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ABSTRACT

Phosphorylated taul81 (p-taul8l), an Alzheimer's disease biomarker, was recently evaluated in amyotrophic lateral sclerosis
(ALS). We investigated plasma p-taul81 in 202 ALS/ALS-FTD patients and 94 healthy controls, assessing cognitive performance,
motor function, and longitudinal dynamics. Plasma p-taul81 and NfL were significantly elevated in ALS, with p-taul81 increas-
ing over 1year while NfL remained stable. Neither marker correlated with cognitive performance, and only NfL was associated
with disease severity and progression. Plasma p-taul81 was higher in patients with predominant lower motor neuron involve-
ment. The results indicate that p-taul81 reflects peripheral processes in ALS, providing a complementary, mechanistically dis-
tinct biomarker from NfL.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction (AD) [1], it has recently gained attention in amyotrophic lateral

sclerosis (ALS). A number of studies reported elevated serum
While phosphorylated taul81 (p-taul8l) is an FDA- and EMA p-taul8l in people living with ALS (pIwALS), with comparable
approved blood diagnostic biomarker for Alzheimer's disease concentrations between ALS and AD [2-4]. Further, plasma

TABLE1 | Demographical/clinical characteristics and values of key biomarkers of HC and ALS at baseline and follow-up after 1year.

HC ALS
Baseline (BL) Follow-up Baseline Follow-up
N (f/m) 94 (54/40) 73 (38/45) 202 (91/111) 50
Age in years 61.0 (14.21) 63.9 (12.63) 63.5(12.47) 61.9 (12.71)
ALSFRS-R (M, SD)/range 35.8 (8.21)/5-48 28.1 (13.31)/4-47
Disease duration in month?® (M, 34.7 (42.81)/3-287 45.9 (31.95)/9-174
SD)/range
Interval btw. BL and FU in 14.7 (6.22) 12.4 (6.83)
month (M, SD)
Progression rate (MD, SD) Onset to Baseline: 0.47 (0.79) Baseline to Follow-up:
0.58 (1.00)
Progressor type (slow/fast) (%) 48.7/51.3
Motor neuron involvement 21.3/26.9/51.8
(UMN/LMN/equal) (%)
King's staging (1/2/3/4/5, %) 10.0/12.7/70/7.3/0
ALS gene mutations (N, %) 13, 4.6%
ApoE genotype (N=184) 9.8/1.1/62/23.8/3.3
% (2/3,2/4, 3/3, 3/4, 4/4)
ATN? (N=104) 77.8/14.4/2.8/4.8
% (0/1/2/3)
Plasma p-taul81
N 94 73 202 50
p-taul8l pg/mL mean 1.7 (1.10) 1.87 (1.26) 3.9 (3.00) 4.6 (3.94)
concentration (M, SD)
Plasma neurofilament light chain
(NfL)
N 92 71 202 48
NfL mean concentration in pg/ 14.4 (17.04) 13.3(7.00) 73.2(60.16) 63.5(48.72)
mL (M, SD)
Cerebrospinal fluid (CSF)
N 24 104
p-taul81 pg/mL (M, SD) 60.3 (19.48) 48.9 (22.26)
Total-tau pg/mL (M, SD) 331.9 (133.20) 389.8 (204.79)
Ratio AB42/AB40 (M, SD) 0.11 (0.02) 0.09 (0.024)
Ratio Af342/p-taul8l (M, SD) 18.8 (5.06) 16.7 (5.99)

Note: Progression rate (PR) calculated as follows: PR at baseline = (48 — ALSFRS-R at baseline)/disease duration in month since onset, PR at Follow-up = (ALSFRS-R
at baseline — ALSFRS-R at follow-up)/disease duration in month since baseline; Progressor type calculated by median split: slow =Progression rate < Median,
fast=Progression rate > Median; equal =signs of upper and lower motor neuron involvement in equal matter; King's stages: 1 =symptom onset and involvement of the
first neuroanatomical region (bulbar, upper, or lower limb); stage 2: involvement of a second neuroanatomical region; stage 3: involvement of a third neuroanatomical
region; stage 4 =development of nutritional failure (need for gastrostomy) or respiratory failure (need for non-invasive ventilation); stage 5: death.

Abbreviations: ALSFRS-R, ALS Functional Rating Scale-revised; HC, healthy controls; LMN, dominance of lower motoneuron involvement; UMN, dominance of
upper motoneuron involvement; NfL, neurofilament light chain; M, mean; MD, median; SD, standard deviation.

3ATN status was determined according to the ATN framework (amyloid deposition [A], tau pathology [T], and neurodegeneration [N]) using CSF Af42/40 ratio, p-
taul81, and total tau applying our assay-specific cut-off values as described in supplement 1 (0 =normal, 1 =early amyloid pathology, 2=AD pathology, 3=AD with
neurodegeneration).

2 Annals of Clinical and Translational Neurology, 2026



20
o = ALS "
215 —
E ..0 o
~20 310 > :
E a <3 : 1
2 o S p=0.002%%  aee
e G5 = °
i © — =
(o] a —— —
L? o @ BL FU
o L ]
10 °®
g o' e® 20
(2] oo 0
® > H HC
o

o

#,
Plasma p-tau181 (pg/ml)
=]

0 e e .
> Qv < o =

FIGURE 1 | Baseline differences and longitudinal dynamics of plasma p-taul81. (A) Group comparisons of plasma p-taul81 at baseline and
follow-up in patients and healthy controls. Points represent individual values; horizontal bars indicate group means. (B) Longitudinal trajectories
of plasma p-taul8l in patients (top) and healthy controls (bottom). Lines connect repeated measures for individuals with data at both time points;
points represent all available observations. BL, baseline; HC, healthy controls; FU, follow-up (dark blue/dark gray = BL; light blue/light gray=FU).
Significance levels from linear mixed-effects models adjusted for age: *p < 0.05, **p <0.01, ***p < 0.001. Linear mixed-effects models were fitted using
all available data, whereas longitudinal trajectories include only individuals with measurements at both time points.
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FIGURE2 | Baseline differences and longitudinal dynamics of plasma NfL concentration. (A) Group comparisons of plasma NfL concentration at
baseline and follow-up in patients and healthy controls. Points represent individual values; horizontal bars indicate group means. (B) Longitudinal
trajectories of plasma NfL concentration in patients (top) and healthy controls (bottom). Lines connect repeated measures for individuals with data at
both time points; points represent all available observations. BL, baseline; HC, healthy controls; FU, follow-up (dark blue/dark gray = BL; light blue/
light gray =FU). Significance levels from linear mixed-effects models adjusted for age: *p <0.05, **p <0.01, ***p < 0.001. Linear mixed-effects models
were fitted using all available data, whereas longitudinal trajectories include only individuals with measurements at both time points.
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Group comparisons of biomarkers between patients' cognitive subgroups. ALSci, ALS with cognitive impairment; ALS-FTD, ALS

with additional frontotemporal dementia; ALSni, ALS without impairment.

p-taul8l has been linked to lower motor neuron dysfunction
[4]. Of interest, however, no correlation between p-taul81 in
CSF and serum levels was observed in plwALS, arguing against
serum p-taul8l originating solely from the central nervous sys-
tem in case of ALS, and thus also against just being a marker of
AD co-pathology [2]. For comparison, neurofilament light chain
(NfL), an established biomarker of axonal neurodegeneration
in ALS, has consistently been reported to be markedly elevated
people living with ALS [5].

Cognitive impairment is increasingly recognized as a key non-
motor feature in ALS, affecting up to 50% of patients. Deficits
typically involve verbal fluency, executive function, language,
and social cognition [6], but may also include memory dysfunc-
tion [7], a hallmark of AD.

In this study, we sought to extend previous findings on plasma
p-taul8l in ALS by examining its relationship with cognitive
function and potential dissociation from the robust associa-
tion with motor impairment. We hypothesized, that if plasma
p-taul81 primarily reflects peripheral processes, associations
with cognitive performance—potentially indicative of AD co-
pathology—would not be expected. We further investigated lon-
gitudinal dynamics of plasma p-taul8l in relation to NfL, and
clinical parameters not yet systematically explored.

2 | Methods

We analyzed 202 plwALS or with comorbid frontotemporal de-
mentia (ALS-FTD) as well as 94 healthy controls from two mul-
ticenter cohorts of the German Center for Neurodegenerative
Diseases/DZNE (see supplement). All participants underwent
standardized clinical assessment, including ALSFRS-R [8] and
were diagnosed according to the revised El Escorial Criteria [9]
and categorized according to the King stages [10]. APOE geno-
type was dichotomized into €4 carriers (e3/e4, €4/e4) and non-
carriers (€2/e4, €2/¢3, €3/¢3).

Key biomarkers analyzed included the neurodegeneration panel
from CSF by manual method (for description see Supporting
Information S1). ATN status was determined according to the
ATN framework (amyloid deposition [A], tau pathology [T], and
neurodegeneration [N]) using CSF AB42/40 ratio, p-taul8l, and
total tau [1] applying our assay-specific cut-off values (see supple-
ment) (0=normal, 1=early amyloid pathology, 2=AD pathol-
ogy, 3=AD with neurodegeneration). Blood plasma measures
of p-taul81 were conducted using the Quanterix SIMOA Assay
accordi ng to the manufacturer's instructions, with samples run
in technical duplicates and a maximum accepted coefficient of
variance of 20%. Additional to manufacturer's kit controls, an
internal aliquoted plasma samples served as inter-run control.

Annals of Clinical and Translational Neurology, 2026
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FIGURE 4 | Correlations between biomarkers and ECAS Scores
in ALS-patients. ECAS, Edinburgh Cognitive and Behavioral ALS
Screen; + Bonferroni-Holm corrected for multiple comparisons;
diamond=p <0.4.

NfL mean concentrations were determined using the SIMOA
NF-light Advantage kit on a HDI analyzer Quanterix by a
blinded experimenter according to the manufacturer's instruc-
tions as previously described [11].

The neuropsychological assessment included the German ver-
sion of the “Edinburgh Cognitive and Behavioural ALS Screen”
(ECAS) [12, 13]. The ECAS comprises 15 subtests assessing five
cognitive domains: ALS specific functions (verbal fluency, ex-
ecutive functions including social cognition, and language) and
ALS-non-specific functions (memory and visuospatial abilities).
We considered sub scores for each cognitive subdomain, as well
as the ALS-specific score, the ALS-nonspecific score, and the
ECAS total score. Cognitive impairments were classified ac-
cording to the revised Strong criteria [14]. Based on this classifi-
cation, all individuals with ALS without FTD were categorized
as either “non-impaired” (ALSni) or “cognitively impaired”
(ALSci). Possible behavioral abnormalities and the correspond-
ing classifications (ALSbi and ALScbi) were not included, as
the present analysis focused specifically on cognitive domains.
Patients with ALS and additional FTD were categorized ac-
cording to Rascovsky et al. [15] and Gorno-Tempini et al. [16],
respectively.

For statistical analyses a linear mixed-effects model approach
was applied to both cross-sectional and longitudinal data.
Non-parametric group statistics were used where appropriate.

Associations between cognitive scores and biomarkers were
analyzed using partial correlations controlling for age and cor-
rected for multiple comparisons.

For further methodological details, please refer to the Supporting
Information S1.

3 | Results

Cross-sectional analyses revealed significantly higher plasma
concentrations of both p-taul81 and NfL in people with
ALS (pIwALS) compared to healthy controls (HC) (Table 1,
Figures 1A and 2A and Table S1). No significant group differ-
ences were observed for CSF p-taul81. Both plasma and CSF
p-taul81 correlated positively with age at baseline (8=0.04,
p=0.001; $=0.59, p<0.0001). No significant differences were
observed between ALS gene mutation carriers (e.g., FUS, SOD1)
and non-carriers across any measured parameters (all p > 0.05).
Within the ALS group, regarding APOE genotype, €4 carriers
exhibited significantly higher AB42/p-taul81 and AB42/40 ra-
tios compared with non-carriers (W=1581, p <0.0001; W=1459,
p=0.002, respectively). However, p-taul81 levels did not dif-
fer between the groups in either CSF or plasma (all p>0.05).
When considering ATN status as combining score of amyloid
and p-tau, i.e., the presence of Alzheimer's pathology in CSF,
significant differences were observed between low-risk patients
(ATN =0) and high-risk patients (ATN > 0) for all CSF parame-
ters, including p-taul81, total tau, AB40/42, and AfB42/p-taul8l
ratio (all p<0.001). Importantly, no differences were observed
for plasma tau (W=2349, p=0.6739).

Longitudinally, neither plasma NfL nor p-taul81 changed sig-
nificantly in HC. In contrast, plasma p-taul81 increased over
time in plwALS, whereas NfL remained stable. A significant
group X time interaction indicated that disease status, rather
than age, was the main driver of biomarker change (Figures 1B
and 2B and Table S1).

Regarding cognition, biomarker levels at baseline did not differ
significantly among cognitively unimpaired, cognitively im-
paired, and ALS-FTD subgroups (Figure 3; Table S2). Partial
correlations between cognitive test performance and biomarker
levels did not reach statistical significance (Figure 4; Table S3)
neither for ALS-specific domains such as verbal fluency and
executive function (Spearman'’s p=0.00, corrected p=1.00) nor
ALS-non-specific domains such as memory (o =0.07, corrected
p=1.00). Nevertheless, numerically stronger associations were
observed for CSF p-taul81 compared with plasma p-taul81 and
NfL, suggesting a possible—but statistically non-significant—
tendency toward closer coupling between central p-taul81 and
cognitive performance (all uncorrected p > 0.4).

Analyses of biomarker associations with clinical characteristics
(Figure 5, Table S4) revealed significant effects only for NfL.
Higher NfL was associated with progressed disease severity
(B=-0.05, p=0.015), faster progression (8=0.01, p<0.001),
and shorter disease duration. No sex or age interactions were
detected (all p>0.05; Table S4). NfL, but not p-taul8l, dif-
fered significantly between slow and fast progressors (W=3826,
p<0.0001). Taking baseline King's stages into account,
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FIGURE 5 | Associations between biomarkers and clinical characteristics at baseline and over time. ALSFRS-R, ALS-Functional Rating Scale-
Revised; Progression rate (PR) calculated as follows: PR at baseline =(48 — ALSFRS-R at baseline)/disease duration in month since onset, PR at
follow-up = (ALSFRS-R at baseline — ALSFRS-R at follow-up)/disease duration in month since baseline; R?  =marginal explained variance via fixed
effects based on Mixed Linear Models; dark blue = Baseline; light blue = Follow-up.

significant between-stage differences were found in NfL levels
(W=11.87, p=0.008), ALS-FRS-R (W=19.67, p<0.001), and
progression rate (W=12.25, p=0.007), however, not in p-taul81
values (W=0.80, p=0.850), and disease duration (W=3.33,
p=0.344) (see Table S5). Finally, plasma p-taul81 but not NfL
was elevated in patients with predominantly lower motor neu-
ron (LMN) versus upper motor neuron (UMN) involvement
(Dunn's test=3.20, p=0.004; Table S6). A significant positive
correlation was observed between plasma p-taul81 and NfL
(p=0.43, p<0.0001), but not with p-taul81 from CSF.

4 | Discussion

In our study, plasma p-taul81 levels were increased in plwALS,
but showed no association with cognitive performance or con-
comitant FTD. This absence of correlation applied to both
ALS-specific and Alzheimer's disease (AD)-related cognitive
domains (e.g., memory, visuospatial skills), supporting the no-
tion that plasma p-taul81 in ALS does not reflect AD-related
co-pathology in contrast to phosphorylated tau from CSF which

appears to be directly related to cognitive dysfunction in AD
[17]. The independence of plasma from CSF p-taul81 further
strengthens the hypothesis of a predominantly peripheral rather
than central origin of plasma p-taul81. Although the extent and
pattern of cognitive impairments in our cohort were consis-
tent with the literature, no differences in CSF-biomarker levels
emerged between the cognitive patient groups. This might re-
flect that the Strong criteria emphasize ALS-specific cognitive
domains, less typical for cognitive pattern in AD. As expected,
ALS patients with pathological AD neurodegeneration marker
levels (high-risk ATN status) and high-risk APOE genotype
carriers showed increased CSF AD marker levels. However, p-
taul81 plasma levels remained unchanged, supporting a periph-
eral rather than central origin of the plasma signal. In contrast
to the APOE genotype, ALS-associated genes appear to have no
specific effect, with results that are independent of monogenic
and sporadic forms of the disease.

The validity of our findings is reinforced by the concordance of
our results on motor impairment and other clinical markers with
previous reports [2-4, 18, 19]. Plasma p-taul81 concentrations
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were most markedly elevated in patients exhibiting predom-
inant lower motor neuron (LMN) involvement, whereas NfL
levels remained strongly associated with disease severity and
progression but were independent of predominant UMN vs.
LMN involvement, consistent with its well-established diagnos-
tic and prognostic utility in ALS. However, p181 could be consid-
ered to have greater diagnostic than prognostic value.

Prior studies have reported only weak correlations between
plasma p-taul8l and clinical severity measures [2, 4]. In con-
trast, a recent investigation employing the NULISA assay by
Thomas et al. [19] demonstrated a robust association between
them. Furthermore, in their study, plasma p-taul81 correlated
with ALSFRS-R scores and survival, with higher concentrations
predicting poorer clinical outcomes. This study, however, was
conducted in a single-centre pilot cohort comprising a limited
sample size and utilized the novel NULISA technology, factors
that may account for the observed differences to our findings.
Single other studies have likewise proposed plasma p-taul8l
as a prognostic indicator of survival and the rate of disease
progression [4], however without a consistent overall pattern.
Therefore, the correlation to severity needs further investi-
gations. Furthermore, p-taul8l did not correlate with King's
stages, highlighting its ineffectiveness as a marker of severity.
Unfortunately, survival data were not available, which rep-
resents alimitation of our study The fact that our results converge
with those from independent cohorts supports the robustness
and external validity of our data in capturing the biological and
clinical heterogeneity inherent to ALS. Longitudinally, plasma
p-taul8l levels increased over 1year, while NfL remained sta-
ble. Although this trajectory suggests potential responsiveness
to peripheral neurodegenerative processes, the absence of a link
with disease progression argues against p-taul81 as a prognostic
biomarker in ALS. However, it may represent a valuable addi-
tional biomarker of therapy response in clinical trials. For future
studies, it would be worthwhile to include additional plasma bio-
markers, such as p-tau217, which has superseded p-taul81 as a
marker of AD pathology [20] and shows high potential for dis-
tinguishing AD from non-AD pathology [21].

In conclusion, plasma p-taul81 is elevated in ALS but unrelated
to cognitive impairment, supporting a peripheral rather than ce-
rebral source. Its consistent association with LMN involvement
and lack of correlation with disease severity and progression sug-
gest a complementary, yet distinct, biomarker role alongside NfL.
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