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DÉFINITION du trouble neurocognitif

v TNC mineur

A

déclin cognitif modéré comparativement à un niveau de performance antérieur
dans ≥ 1 domaine cognitif, tel qu'en font foi : 

1. déclin cognitif noté par le patient, un tiers ou le clinicien

2. une atteinte modeste de la performance cognitive démontrée par une évaluation 
neurpsychologique standardisée (préférablement) ou une autre évaluation clinique quantitative

B les déficits cognitifs n'empêchent pas de réaliser seul les activités quotidiennes

C les déficits cognitifs ne surviennent pas exclusivement au cours d'un syndrome confusionnel

D les déficits cognitifs ne sont pas mieux expliqués par un autre trouble mental

préciser
* avec ou sans trouble comportemental

DSM5, APA, 2013



DÉFINITION du trouble neurocognitif

v TNC majeur

A

déclin cognitif significatif comparativement à un niveau de performance antérieur
dans ≥ 1 domaine cognitif, tel qu'en font foi : 

1. déclin cognitif noté par le patient, un tiers ou le clinicien

2. une atteinte significative de la performance cognitive démontrée par une évaluation 
neurpsychologique standardisée (préférablement) ou une autre évaluation clinique quantitative

B les déficits cognitifs empêchent de réaliser seul les activités quotidiennes

C les déficits cognitifs ne surviennent pas exclusivement au cours d'un syndrome confusionnel

D les déficits cognitifs ne sont pas mieux expliqués par un autre trouble mental

préciser
* avec ou sans trouble comportemental

DSM5, APA, 2013



DÉFINITION du trouble neurocognitif

v TNC majeur
• Préciser la sévérité

• léger : difficultés activités instrumentales de la vie quotidienne-> IADL
• modéré : difficultés activités de la vie quotidienne-> ADL
• sévère : dépendance totale

• Préciser avec ou sans troubles du comportement (SPCD)

DSM5, APA, 2013



DÉFINITION du trouble neurocognitif

v Différences TNC mineur et majeur
• résultats au bilan neuropsychologiques (BNP)
• impact sur l’autonomie +++



DÉMARCHE DIAGNOSTIQUE  du TNC

v Recommandations HAS 2011
ü BNP
ü IRM cérébrale
ü bilan biologique (NFS, créatininémie, TSH , albuminémie, calcémie, BH)
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DÉMARCHE DIAGNOSTIQUE  du TNC

v Recommandations HAS 2011
ü BNP
ü IRM cérébrale
ü bilan biologique (NFS, créatininémie, TSH , albuminémie, calcémie, BH)

o+/- PL 
o+/- TEP scan cérébral, DAT scan
o +/- EEG
o +/- B12, folates, sérologies
o +/- études génétiques
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BIOMARQUEURS DES TNC

v LCR

A-β
Phospho-tau
T-tau
NfL



BIOMARQUEURS DES TNC

v LCR vs sang 
• la difficulté des origines

A-β
Phospho-tau
T-tau
NfL

→ nouveaux biomarqueurs

Zabala-Findlay, Cells, 2023
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phospho-tau biomarker. Tau can be phosphorylated at multiple sites (Figure 6C), and
while there are surprisingly similar phosphorylation patterns between physiological and
pathological tau, some of these sites are thought to be involved in the progression of
AD [44]. This opens an opportunity to investigate other tau phosphorylation sites as
potential AD diagnostic biomarkers. p-tau217 and p-tau231 have recently emerged as
promising biomarker candidates [28,32,44]. Our meta-analysis on the limited number
of eligible studies on p-tau217 suggests that it performs similarly to p-tau181 in the AD
group vs. the CU group but outperforms p-tau181 in the MCI group vs. the CU group.
A meta-analysis was not performed for p-tau231 as there was only one study eligible for
inclusion. This study showed that p-tau231 could differentiate AD and MCI groups from a
CU group with high accuracy in plasma samples [45].
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Figure 6. Sites for truncation and phosphorylation of human tau (2N4R): Proteolytic cleavage sites 
where known proteases are responsible (A) or where the protease responsible has yet to be identi-
fied (B). Putative tau phosphorylation sites (C). Those below each of the 2N4R tau schematics are 
sites that have been identified in the AD brain. Information derived from [46]. Reprinted from [47]. 
Copyright (2018) IOS Press and authors under terms of CC BY-NC 4.0. 

5. Conclusions 
Diagnosing Alzheimer’s disease at an early stage, and in particular, from a conven-
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Figure 6. Sites for truncation and phosphorylation of human tau (2N4R): Proteolytic cleavage sites
where known proteases are responsible (A) or where the protease responsible has yet to be identified
(B). Putative tau phosphorylation sites (C). Those below each of the 2N4R tau schematics are sites that
have been identified in the AD brain. Information derived from [46]. Reprinted from [47]. Copyright
(2018) IOS Press and authors under terms of CC BY-NC 4.0.

5. Conclusions
Diagnosing Alzheimer’s disease at an early stage, and in particular, from a convenient

blood sample, has been the focus of many studies over the past decade. Such a valuable
test would provide significant benefits for patients and healthcare systems. These benefits
would include: meeting the demands of the increasing numbers of people seeking a diagno-
sis; allowing precious time for patients to make lifestyle changes and manage their affairs;
improving patient stratification into clinical trials; and permitting potential therapeutic
intervention upon early diagnosis. Furthermore, identifying dynamic AD-specific blood
biomarkers can serve as an important screening tool for clinical observation of patient



BIOMARQUEURS DES TNC

v LCR vs sang 
• Les nouveaux candidats
üAnalyses de protéomes
üLCR, sérum, plasma

Liu, Int J Mol Sci, 2023
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Table 1. Cont.

AD (n = 30) NC (n = 30) t/�2 p Value

E3 12 (40.0%) 11 (36.7%)

E4 11 (36.7%) 6 (20.0%)
Notes: Data are given as means ± SD or percentages. Twelve AD patients and ten controls underwent lumbar
puncture, and the typical CSF A�42, A�40, t-tau, and p-tau were tested. There is no e2e4 genotype in this study.
Abbreviations: AD, Alzheimer’s disease; NC, normal cognition healthy controls. MMSE, Mini-Mental State
Examination; MoCA, Montreal Cognitive Assessment; CDT, clock drawing test; CDR, Clinical Dementia Rating;
CSF, Cerebrospinal fluid; APOE, Apolipoprotein E. SD, standard deviation. APOE genotype group defined as
E2 = e2e2 or e2e3; E3 = e3e3; and E4 = e3e4 or e4e4.

2.2. Quantitative Proteomic Profiling of CSF and Serum Samples from AD and NC Subjects
A total of 22 CSF samples (12 AD and 10 NC) and 60 serum samples (30 AD and

30 NC) were analyzed using a DIA-MS approach. Among the revealed 8321 precursors,
7670 peptides, and 1308 proteins (Supplementary Materials Table S1) in the CSF samples, the
levels of 68 proteins were significantly different between the two groups. In the AD group,
the levels of eight proteins—HV316 (gene name: IGHV3-16), PDCD5 (PDCD5), H2B1K
(H2BC12), CAH11 (CA11), ACBP (DBI), CH60 (HSPD1), PPIC (PPIC), and MFAP5 (MFAP5)]
were elevated, while 60 proteins [the top nine being: MYP2 (PMP2), AT1B1 (ATP1B1),
TPM3 (TPM3), LIGO3 (LIGO3), SRGN (SRGN), MCP (CD46), PRDX3 (PRDX3), CAZA2
(CAPZA2), and ZNF84 (ZNF84)—were downregulated compared with the NC group.
Among the revealed 8564 precursors, 7597 peptides, and 968 proteins (Supplementary
Materials Table S2) in the serum samples, 65 DEPs were identified between the two groups.
In the AD group, the levels of 55 proteins [the top nine being KVD13 (IGKV1D-13), FITM1
(FITM1), B3AT (SLC4A1), IGD, SRGN (SRGN), GTR1 (SLC2A1), STOM (STOM), K2C72
(KRT72), and EFCB6 (EFCAB6)] were upregulated, while the levels of 10 proteins were
downregulated [LV151 (IGLV1-51), IGHM (IGHM), ALBU (ALB), OTUD4 (OTUD4), AT8B4
(ATP8B4), PHX2B (PHOX2B), FHR5 (CFHR5), CBLN4 (CBLN4), RBX2 (RNF7), and TEN1
(TENM1)] compared with the NC group. The volcano plots of these proteins are shown in
Figure 1. The top nine upregulated and downregulated proteins are shown in Table 2 (CSF)
and Table 3 (serum), as well as Figures 2 and 3. It is worth noting that serglycin (SRGN)
was markedly downregulated in AD CSF but upregulated in AD serum.
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Figure 1. Volcano plots showing the distribution of differentially expressed proteins. The x-axis in-
dicates fold change, and the y-axis indicates minus the log of p-value. Significantly upregulated and 
downregulated differentially expressed proteins are shown in red and green, respectively. Log2 fold 
change and significance cutoffs for differential expression were |1.2| and 0.05, respectively. 

 
Figure 2. First nine upregulated (A) and downregulated (B) differentially expressed proteins in the 
CSF of AD patients compared with the controls. * p < 0.05, ** p < 0.01, *** p < 0.001. 

Figure 1. Volcano plots showing the distribution of differentially expressed proteins. The x-axis
indicates fold change, and the y-axis indicates minus the log of p-value. Significantly upregulated
and downregulated differentially expressed proteins are shown in red and green, respectively. Log2
fold change and significance cutoffs for differential expression were |1.2| and 0.05, respectively.



BIOMARQUEURS DES TNC

v LCR vs sang 
• Les nouveaux candidats

üMitochondries +++

üInflammation 

pathogenic event [71] and impaired mitochondrial cal-
cium efflux contributes to disease progression [72].
Enhanced mitochondrial proteostasis may reduce
amyloid-β proteotoxicity [73] and NAD+ supplementa-
tion normalizes key Alzheimer’s features and DNA dam-
age responses in an AD mouse model [74].

Mitochondria have gradually been recognized as a major
novel therapeutic target in AD [70]. In this study, we
identified consistent and evident mitochondrial protein
decreases in AD CSF and serum samples, which have
rarely reported until the availability of the deep CSF/
serum profiling (our reference datasets) [25, 33]. This is

Fig. 7 Integrating the protein rankings in individual datasets though order statistics prioritizes top AD signatures. a Workflow for tiered
integration of individual proteome ranking by order statistics. Rank of each individual dataset was integrated by discovery or reference cohorts
separately first, and was then combined into cortex, CSF, or serum ranking. Lastly, the three ranks were integrated into a final integrative ranking.
b Top protein signatures of Alzheimer’s disease prioritized through the integrated ranking. Heatmap shows the ranking of top AD signature
proteins with a final integrated ranking p value < 0.001 in each of the ten datasets. Protein ranks are labeled on the right side of the heatmap.
The rankings of proteins are shown by boxes of two-color gradients, with missing values indicated by grey boxes. c Mitochondrial function is the
most significantly enriched pathway in the integrated ranking. Pathways are enriched by GSEA and further categorized into four groups. The
barcode plots represent the positions of proteins in the sorted integrated ranking

Wang et al. Molecular Neurodegeneration           (2020) 15:43 Page 15 of 20

Fig. 2 Ultra-deep CSF proteome profiling identifies evident mitochondrial protein reduction in Alzheimer’s disease. a Workflow for CSF proteome
analysis. b Ultra-deep CSF proteome unveiled evident decrease of mitochondrial proteins in AD. The X-axis of the volcano plot for all quantified
CSF proteins shows the Z score transformed log2 level fold changes comparing AD to Ctl. Y-axis shows the -log10 level FDR value. Previously
reported AD CSF biomarkers are plotted in black. Top DE proteins with FDR < 0.01 and Z value < − 5 are plotted in red. Red dashed lines indicate
the DE cutoff of FDR < 0.05 and Z score difference > 2. c Majority of top DEs are mitochondrial proteins showing decreased level in AD. Heatmap
shows the relative expression of top DE proteins with Z score difference > 5 and FDR < 0.01 comparing AD to Ctl, these DE proteins are classified
into distinct groups (a-e) according to their mitochondrial functions as indicated on the right side of the heatmap. d Pie chart shows the
mitochondrial functional groups classified in panel c. The number of proteins in each subgroup is labeled. e Deep profiling depth is a
prerequisite for confident detection of evident mitochondrial protein changes. CSF proteins are plotted as a function of their concentration rank
(x-axis) and their mean log10 level TMT intensity in all samples (y-axis). Top DE mitochondrial proteins with Z score difference > 5 and FDR < 0.01
were plotted in red. The median concentration rank of these mitochondrial proteins is labeled and marked by dashed red line

Wang et al. Molecular Neurodegeneration           (2020) 15:43 Page 7 of 20

Zang, Mol Neurodegener, 2020
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double the value recorded for p-tau231 (1.5% for controls 
vs. 1.5% for AD; P=0.4032).

Associations between blood p-tau and with CSF 
biomarkers
In cohort 1 and cohort 2, we recorded significant 
(P≤0.0001) correlations (rho=0.75-0.92) between all 
blood biomarkers (Figs.  3 and 4). Strong correlations 

of serum p-tau231 and p-tau181 were observed 
(rho=0.92, P<0.0001; Fig.  3), so were both biomark-
ers in plasma (rho= 0.88, P<0.0001) in cohort 1. 
For between-matrix correlations for the same bio-
marker, p-tau231 in serum was strongly corre-
lated with plasma p-tau231 (rho=0.89, P<0.0001). 
Moreover, serum p-tau181 showed a strong corre-
lation with plasma p-tau181 (rho=0.82, P<0.0001). 

Fig. 1 Profile of serum vs. plasma p-tau in paired samples from neurochemically defined biomarker-positive AD vs. biomarker-negative controls 
in cohort 1. A, B Boxplots of the concentrations of p-tau231 and p-tau181 in serum and plasma respectively. C The diagnostic performance of 
p-tau231 and p-tau181 in the paired plasma and serum samples, estimated using area under the curve (AUC) calculationsKac, Alzheimer Res Ther, 2022



BIOMARQUEURS DES TNC

v sérum vs plasma
• L’utilité de combiner

Zhang, Gene, 2022

→ algorithmes affinés
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Figure 3. Importance score for selected 10 serum and plasma biomarker combination in the 10 times
repeated 5-fold cross-validation model.

Tables 3 and 4 show that serum biomarkers yielded better performance than plasma
biomarkers in both the training and the testing sets of the 10 times repeated 5-fold cross-
validation model (p = 3.7 ⇥ 10�4, p = 1.21 ⇥ 10�4, for the training and testing sets re-
spectively). When combining serum and plasma biomarkers, the prediction performance
improved only in the training set (p = 0.03 for the training and p = 0.36 for the testing sets,
respectively) because increasing the number of features more likely led to overfitting. We
performed a recursive feature elimination algorithm to avoid this problem when integrating
serum and plasma biomarkers. After feature elimination, the selected 4 serum and 6 plasma
biomarkers yielded the highest performance (p = 0.042 and p = 0.019, for the training and
testing sets, respectively: Tables 3 and 4). The final ROC curve for the selected serum and
plasma biomarker combination is shown in Figure 4.

Table 3. Average performance for training set of 64 ADs and 52 NCs in the 10 times repeated 5-fold
cross-validation model.

Serum Plasma Serum + Plasma Serum + Plasma +
Feature Elimination

Predicted AD NC AD NC AD NC AD NC

AD
mean ± sd

64
63.88 ± 0.34

4
4.46 ± 1.22

61
60.66 ± 1.49

8
8.05 ± 1.97

64
64.00 ± 0.00

3
2.57 ± 1.34

64
64.00 ± 0.03

2
1.70 ± 1.01

NC
mean ± sd

0
0.12 ± 0.34

48
47.54 ± 1.22

3
3.34 ± 1.49

44
43.95 ± 1.97

0
0.00 ± 0.00

49
49.43 ± 1.34

0
0.00 ± 0.03

50
50.30 ± 1.01

Precision/PPV 94.12% 88.41% 95.52% 96.97%

Accuracy 96.55% 90.52% 97.41% 98.28%

Sensitivity 100.00% 95.31% 100.00% 100.00%

Specificity 92.31% 84.62% 94.23% 96.15%

NPV 100.00% 93.62% 100.00% 100.00%

AUC 99.55% 97.25% 99.98% 99.16%

3.3. Serum + Plasma vs. Serum Only + FeatureElimination vs. Plasma Only + Feature Elimination
We further compared the prediction performance of the combined serum and plasma

biomarkers with the feature selection on the biomarkers individually and found that the
combination yielded a higher prediction performance. This could have been caused by
serum and plasma biomarker integration as predictors in experiments to overcome the
heterogeneity of AD.

Serum - IL6, TNFR1, IL7, VCAM
Plasma - IL6, TNFR1, TPO, eotaxin3, SAA, ICAM1
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double the value recorded for p-tau231 (1.5% for controls 
vs. 1.5% for AD; P=0.4032).

Associations between blood p-tau and with CSF 
biomarkers
In cohort 1 and cohort 2, we recorded significant 
(P≤0.0001) correlations (rho=0.75-0.92) between all 
blood biomarkers (Figs.  3 and 4). Strong correlations 

of serum p-tau231 and p-tau181 were observed 
(rho=0.92, P<0.0001; Fig.  3), so were both biomark-
ers in plasma (rho= 0.88, P<0.0001) in cohort 1. 
For between-matrix correlations for the same bio-
marker, p-tau231 in serum was strongly corre-
lated with plasma p-tau231 (rho=0.89, P<0.0001). 
Moreover, serum p-tau181 showed a strong corre-
lation with plasma p-tau181 (rho=0.82, P<0.0001). 

Fig. 1 Profile of serum vs. plasma p-tau in paired samples from neurochemically defined biomarker-positive AD vs. biomarker-negative controls 
in cohort 1. A, B Boxplots of the concentrations of p-tau231 and p-tau181 in serum and plasma respectively. C The diagnostic performance of 
p-tau231 and p-tau181 in the paired plasma and serum samples, estimated using area under the curve (AUC) calculationsKac, Alzheimer Res Ther, 2022
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Fig. 1 (See legend on previous page.)

Goikolea, Alzheimer Res Ther, 2022

ü Neuroinflammation
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The highest effect size was noted with p-tau217 levels when comparing MCI to CU (average
effect size: 4.16, 95% CI 3.61–4.71, no. of studies = 2).
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with positive effect sizes of AD to CU ratio for p-tau181 (2.02, 95% CI 1.76–2.27), p-tau217 
(1.89, 95% CI 1.86–1.92), and  t-tau  (1.77, 95% CI 1.49–2.04), and positive effect sizes for 
ratio in MCI to CU for p-tau181 (1.34, 95% CI, 1.20–1.49), p-tau217 (4.16, 95% CI 3.61–4.71), 
and t-tau (1.47, 95% CI 1.26–1.67). These results provide evidence that p-tau181, p-tau217, 
and t-tau have potential diagnostic utility as plasma/serum biomarkers for the early stages 
of the AD continuum. 

A previous systematic review, incorporating studies up to 2014, employed the same 
ratio-of-means method to analyze data from CSF samples [7]. The authors reported asso-
ciations between AD and increased t-tau (average effect size: 2.54, 95% CI 2.44–2.64) and 
p-tau181 (average effect size: 1.88, 95% CI 1.79–1.97) when compared to controls. Despite 
only having limited studies available at the time (6 studies with 271 AD patients and 394 
CU controls),  the plasma/serum  t-tau ratio was also obtained  (average effect size: 1.95, 
95% CI 1.12–3.38). p-tau181 was not assessed as there was not enough published literature 
at the time to carry out a meta-analysis. The results from this up-to-date systematic review 
are in line with those previously presented [7], with the addition that the findings are also 
evident in the prodromal stages of AD, as an MCI group was taken into consideration in 
the present study. Plasma p-tau181 has been shown to gradually increase along the AD 
continuum, with the lowest levels detected in amyloid β-negative young adults and cog-
nitively unimpaired older adults, higher  levels  in amyloid β-positive cognitively unim-
paired older adults and MCI patients, and highest levels in amyloid β-positive MCI and 
AD patients. p-tau181 has also been proven to be valuable in distinguishing AD patients 
from  patients  suffering  from  other  tauopathies,  dementias,  or  co-morbidities  [33,34], 
which is not the case for t-tau [35]. 

Figure 5. Overall effect size from each of the meta-analyses. The 6 meta-analyses are presented side
by side and include plasma/serum p-tau181, p-tau217, and t-tau ratios of AD to CU and MCI to
CU. Ratio (effect size) and 95% CI for each study are presented on the y-axis, where a ratio above
1 indicates greater biomarker concentrations in Alzheimer’s disease participants than in cognitively
unimpaired participants. AD: Alzheimer’s disease; CU: cognitively unimpaired; MCI: mild cognitive
impairment; k: number of studies pooled together in each meta-analysis; t-tau: total tau; p-tau181:
phosphorylated tau at threonine 181; p-tau217: phosphorylated tau at threonine 217.

4. Discussion
This systematic review set out to analyze current evidence on plasma/serum tau

biomarkers and their ability to discriminate MCI and AD populations from CU. Through a
systematic search of two databases, 48 appropriate studies were identified, which encom-
passed a total of 51 cohorts and 15,646 participants. Plasma/serum p-tau181, p-tau217, and
t-tau were determined to be elevated in AD and MCI groups compared to the CU group,
with positive effect sizes of AD to CU ratio for p-tau181 (2.02, 95% CI 1.76–2.27), p-tau217
(1.89, 95% CI 1.86–1.92), and t-tau (1.77, 95% CI 1.49–2.04), and positive effect sizes for ratio
in MCI to CU for p-tau181 (1.34, 95% CI, 1.20–1.49), p-tau217 (4.16, 95% CI 3.61–4.71), and
t-tau (1.47, 95% CI 1.26–1.67). These results provide evidence that p-tau181, p-tau217, and
t-tau have potential diagnostic utility as plasma/serum biomarkers for the early stages of
the AD continuum.

A previous systematic review, incorporating studies up to 2014, employed the same
ratio-of-means method to analyze data from CSF samples [7]. The authors reported asso-
ciations between AD and increased t-tau (average effect size: 2.54, 95% CI 2.44–2.64) and
p-tau181 (average effect size: 1.88, 95% CI 1.79–1.97) when compared to controls. Despite
only having limited studies available at the time (6 studies with 271 AD patients and
394 CU controls), the plasma/serum t-tau ratio was also obtained (average effect size: 1.95,
95% CI 1.12–3.38). p-tau181 was not assessed as there was not enough published literature
at the time to carry out a meta-analysis. The results from this up-to-date systematic review
are in line with those previously presented [7], with the addition that the findings are also
evident in the prodromal stages of AD, as an MCI group was taken into consideration in the
present study. Plasma p-tau181 has been shown to gradually increase along the AD contin-
uum, with the lowest levels detected in amyloid �-negative young adults and cognitively
unimpaired older adults, higher levels in amyloid �-positive cognitively unimpaired older
adults and MCI patients, and highest levels in amyloid �-positive MCI and AD patients.
p-tau181 has also been proven to be valuable in distinguishing AD patients from patients

ü NfL
ü inflammasome
ü p-Tau217 (Jing, Sci Rep, 2024)
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NLRP3 pathway, IL-1� acts as an upstream primer as well. Binding of IL-1� to its receptor,
IL-1R1, leads to upregulation of the NLRP3 component [36].

Measuring components and biomarkers associated with the pathway, ASC and IL-18,
the only markers quantifiable in CSF, were not significantly different in the NIC and MCI
cohorts (NIC: 45.20 pg/mL, MCI: 48.83 pg/mL, and NIC: 2.622 pg/mL; MCI: 3.325 pg/mL,
respectively).

Similarly, in serum, no significant difference was observed for any biomarker between
the NIC and MCI cohorts. Additionally, serum Caspase-1 and IL-1� had higher levels in the
MCI cohort than the NIC cohort but not significantly (Figure 2). Yet all NRLP3 biomarkers
were significantly increased in both the NIC and MCI cohorts compared with the HC cohort.
Only the IL-18 levels were similar in the three cohorts. Plus, serum Caspase-1, IL-1�, and
IL-1Ra had greater heterogeneity in the MCI cohort compared with the other cohorts.
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Figure 2. Inflammasome pathway biomarkers. ASC, caspase-1 and IL-� scatter plot. Data are pre-
sented as mean (+/�SEM). (a) Serum ASC; NIC: 550.0 (29.71) fg/mL, MCI: 535.3 (43.81) fg/mL, and
HC: 396.3 (77.82) fg/mL. (b) Serum caspase-1; NIC: 3.626 (0.2165) pg/mL, MCI: 4.151 (0.4801) pg/mL,
and HC: 0.9008 (0.1915) pg/mL. (c) Serum IL-1�; NIC: 211.7 (24.93) fg/mL, MIC 345.2 (54.26) fg/mL,
and HC: 90.74 (31.52) fg/mL. ***: p-value < 0.001; ****: p-value < 0.0001.

Comparing correlations between the NLRP3 biomarkers in serum, r-values obtained
via the Spearman test were all �0.50 and much higher in the MCI cohort (Figure 3, Table S6).
Likewise, in this cohort, all biomarkers correlated positively with each other with all p-
values < 0.0001. In the NIC cohort, only ASC correlated positively with caspase-1 (r = 0.78;
p < 0.0001). A similar result was observed in the HC cohort, where only ASC and caspase-1
had a positive correlation (r = 0.50; p < 0.01).

ASC and caspase-1 are recruited at the very beginning of the cascade, which is demon-
strated by the correlations in all three cohorts. However, IL-1� and IL-1Ra are upstream
and downstream biomarkers and their link with the NLRP3 complex is not so direct. This
was reflected by comparable correlations between the NIC and HC cohorts, whereas it was
much stronger in the MCI population. Hence, our results suggest a specific overexpression
of the inflammasome pathway in the periphery of MCI patients.
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also be considered when dealing with the adverse effects of selenoprotein P, in addition to metabolic and vascular 
endpoints ascribed to selenoprotein P  excess9,10. In particular, there is a need for prospective studies in humans to 
assess the role of selenoprotein P in dementia etiology, possibly assessing its concentrations in the central nerv-
ous system through its cerebrospinal fluid content and encompassing a satisfactorily longer period of follow-up.

We found a positive association between concentrations of selenoprotein P (independent of the assay used) in 
blood and in CSF, which represents a novel finding. The consistency of results was unexpected, given that some 
selenium species (including selenoprotein P-bound selenium) have shown weak correlations in paired analyses 
between these two  compartments32. We also found a strong correlation between the results yielded by the two 
assays AA3 and BD1 in serum and CSF, that nevertheless could not prevent one sets of results (BD1) from pre-
dicting conversion to dementia differently than the other. This further supports the use of the assay for the full-
length protein in determining selenoprotein P, consistent with most epidemiologic studies of this  selenoprotein14.

The predictive effects of high circulating concentrations of selenoprotein P in blood and to a lower extent in 
CSF may indicate either a predictive role of this selenium-containing protein for conversion to dementia or a 
direct causal role in the progression to the disease from MCI. In the first instance, the positive association would 
only reflect unmeasured confounding by risk factors causally related to dementia etiology and onset. Under this 
scenario, selenoprotein P concentrations could covariate with the causal factors for still unknown metabolic and 
pathological reasons, or could reflect a compensatory response of this selenoprotein to oxidative stress, due to 
the need to increase selenium transport and availability or to a direct antioxidant role of the  protein10,11,26,35,36. 
Such a compensatory effect of oxidative stress and Alzheimer’s disease has been suggested following analyses of 
post-mortem brain  samples29,31, in which high concentrations of selenoprotein P lesions were interpreted as a 
defense response to the local oxidative stress characterizing the pathologic  process29. However, such a hypoth-
esis is not supported by our findings, since the positive relation between selenoprotein P concentrations and 
dementia risk was stronger when we excluded subjects diagnosed in the first period of follow-up, despite such 
patients were those for which a stronger effect of oxidative stress in raising selenoprotein P levels would have 
expected. In addition, and alternatively to the aforementioned hypothesis, increased expression of selenoprotein 
P with proteolysis could possibly induce organic selenium deposits and potentiate Alzheimer’s pathology and 
heighten risk of  dementia29. The possibility of an etiologic role of selenoprotein P in dementia etiology would 

Figure 3.  Restricted cubic spline analysis of Cox proportional hazards model for the association between 
baseline selenoprotein P concentrations and risk of developing Alzheimer’s dementia, based on the 26 
participants who progressed to dementia after the first 24 months of follow-up (A–D). The solid line represents 
the multivariable hazard ratio (adjusted by sex, age, and education) with upper and lower confidence interval 
showed by shaded area.

Vinceti, Sci Rep, 2023
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F IGURE 1 Comparison of the NfL- and GFAP-associated risk of incident dementia (left) and dementia-specific mortality (right) between
median age- and time-to-event stratified groups. a Incident dementia; b Dementia-specific mortality. Blue color indicates NfL. Green color
indicates GFAP. Compared groups were baseline age<77 versus≥77 years; time-to-event (incident dementia)<8.7 versus≥8.7 years, and
time-to-event (dementia-specific mortality)<11.6 versus≥11.6 years. Hazard ratios represent risk per standard deviation log (pg/mL) protein.
Model adjusted for age, sex, Black race, clinic, education, bodymass index, waist circumference, smoking status, alcohol consumption status,
systolic blood pressure, total cholesterol, fasting plasma glucose, estimated glomerular filtration rate, C-reactive protein, activities of daily living
limitation, APOE ε4 allele carrier status, antihypertensive medication use, lipid-loweringmedication use, prevalent coronary heart disease,
myocardial infarction, stroke, and heart failure, total tau, UCHL1, and NfL or GFAP.APOE, apolipoprotein E; CI, confidence interval; GFAP, glial
fibrillary acidic protein; NfL, neurofilament light chain; UCHL1, ubiquitin carboxyl-terminal hydrolase L1

F IGURE 2 Hazard ratios for incident dementia (top) and dementia-specific mortality (bottom) across joint NfL and GFAP tertiles. Hazard
ratios represent risk compared to joint reference group (concurrently NfL tertile 1 and GFAP tertile 1). Model adjusted for age, sex, Black race,
clinic, education, bodymass index, waist circumference, smoking status, alcohol consumption status, systolic blood pressure, total cholesterol,
fasting plasma glucose, estimated glomerular filtration rate, C-reactive protein, activities of daily living limitation, APOE ε4 allele carrier status,
antihypertensive medication use, lipid-loweringmedication use, prevalent coronary heart disease, myocardial infarction, stroke, and heart failure,
total tau, and UCHL1. APOE, apolipoprotein E; CI, confidence interval; GFAP, glial fibrillary acidic protein; NfL, neurofilament light chain; UCHL1,
ubiquitin carboxyl-terminal hydrolase L1
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recombinant protein constructs that had the exon 4–5 junction 
intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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recombinant protein constructs that had the exon 4–5 junction 
intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.

Plasma BD-tau as an AD degeneration marker                                                                     BRAIN 2023: 146; 1152–1165 | 1161

AUC 54,3%

üNfL ou GFAP seuls



BIOMARQUEURS DES TNC

v Distinction du type de TNC majeur?
• marqueurs spécifiques Alzheimer

recombinant protein constructs that had the exon 4–5 junction 
intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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constructs that included the exon 4 region (that is, exons 4–4a and 
4–4a–5) while both the TauJ.5H3 and the tau exon-4 antibodies did 
not bind to a protein construct spanning the exon 4a–5 region 
(Fig. 1D). Additionally, TauJ.5H3 recognized all six tau isoforms 
abundantly expressed in the adult human CNS (Supplementary 
Fig. 1). Together, these results indicate that the TauJ.5H3 antibody 
recognizes tau isoforms that are derived from the CNS but avoids 
tau forms that include the exon 4a region predominantly expressed 
in peripheral tissues.

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

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

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

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

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

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

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

v Distinction du type de TNC majeur?
• marqueurs spécifiques démence vasculaire

üPas de données concordantes
üProfils p-tau atypiques (Castellazzi, Sci Rep, 2019)

üProfils résistance à l’insuline ? (Jiang, Curr Neurovasc Res, 2021)
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Table 1. Characteristics of participants in the study. 

Controls ( n = 69) Neurocognitive disorder ( n = 69) p 
Age (years) mean ± SD 71.58 ±6.339 73.03 ±6.945 0.1227 a 
Sex 
n of females, (%) 
n of males, (%) 40, (58.0) 

29, (42.0) 45, (65.2) 
24, (34.8) 0.3815 b 

Education (years) 
mean ± SD 8.5 ±4.6 7.014 ±5.0 0.0155 a 
BMI (kg/m2) 
mean ± SD 27.6 ±4.5 27.7 ±3.9 0.3123 a 
% Fat mass 
mean ± SD 24.66 ±9.64 25.49 ±9.71 0.3434 a 
Type 2 Diabetes mellitus (%) 11 (15.94) 29 (42.03) 0.0007 b 
MMSE score 
mean ± SD 27.7 ±1.152 20.96 ±4.128 < 0.0001 a 
MOCA score 
mean ± SD 25.81 ±1.942 16.62 ±4.413 < 0.0001 a 
ADASCOG score 
mean ± SD 6.255 ±2.473 21.64 ±9.032 < 0.0001 a 
a U Mann-Whitney 
b χ2 

Figure 2. A. Box and whiskers plot representing the median and the 5 and 
95 percentiles of GFAP serum concentration of control subjects and neu- 
rocognitive disorder cases (NCD). B. Box and whiskers plot representing 
the median and the 5 and 95 percentiles of GFAP serum concentration 
of control and NCD cases separated by type 2 diabetes (T2D). ∗p < 0.05, 
∗∗p < 0.0001. 
637.7 ( ±158.2) pg/mL, NCD no T2D 1205 ( ±201.0) 
pg/mL, and NCD T2D 2046 ( ±391.9) pg/mL. We per- 
formed a Kruskal-Wallis test, indicating a significant dif- 
ference between the groups (H ( 3 ) = 28.85, p < 0.0001); 
Dunn’s multiple comparisons test showed differences be- 
tween the Control and NCD subjects that do not have T2D 
(p = 0.0012), as well as between Control without T2D and 
NCD with T2D ( p < 0.0001); finally, the NCD group with 
T2D had significantly higher GFAP levels than the Control 
group ( p = 0.03967) ( Figure 2 B). 
Association Between Variables and ROC Analysis 
Multiple logistic regression was used to evaluate the as- 
sociation between GFAP levels and NCD diagnosis. We 
also assessed the impact of T2D on the model with a for- 
ward stepwise regression procedure. GFAP values were 
log-transformed to obtain reliable odds ratio (OR) esti- 
mates (Table 2). The results indicated that T2D has a pre- 
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Figure 3. ROC curve of GFAP serum levels to evaluate the correct clas- 
sification of controls and NCD cases. AUC = 0.7608. 
dictive value for NCD with a positive predictive power 
of 67.50%; however, including the associated GFAP value 
provides a better model with a positive predictive power of 
71.93% (Likelihood ratio test p = 0.0001). ROC analysis 
indicated an area under the curve (AUC) value of 0.7608 
(SE 0.04108, 95% CI 0.6803–0.8413, p < 0.0001), the cut 
off value was 573.0 pg/mL with 65.22% sensitivity and 
71.01% specificity ( Figure 3 ). 
Discussion 
The diagnostic criteria for neurocognitive disorders (known 
as dementia), include the decline of one or more cogni- 
tive domains, with interference in everyday activities ( 34 ). 
However, no biomarkers are yet considered for diagnosis. 
Therefore, in the present study, we measured GFAP serum 
levels in subjects with a neurocognitive disorder to assess 
its value as a biomarker associated with central damage 
causing cognitive decline. 

Ayala Guerrero, Arch Med Res, 2022



BIOMARQUEURS DES TNC

v Distinction du type de TNC majeur?
• marqueurs spécifiques formes mixtes

Castellazi, Sci Rep, 2019

üAutophagie, mitophagie 
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have been found in 1) cellular models of AD, 2) transgenic mouse models that mimic a range of Alzheimer’s 
disease–related pathologies and 3) in human brain samples obtained from AD-affected patients24–26. Finally, 
mitochondria cover a crucial role in regulating Aβ and tau aggregates. Indeed, mitochondrial dysfunctions and 
associated oxidative stress, synergically with age-related factors (such as an inactive lifestyle, or excessive caloric 
intake), increase the inflammatory process and promote amyloidogenic APP processing27. Accordingly, studies in 
living AD patients and postmortem brain tissue of AD-affected individuals, have provided evidence that neurons 

Figure 1. Serum levels of ATG5 and Parkin in sera of patients affected by Alzheimer’s disease (AD), vascular 
dementia (VAD), mild cognitive impairment (MCI), “mixed” dementia (MD) and without signs of cognitive 
impairment as sex-matched controls. Panel A: ATG5 levels were different among groups (Kruskall-Wallis; 
p < 0.0001), in particular in post hoc analysis (Dunn’s post hoc test) median ATG5 values were more elevated 
in Controls and VAD than in AD (p = 0.0051 and p < 0.0001), MCI (p = 0.0004 and p < 0.0001) and MD 
(p = 0.0045 and p < 0.0001). Panel B: Parkin levels were different among groups (Kruskall-Wallis; p < 0.0001), 
post hoc analysis (Dunn’s post hoc test) showed higher median values in Controls and VAD respect to AD 
(p = 0.0034 and p = 0.0029), MCI (both p < 0.0001) and MD (both p = 0.0001). *After stratification by sex, 
ATG5 and Parkin value resulted augmented in males compared to females in VAD subgroup (Mann-Whitney; 
p < 0.0001 and p = 0.0245, respectively). The boundaries of the boxes represent the 25th–75th quartile. The line 
within the box indicates the median. The vertical lines above and below the box correspond to the highest and 
lowest values.
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BIOMARQUEURS DES TNC

v Distinction du type de TNC majeur?
• marqueurs spécifiques DLFT

Page 9 of 12Benussi et al. Alzheimer’s Research & Therapy          (2022) 14:155  

inhibition mediated through the  GABAA receptors at 
the level of local interneurons, whilst ICF is thought to 
represent a net facilitation most likely mediated by glu-
tamatergic NMDA receptors [20, 28, 31].

Limitations
We acknowledge that this study entails some limitations. 
First, the generalizability of these findings needs to be 
further demonstrated in future studies. Second, other 

Fig. 3 Model selection process and performance of predicting “cases” vs “controls”. The logistic regression model selection process with the best 
model fit by data-driven selection with the lowest AIC. The parsimonious model shows the model that had a similar performance (∆AIC < 2) with as 
few significant predictors as possible. In subsequent models, predictors were removed in a stepwise procedure. Comparisons between AUCs were 
performed using DeLong statistics, *p < 0.05, **p < 0.010, ***p < 0.001 compared to the best model fit. ROC curves combining different models are 
plotted on the right side of the figure. AUC, area under the curve; AIC, Akaike Information Criterion; HC, healthy controls; NfL, neurofilament light; 
GFAP, glial fibrillary acidic protein; SICI, average short-interval intracortical inhibition (1, 2, 3 ms); ICF, average intracortical facilitation (7, 10, 15 ms); 
SAI, average short-latency afferent inhibition (0, + 4 ms) expressed as the ratio of the unconditioned motor evoked potential (MEP)

Fig. 4 Model selection process and performance of predicting AD vs FTLD. The logistic regression model selection process with the best model 
fit by data-driven selection with the lowest AIC. The parsimonious model shows the model that had a similar performance (∆AIC < 2) with as 
few significant predictors as possible. In subsequent models, predictors were removed in a stepwise procedure. Comparisons between AUCs 
were performed using DeLong statistics, *p < 0.05, **p < 0.010, ***p < 0.001 compared to the best model fit (ref ). ROC curves combining different 
models are plotted on the right side of the figure. AUC, area under the curve; AIC, Akaike Information Criterion; AD, Alzheimer’s disease; FTLD, 
frontotemporal lobar degeneration; NfL, neurofilament light; GFAP, glial fibrillary acidic protein; SICI, average short-interval intracortical inhibition 
(1, 2, 3 ms); ICF, average intracortical facilitation (7, 10, 15 ms); SAI, average short-latency afferent inhibition (0, + 4 ms) expressed as the ratio of the 
unconditioned motor evoked potential (MEP)

üCombinaison serum + imagerie
Benussi, Iny J Mol Sci, 2022



BIOMARQUEURS DES TNC

v Distinction du type de TNC majeur?
• marqueurs spécifiques démence à corps de Lewy

üPas de données concordantes
ü⍺ synuclein peu fiable (Tsamourgelis, Aging Res Rev, 2023)

üClinique et DAT scan +++



BIOMARQUEURS des TNC

à combiner

diagnostic précoce

prédictif de l’évolution

aspécifiques ou spécifiques (AD) 



⦿ les TNC
⦿ les biomarqueurs des TNC
⦿ l’enjeu des TNC en psychiatrie
⦿ les biomarqueurs de TNC en psychiatrie
⦿ retour d’expérience montpelliéraine



L’ENJEU des TNC en PSYCHIATRIE

v Une relation bidirectionnelle 
• Apparition + fréquente et + précoce dans les troubles à début précoce 

(Kuring, 2020)

• +++ si facteurs de risque cardiovasculaires (Chow, 2022)

Risque de TNC = OR 2.36 (Diniz, 2017)



L’ENJEU des TNC en PSYCHIATRIE

v Une relation bidirectionnelle 
• Apparition + fréquente et + précoce dans les troubles à début précoce
• Évolution « naturelle » dans les troubles à début tardif 



L’ENJEU des TNC en PSYCHIATRIE

v Un risque accru  ?
• moins de neuro-protection

chronic schizophrenic patients (DS and NDS) compared
to HC, which is consistent with many previous studies
[12, 30]. However, no significant differences in serum
BDNF were seen between the DS and NDS subgroups,
while only a slight decrease was found in the DS pa-
tients. This is also consistent with a previous study
showing decreased serum BNDF in the schizophrenic
patients compared to the healthy individuals, without
any significant difference between the DS and NDS sub-
groups [20]. In another study, Akyol et al. reported
reduced serum BDNF levels in the DS patients com-
pared to the controls but no significant difference be-
tween the NDS and control groups [19]. These
contradictory findings may be attributed to confounding
factors like the patients’ age, gender, severity of the

illness, treatment modules, and the genetic background
of the patients. Notably, both male and female schizo-
phrenic patients were included in Akyol’s study.
To the best of our knowledge, this is the first study to

explore the serum GDNF levels in DS patients. However,
we didn’t find any significant differences among the DS,
NDS and HC groups in terms of serum GDNF, which is
consistent with one recent study that reported similar
serum GDNF levels in the chronic schizophrenia
patients and controls [15]. Another study also showed
no differences in serum GDNF between female schizo-
phrenia patients and healthy individuals [16]. Our previ-
ous study have demonstrated that serum GDNF were
significantly lower in drug-free schizophrenic patients
than in healthy controls, and the reduced serum GDNF

Fig.1 a Serum BDNF levels in DS and NDS patients and HC. b Serum GDNF levels in DS and NDS patients and HC. a shows that serum BDNF
levels were significantly lower in the patients (DS:2.72 ± 1.85 ng/ml, NDS: 3.43 ± 1.71 ng/ml) compared to the HC (9.86 ± 4.01 ng/ml) (F = 96.456,
p < 0.001). But there is no difference in the BDNF levels between DS and NDS (p > 0.05). b shows that there is no difference in the GDNF levels of
the patients (DS and NDS) and HC (527.32 ± 136.86 pg/ml vs. 587.03 ± 193.90 pg/ml vs. 547.49 ± 134.66 pg/ml, F = 1.992, p = 0.140)

Tang et al. BMC Psychiatry          (2019) 19:254 Page 5 of 9

Tang, BMC Psychiatry, 2019



L’ENJEU des TNC en PSYCHIATRIE

v Un risque accru  ?
• Plus de comorbidités

Ferrucci, 2018Saether, 2022



L’ENJEU des TNC en PSYCHIATRIE

v Un risque accru
• Rôle de la polymédication ?

Ferrucci, 2018



L’ENJEU des TNC en PSYCHIATRIE

v Un risque accru ?
• Vulnérabilité frontale (Chai, 2011)

• Neuroinflammation (Misiak, 2018)

Chai, 2011

Saether, 2022



L’ENJEU des TNC en PSYCHIATRIE

⇥ Atteintes vasculaires et frontales



L’ENJEU des TNC en PSYCHIATRIE

v Quels outils diagnostics ?

• BNP et endophénotypes cognitifs
o Atteinte exécutive préexistante
o Dépistage des TNC débutants?



L’ENJEU des TNC en PSYCHIATRIE

v Quels outils diagnostics ?

• Imagerie 
o Fonction avant anatomie

Mitelman, 2018



ENJEU des TNC en PSYCHIATRIE

vasculaires, frontaux

biomarqueurs moins spécifiques

outils HAS non adaptés

endophénotypes cognitifs



BIOMARQUEURS de TNC en PSYCHIATRIE

v biomarqueurs sériques
ü Atteintes vasculaires : résistance insuline
ü Atteintes frontales : combinaisons sérum + imagerie
ü Marqueurs aspécifiques ?



BIOMARQUEURS  de TNC en PSYCHIATRIE

v biomarqueurs sériques
⚠ marqueurs d’endophénotypes cognitifs 

gradually returned to normal levels with the improve-
ment in psychiatric symptoms following antipsychotic
therapy [31]. Increase in GDNF levels during treatment
is in line with a few previous studies that showed that
antipsychotic medications stimulated C6 glioma cells to
secrete GDNF [32], and enhanced GDNF signaling in
experimental [33] and clinical settings [34]. In our study,
the chronic schizophrenia patients had received long-
term antipsychotic treatment during hospitalization,
which likely altered their serum GDNF levels to near
normal levels. Therefore, more detailed longitudinal
studies are required to determine if GDNF may be asso-
ciated with the pathogenesis of schizophrenia and the
response to pharmacological treatment. In contrast,
Tunca et al. reported lower serum GDNF levels in
schizophrenic inpatients or outpatients who received
antipsychotic and antidepressant treatment [17]. The
likely reasons for this discrepancy could be the different
ages and antipsychotic drug doses in the two studies.
Another major finding of our study is the significant

difference in the cognitive scores, except that for DVT,
seen in the pairwise comparisons between DS, NDS and
HC groups. These findings are consistent with that of
our previous study indicating greater impairments in
every neuropsychological measure and cognitive domain
in the DS compared to the NDS patients [35]. The
present study provided evidence to support the hypoth-
esis that the deficit syndrome may be a specific subgroup
within schizophrenia. In addition, this is the first study
to correlate BDNF and GDNF levels with cognitive dys-
function in DS and NDS patients. Consistent with one
study reporting no correlation between the serum levels
of BDNF and cognitive functions in schizophrenia pa-
tients [36], we also found that BDNF serum levels were
not related to cognitive function in DS, NDS, and HC
groups. However, the reported BDNF levels in healthy
controls were negatively correlated with verbal working
memory in this article. In a recent study of a Chinese
sample, the authors found that there was no correlation
between serum BDNF levels and cognitive function in
patients with first-episode schizophrenia and healthy
controls [37]. Our result contradicts previous studies on
chronic schizophrenia patients [12, 13] and a recent
meta-analysis [5], which suggested that higher BDNF ex-
pression was associated with better neurocognitive per-
formance in schizophrenia patients. Several factors can
account for this discrepancy, such as different cognitive
tests used, the duration of the illness, comorbidities,
smoking, diet, obesity and even genetic background of
the patients.
The third major finding of our study is that higher

serum levels of GDNF are associated with better per-
formance on Stroop words only, Stroop colors only and
Stroop interference in the DS group. However, no

Fig.2 a Correlation between serum GDNF levels and the Stroop
words in DS. b Correlation between serum GDNF levels and the
Stroop colors in DS. c Correlation between serum GDNF levels and
the Stroop interference in DS. a, b and c shows that GDNF levels were
positively correlated with scores of Stroop words only (r = 0.311,
p = 0.033), Stroop colors only (r = 0.356, p = 0.014) and Stroop
interference (r = 0.348, p = 0.016) in DS group

Tang et al. BMC Psychiatry          (2019) 19:254 Page 6 of 9

Tang, BMC Psychiatry, 2019

gradually returned to normal levels with the improve-
ment in psychiatric symptoms following antipsychotic
therapy [31]. Increase in GDNF levels during treatment
is in line with a few previous studies that showed that
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secrete GDNF [32], and enhanced GDNF signaling in
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response to pharmacological treatment. In contrast,
Tunca et al. reported lower serum GDNF levels in
schizophrenic inpatients or outpatients who received
antipsychotic and antidepressant treatment [17]. The
likely reasons for this discrepancy could be the different
ages and antipsychotic drug doses in the two studies.
Another major finding of our study is the significant

difference in the cognitive scores, except that for DVT,
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HC groups. These findings are consistent with that of
our previous study indicating greater impairments in
every neuropsychological measure and cognitive domain
in the DS compared to the NDS patients [35]. The
present study provided evidence to support the hypoth-
esis that the deficit syndrome may be a specific subgroup
within schizophrenia. In addition, this is the first study
to correlate BDNF and GDNF levels with cognitive dys-
function in DS and NDS patients. Consistent with one
study reporting no correlation between the serum levels
of BDNF and cognitive functions in schizophrenia pa-
tients [36], we also found that BDNF serum levels were
not related to cognitive function in DS, NDS, and HC
groups. However, the reported BDNF levels in healthy
controls were negatively correlated with verbal working
memory in this article. In a recent study of a Chinese
sample, the authors found that there was no correlation
between serum BDNF levels and cognitive function in
patients with first-episode schizophrenia and healthy
controls [37]. Our result contradicts previous studies on
chronic schizophrenia patients [12, 13] and a recent
meta-analysis [5], which suggested that higher BDNF ex-
pression was associated with better neurocognitive per-
formance in schizophrenia patients. Several factors can
account for this discrepancy, such as different cognitive
tests used, the duration of the illness, comorbidities,
smoking, diet, obesity and even genetic background of
the patients.
The third major finding of our study is that higher

serum levels of GDNF are associated with better per-
formance on Stroop words only, Stroop colors only and
Stroop interference in the DS group. However, no
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Stroop colors in DS. c Correlation between serum GDNF levels and
the Stroop interference in DS. a, b and c shows that GDNF levels were
positively correlated with scores of Stroop words only (r = 0.311,
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gradually returned to normal levels with the improve-
ment in psychiatric symptoms following antipsychotic
therapy [31]. Increase in GDNF levels during treatment
is in line with a few previous studies that showed that
antipsychotic medications stimulated C6 glioma cells to
secrete GDNF [32], and enhanced GDNF signaling in
experimental [33] and clinical settings [34]. In our study,
the chronic schizophrenia patients had received long-
term antipsychotic treatment during hospitalization,
which likely altered their serum GDNF levels to near
normal levels. Therefore, more detailed longitudinal
studies are required to determine if GDNF may be asso-
ciated with the pathogenesis of schizophrenia and the
response to pharmacological treatment. In contrast,
Tunca et al. reported lower serum GDNF levels in
schizophrenic inpatients or outpatients who received
antipsychotic and antidepressant treatment [17]. The
likely reasons for this discrepancy could be the different
ages and antipsychotic drug doses in the two studies.
Another major finding of our study is the significant

difference in the cognitive scores, except that for DVT,
seen in the pairwise comparisons between DS, NDS and
HC groups. These findings are consistent with that of
our previous study indicating greater impairments in
every neuropsychological measure and cognitive domain
in the DS compared to the NDS patients [35]. The
present study provided evidence to support the hypoth-
esis that the deficit syndrome may be a specific subgroup
within schizophrenia. In addition, this is the first study
to correlate BDNF and GDNF levels with cognitive dys-
function in DS and NDS patients. Consistent with one
study reporting no correlation between the serum levels
of BDNF and cognitive functions in schizophrenia pa-
tients [36], we also found that BDNF serum levels were
not related to cognitive function in DS, NDS, and HC
groups. However, the reported BDNF levels in healthy
controls were negatively correlated with verbal working
memory in this article. In a recent study of a Chinese
sample, the authors found that there was no correlation
between serum BDNF levels and cognitive function in
patients with first-episode schizophrenia and healthy
controls [37]. Our result contradicts previous studies on
chronic schizophrenia patients [12, 13] and a recent
meta-analysis [5], which suggested that higher BDNF ex-
pression was associated with better neurocognitive per-
formance in schizophrenia patients. Several factors can
account for this discrepancy, such as different cognitive
tests used, the duration of the illness, comorbidities,
smoking, diet, obesity and even genetic background of
the patients.
The third major finding of our study is that higher

serum levels of GDNF are associated with better per-
formance on Stroop words only, Stroop colors only and
Stroop interference in the DS group. However, no

Fig.2 a Correlation between serum GDNF levels and the Stroop
words in DS. b Correlation between serum GDNF levels and the
Stroop colors in DS. c Correlation between serum GDNF levels and
the Stroop interference in DS. a, b and c shows that GDNF levels were
positively correlated with scores of Stroop words only (r = 0.311,
p = 0.033), Stroop colors only (r = 0.356, p = 0.014) and Stroop
interference (r = 0.348, p = 0.016) in DS group

Tang et al. BMC Psychiatry          (2019) 19:254 Page 6 of 9



BIOMARQUEURS de TNC en PSYCHIATRIE

Quelle combinaison gagnante?



⦿ les TNC
⦿ les biomarqueurs des TNC
⦿ l’enjeu des TNC en psychiatrie
⦿ les biomarqueurs de TNC en psychiatrie
⦿ retour d’expérience montpelliéraine



les NfL en psychiatrie
retour d’expérience montpelliéraine

v pourquoi les neurofilaments (NfL) ?
v large spectre
v reflète la sévérité de l’atrophie et l’hypométabolisme cérébral (Jung, Brain, 2024)

v corrélé au déclin cognitif (HR 13.64) (Lee, Alzheimers Res Ther. 2022)

• -1 point sur les tests = +2.7pg/ml (Liu, Ann Clin Transl Neurol, 2024)

v sensibilité 68%, spécificité 52% (Abed, J Med Life, 2023)

v accessibilité au dosage



les NfL en psychiatrie
retour d’expérience montpelliéraine

v interprétation des NfL ?
⚠ âge 
⚠ insufisance rénale 
⚠ épilepsie déséquilibrée

Ueda, Epileptic Disord, 2023
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serum NfL in patients with status epilepticus compared 
with healthy controls and patients with epilepsy whose 
blood samples were collected within 24 h from the last 

recorded seizure.13 These observations suggest that medi-
cally controlled seizures themselves cause hardly any 
neuronal damage, which is sufficiently serious to induce 

F I G U R E  1  Box- and- whisker plot of serum NfL levels. (A) Serum NfL levels in the epilepsy and control group showing no significant 
difference. (B) Serum NfL levels in the low and high MoCA- J score groups showing significantly higher levels in the patients with low 
MoCA- J scores than in those with high MoCA- J scores.

T A B L E  3  Analysis of the correlation between the scores on cognitive tests and serum NfL levels using Pearson's correlation analysis and 
an age- corrected partial correlation analysis.

Epilepsy group Control group

Correlation 
coefficient p value p valuea

Correlation 
coefficient p value p valuea

Spearman's correlation analysis
MMSE −.58 <.01* <.01* −.43 .04* .32
MoCA- J −.42 .01* .07 −.26 .23
FAB −.42 .01* .07 −.42 .05 .40
TMT- A .56 <.01* <.01* .28 .19
TMT- B .76 <.01* <.01* .28 .20
SCWT- A .15 .37 .41 .05 .40
SCWT- B .22 .19 .25 .24
SCWT- C .58 <.01* <.01* .44 .04* .32

Partial correlation analysis
MMSE −.63 <.01* <.01* −.44 .04* .32
MoCA- J −.54 <.01* <.01* −.36 .10
FAB −.68 <.01* <.01* −.39 .07
TMT- A .26 .13 .05 .82
TMT- B .35 .03* .24 .20 .38
SCWT- A .18 .30 .22 .33
SCWT- B .19 .25 .21 .36
SCWT- C .23 .17 .33 .15

Note: In the epilepsy group, there was a significant correlation between serum NfL levels and MMSE, TMT- A, TMT- B, and SCWT- C scores, as assessed using 
Spearman's correlation analysis after Bonferroni correction, and significant correlation between serum NfL levels and MMSE, MoCA- J, and FAB scores, as 
assessed using an age- corrected partial correlation analysis after Bonferroni correction. In the control group, there was no significant correlation between 
serum NfL levels and cognitive test scores, as assessed using Spearman's correlation analysis or an age- corrected partial correlation analysis after Bonferroni 
correction.
aAfter Bonferroni correction.
*p < .05.

 19506945, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epd2.20024 by B

iu M
ontpellier, W

iley O
nline Library on [03/06/2024]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

234 |   UEDA et al.

clear serum NfL elevation, unless they are secondary to 
brain disorders, such as inflammation and neurodegen-
eration. It thus appears that the serum NfL level itself is 
not suitable to discriminate epilepsy patients from healthy 
subjects, although it could be an indicator of decreased 
cognitive function in the patients. For instance, detailed 
cognitive function tests may be performed and relevant 
treatment initiated based on the value of serum NfL.

In our study, the patients with epilepsy had mild but 
substantial cognitive impairment compared with the 
healthy controls, as shown in previous studies.4,15,19,20 The 
score on the MoCA- J, but not the MMSE, was significantly 
lower in the epilepsy group versus the control group, 
which is in agreement with a previous study showing 
that the MoCA can be used to assess cognitive changes in 
patients with epilepsy, even in cases with normal MMSE 
scores.14 These observations suggest that the MoCA- J 
could be more sensitive than the MMSE in detecting cog-
nitive impairment in patients with epilepsy.

The novel finding of the present study is that a de-
cline in the performance on cognitive tests in patients 
with epilepsy was correlated with an increase in serum 
NfL levels. Because NfL levels are increased in preclinical 
subjects with various types of dementia,21– 23 our observa-
tion suggests that cognitive impairment in patients with 

epilepsy is associated with the subclinical axonal injury 
caused by epilepsy. Although the cause of the mild neuro-
nal damage observed in patients with epilepsy is elusive, 
several studies have suggested a possible pathophysi-
ological link between epilepsy and neurodegenerative 
disorders, including Alzheimer's disease. For instance, 
epileptic changes are frequently observed in patients with 
Alzheimer's disease, and vice versa.24,25 It is also suggested 
that amyloid Aβ and hyperphosphorylated tau could cause 
epilepsy, and that, in turn, seizures facilitate amyloid- β 
and tau deposition.26,27 Further studies are necessary to 
clarify the pathogenesis underlying the neuronal damage 
that occurs in epilepsy.

This study had several limitations. First, in the epilepsy 
group, 31 out of the 38 participants (81.6%) had less than 
one attack per year. A low frequency of seizure attacks 
may have led to a decrease in NfL levels in the blood or 
have been insufficient to cause damage to the brain, thus 
limiting the detection of an increase in serum NfL levels. 
Because a correlation between serum NfL levels and sei-
zure frequency was not detected in the present study, addi-
tional studies including patients with more severe and/or 
a higher frequency of seizure attacks are needed. Second, 
drug effects were also a limitation of the present study. All 
participants with epilepsy received ASM therapy, which 

F I G U R E  2  Scatter plots of serum NfL levels and cognitive tests. There was significant correlation between serum NfL levels and the 
MMSE (A), MoCA- J (B), and FAB (C) scores.
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les NfL en psychiatrie
retour d’expérience montpelliéraine

v 190 patients vus en consultation gériatrique

v Types de troubles psychiatriques : 
ü dépression à début tardif
ü schizophrénie
ü trouble bipolaire
ü TOCs

ü TND



les NfL en psychiatrie
retour d’expérience montpelliéraine

v Motifs de consultation : 
ü décompensations comportementales
ü résistance aux psychotropes
ü perte d’autonomie
ü fatigabilité
ü plainte cognitive
ü vieillissement pathologique ?

v EGS, NfL sériques



les NfL en psychiatrie
retour d’expérience montpelliéraine

v 50% de NfL positifs
v 54% d’échelles cliniques positives
v 1/3 d’imagerie cérébrale suspecte

v 24% TNC mineurs
v 29% TNC majeurs
v suivis annuels : 

• 41% conversion TNC mineur à majeur
• 26% amélioration
• 22% stabilité



l’exemple de monsieur A.

v 72 ans, haut niveau socio-éducatif
v curatelle, domicile

v Schizophrénie à début précoce
v équilibre psychiatrique très fragile (SDRE depuis 40 ans)

ØHalopéridone LP

v décompensations délirantes +/- confusion

v MOCA 30/30
v équilibre unipodal pathologique



l’exemple de monsieur A.

v imagerie cérébrale : 
ü atteinte hippocampique et vasculaire
ü TEP scan cérébrale non contributif



l’exemple de monsieur A.

v imagerie cérébrale : 
ü atteinte hippocampique et vasculaire

v NfL
ü14.4 pg/ml - normal



l’exemple de monsieur A.

v proposition thérapeutique : 
Ø réduction de la charge anticholinergique : quetiapine LPs
Ø kinésithérapie

Ø suivi +++



l’exemple de monsieur A.

v évolution sur 2 ans :
o alliance thérapeutique +
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biomarqueurs aspécifiques

Un dépistage précoce pour un suivi adapté
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l’autonomie et l’évolution restent les meilleurs marqueurs
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BIOMARQUEURS DES TNC

v diagnostics différentiels ?
• La confusion

that numerous inflammatory cytokines and different
chemokines are robustly increased in serum/plasma [8] and
CSF [9] of DEL patients, often correlating with DEL duration,
severity, and mortality [10].

Ideal peripheral markers of neuroinflammation should, in
any case, display a central role as well, in order to directly
account for possible phenotypic variability. Diazepam binding
inhibitor (DBI; [11]) is a very interesting candidate since, as
an endozepine, it binds to the peripheral BDZ receptor (known
as TSPO, the imaging marker of activated microglia and neu-
roinflammation [12]), initiating the biosynthesis of
neurosteroids and promoting monocyte chemotaxis [13].
Furthermore, besides this peripheral role, DBI also works cen-
trally as the allosteric modulator of the GABA-A receptor on
the BDZ binding site [14]: for this reason, it has been in-
volved, with contrasting evidence, in disorders characterized
by anxiety expression [14, 15].

Considering this role of DBI, in this exploratory work,
we decided to assess DBI serum levels in AD patients
with respect to DEL ones and comparable healthy con-
trols, searching for a putative “core biomarker” of the
common physiopathological link of neuroinflammation.
In order to speculate on the possible specificity of the
DBI findings, we also included on the same samples the
assessment of three neuroinflammation biomarkers, cho-
sen considering the biological roles of DBI and keeping
in mind our ultimate focus on BPSD. More specifically,
we included interleukin-17 (IL-17), which is a chemo-
kine as DBI, and the two classical inflammatory cyto-
kines tumor necrosis factor-α (TNF- α) and IL-6 (this
latter a myokine as well, possibly marking behavioral
symptoms belonging to the psychomotor cluster [3]).

Results

DBI serum levels were increased in AD patients with respect
to CTRL (56.3 ± 20.1 vs. 31.1 ± 16.5 ng/ml, respectively, +
81%, p < 0.05), while DEL values were 70% higher than AD
(95.8 ± 47.7 ng/ml, p < 0.001) and more than threefold higher
with respect to CTRL (p < 0.001) (Fig. 1a). When considering
DEL subtypes, DBI showed ~ 60% higher values in hyperki-
netic patients with respect to the other two groups (130.9 ±
36.9 vs. 82.3 ± 42.9 vs. 83.9 ± 45.0 ng/ml, hyperkinetic vs.
mixed vs. hypokinetic, respectively, p < 0.05; Fig. 1b). No
other differences were shown when considering all the avail-
able clinical and demographic factors.

IL-17 increased more than twofold in DEL with respect to
CTRL (246%, 0.32 ± 0.25 vs. 0.13 ± 0.07 pg/ml, respectively,
p < 0.01), while AD showed dispersed values (0.22 ± 0.19 pg/
ml) and failed to reach significant differences with respect to
the other two groups (Fig. 2a). On the other hand, IL-6
showed a more robust increase (about threefold) in DEL with

respect to the other two groups (18.0 ± 12.7 vs. 5.9 ± 4.0 vs.
6.3 ± 4.2 pg/ml, DEL vs. AD vs. CTRL, respectively,
p < 0.001; Fig. 2b), and TNF-α failed to show any change
(3.3 ± 2.2 vs. 3.3 ± 1.4 vs. 3.8 ± 1.7 pg/ml, DEL vs. AD vs.
CTRL, respectively; Fig. 2c). IL-17, IL-6, and TNF-α failed
to show significant differences among the three DEL subtypes
(data not shown). Finally, no correlations emerged among all
the quantified serum biomarkers.

Materials and methods

Subject recruitment

Following ethical approval by our hospital committee, n =
30 AD patients (M/F 14/16, age 80.1 ± 5.3 years old,
MMSE 17.5 ± 5.7, disease duration 51.1 ± 29.1) and n =
30 age- and sex-matched delirium patients (DEL, M/F
14/16, age 79.2 ± 7.8 years old) were recruited, together
with n = 15 age- and sex-comparable healthy controls
(CTRL, M/F 7/8, age 79.0 ± 6.1 years old, MMSE always

Fig. 1 Serum DBI. a p < 0.0001 at ANOVA, followed by Newman-
Keuls multiple comparison test, p < 0.05 vs. CTRL, p < 0.001 vs. both
CTRL and AD. b p < 0.03 at ANOVA, followed by Newman-Keuls
multiple comparison test, #p < 0.05 vs. both hypokinetic and mixed.
Mean values are shown
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> 26, and negative history for neurological and/or psychi-
atric disorders and/or symptoms). AD and DEL patients
were recruited if (a) a legal representative was available
or (b) if they were able to express informed consent (this
condition was confirmed by the MacArthur Competence
Assessment Tool [16]), or (c) only for DEL patients, if
their clinical condition clearly reverted. Probable AD out-
patients were recruited according to the NINCDS-ADRDA
criteria and alternative diagnoses were excluded by MR
brain imaging and an extensive neuropsychological test
battery. Albeit amyloid biomarkers were unavailable for
this study, MR atrophy of the hippocampal regions and/
or bilateral parietal 18F-FDG PET hypometabolism was
documented for all AD patients. DEL patients were initial-
ly selected according to DSM-V criteria. Furthermore,
DEL was defined also by clinical judgment (considering
the frequent presence of pre-existing confounders such as
dementia [17] and if the 4AT was ≥ 6; Table 1). DEL pa-
tients were recruited in order to equally represent each
subtype, i.e., n = 10 mixed subtype, n = 10 hyperkinetic
subtype, n = 10 hypokinetic subtype. DEL predisposing
factors and the presence of pre-existing dementia are
shown in Table 1, together with serum sodium, potassium,
and ammonia assessed by our hospital laboratory for clin-
ical purposes (mostly within normal levels).

Quantification of serum markers

Coded blood samples were obtained after overnight fasting
and immediately centrifuged: serum aliquots were frozen at
− 80 °C until blind assessment. All targets were measured in
triplicate by commercial ELISA kit: DBI (sensitivity: mean
minimum detectable dose (MDD) 25 pg/ml, AbFRONTIERS,
Seoul, Korea), IL-17 (sensitivity: MDD 0.017–0.051 pg/ml,
mean MDD 0.029 pg/ml), IL-6 (sensitivity: MDD 0.016–
0.110 pg/ml, mean MDD 0.039 pg/ml), and TNF-α (sensitiv-
ity: MDD 0.011–0.049 pg/ml, mean MDD 0.022 pg/ml)
(Quantikine® Colorimetric Sandwich ELISA Kits, R&D
Systems, Minneapolis, U.S.).

Statistical analysis

Data are shown as mean ± SD. ANOVA followed by
Newman-Keuls Multiple Comparison post hoc test was used
for assessing differences among the study groups. Two-tailed
Pearson’s r test was used for correlative analyses.

Discussion

We assessed a panel of neuroinflammatory markers compar-
ing AD and DEL patients to healthy controls. Serum DBI was
specifically chosen since this endozepine displays unique fea-
tures: it has been characterized as the endogenous ligand of the
TSPO, a well-known marker of the activated monocyte/
microglia [14]. In fact, TSPO activation promotes chemotaxis
in peripheral monocytes [13], a pivotal process sustaining
neuroinflammation: protein aggregates and chemokines both
recruit these cells within the central nervous system [18].
Following this step, peripheral monocytes change conforma-
tion, giving rise to the blood-born macrophage, a subpopula-
t ion o f mic rog l i a ac t ive ly pa r t i c ipa t ing to the
neuroinflammatory process [19]. A change in DBI concentra-
tions could then promote the process of chemotaxis and sub-
sequent neuroinvasion, as already proposed for the classical
chemokineMCP-1 [20]. Moreover, TSPO activation starts the

Table 1 DEL predisposing factors and the presence of pre-existing
dementia. SOL, space-occupying lesions (tumors); CVD, cerebrovascular
diseases (ischemic)

Delirium, n = 30

Predisposing factors Infectious, n = 5 (16.7%)

SOL, n = 4 (13.3%)

CVD, n = 19 (63.3%)

Other, n = 2 (6.7%)

Pre-existing dementia, n (%) 17 (56.7%)

Sodium, mM 141.2 ± 2.9 (136–147)

Potassium, mM 4.1 ± 0.4 (3.2–4.9)

Ammonia, μg/100 ml 43.2 ± 23.3 (18–69)

4AT 8.8 ± 2.2 (6–12)

Fig. 2 Serum levels of a IL-17, p < 0.01 at ANOVA, followed by Newman-Keuls multiple comparison test, p < 0.01 vs. CTRL. b IL-6, p < 0.0001 at
ANOVA, followed by p < 0.001 vs. both AD and CTRL. c TNF-α, p = 0.60 at ANOVA. Mean values are shown

1005Neurol Sci (2021) 42:1003–1007

üNeuroinflammation =  
+ spécifique de la confusion ?

ü DBI = 
+81% AD
+208% confusion

Conti, Neurol Sci, 2021



BIOMARQUEURS des TNC

v Distinction du type de TNC majeur?
• Vs marqueurs aspécifiques 

recombinant protein constructs that had the exon 4–5 junction 
intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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Figure 4. 5mC levels in blood DNA samples from healthy subjects and patients with AD, PD or DV.
DNA global methylation was determined with an Enzyme-Linked ImmunoSorbent Assay (ELISA)-like
colorimetric assay as described in Material and Methods. The study includes 40 patients with AD,
35 with PD, 26 with DV and 40 healthy controls. Data are shown in a box-plot graphic. Statistical
significance between groups was calculated with ANOVA and the Bonferroni test and is shown as
** p < 0.01 and *** p < 0.001.

Given the decrease in 5mC levels observed in the pathological samples, we carried out linear
regression studies to analyze whether there were any correlation between 5mC levels and di↵erent
parameters such as age, sex or even psychometric assessment (Figures S4–S7). We only find a significant
positive correlation between age and 5mC levels in PD (Figure S5B) with a p-value of 0.0385. We did
not observe any correlation between global methylation values and any of these parameters, neither in
healthy subjects nor in AD or DV groups. The p-value of the correlation between age and 5mC levels in
DV group was 0.0752. Since the APOE genotype is the main genetic risk factor for AD, we also analyzed
the possible link between global methylation levels and the di↵erent variants of the Apolipoprotein E
(APOE) gene. We did not find any correlation between these parameters (Figures S4–S8).

2.2. Patients with AD, PD and DV Show Lower Global DNA Hydroxymethylation Levels in Peripherally Blood

There is less bibliography about the role of 5hmC as an epigenetic mark. It is not only an
intermediate product produced in the removal process of 5mC but also an epigenetic modification
by itself, regulating gene expression. 5hmC is involved in neurodevelopment and also in
neurodegenerative diseases. For these reasons, we measured DNA 5hmC levels in bu↵y coat
samples from 40 healthy subjects and 47 patients with AD, 30 with PD and 21 with DV. Characteristics
of patients are shown in Table 1. 5hmC values were found to be significantly lower in the three
pathologies compared to healthy subjects. However, the reduction was higher in DNA from Parkinson’s
disease patients, with a medium value of 0.08% ± 0.01 versus the 0.2% ± 0.02 obtained in healthy
subjects. In DNA samples from Alzheimer’s disease or Vascular Dementia, 5hmC values were 0.15% ±
0.02 and 0.13 ± 0.02, respectively (Figure 1). The histograms of the data obtained in AD, PD and DV
groups are shown in Figure S2 and normality test results in Figure S3.

We also analyzed if there was a correlation between 5hmC levels and di↵erent parameters
such as age, sex or psychometric parameters and did not observe any correlation between them in
healthy subjects nor in any of the disease groups (Figures S8–S11). However, p-values obtained in the
correlation between age and 5hmC levels in PD and DV were close to significant (p-values of 0.07857
and 0.0752, respectively). We neither observed any correlation between APOE variants and 5hmC
levels (Figures S8–S11).

As we observed regulation in both 5mC and 5hmC levels in the pathologies studied, we decided
to perform correlation studies between both values. We only found a significant correlation between
5mC and 5hmC values in AD group, with a p-value of 0.0425 (Figure 2). Interestingly, the correlation
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BIOMARQUEURS DES TNC

v Distinction du type de TNC majeur?
• marqueurs spécifiques Alzheimer

recombinant protein constructs that had the exon 4–5 junction 
intact, and not those that stretched over exons 4–4a, 4a–5 and 
4–4a–5 (Fig. 1). In contrast, the tau exon-4 antibody recognized 
all constructs that included the exon 4, including those lacking 
the exon 4–5 junction. The ultrasensitive immunoassay we devel-
oped using the TauJ.5H3 antibody showed strong dilution linear-
ity, within- and between-run stability, and suitability for use in 
both plasma and serum. Importantly, the strong correlation be-
tween BD-tau measured in serum/plasma and paired CSF sam-
ples is an indication that it targets brain-originating tau forms 
just like CSF t-tau and CSF BD-tau. This finding is highly signifi-
cant given that several independent studies have reported that 

plasma t-tau does not correlate with CSF t-tau27–29 (as also de-
monstrated herein), which may be partly to blame for its poor 
diagnostic performance.

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

Figure 5 Serum BD-tau profile in Alzheimer’s disease versus several other neurodegenerative diseases in Memory Clinic Cohort 1. The Tukey box plots 
in A and B show serum BD-tau and serum NfL respectively in the control, non-Alzheimer’s disease (non-AD) and Alzheimer’s disease (AD) groups. (C) 
ROC and AUC values for the differential diagnostic function of serum BD-tau and NfL. (D and E) Z-score transformed plots of serum BD-tau and NfL in 
the control (Ctrl), AD and specific non-AD groups. AUC comparisons of serum BD-tau and NfL to differentiate each group from Alzheimer’s disease is 
shown in Table 2. In each box plot, the horizontal bar on top of the coloured area shows the 75% percentile, the middle bar depicts the median and the 
lower bar shows the 25% percentile. Values that are above the 75% percentile and below the 25% percentile are shown outside the coloured areas. Note 
that the tendency of serum BD-tau concentrations to be lower than in the frontotemporal lobal degeneration groups especially in GRN mutation car-
riers has also been shown for serum p-tau181 and NfL in this same population.56 Similarly, the highly increased levels of serum NfL in GRN mutation 
carriers has also been reported before.58 AD = Alzheimer’s disease; avPPA = agrammatic variant primary progressive aphasia; avPPA/GRN = agram-
matic variant primary progressive aphasia with progranulin mutation; bvFTD = behavioural frontotemporal dementia; bvFTD/GRN = behavioural fron-
totemporal dementia with progranulin mutation; CBS = corticobasal syndrome; PSP = progressive supranuclear palsy; svPPA = semantic variant 
primary progressive aphasia.
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F IGURE 1 Group comparison of blood biomarkers and diagnostic performance. (A,C,E) Serum concentration of beta-synuclein, p-tau181, and
NfL wasmeasured in patients with AD (n= 74), bvFTD (n= 81), svPPA (n= 41), nfvPPA (n= 55), lvPPA (n= 25), PSP (n= 42), CBS (n= 25), and CU
(n= 31). Boxes aremedian and interquartile range, whiskers aremin andmax. Groups were compared bymultiple linear regression of the
log2-transformed biomarker values including age and sex as covariates. *P< .05, **P< .01, ***P< .001, ****P< .0001. (B,D,F) Receiver-operating
characteristic (ROC) curve analysis for comparison of diagnostic performance. AD, Alzheimer’s disease; AUC, area under the curve; bvFTD,
behavioral variant frontotemporal dementia; CBS, corticobasal syndrome; CU, cognitively unimpaired individuals; NfL, neurofilament light chain;
nfvPPA, non-fluent variant primary progressive aphasia; lvPPA, logopenic variant primary progressive aphasia; PSP, progressive supranuclear
palsy; p-tau181, phosphorylated tau 181; ROC curve, receiver-operating characteristic curve; svPPA, semantic variant primary progressive
aphasia; vs, versus.
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