > 1.22). Plasma thresholds were derived using 
Gaussian mixture modelling. Standardized β from linear regression analyses are 
also shown, adjusting for age and sex (and education for cognitive outcomes). 
Trend lines (solid black) with 95% confidence intervals (shaded area) from linear 
regression models illustrate data tendencies. All tests were two-sided and all 
p-values < 0.001. ***p:<0.001. Abbreviations: mPACC, modified preclinical 
Alzheimer’s cognitive composite; MMSE, Mini-Mental State Examination; SUVR, 
standardized uptake value ratio.
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Extended Data Fig. 9 | Association of plasma biomarkers with brain atrophy 
and cognition in tau-PET-positive individuals of the validation cohort. We 
show associations between each plasma biomarker and atrophy (a), as measured 
as cortical thickness, and early (b) and global (c) cognitive dysfunction, 
measured by mPACC and MMSE, respectively. Only global tau-PET-positive 
individuals are shown here. Tau-status was assessed using global tau-PET with a 
previously validated cutoff (SUVR > 1.22). Plasma thresholds were derived using 

Gaussian mixture modelling. Standardized β from linear regression analyses are 
also shown, adjusting for age and sex (and education for cognitive outcomes). 
Linear regression lines (solid black) with 95% confidence intervals (shaded area) 
are also shown. All tests were two-sided. All p-values were <0.001. ***p:<0.001. 
Abbreviations: mPACC, modified preclinical Alzheimer’s cognitive composite; 
MMSE, Mini-Mental State Examination; SUVR, standardized uptake value ratio.
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