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Distinct proteomic CSF profiles in genetic 
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Fluid biomarkers to diagnose frontotemporal lobar degeneration (FTLD) are currently lacking. In this study, we aimed 
to identify proteomic changes in CSF associated with FTLD pathogenesis, focusing on signatures unique to different 
genetic groups. Additionally, we sought proteins distinguishing FTLD-spectrum disorders from controls.
To this end, we measured a comprehensive library of over 2900 proteins in CSF using proximity extension assay tech
nology in two well-characterized FTLD cohorts. The discovery cohort, selected from the GENFI cohort, included 
47 symptomatic pathogenic variant carriers (22 C9orf72, 14 GRN, 10 MAPT and 1 TARDBP), 124 presymptomatic patho
genic variant carriers (55 C9orf72, 44 GRN, 24 MAPT and 1 TARDBP) and 57 healthy non-carriers. The validation 
cohort comprised individuals clinically diagnosed with an FTLD-spectrum disorder (n = 132) and cognitively intact 
controls (n = 32). We assessed differentially abundant proteins using linear regression, adjusting for age and sex. 
Over-representation analysis was conducted for the three genetic groups using Gene Ontology Biological Processes 
as the ontology source. To develop diagnostic tools, we applied a LASSO regression, establishing two types of panels: 
one to distinguish individuals with an FTLD-spectrum disorder from controls (FTLD panel) and another to differen
tiate individuals with underlying TDP pathology from controls (TDP panel).
We observed 23 dysregulated proteins in symptomatic carriers. Of these, four were also significantly dysregulated 
(NEFL, TPM3, MSLN and DNM3) in the validation cohort. When focusing on genetic subgroups, 63 upregulated pro
teins were observed in symptomatic MAPT carriers, with enriched biological pathways linked to immune function. 
In symptomatic C9orf72 carriers, four proteins—related to energy metabolism—were upregulated. When limiting 
symptomatic carriers to GRN, six proteins were dysregulated, with enriched pathways involved in neuronal develop
ment and projection. Notably, NEFL and TPM3 were consistently significant in all comparisons across both cohorts.  
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We developed two diagnostic panels: one for FTLD and one for FTLD-TDP. The FTLD panel consisted of six proteins 
(NEFL, RBFOX3, NPTX1, TFF1, ENTPD5 and CNP). The TDP panel was made up of seven proteins (NEFL, RBFOX3, CBLN4, 
ENTPD5, CCL25, CNP and MMP1). Both panels were successfully replicated in the validation cohort (AUC of 0.94 and 
0.96, respectively).
This study highlights distinct proteomic signatures across FTLD genetic subgroups and their associated pathologies 
using a targeted proteomic approach. Additionally, we present two diagnostic panels—comprising both established 
and novel proteins—that effectively differentiate individuals with FTLD-spectrum disorders from healthy controls, 
offering promising avenues for improved clinical diagnosis.
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Introduction
Frontotemporal lobar degeneration (FTLD) is a condition character

ized by a wide range of clinical phenotypes and linked to diverse 

molecular pathologies and genetic underpinnings.1,2 The most 

common clinical presentations are behavioural variant frontotem

poral dementia (bvFTD), primary progressive aphasia (PPA), motor 

neuron disease (MND), corticobasal syndrome (CBS) and progres
sive supranuclear palsy (PSP).3-7 In addition, the vast majority of 

pathological substrates can be divided into two major categories: 

FTLD-TAR DNA-binding protein (FTLD-TDP) or FTLD with 

microtubule-associated protein tau (FTLD-tau).8 It is a highly herit

able disorder with 20%–30% of cases showing an autosomal domin

ant inheritance.9 The three most important genes associated 

with FTLD are microtubule-associated protein tau (MAPT), progra

nulin (GRN) and chromosome 9 open reading frame 72 (C9orf72). 
Additionally, several less common genes, including TAR 

DNA-binding protein (TARDBP), have also been associated with 

this condition.
Predicting the underlying pathology based solely on clinical 

phenotype is challenging, particularly in sporadic FTLD. However, 
certain phenotypes are more commonly linked to specific patholo
gies. For example, PSP is typically caused by FTLD-tau, while seman
tic variant PPA (svPPA) and MND are strongly associated with 
FTLD-TDP.8 Despite these associations, a definitive pathological 
and molecular diagnosis can only be made post-mortem or through 
genetic testing. C9orf72, GRN and TARDBP are linked with FTLD-TDP, 
while MAPT is associated with FTLD-tau.9 This well-established 

relationship with the underlying pathology makes genetic FTLD of 
particular interest, providing an ideal framework for studying these 
otherwise heterogeneous diseases.

The complex relationship between clinical presentations and 
underlying pathology not only complicates diagnosis but has also 
hampered the development of biomarkers. Despite this, significant 
progress has been made—for example—with neurofilament light 
chain (NEFL), a promising biomarker with a range of applica
tions.10,11 NEFL can aid in distinguishing between FTLD and pri
mary psychiatric disorders12,13 and may serve as a proximity 
marker for symptom onset in genetic FTLD.14,15 However, it cannot 
definitively diagnose FTLD nor differentiate between the various 
pathologies, because its levels are altered in many neurological dis
orders.16 Recently, TDP-43 and 3R/4R tau in plasma-derived extra
cellular vesicles have been described,17 although these findings 
require replication. Considering upcoming clinical trials, the need 
for a biomarker capable of diagnosing the underlying pathology 
during life becomes increasingly pressing.

A promising strategy for identifying novel fluid biomarkers 
is proteomics. Previous work in FTLD using antibody-based 
assays18-20 and mass-spectrometry methods21,22 has identified sev
eral potential candidates. For instance, the neuronal pentraxins— 
NPTX1 and NPTX2—have been identified by an unbiased mass 
spectrometry method in GRN carriers.21 This finding was subse
quently validated in independent cohorts,23,24 establishing NPTX2 
as a recognized biomarker and underscoring the potential of this 
approach. A recent study, using untargeted mass spectrometry, 
identified distinct proteins associated with different genetic 
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subgroups within the GENetic FTD Initiative (GENFI) cohort.22 This 
further emphasizes the critical need for pathology- and gene- 
specific biomarkers.

High-throughput protein arrays, e.g. aptamer-based technolo
gies, and immune-based proximity extension assays (PEA) enable 
the analysis of extensive protein libraries from small volumes of 
CSF samples. In Alzheimer’s disease (AD), PEA has generated prom
ising results.25,26 Using this innovative technique, deeper insight 
into the disease pathophysiology has been obtained, and clinically 
useful assays for distinguishing individuals with AD from healthy 
controls have been developed and validated.25 More recently, 
both an aptamer-based assay27 and PEA28 have been applied to 
FTLD, revealing proteomic signatures and disease-related path
ways, underscoring the potential of these approaches for studying 
FTLD as well.

In this study, we measured over 2900 proteins in CSF using this 
PEA technology in two large, well-characterized FTLD cohorts, en
compassing both genetic and sporadic cases. Our primary aim 
was to identify CSF proteomic changes that illustrate FTLD patho
genesis. By focusing on the different genetic groups, we aimed to 
uncover protein signatures that reflect the distinct pathophysio
logical processes driving each genetic group. Additionally, our sec
ondary aim was to identify a subset of proteins that could 
distinguish individuals with FTLD-spectrum disorders, with a par
ticular focus on those with confirmed TDP pathology, from con
trols. However, due to the limited number of individuals with 
confirmed tau pathology, it was not feasible to identify a protein 
subset specific to this group.

Materials and methods
Ethics statement

Local ethics committees at each site approved the study. All parti
cipants were asked for written informed consent before inclusion 
in accordance with the World Medical Association Declaration of 
Helsinki.

Participants

In the discovery cohort, participants were recruited from the GENFI 
cohort across 13 sites (data freeze 6). This cohort included CSF 
samples from 228 participants: 47 symptomatic pathogenic variant 
carriers (22 C9orf72, 14 GRN, 10 MAPT and 1 TARDBP), 124 presymp
tomatic pathogenic variant carriers (55 C9orf72, 44 GRN, 24 MAPT 
and 1 TARDBP) and 57 non-carriers (pathogenic variant-negative, 
first-degree family members). Data on CSF markers associated 
with Alzheimer’s pathology [amyloid-β42 (Aβ42); total Tau (tTau); 
and phosphorylated Tau181 (pTau181)] were not available in the dis
covery cohort. The validation cohort (n = 164) included participants 
from the Erasmus MC University Medical Centre (n = 101) and the 
Amsterdam Dementia Cohort (ADC) (n = 63).29 The validation co
hort comprised 132 individuals clinically diagnosed with an 
FTLD-spectrum disorder and 32 healthy controls. Participants 
were included if they met the diagnostic criteria for bvFTD, 
svPPA, non-fluent variant PPA (nfvPPA), logopenic variant PPA 
(lvPPA), CBS, PSP or MND.3-7 A total of 79 participants underwent 
genetic analysis. Pathogenic variants were identified in 25 partici
pants: 18 C9orf72 hexanucleotide repeat expansions, five GRN and 
two TARDBP pathogenic variants. In addition, eight individuals 
had pathological confirmation of either FTLD-TDP (n = 5) or 
FTLD-tau (n = 3) at autopsy.8 CSF markers associated with 

Alzheimer’s pathology (Aβ42, tTau and pTau181) were analysed 
using commercially available kits [ELISA Innotest Aβ1–42, hTAUAg, 
pTau (181P; Fujirebio) or Elecsys Aβ42, t-tau and p-tau (181P) CSF as
says (Roche Diagnostics)]. Individuals with a clinical FTLD pheno
type, without pathological or genetic diagnosis, were only 
included if these markers did not indicate underlying Alzheimer’s 
pathology. The control group consisted of individuals with subject
ive cognitive decline (n = 9) as well as healthy non-carriers (n = 23), 
all of whom had normal cognitive and laboratory test results.

All participants from both cohorts underwent a standardized 
assessment including a medical history, neurological examination, 
neuropsychological assessment, MRI and lumbar puncture. 
Individuals were excluded if a neurological or psychiatric co
morbidity was present; data on systemic comorbidities (e.g. cancer) 
were not available. Participants were classified as symptomatic if 
they met consensus diagnostic criteria.3-7 Control participants de
monstrated normal performance on neuropsychological assess
ments and did not meet criteria for any neurological or 
psychiatric disorder.

CSF protein profiling

CSF samples were collected by lumbar puncture in polypropylene 
tubes and stored at −80°C at individual sites, according to inter
national consensus guidelines.30 Samples from other external sites 
were shipped to the Erasmus Medical Centre, Rotterdam, where 
they were stored and thawed on the day of aliquoting.

In both cohorts, CSF proteins were measured using the propri
etary Olink® Explore 3072 platform, which employs multiplex 
panels based on PEA technology (Olink® Proteomics Inc.), as previ
ously described in detail.25,26 Details on assay characteristics and 
quality control procedures are provided by the manufacturer and 
can be found on their website.31 All samples were randomized 
over the plates and measured in one run. Complete protein data 
were available for every sample, with no missing values. Proteins 
were included for further analysis if they were above the limit of de
tection (LOD) in >85% of samples and passed quality control. In add
ition, extreme outliers, defined as NPX values with a z-score 
exceeding ±5, were capped at a z-score of ±5. Three proteins (IL6, 
CXCL8 and LMOD1) were measured across four panels, showing 
strong correlations between replicates (r range: 0.85–0.98). Of these, 
a single measurement was randomly selected from each set of re
plicates. In total, 2902 proteins were measured. In the discovery co
hort, 1525 proteins were above LOD in more than 85% of samples, 
with 1516 unique proteins retained for further analysis. Among 
these, 324 extreme outliers (0.08%) were identified and capped. In 
the validation cohort, 1637 proteins were above LOD in over 85% 
of samples, and 1628 unique proteins were included for analysis; 
446 extreme outliers (0.17%) were identified and capped.

Statistical analysis

Differential protein abundance analysis

All statistical analyses were performed with R version 4.4.1. Basic 
demographics were compared between groups with a Mann– 
Whitney U-test or a Kruskal–Wallis test with Dunn’s post hoc test 
for continuous variables and a chi-square test for categorical vari
ables. To assess protein abundance, linear regression models 
were constructed for each protein. Protein concentration measure
ments served as the dependent variable, with the effect of the diag
nostic group tested while adjusting for age and sex. To take disease 
severity into account, we first performed pairwise comparisons 
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across the full discovery cohort: symptomatic carriers versus non- 
carriers; symptomatic carriers versus presymptomatic carriers; 
and presymptomatic carriers versus non-carriers. These compari
sons were then repeated separately within each genetic subgroup 
to explore mutation-specific effects. In the validation cohort, we 
compared individuals with FTLD to controls and individuals with 
FTLD-TDP to controls. To determine whether the differentially 
abundant proteins are specific to FTLD or reflect broader changes 
across neurodegenerative disorders, we compared the summary 
statistics (P < 0.05) from previously published Olink® Explore 3072 
datasets for AD32 and α-synucleinopathies33 with the differentially 
abundant proteins of our discovery cohort. To assess the associ
ation between protein abundance and both cognitive function 
and disease severity we conducted a partial non-parametric correl
ation using the ppcor package (version 1.1), adjusting for age and 
sex. Analyses were limited to symptomatic carriers, first conducted 
in the full discovery cohort, and then repeated within each genetic 
subgroup. Tests included CDR Dementia Staging Instrument plus 
National Alzheimer’s Coordinating Centre Frontotemporal Lobar 
Degeneration component (CDR® plus NACC FTLD) sum of boxes 
for disease severity, Mini-Mental State Examination (MMSE) for glo
bal cognition and a neuropsychological battery measuring social 
cognition, attention, memory, language and executive function 
[Trail making Test (TMT) part B, TMTA, Stroop Colour Word Test 
(SCWT) interference card III, SCWT word (I), SCWT colour naming 
(II), Boston Naming Test (BNT), Benson figure copy and recall and 
Mini-SEA facial emotion recognition test]. All analyses were false 
discovery rate (FDR)-corrected using the Benjamini-Hochberg 
method. The statistical significance threshold was set at a P < 0.05.

Over-representation analysis

We performed an over-representation analysis in the discovery co
hort, using the ClusterProfiler package (version 4.8.3), selecting Gene 
Ontology (GO) Biological Processes as the ontology source. We per
formed over-representation analysis for three different genetic 
groups (e.g. C9orf72, GRN, MAPT) separately with proteins with an 
unadjusted P < 0.05 as input. All proteins included in the statistical 
analysis were used as enrichment background. An FDR-corrected P  
< 0.05 was used to determine statistically significant enriched 
pathways.

Development of diagnostic panels

To identify a subset of proteins capable of distinguishing between 
individuals with FTLD and healthy controls, we used a feature se
lection algorithm named Stable Iterative Variable Selection 
(SIVS).34,35 This algorithm addresses inconsistency in model per
formance caused by embedded feature selection methods that do 
not robustly converge to the same feature space. Moreover, this al
gorithm enables substantial reduction of the feature space without 
compromising predictive accuracy. SIVS operates by performing 
multiple iterations of model construction using a specified method 
and aggregates selected features across iterations. We used the R 
package sivs (version 0.2.10) with a least absolute shrinkage and se
lection operator (LASSO) analysis as user-specified method and 
measured proteins, age and sex as predictors. As input for the 
SIVS algorithm, we constructed two binomial logistic regression 
models within the discovery cohort: (i) all symptomatic carriers 
versus non-carriers; and (ii) C9orf72/GRN/TARDBP symptomatic car
riers versus non-carriers, attributable to FTLD-TDP. The optimal 
combination of proteins was selected based on a user-specified 
strictness, which differed for each comparison. To validate these 

set of proteins, we constructed a LASSO logistic regression model 
limited to the selected proteins within the discovery cohort. This 
model was subsequently validated in the validation cohort by 
building comparable binomial logistic regression models (indivi
duals with an FTLD-spectrum disorder versus controls and indivi
duals with confirmed TDP pathology versus controls).

The predictive performance of all models was evaluated using 
receiver operating characteristic (ROC) curves and corresponding 
area under the curve (AUC) estimates. To compare the performance 
of each panel with CSF NEFL, we calculated ROC curves and AUC es
timates for NEFL in parallel. Specifically, we generated one NEFL 
AUC using all FTLD individuals to match the FTLD panel, and a se
cond NEFL AUC using only individuals with underlying TDP path
ology to align with the TDP panel. We compared ROC curves 
between the panels and NEFL using the DeLong method36 from 
the pROC package (version 1.18.5).37

Results
Demographics

Clinical characteristics of the discovery and validation cohorts are 
summarized in Table 1. In the discovery cohort, symptomatic car
riers were significantly older than both presymptomatic carriers 
and non-carriers. Symptomatic carriers also had significantly low
er MMSE scores and higher CDR® plus NACC FTLD scores com
pared to presymptomatic carriers and non-carriers. There was 
no difference in sex distribution between the three groups. 
Supplementary Table 1 summarizes clinical characteristics of 
the different genetic subgroups within the discovery cohort. In 
the validation cohort, individuals with FTLD were older than con
trols, with no difference in sex distribution between groups. As in 
the discovery cohort, individuals with FTLD had significantly low
er MMSE scores and higher CDR® plus NACC FTLD scores com
pared to controls. Supplementary Table 2 summarizes clinical 
characteristics of the different pathological subgroups within 
the validation cohort.

CSF proteomics analysis

Discovery cohort

We first investigated which proteins differed between symptom
atic carriers (n = 47) versus non-carriers (n = 57), and observed up
regulated levels of 23 proteins (Fig. 1A and Supplementary 
Table 3A). None of these proteins were downregulated. 
Comparing symptomatic (n = 47) and presymptomatic carriers 
(n = 124) revealed seven proteins (TPM3, NEFL, MMP10, TFF1, 
MAP2K1, DNM3, FXN) that were upregulated in symptomatic car
riers (Fig. 1B and Supplementary Table 3B). All these proteins also 
differed between symptomatic carriers and non-carriers. No pro
teins were differentially abundant between presymptomatic car
riers (n = 124) and non-carriers (n = 57) (Supplementary Table 3C). 
Additionally, protein levels did not differ between symptomatic 
carriers with TDP pathology (e.g. C9orf72, GRN, TARDBP; n = 37) 
and those with tau pathology (e.g. MAPT; n = 10) (Supplementary 
Table 3D).

To explore specific genetic signatures, we performed compari
sons restricted to each genetic group (e.g. MAPT, C9orf72, GRN) 
(Fig. 2). In symptomatic MAPT carriers (n = 10) (Fig. 2A and 
Supplementary Table 4A), 63 proteins were upregulated compared 
to non-carriers (n = 57). MMP10 and TFF1 also showed significant up
regulation in symptomatic (n = 10) versus presymptomatic (n = 24) 
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MAPT carriers (Supplementary Table 4B). In symptomatic C9orf72 re
peat expansion carriers (n = 22) (Fig. 2B and Supplementary 
Table 5A), four proteins (NEFL, TPM3, RBFOX3, ELAVL4) were upre
gulated relative to non-carriers (n = 57). Comparing symptomatic 
(n = 22) and presymptomatic (n = 55) C9orf72 carriers, only TPM3 ex
hibited dysregulation (Supplementary Table 5B). When limiting 
symptomatic carriers to GRN (n = 14) (Fig. 2C and Supplementary 
Table 6A), three proteins were upregulated (NEFL, TPM3, DNM3) 
and three were downregulated (SEMA3G, GRN, NPTX2) compared 
with non-carriers (n = 57). When comparing symptomatic (n = 14) 
and presymptomatic GRN carriers (n = 44), TPM3, NEFL and NPTX2 
remained significant (Supplementary Table 6B), whereas in 
presymptomatic GRN carriers (n = 44) compared with non-carriers 
(n = 57), GRN and SEMA3G were significantly downregulated 
(Supplementary Table 6C). Figure 2D illustrates protein abundance 
fold changes in a heat map for significant proteins in symptomatic 
C9orf72 and GRN carriers compared to non-carriers, as well as the 
top 10 significant proteins in symptomatic MAPT carriers compared 
to non-carriers. Among all comparisons, NEFL and TPM3 consistent
ly showed the greatest increases in abundance across symptomatic 
carriers, with highest levels observed in symptomatic GRN carriers. 
As expected, GRN is significantly decreased in symptomatic GRN 

carriers. However, the observed decrease in SEMA3G in these indivi
duals represents a novel finding. Notably, MMP10 exhibited a mark
edly greater increase in symptomatic MAPT carriers compared to 
the other genetic groups. To investigate whether underlying tau iso
form influences MMP10 levels within MAPT carriers, we highlighted 
3R, 4R and 3R + 4R tau isoforms in Supplementary Fig. 1. While 
MMP10 levels appeared higher in individuals with 3R isoform, fur
ther analysis was limited by the small sample size.

We examined whether protein levels were associated with mea
sures of cognition and disease severity. In all symptomatic carriers, 
515 proteins significantly correlated with TMTA (Supplementary 
Table 7). In addition, 75 proteins correlated with TMTA in symp
tomatic GRN carriers. No other significant correlations were ob
served for other cognitive or disease measures, or in other genetic 
subgroups (Supplementary Table 7).

Validation cohort

We repeated the differential abundance analysis in the validation 
cohort to replicate the findings of the discovery cohort. Comparing 
all FTLD individuals (n = 132) with controls (n = 32) identified 148 sig
nificantly dysregulated proteins, comprising seven that were 

Table 1 Subject characteristics

Discovery cohort Validation cohort

Symptomatic variant 
carriers

Presymptomatic variant 
carriers

Non-carriers P-value FTLD Controls P-value

n 47 124 57 – 132 32 –
Age at collection, 

years
62 (45–81) 44 (29–75) 45 (31–72) <0.001 63 (32–77) 56 (31–72) <0.001

Sex, female (%) 21 (45%) 65 (52%) 36 (63%) 0.16 58 (44%) 16 (50%) 0.16
MMSEa 26 (8–30) 30 (23–30) 30 (25–30) <0.001 25 (6–30) 29 (26–30) <0.001
CDR® plus NACC 

FTLDb
0.5: 4 
1: 10 
2: 10 
3: 10

0: 68 
0.5: 32

0: 43 
0.5: 8

<0.001 0: 14 
0.5: 53 
1: 30 
2: 4 
1: 3

0 (0–0.5) <0.001

Genetic analysis 22 C9orf72 
14 GRN 

10 MAPT 
1 TARDBP

55 C9orf72 
44 GRN 

24 MAPT 
1 TARDBP

– – 18 C9orf72 
5 GRN 

2 TARDBP 
54 no pathogenic 

variant 
53 no analysis

– –

FTLD-subtypes 37 FTLD-TDP 
10 FTLD-tau

– – – 30 FTLD-TDP 
3 FTLD-tau 

99 unknown

– –

Phenotype 36 bvFTD 
5 nfvPPA 

3 FTD-ALS 
1 svPPA 

1 PPA-NOS 
1 dementia-NOS

– – – 49 bvFTD 
11 FTD-ALS 

9 nfvPPA 
34 svPPA 
1 lvPPA 

4 PPA-NOS 
17 CBS 
7 PSP

– –

Continuous variables are expressed as median (range) and were compared between groups using Kruskal-Wallis tests. Sex distributions were compared between groups using 

chi-square tests. bvFTD = behavioural frontotemporal dementia; C9orf72 = chromosome 9 open reading frame 72; CBS = corticobasal syndrome; CDR® plus NACC FTLD = CDR 

Dementia Staging Instrument plus National Alzheimer’s Coordinating Center Frontotemporal Lobar Degeneration component; dementia-NOS = dementia not otherwise 
specified; FTD-ALS = FTD with amyotrophic lateral sclerosis; FTLD = frontotemporal lobar degeneration; GRN = progranulin; lvPPA = logopenic variant PPA; MAPT =  
microtubule-associated protein tau; MMSE = Mini Mental State Examination; nfvPPA = non-fluent variant primary progressive aphasia; PPA-NOS = PPA not otherwise specified; 

PSP = progressive supranuclear palsy; svPPA = semantic variant PPA; TARDBP = TAR-DNA-binding protein.
aMMSE data were available for 220 participants in the discovery cohort and for 153 participants in the validation cohort.
bCDR® plus NACC FTLD data were available for 189 participants in the discovery cohort and for 113 participants in the validation cohort.
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upregulated and 141 that were downregulated (Supplementary Fig. 
2A and Supplementary Table 8A). Four proteins, NEFL, TPM3, DNM3 
and MSLN (Fig. 3A and C), were consistently dysregulated in 
symptomatic individuals in both the discovery and the validation 
cohorts. Notably, MSLN displayed opposing fold changes—upre
gulated in the discovery cohort and downregulated in the valid
ation cohort (Fig. 3C). Individuals with confirmed FTLD-TDP 
(n = 30) showed 259 downregulated and five upregulated proteins 
compared to controls (n = 32) (Supplementary Fig. 2B and 

Supplementary Table 8B). Examining proteins overlapping between 
individuals with confirmed FTLD-TDP pathology across both cohorts 
(Fig. 3B and D), we found that NEFL and TPM3 were dysregulated in 
both symptomatic C9orf72 and GRN carriers from the discovery co
hort and in individuals with confirmed FTLD-TDP in the validation 
cohort. In addition, GRN and NPTX2 were dysregulated in both 
symptomatic GRN carriers from the discovery cohort and in indivi
duals with confirmed FTLD-TDP in the validation cohort. With only 
three participants having confirmed tau pathology in the validation 

Figure 1 Volcano plots displaying proteomic differences in the discovery cohort. Volcano plots display the proteomic differences between symptom
atic carriers and non-carriers (A) as well as between symptomatic and presymptomatic carriers (B). These plots are based on a linear regression model, 
with age and sex as covariates. Differences were deemed significant if Benjamini-Hochberg adjusted P-values were <0.05. The grey dashed line indi
cates a P-value of 0.05, while the black dashed line represents an adjusted P-value of 0.05. The log2 fold-change in protein abundance between groups is 
colour-coded, with higher abundance shown in red.
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cohort, a comparison between individuals with FTLD-tau and con
trols was not feasible. As a result, we could not replicate our findings 
from symptomatic MAPT carriers.

Comparison with Alzheimer’s disease and Lewy body 
disease

We compared our findings with differentially abundant proteins 
across the AD spectrum (A+T− and A+T+).32 In total, 1286 proteins 
were measured in both the AD dataset and our cohort. Of these, 
four proteins were significantly altered in symptomatic carriers and 
both AD groups (ITGB2, MAP2K1, FABP3, ATP5IF1; Fig. 4A). An add
itional three proteins were significantly changed in both symptomat
ic carriers and the A+T− group (CEP170, ELAVL4, DNM3; Fig. 4A), while 
five proteins were altered in both symptomatic carriers and the A+T+ 

group (CD69, MMP10, NEFL, RBFOX3, MSLN; Fig. 4A).
Examining the genetic subgroups, symptomatic MAPT carriers 

had nine proteins in common with both AD groups (ATP5IF1, 
CRKL, DTX3, FABP3, GLOD4, MAP2K1, NSFL1C, SDC4, TMSB10; 
Fig. 4B), two coinciding with A+T− (ABL1, DNM3), and eight appear
ing in both MAPT and A+T+ (CD163, CD209, CD69, LACTB2, MMP10, 

MSLN, NEFL, PHYKPL; Fig. 4B). In addition, 40 proteins—predomin
antly inflammatory markers—were unique to symptomatic MAPT 
carriers. In symptomatic C9orf72 carriers, ELAVL4 was shared 
with A+T−, while NEFL and RBFOX3 coincided with A+T+. In symp
tomatic GRN carriers, DNM3 appeared in common with A+T−, and 
NEFL with A+T+.

Next, we compared our findings with identified proteins differ
entially abundant in α-synucleinopathies, including both 
Parkinson’s disease and dementia with Lewy bodies.33 Of the 1502 
proteins measured in both datasets, none were significantly altered 
in both cohorts.

Over-representation analysis

We conducted an over-representation analysis within the discov
ery cohort, analysing each genetic group separately. In MAPT 
symptomatic mutation carriers, the top enriched terms pertain 
to the innate and adaptive immune system as well as cell activa
tion (Supplementary Fig. 3A). For symptomatic C9orf72 repeat ex
pansion carriers, only one significant term was identified, which 
pertained to energy metabolism. Among GRN symptomatic 

Figure 2 Volcano plots and heat map displaying proteomic changes in the genetic subgroups of the discovery cohort. Volcano plots show the prote
omic differences in symptomatic MAPT (A), C9orf72 (B) and GRN (C) variant carriers compared to non-carriers. These plots are based on a linear regres
sion model, with age and sex as covariates. Differences were deemed significant if Benjamini-Hochberg adjusted P-values were <0.05. The grey dashed 
line indicates a P-value of 0.05, while the black dashed line represents an adjusted P-value of 0.05. The log2 fold-change in protein abundance between 
groups is colour-coded, with higher abundance shown in red and lower abundance in blue. (D) Heat map illustrating the protein abundance fold- 
changes for significant proteins in symptomatic C9orf72 and GRN carriers compared to non-carriers, as well as the top 10 significant proteins in symp
tomatic MAPT carriers compared to non-carriers. The log2 fold-change in protein abundance between groups is colour-coded, with higher abundance 
shown in red and lower abundance in blue. *Padjust < 0.05, **Padjust < 0.01, ***Padjust < 0.001.
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carriers, the most significantly enriched terms are related to neur
onal development, cell morphogenesis and neuronal projection 
(Supplementary Fig. 3B). Notably, in MAPT symptomatic mutation 

carriers, most of the enriched terms are linked to upregulated pro
teins, whereas in GRN carriers, these terms are associated with 
downregulated proteins.

Figure 3 Venn diagram and heat map displaying the overlapping proteomic signatures. Venn diagram showing the overlapping proteins between (A) 
individuals with an FTLD-spectrum disorder across the discovery and validation cohort (created in BioRender. De Houwer, J. (2025) https://BioRender. 
com/bgn255j); and (B) between symptomatic C9orf72 and GRN carriers from the discovery cohort and individuals with FTLD-TDP from the validation 
cohort (created in BioRender. De Houwer, J. (2025) https://BioRender.com/uzklaw9). Heat map illustrating the protein abundance fold changes for the 
overlapping proteins between (C) individuals with an FTLD-spectrum disorder across the discovery and validation cohort, and (D) between symptom
atic C9orf72 and GRN carriers from the discovery cohort and individuals with FTLD-TDP from the validation cohort. *Padjust < 0.05, **Padjust < 0.01, 
***Padjust < 0.001. FTLD = frontotemporal lobar degeneration.

Figure 4 Cross-cohort comparisons of symptomatic genetic frontotemporal lobar degeneration and Alzheimer’s disease. (A) Venn diagram showing 
differentially expressed proteins (P < 0.05) in symptomatic pathogenic variant carriers from the discovery cohort, compared with A+T− and A+T+ indi
viduals from the Pichet Binette cohort (created in BioRender. De Houwer, J. (2025) https://BioRender.com/m8saljg). (B) Upset plot displaying differen
tially expressed proteins (P < 0.05) in symptomatic carriers of MAPT, C9orf72 and GRN variants from the discovery cohort, alongside A+T− and A+T+ 

individuals from the Pichet Binette cohort. The proteins unique to symptomatic MAPT carriers are displayed in orange. The overlap between symptom
atic MAPT carriers, A+T− and A+T+ individuals is displayed in green.
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Development of diagnostic panels

We performed a feature selection analysis to determine which pro
teins could best distinguish between individuals with FTLD or indi
viduals with FTLD-TDP and controls. We found that a panel of six 
proteins (NEFL, RBFOX3, NPTX1, TFF1, ENTPD5, CNP) most effect
ively discriminated between all symptomatic carriers (n = 47) and 
non-carriers (n = 57) in the discovery cohort [FTLD panel A; AUC =  
0.98 (95% CI: 0.9798–0.9800)] (Supplementary Fig. 4). Three pro
teins—NEFL, RBFOX3 and TFF1—were also significant in the uni
variate analysis; the other three—ENTPD5, NPTX1 and CNP—were 
not. When focusing on the genetic groups with underlying 
TDP-pathology (n = 37), LASSO selected NEFL, RBFOX3, CBLN4, 
ENTPD5, CCL25, CNP and MMP1 [TDP panel A; AUC = 0.9978 
(0.9977–0.9979)] (Supplementary Fig. 5). As NEFL was the primary 
contributor to both original panels, we repeated the analysis ex
cluding NEFL to determine whether a comparable diagnostic accur
acy could be reached using alternative protein combinations. For 
FTLD, a new six-protein panel—comprising NPTX1, RBFOX3, 
ATP5IF1, TFF1, DNM3 and MMP1—was identified [FTLD panel B; 
AUC = 0.98 (0.9799–0.9801)] (Supplementary Fig. 6). For TDP, a four- 
protein panel—RBFOX3, CBLN4, ATP5IF1 and MMP1—was selected 
[TDP panel B; AUC = 0.9749 (0.9749–0.97491)] (Supplementary 
Fig. 7). Notably, there was substantial overlap between panels A 
and B. In addition, most proteins, NEFL, RBFOX3, CBLN4 and 
MMP1were already significant in the univariate analysis: NEFL 
and RBFOX3 in symptomatic versus non-carriers, and CBLN4 and 
MMP1 in FTLD-TDP versus controls. Owing to the limited sample 
size, we could not conduct this analysis solely in individuals with 
FTLD-tau, nor could we create a panel to differentiate between in
dividuals with FTLD-TDP and FTLD-tau.

After establishing the panels, we validated them using the inde
pendent validation cohort, with all panels showing excellent per
formance (Fig. 5A). FTLD panel A demonstrated high accuracy 
in distinguishing individuals with FTLD (n = 132) from controls 
(n = 32), achieving an AUC of 0.94 (95% CI: 0.88–1), compared to an 
AUC of 0.91 (0.93–0.98) for FTLD panel B, in which NEFL was ex
cluded. In contrast, NEFL alone yielded an AUC of 0.89 (0.83–0.96) 

(Fig. 5B). Similarly, TDP panel A performed well in differentiating in
dividuals with confirmed FTLD-TDP (n = 30) from controls (n = 32), 
with an AUC of 0.96 (0.92–1), while TDP panel B (without NEFL) 
has an AUC of 0.9 (0.81–0.99). NEFL alone achieved a slightly lower 
AUC of 0.85 (95% CI: 0.75–0.95) (Fig. 5B). The differences in perform
ance between the panels and NEFL were not statistically significant 
(FTLD panel A versus B: P = 0.387; FTLD panel A versus NEFL: P =  
0.366; FTLD panel B versus NEFL: P = 0.819; TDP panel A versus B: 
P = 0.173; TDP panel A: P = 0.057; TDP panel B versus NEFL: P = 0.488).

Discussion
In this study, we employed PEA technology to explore underlying 
pathophysiological processes in FTLD, using a CSF proteomic ap
proach. We identified distinct and overlapping proteomic signa
tures across the three main genetic subgroups. In MAPT 
symptomatic carriers, 63 proteins were dysregulated, with a clear 
association to the adaptive and innate immune system. In C9orf72 
and GRN four and six proteins were dysregulated, respectively. 
Notably, NEFL and TPM3 were significantly upregulated in all com
parisons of symptomatic individuals versus controls in both co
horts. Furthermore, we developed two protein panels— 
comprising six and seven proteins—that could effectively distin
guish individuals with FTLD or FTLD-TDP from controls. These pa
nels demonstrated excellent diagnostic accuracy in an 
independent cohort (AUC of 0.94 and 0.96, respectively), underscor
ing their potential as reliable diagnostic tools and valuable re
sources for advancing future research.

Both NEFL and TPM3 are significantly upregulated in all compar
isons of symptomatic individuals versus controls across both co
horts. NEFL is a well-established, non-specific marker of 
neurodegeneration and is among the fluid biomarkers currently 
used in clinical practice.12-15 Interestingly, we found similar effect 
sizes for TPM3. In contrast to NEFL, TPM3 has not been extensively 
studied in the context of neurodegenerative diseases. As an 
actin-associated protein, TPM3 regulates the structure and dynam
ics of actin filaments.38 While it is predominantly expressed in 

Figure 5 Validation of the diagnostic CSF biomarker panels. (A) Receiver operating characteristic (ROC) curves illustrate the performance of both diag
nostic panels in the validation cohort. The orange line represents the FTLD panel A (solid) and B (dotted), which distinguishes individuals with an 
FTLD-spectrum disorder from controls, while the red line represents the TDP panel A (solid) and B (dotted), which differentiates individuals with 
FTLD-TDP from controls. The area under the curve (AUC) and corresponding 95% confidence intervals (CI) are displayed. (B) Forest plot illustrates 
the different AUC and 95% CI for the FTLD panel A and B (orange), TDP panel A and B (red) and NEFL (green). To compare the performance of each panel 
with NEFL, we calculated ROC curves and AUC estimates for NEFL in parallel. Specifically, we generated one NEFL AUC using all FTLD individuals to 
match the FTLD panels, and a second NEFL AUC using only individuals with underlying TDP pathology to align with the TDP panels. FTLD = frontotem
poral lobar degeneration.
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muscle tissue,38 emerging evidence suggests that it also has a crit
ical function in the actin cytoskeleton at the post synapse in the 
CNS.39,40 Our findings are in line with a recent study reporting ele
vated CSF levels of TPM3 using mass spectrometry in a small cohort 
of symptomatic GRN carriers.41 TPM3 was not part of the proteins 
included in the differential abundance analysis of the AD dataset 
by Pichet Binette et al.32 However, given its upregulation across all 
comparisons, TPM3 may reflect axonal injury and neurodegenera
tion in a manner similar to NEFL. However, further research is 
needed to clarify its role in neurodegenerative diseases.

Symptomatic MAPT carriers exhibit a greater number of dysre
gulated proteins compared with other genetic groups (63 versus 
four and six). These results, however, should be interpreted with 
some caution given the small sample size (n = 10). Notably, many 
of these dysregulated proteins are associated with the innate and 
adaptive immune system. This is further reflected in the biological 
pathways linked to these proteins, which are predominantly en
riched in immune response and cell activation pathways. While 
the role of neuroinflammation in neurodegenerative diseases is 
well-established,42,43 it is particularly striking that, in our study, 
this involvement is most pronounced in MAPT-related disease ra
ther than in the other genetic subgroups. Interestingly, examining 
the overlap between significant proteins in symptomatic carriers 
and the AD spectrum reveals that several proteins are uniquely 
dysregulated in symptomatic MAPT carriers. This suggests that dis
tinct proteins—and potentially different pathophysiological me
chanisms—underlie MAPT and AD, despite both being tauopathies.

Among the dysregulated proteins in symptomatic MAPT car
riers, MMP-10 stood out, showing a markedly greater increase in 
MAPT compared to the other genetic subgroups. It is a member of 
the matrix metalloproteinase (MMP) family, a group of zinc- 
dependent proteases involved in processes like extracellular ma
trix remodelling and neuroinflammation.44 This prominent in
crease of MMP-10 and its role in inflammation are consistent with 
the core biological pathways identified in the proteomic signature 
of this genetic group in this study. Previous studies have consist
ently reported elevated CSF levels of MMP-10 among individuals 
with AD.26,45-47 The increase in both AD and MAPT, in contrast to 
GRN and C9orf72, suggests MMP-10 might be a specific marker for 
underlying tau pathology. Nonetheless, a study using the same 
PEA technology found no significant MMP-10 dysregulation in atyp
ical parkinsonian syndromes, including PSP, a 4R-tauopathy, as 
well as in multiple system atrophy and Parkinson’s disease, which 
are both α-synucleinopathies.48 This discrepancy may be explained 
by the fact that the majority of MAPT pathogenic variants included 
in this study result in a 3R + 4R tauopathy, similar to AD. 
Interestingly, visual inspection of the different tau isoforms and 
MMP-10 levels suggested higher levels in individuals with 
3R-isoforms. Together, these findings highlights the need for fur
ther research to clarify the role of MMP-10 across tau isoforms 
and its potential to identify tau pathology in vivo, particularly in 
FTLD-tau with Pick’s disease, a 3R tauopathy.

In symptomatic C9orf72 carriers, ELAVL4 and RBFOX3—both 
RNA-binding proteins—are significantly upregulated. ELAVL4, a 
member of the Hu protein family, is involved in the regulation of 
RNA metabolism.49,50 This protein has been extensively studied in 
neurodegenerative diseases, particularly in the context of amyo
trophic lateral sclerosis (ALS), with multiple studies implicating 
ELAVL4 in familial ALS caused by pathogenic FUS variants.51-53 In 
our study, ELAVL4 was significantly upregulated exclusively in 
C9orf72-related disease. However, other findings suggest its dysre
gulation might not be unique to this subgroup. For instance, 

cerebral organoids derived from V337M MAPT variant carriers 
also showed ELAVL4 upregulation.54 This is further supported by 
its overlap with the A+T− group in the study by Pichet Binette 
et al.32 RBFOX3—encoding NeuN—is a well-established neuronal 
marker widely used in immunohistochemistry to assess neuronal 
health and neurodegeneration.55 Together, these findings support 
the hypothesis that the dysregulation of ELAVL4 and RBFOX3 re
flects broader RNA metabolism abnormalities in neurodegenera
tion, rather than being specific to C9orf72-related disease.

In GRN carriers, proteins and biological pathways related to 
overall synaptic integrity are observed, with evidence indicating 
the involvement of the neurovascular unit in these processes. A no
vel finding was the decrease in SEMA3G in presymptomatic and 
symptomatic GRN carriers. As a member of the semaphorin family, 
SEMA3G is part of a group of cell guidance cue proteins involved in 
cellular differentiation and migration.56 It is secreted by endothelial 
cells and may function as a vascular-derived synaptic organizer, a 
potential role further supported by a knockout mouse model 
that exhibits impaired hippocampal-dependent memory.57

Understanding how GRN haploinsufficiency leads to reduced 
SEMA3G levels—already evident in the presymptomatic stage— 
warrants further investigation. Moreover, in symptomatic GRN car
riers, the most enriched pathways are predominantly linked to 
neuronal development, cell morphogenesis and neuronal projec
tion, reflecting the critical role of synaptic integrity in cognitive 
functioning. Synaptic protein involvement in neurodegenerative 
diseases has been extensively studied, with NPTX2 recognized as 
a key synaptic marker in FTLD.23 In our study, the largest fold- 
change was indeed observed in symptomatic GRN carriers. 
Beyond GRN-related disease, synaptic dysfunction plays a crucial 
role in FTLD-TDP. This is supported by the validation cohort, where 
CBLN4, a protein involved in synaptic plasticity,58-60 emerged as the 
top hit in individuals with FTLD-TDP. This aligns with the downre
gulation of CBLN4 observed in symptomatic C9orf72 and GRN car
riers in the study by Sogorb-Esteve et al.22

When examining correlations between proteins and cognitive 
or disease measures, significant correlations were found with 
TMTA in symptomatic carriers, particularly in GRN carriers. The as
sociation of multiple proteins with attention—a relatively non- 
specific feature in neurodegenerative diseases—may reflect the di
verse clinical phenotypes observed across all symptomatic carriers, 
and particularly within GRN carriers. The lack of additional correla
tions could be due to the limited sample size of symptomatic 
carriers.

A striking observation was the opposing fold changes for MSLN 
—upregulated in symptomatic carriers in the discovery cohort and 
downregulated in individuals with FTLD in the validation cohort. In 
the discovery cohort, this upregulation may be driven by MAPT car
riers, as MSLN was significantly upregulated in the MAPT-specific 
analysis. In contrast, the downregulation observed in the validation 
cohort could be influenced by individuals with underlying TDP 
pathology, given that the majority of this cohort has suspected 
TDP pathology based on pathological examination, genetic analysis 
or clinical phenotype. MSLN, a membrane-bound protein overex
pressed in many tumours, has an as-yet poorly understood func
tion, let alone in the CNS.61 However, its strikingly divergent 
abundance across distinct pathologies has the potential to advance 
the prediction of the underlying pathologies during life.

To facilitate the clinical translation of our findings, we devel
oped two diagnostic panels to discriminate between individuals 
with FTLD or FTLD-TDP and healthy controls. Both panels demon
strated strong performance, which we successfully validated in an 

2826 | BRAIN 2026: 149; 2816–2830                                                                                                              J. F. H. De Houwer et al.



independent cohort, underscoring their potential. Given that NEFL 
was the primary driver of both panels, we conducted additional 
analyses excluding NEFL. These alternative panel versions also per
formed well, emphasizing the diagnostic value of other proteins be
yond NEFL in FTLD. Although the overall performance of the 
diagnostic panels was comparable to that of NEFL alone, the com
position of the panels offers insights into the distinct proteins 
and underlying pathophysiological processes involved in the dis
ease. NEFL, RBFOX3, CNP and ENTPD5 were included in both panels. 
Given that both panels distinguish patients from controls, the in
clusion of a non-specific marker of neurodegeneration, such as 
NEFL or RBFOX3, is unsurprising. CBLN4 and CCL25, exclusive to 
the TDP panel, showed no significant dysregulation in MAPT car
riers, indirectly implying a stronger association with TDP pathology 
than tau-related processes. Nonetheless, the specific roles of these 
proteins in TDP pathology require further investigation. In add
ition, it would be valuable to assess the panels’ performances in dis
tinguishing neurodegenerative diseases from primary psychiatric 
disorders or individuals with FTLD-tau, as well as in ALS and 
limbic-predominant TDP-43 encephalopathy.

In recent years, there has been increasing focus on precisely de
fining proteomic changes in FTLD and other neurodegenerative dis
eases, with various techniques being employed. For example, a 
recent study used untargeted mass spectrometry to identify prote
omic changes within the same cohort as used in our study (e.g. 
GENFI cohort).22 The advantage of using multiple techniques to in
vestigate the proteome—even within the same cohort—lies in their 
complementary characteristics. In our study, we used the PEA tech
nology (Olink®), which relies on a predefined library of proteins, 
whereas mass spectrometry can offer an untargeted approach. 
However, PEA is particularly valuable for measuring low-abundance 
proteins and provides the advantage of being rapidly translatable to 
clinical settings, unlike mass spectrometry, which faces greater 
challenges in clinical implementation. Additionally, a recent study 
used an aptamer-based assay (SomaScan®) to measure over 4000 
proteins in a genetic FTLD cohort.27 Comparative studies of 
Olink® and SomaScan® suggest that the antibody-based Olink® 
platform offers higher specificity and stronger phenotypic associa
tions, whereas SomaScan® provides greater reproducibility and 
broader coverage of the proteome.62,63 These distinct characteristics 
may account for divergent findings between platforms and under
score the value of applying multiple technologies for comprehen
sive proteomic profiling. The study by Saloner et al.27 uncovered 
several protein networks involved in FTLD, with a strong associ
ation between RNA metabolism proteins and the three genetic 
groups. However, as the authors noted, immune-related proteins 
were underrepresented in their panel. In contrast, our use of the 
Olink® platform provided broader coverage of immune-related pro
teins. This allowed us to uncover a strong connection between im
mune pathways and MAPT, adding an important dimension to the 
current proteomic landscape in FTLD. Moreover, while Saloner 
et al.27 explored protein co-expression networks, we focused on 
identifying individual proteins linked to the specific genetic sub
groups. For example, we highlighted SEMA3G in GRN-related 
FTLD, which may serve as a marker of the neurovascular dysfunc
tion reported in GRN.64 Another example of the potential of these 
technologies comes from a recent study employing PEA, which 
measured a smaller set of proteins.28 That work developed a 
14-protein panel to distinguish individuals with FTLD from controls. 
In contrast, the strength of our study lies in the broader analysis of 
the CSF proteome and the development of a six-protein panel that 
achieves comparable performance.

A key strength of our study lies in the inclusion of two independ
ent cohorts—a discovery cohort and a validation cohort—enabling 
us to replicate findings and evaluate the performance of diagnostic 
panels in an independent group. The discovery cohort included 
symptomatic and presymptomatic variant carriers, as well as non- 
carriers, from the GENFI study. This design leverages the well- 
established relationship between genetic FTLD and its underlying 
pathology, providing an ideal framework for studying and develop
ing biomarkers, in the presymptomatic stage of the disease. The 
validation cohort includes individuals across the full spectrum of 
FTLD, ensuring representation of real-world clinical practice.

Some limitations of this study should be considered. Only a lim
ited number of differentially abundant proteins replicated between 
the discovery and validation cohorts. Although the inclusion of two 
cohorts is undoubtedly advantageous, interpretation is compli
cated by the inherent heterogeneity of the disease. Such heterogen
eity has been highlighted by reported differences between genetic 
and sporadic FTLD,65 as well as among the various TDP-43 sub
types.66 To address this, replication in an independent FTLD cohort 
with genetic cases (for example, ALLFTD consortium) will be essen
tial for validating and extending these results. In addition, age dif
ferences between controls and symptomatic individuals in the 
discovery cohort—less pronounced in the validation cohort due to 
the inclusion of individuals with subjective cognitive decline in 
the same age range—may also have contributed to the limited rep
lication of differentially abundant proteins across cohorts. In add
ition, the small number of individuals with FTLD-tau limited 
comparisons between FTLD-TDP and FTLD-tau, replication of mar
kers and diagnostic panel development. A further limitation lies in 
the use of a targeted proteomics platform, which, while well-suited 
for high-throughput and reproducible analysis, captures only a part 
of the CSF proteome and may miss relevant markers that were not 
included. Untargeted mass spectrometry approaches or other tar
geted approaches (e.g. aptamer-based platforms) could comple
ment these findings.

To conclude, using a targeted proteomic approach, we investi
gated the proteomic changes associated with FTLD within two large, 
well characterized cohorts. Our findings contribute to the growing 
body of evidence highlighting distinct proteomic signatures across 
genetic subgroups and underlying pathologies. We have demon
strated a contrast between the involvement of the adaptive immune 
system in MAPT-related disease and synaptic dysfunction in 
GRN-related disease. In addition, we show that PEA technology is a 
valuable tool to identify novel proteins and biological pathways rele
vant to therapeutic development, such as SEMA3G in GRN-related 
disease. Furthermore, we constructed two diagnostic panels capable 
of distinguishing individuals with an FTLD-spectrum disorder from 
healthy controls with potential as reliable diagnostic tools and valu
able resources for advancing future research.
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Data can be accessed upon reasonable request to the corresponding 
author.
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