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Abstract 

Frontotemporal lobar degeneration (FTD) is a proteinopathy that induces neuroinflammation and neurodegeneration; 

Alzheimer´s disease (AD) is characterized by Abeta-42 deposits, microglia overactivation, astroglial alterations and p-

Tau accumulation. Identification of neuroinflammatory mediators as predictors of cognitive cognition have gained 

a�ention. We compared several biomarkers in plasma as predictors of cognitive impairment between AD and FTD 

patients (Nfl, p-Tau217, TDP-43 and CX3CR1 and soluble fractalkine levels) by ELISA (pg/ml) and age-matched con-

trols (without cognitive impairment) or HIV-1 seropositive patients. To our knowledge, this is the first study showing 

that increased plasma CX3CR1 and soluble fractalkine predict cognitive impairment specifically in FTD.  In addition, 

high plasma p-Tau 271 levels correlate with sFK levels and their mini mental scores in FTD. Thus, fractalkine and TDP-

43 are exclusive biomarkers of cognitive impairment in FTD. However, Nfl, GFAP and p-Tau271 levels did not differ 

between AD or FTD patients. Anatomically, we observed hippocampal involution as well as Tau deposits in human 

FTD postmortem brains. On the other hand, neuroinflammation contributes to dementia; and chemokines as HIV-1 

co-receptors facilitate spread of HIV-1 infection inducing apoptosis in the brain. On the other hand, chemokines pro-

mote neuronal survival and regulate neuron-glia interactions. Fractalkine is a delta chemokine (also termed CX3CL1), 

that binds to its CX3CR1 chemokine receptor, that as a membrane-isoform can be released as a soluble form by dam-

aged neurons. We confirmed that fractalkine prevents LPS (an inflammation inductor)-induced apoptosis by decreas-

ing caspase-3 activation in cortical neurons at 7 DIV LPS exposure.  Thus, fractalkine may play a dual role: it is asso-

ciated with cognitive impairment in both FTD and AD, yet it also exerts neuroprotective effects by reducing LPS-

induced neuronal apoptosis at 7 DIV. 

Keywords: CX3CR1/Fractalkine; chemokines; Alzheimer and Frontotemporal dementia; neuroinflammation; cortical 

neurons in vitro 

 

1. Introduction  

The most common forms of late-onset dementia are AD, and FTD- [1]. Many basic and translational studies have 

studied the causes, dementia-related mechanisms as well as therapeutic interventions for AD and FTD. Currently, the 

diagnosis is based on clinical symptoms, neuroimage and biomarkers of cerebrospinal fluid (CSF), which are costly and 

time demanding. The pathophysiology of dementia of either AD and FTD are broadly characterised by the aggregation 
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of misfolded proteins, such as amyloid-β plaques (Aβ) and hyperphosphorylated Tau forming neurofibrillary tangles 

(NFT). Furthermore, neuroinflammation, neuronal apoptosis and disrupted synaptic communication are mechanisms 

that contribute to dementia [2, 3]. 

Clinical subtypes of FTD are: behavioural or frontal variant, progressive nonfluent aphasia, semantic dementia, 

and logopenic primary progressive aphasia [4, 5]. FTD is considered a TDP-43 proteinopathy [6]. TDP-43 protein plays 

homeostatic roles such as RNA/DNA-binding protein underlying RNA metabolism that can aggregate in neuronal and 

glial cell in the cytoplasm [7]. Accumulation of Aβ, NFT, or glial fibrillary acidic protein (GFAP) occur in rodent models 

of AD as well as in AD patients [8-12]. The combination of neuropsychological tests and these biomarkers allow to 

identify the onset of cognitive decline in dementia (e.g., cortical vs. subcortical dementias) [13]. In this way, Neurofila-

ment M (Nfl) as biomarkers of axonal damage is detected either in blood/erebrospinal fluid (CSF) as well as in altered 

neuroglial processes [10-12]. Nfl increases progressively with age and its affected by subclinical brain injuries and 

comorbidities [14].  

On the other hand, the presence of Tau has been detected in FTD neurofibrillary lesions, cortico-basal degeneration 

and progressive supranuclear palsy [15,16].  Thus, p-Tau217 reflects peri-plaque synaptic pathology at both pre- and 

post-synaptic sites surrounding Aβ deposits [17,18]. However, this relationship is not general, since early astroglial 

alterations, determined by GFAP, may arise first in AD, particularly in the entorhinal cortex [9–12]. 

The identification of neuroinflammatory mediators in AD or FTD have gained a�ention for their potential in early 

detection and monitoring dementia progression [19]. Since inflammation contributes to dementia, including chemo-

kines. Furthermore, another potential biomarker studied in this study is the CX3CR1/fractalkine axis. Fractalkine is a 

delta chemokine (also termed CX3CL1) released by neurons and binds to its delta chemokine receptor CX3CR1 in mi-

croglia [20]. CX3CL1/fractalkine chemokine is a neuronal transmembrane-anchored protein, which can be cleaved as a 

soluble isoform by metalloproteases. Fractalkine plays neuroprotective, and chemotactic functions but their roles of 

both isoforms in neurodegenerative pathophysiology remain elusive [21]. The study of new plasma biomarkers 

(CX3CR1/sFK and TDP-43) of cognitive disfunction allow to understanding the pathophysiology of dementia as key 

steps towards finding new and effective teraphies [22,23].  

2. Aims  

To compare several plasma biomarkers as possible biomarkers of cognitive dysfunction (CX3CR1/soluble frac-

talkine, p-Tau217, GFAP, TDP-43 and Neurofilament -Nfl- between patients with AD and FTD; comparing them to age-

matched controls and HIV patients (with suppressed viral load: < 50 copies/ml) without cognitive impairment. 

Once we found that sFK is elevated in dementia patients, we ascertain whether soluble fractalkine recombinant 

protein might regulate apoptosis caspase-3 dependent level and neuronal survival under inflammatory conditions in 

cortical neurons at 7 DIV exposure to LPS. 

3. Materials and Methods  

3.1. Clinical Selection of Participants 

A total number of 53 patients with AD, and additional 53 patients with FTD with early diagnosis of disease were 

enrolled and range of ages between 54 and 77, including a dementia-free aged matched caucassian subjects in a similar 

rage of age were recruited (n=53, ages between 55 and 75 years old). Thus, we enrolled 227 patients (159 patients for 

dementia marker determination plus 68 patients for HIV-1 study. Since chemokines are HIV-1 co-receptors, we also 

included a group of HIV-1 seropositive patients with suppressed viral load (without cognitive impairment (n=34 cop-

ies< 50 copies/ml) and their respective controls of similar ages (n=34). Cohort demographics and their mini mental scores 

to detect possible neuropsychological alterations are showed in Table-1. 

3.2. Inclusion and Exclusion Criteria 

The inclusion criteria were adults aged 54-77 years old, with at least 6 years of formal education, able to provide 

informed consent, and with sufficient language, visual and auditory acuity to complete cognitive testing. Patients with 

psychiatric or other neurological illnesses as alcohol abuse, or disabling stroke were excluded. The patients below < 55 

years an anticoagulant treated patients were also excluded. 

We included 159 participants plus 68 participants for HIV-1 delta chemokine determination (34 control+34 sero-

positives, total: 227 participants from the Spanish Hospitals (n=227) for determination by ELISA in plasma samples 
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(TDP-43, CX3CR1, soluble fractalkine, p-Tau271, GFAP, Neurofilament M) and mini mental evaluation. All subjects 

were evaluated by neuropsychological test scores within the normative range given individual’s age, sex and educa-

tional background, that underwent a blood sampling within a maximum interval of 1 year and had at least one clinical 

follow-up visit available. All volunteers in this study provided informed consent signed by all participants in compli-

ance with the World Medical Association Declaration of Helsinki and approved by a Ethics Commi�ee (code HULP 

1032 and PI-837). Blood was collected for measurement of biomarkers and measured by ELISA (see supplementary file 

of material and methods). 

3.3. Neuropsychological Task: Mini mental Task 

The Mini-Mental State Examination (MMSE) was used for assessing global cognitive functions and functionality 

in a validated Spanish population as global index of cognition [24].Higher scores reflect be�er performmance and low 

scores means a poor cognitive status in AD (n=53) or FTD patients (n=53); a group of age-matched healthy controls 

(HCs) underwent MMSE scores of ≥ 27/30 (n=53), which means absence of cognitive impairments.  

3.4. ELISAs for Biochemical Markers 

Several markers were quantified in plasma by ELISA (CX3CR1 and soluble delta fractalkine, TDP-43, p-Tau271, 

GFAP Nfl -M, see supplementary methods file). 

4. Results 

All tested biomarkers are elevated in plasma from AD or FTD (CX3CR1, sFK, TDP-43, p-Tau217, GFAP and Nfl) 

as compared their respective controls matched patients of similar age (p<0,05 vs cont; see table-2 with Kruskal Wallis 

values and pos Hoc Mann pos hoc for each marker). 

Table 1. Minimental (MMSE): Demographic and cognitive evaluation of patients. 

 
Variables 

 
Age-matched controls 

 
AD patients 

 
FTD patients 

 
Size samples 

Number of women 
 

 
53 
21 

 
53  
18 

 
53  
19 

 
BMI index 

(Kg/m2) 
 

 
22.5 

 
21.34 

 
23 

 
Education 

(years) 
 

 
7 

 
6 

 
6,4 

 
Age of onset 

(years) 
 

 
- 

 
68 

 
70 

 
MMSE score 

 

 
29 

 
15+-0,52 

 
14.1+-0.46 

Figure 1 Comparative analysis of plasma biomarkers of cognitive disfunction by ELISA in AD and FTD patients. 

CX3CR1/sFK  

The Kruskal Walis analysis (KW) confirmed increased CX3CR1/sFK plasma levels not only in AD but also in FTD 

patients as compare their respective controls (H=104,9; p < 0.001 for CX3CR1 and H=10,01, p = 0.007 for sFK). However, 

these delta chemokines did not differ between AD and FTD patients (p>0,05, n.s). 

TDP-43 
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The Kruskal Walis analysis (KW) showed increased TDP-43 levels in plasma for FTD only as compare their respec-

tive controls (H=13,72, p< 0.001). This was the only marker that differ between AD and FTD participants (p>0,05 in 

Mann Whitney analysis).  

p-Tau217, GFAP and Nfl 

The Kruskal Walis analysis (KW) confirmed high p-Tau217 (H=97,3, p < 0.001), GFAP (H=93,9, p < 0.001) as well as 

Nfl plasma levels (H=84,2, p < 0.001) as compare their respective controls. The pos hoc analysis by Mann Whitney anal-

ysis did not show differences between AD and FTD levels (p>0.05 in all tested case, see figure-1 and table-2).  

 

Figure 1. A-F. Mean plasma values for +- S.E.M (Standard error media) for CX3CR1 (A: pg/ml), (B) soluble fractalkine: pg/ml), (C) 

TDP-43 (D) p-Tau217 (ng/ml), (E) GFAP(pg/ml), (F) (Nfl: pg/ml) in AD patients AD (70+-6,2 average of this group, n=53), FTD (72+-

7 average, n=53) and age-matched controls (average age 68 years old, n=53, without dementia).The table-2 shows Kruskal Wallis 

values for each marker. 
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Table 2. Statistical Kruskal Walis analysis for biomarkers in plasma. 

 
Biomarker 

 
Kruskal Walis (KW) 

 
Post Hoc 

 (Mann Whitney test) 
 

CX3CR1 
 

 
H=104,9; p < 0.001*  

 
*p<0.05 vs Cont 

 
Soluble 

Fractalkine 
 

 
H=10,01, p = 0.007* 

 
*p<0.05 vs Cont 

 
TDP-43 

 

 
H=13,72, p< 0.001* 

 
#p<0.05 vs AD 

 
 

p-tau217 
 

 
H=97,3, p < 0.001* 

 
*p<0.05 vs Cont 

 
 

GFAP 
 

 
 

H=93,9, p < 0.001* 

 
 

*p<0.05 vs Cont 

 
Nfl 

 

 
H=84,2, p < 0.001* 

 
*p<0.05 vs Cont 

 
Seropositive patients 

- 

 
 
 

 
CX3CR1 

 
- 

 
(KW) p = 0.9, n.s 

 
sFractalkine 

 
 

 
(KW) p = 0.99, n.s 

Figure 1G. CX3CR1/sFK and p-Tau217 in seropositive patients 

The Mann Whitney analysis for CX3CR1/sFK plasma levels did not show differences (p=0.9, n.s for CX3CR1 and p 

= 0.9, n.s, for sFK) levels between HIV-1 seropositive patients (average ages: 46 years old) with supressed viral load 

(n=34, <50 copies) and controls of similar range of age (n=34 controls, average age: 38 years old, see figure 1 G 
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Figure 1. (1G). Mean plasma values +- S.E.M (Standard error media) for delta chemokines (CX3CR1/sFK,) in seropositive patients 

with suppressed viral load (n=34: pg/ml) and age-matched controls (N= = 34, 46+/-8.2 average year old, n=34, see table-2). 

Correlations between Mini Mental scores (MMSS) and biomarkers of dementia in plasma  

The r Spearman correlations for plasma biomarkers and mini scores were evaluated in AD (n=53) and FTD (n=53). 

The mini mental scores correlated not only with soluble fractalkine plasma levels (AD, r= 0.36, p=0.022) but also in FTD 

(TFD, r= 0.36, p=0.0083). Its CX3CR1 delta chemokine receptor correlated with mini mental scores in FTD (FTD, r = 0,39, 

p = 0.039); additionally, there was a r Spearman correlation between p-Tau217 in AD with CX3CR1 (AD, r = 0,29, p = 

0.0038) and p-Tau217 with their mini mental scores (AD, r = 0,59, p = 0.000005). Finaly, p-Tau217 levels correlated not 

only with their mini mental scores in FTD (FTD, r = 0.38, p = 0.004) but also with CX3CR1 (FTD, r = 0.52, p = 0.000053). 

Neuropathological alterations in human postmortem brains of AD and FTD 

There are many subtypes of frontotemporal dementia (FTDP-17, alteration of cromosome 17) with different mani-

festations of neuropathological signs. We also detected by immunohistochemistry certain brain markers in human post-

mortem brains of AD and FTDP-17 to correlate them with their levels of plasma biomarkers. As in many other neuro-

degenerative diseases, histopathology varies in different areas of the same region. The subtypes showed positive and 

negative Tau pathology (Tau and phospho-Tau forms, see supplementary file of methods). There are variable accumu-

lations of various proteins in addition to Tau in this TFD-17 pathology (alpha synuclein, TDP-43, etc) in neurons and 

some astrocytes, but always in smaller amounts as compared to Alzheimer's disease (AD) and other be�er defined 

tauopathies. There do not seem to be amyloid accumulations.  
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Figure 2. Immunoreactive neurons in a case of FTD-17. (A) Frontal cortex, layers 1-3, with reduced 

number of pyramidal neurons. (B) Frontal cortex, layer 5, with reduced number of pyramidal neu-

rons of intense tau immunoreactivity.  More of the surviving neurons are atrophic. (C) Panoramic 

view of dentate gyrus (hippocampus) with areas of neurodegeneration (arrows). (D) Hippocam-

pus. The photo indicates neurons in the CA 4 region (also termed hilus) and glial cells immunore-

active for Tau. The common features of frontotemporal dementia are frontal atrophy (presumed in 

3-layer/layer-prefrontal- and 6-layer regions) and temporal atrophy (including hippocampus, su-

biculum and entorhinal cortex). Atrophy involves neuronal shrinkage and distortion of structures. 

Figure-2E. Blue toluidine staining for pyramidal neurons from age-matched control of 70 years old (n=53) (C), AD 

(D) and FTD patients. (Left): Layer 3: normal control 70 years old (high density of pyramidal neurons. (Middle): Layer 

3: AD Braak III-IV AD patient of 70 years old (High but less number pyramidal neurons than control). (Right): Layer 3: 

FTD-17 (very low density of pyramidal neurons).  

Figure-3. Astroglial and microglial staining in the enthorrinal cortex of AD and FTD patients 
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Figure 3. Neuroglial markers in the cortex and enthorrinal cortex of AD and FTD human brain. Left (GFAP for AD). High im-

mune GFAP-reactive astroglial cells and hypertrophic astroglial cells with long processes in the frontal cortex. (A) Rigth (GAFP for 

FTD-17). Most GFAP astroglial cells in the frontal cortex are of normal size, with short and thin processes on blood vessels, but a 

subset present hypertrophic elements (left side in this image). Glial reaction is scarce and smaller than in AD and other neuro-

degenerative diseases in the brain. We have observed hypertrophic astrocytes but it would be difficult to speak of astrogliosis de-

spite higher GFAP levels found in frontotemporal dementia as compared to age-controls of similar age. It has been demonstrated 

the existence of extensive areas with astroglial dystrophy or asthenia or lack of GFAP-astroglia. (B) Figure 3 (left, AD). Hyper-

trophic microglial cells (Lectine staining) of different shape in entorhinal cortex in a case of AD (surroundig an amyloid plaque). 

(B) Figure 3 (right, FTD-17). Lectine stained microglial cells in the entorhinal cortex. (C) Figure 3 (left, AD). Lectine immunostain-

ing for microglia. Intense network of microglial extension in layers 1, 2 and 3 of the frontal cortex.(C) Figure 3 (right, FTD-17). Lec-

tine immunostaining for microglia. Intense network of microglial extension in layers 1, 2 and, in a special form, in 3 of the frontal 

cortex. 
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PROTOCOL FOR THE EVALUATION OF ANTIAPOPTOTIC EFFECTS OF FRACTALKINE IN CORTICAL 

NEURONS AT 7 DIV UNDER INFLAMMATORY CONDITIONS BY LPS TREATMENT. 

In vitro protocol for LPS-induced neuroinflammation in cortical neurons at 7 DIV. 

Since chemokines were upregulated in patients, we evaluated whether fractalkine could rescue or contribute to 

induced-apoptosis by LPS (1 µg/mL, an inductor of inflammation) treatment in cortical neurons at 7 DIV (see supple-

mentary file of methods). For this aim, we growth rat cortical neurons at 7 DIV with/without soluble fractalkine recom-

binant protein (100 ng/ml, R and D company) to prevent apoptosis caspase-3 dependent mediated by LPS. Treatments 

with LPS take place during 24 hours (1 microg/ml, Sigma) and were started at the 7th day of culture (7 DIV) in the 

presence of human soluble fractalkine recombinant during 24 hour more  (sFK: R & D Systems, 100 ng/ml or without 

sFK  Thus, extract were collected at 48 hours after starting treatments for measurement of caspase-3 activity and neu-

ronal survival were quantified by the XTT assay in all groups 24 h later, including controls (untreated) without any kind 

of treatment). 

 

Figure 4. (A). Percentage of cell viability in LPS (1 µg/mL)-treated neurons for 24 hours, as determined by the MTT assay, and sFK 

recombinant protein were added during 24 hour more in the presence/absence of LPS treatment. An antibody against CX3CR1 was 

also included in order to block CX3CR1 chemokine receptor. (A) Data are presented as mean ± S.E.M of 3 different experiments in 

vitro (n = 3) of XTT assay for neuronal survival stimation. Additionally, caspase-3 activity as index of apoptosis were stimated in 

extracts from neurons under these inflammatory conditions in order to ascertain whether fractalkine could prevent caspase-3-in-

duced apoptosis in cortical neurons at 7 DIV. The controls are expressed as 100 % of percentage. 

Figure 4 (B). LPS-induced caspase-3 were prevented by fractalkine at normal levels while blockade of CX3CR1 

by a specific CX3CR1 antibody promote apoptosis. This indicates feature indicates that the binding of fractalkine to 

neuronal CX3CR1 activates an antiapoptotic pathway that is able to counteract LPS-induced neurotoxicity. As shown in 

fig. 4B, the ability of fractalkine to prevent LPS-induced neuronal death was blocked by a neutralizing antibody to 

CX3CR1.  
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Statistical significance compared to controls (untreated neurons) was determined by one-way ANOVA followed 

by Tukey's post hoc test. * p<0.05 indicate a significant effect as compared to controls (unteated neurons at 7 DIV). # 

p<0.05 indicate a significant effect as compared to LPS-induced inflammation in cortical neurons at 7 DIV. 

4. Discussion 

In this study, we investigated whether some plasma biomarkers could distinguish AD from FTD during the pro-

dromal or early symptomatic stages of cognitive decline. NfL is considered a biomarker of neurodegeneration. Plasma 

and CSF levels rise with advancing age and increase further in neurodegenerative disorders such as AD and FTD, often 

before cognitive symptoms [5]. However, although NfL is sensitive to neuroaxonal damage, limited disease specificity 

restricts its utility for differentiating dementia subtypes (h�ps://networkinstitute.org/2020/11/23/neurofilament-light-

application-online/). In our study, plasma NfL levels did not differ among AD, FTD, and cognitively unimpaired con-

trols, consistent with its limited etiological specificity [5] and with reports of elevated NfL across neurodegenerative 

conditions, including increased CSF NfL in AD [27].   

Clinically, serum NfL is therefore considered more informative in individuals younger than 60 years, where it can 

be�er support or exclude a neurodegenerative diagnosis [28](Willemse EAJ et al., 2021). Moreover, in cognitively 

healthy individuals, higher plasma NfL is positively associated with age-related comorbidities [29], which may further 

obscure group differences in older cohorts. [30] Preische et al. (2019) reported that longitudinal increases in serum NfL 

can distinguish pre-symptomatic mutation carriers from non-carriers up to 10 years before expected symptom onset in 

AD; these trajectories also correlated with MRI-derived cortical volume loss, supporting NfL as a marker of subclinical 

neuroaxonal injury prior to symptoms. 

We also quantified plasma levels of p-Tau217 in patients with AD, FTD and HIV-1 seropositive patients with su-

pressed viral load (without cognitive impairment) with the aim of evaluating their potential as systemic biomarkers of 

cognitive impairment, as previously suggested [31, [32]. p-Tau217 levels were elevated in plasma from AD and FTD 

patients compared to age-matched cognitively healthy controls and HIV-1 seropositive individuals, consistent with 

previous reports. Plasma p-Tau217 demonstrates diagnostic performance comparable to cerebrospinal fluid (CSF) for 

detecting amyloid pathology [33, 34],including preclinical AD and mild cognitive impairment [35]. These CSF p-tau217 

levels could distinguish with 91% of probability between AD and non-AD disorders [32], supporting pTau217 as a 

blood-based biomarker that predict the progression to dementia. Tauopathy rodent models of AD also demonstrate p-

Tau217 accumulation, supporting its relevance across human and animal studies [36-42].Increased p-Tau217 has also 

been proposed as a biomarker in individuals with early amyloid-β accumulation [43], and several studies report an 

association between p-Tau217 and amyloid positron emission tomography [36]).The TRAILBLAZER-ALZ 

(NCT03367403) clinical trial supports the use of plasma p-Tau217 to monitor neurofibrillary tangle burden and amyloid 

plaque accumulation during treatment ([44-48]. Accordingly, the elevated plasma p-Tau217 observed in our study in 

AD and FTD patients is consistent with evidence that p-Tau217 reflects ongoing amyloid pathology, and may indicate 

increased risk of future cognitive decline [43]. Plasma p-Tau217 can distinguish amyloid-positive/tau-negative individ-

uals from non-AD controls [49] and is associated with amyloid-β positivity in symptomatic individuals [50], while also 

reflecting tau tangle pathology [51]. Since in our studies p-Tau217 levels did not differ between HIV-1 seropositive 

individuals and cognitively unimpaired controls, the observed increases appears linked to cognitive impairment in AD 

and FTD. Brain cellular localization of p-Tau217 has been reported to associate with plasma p-Tau217 levels [18] , sup-

porting for the first time our interpretation that increased plasma p-Tau217 may reflect tau isoform accumulation in 

FTD brain tissue. Notably, p-Tau217 deposition may help distinguish AD pathology from primary age-related tauopa-

thy and other non-AD tauopathies [52,53].In this regard, p-Tau217 is largely undetectable in normal brain tissue but 

arises at both pre- and post-synaptic areas surrounding amyloid-β plaques in AD samples [17]. The elevated plasma p-

Tau217 levels observed in our cohorts are consistent with its proposed role as a prognostic biomarker of cognitive im-

pairment linked to neurodegeneration and brain atrophy in AD [50, 54, 55], and tau217 measured in both plasma and 

CSF can reliably discriminate amyloid-positive from amyloid-negative individuals [56].  

A recent study indicates that plasma p-Tau217 predicts brain-wide tau accumulation during the preclinical stages 

of AD [57]. In line with this, we observed increased plasma p-Tau217 in FTD patients and detected tau immunoreactivity 

in the hippocampus of postmortem FTD brain. Histopathological analysis further revealed pronounced microglial acti-

vation together with p-Tau217 accumulation, supporting hippocampal involvement and broader regional pathology in 

FTD, including cortical and entorhinal areas (see Figure 3).  
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p-Tau217 has also been reported to correlate with poorer cognitive performance prior to the onset of explicit symp-

tomatic disease [58]. Among amyloid-β–positive individuals, p-Tau217 predicted cognitive impairment and reduced 

cortical thickness with greater accuracy than p-Tau181[59, 60]; by contrast, no longitudinal increase in p-Tau217 was 

observed in individuals with mild cognitive impairment who did not subsequently progress to clinically diagnosed AD 

[61]. 

Soluble fractalkine (sFK), or CX3CL1, was also analyzed in our studies. FK is a chemokine expressed by neurons 

that signals via the CX3CR1 receptor on microglia and peripheral leukocytes, playing a role in neuroimmune commu-

nication. Under pathological conditions such as inflammation or oxidative stress, FK is cleaved from the neuronal mem-

brane and released as a soluble form (sFK), which can be neuroprotective or neurotoxic depending on context [62,42].  

sFK and plasma p-Tau217 have been reported as early clinical indicators of incipient dementia in AD [63] and 

across other neurological conditions [54,55], [64].FK has been proposed to anticipate initial cognitive decline in AD, 

potentially by contributing to CNS injury and neuroinflammatory cascades [63, 64] while other evidence supports a 

neuroprotective role of fractalkine signalling [62]. In our study, recombinant sFK a�enuated caspase-3 activation in 

cortical neurons at 7 days in vitro following exposure to LPS, supporting a neuroprotective role under inflammatory 

stress [42, [65].  

Here, we provide first evidence that elevated peripheral sFK may serve as a predictor of cognitive dysfunction in 

FTD. Systemic increases in soluble fractalkine in FTD are consistent with elevated plasma fractalkine reported in AD 

[63]. The CX3CL1/CX3CR1 axis shows context-dependent effects: CX3CR1 deletion can mitigate neuronal loss in AD 

transgenic mice [66] and reduce β-amyloid deposition [67](Chen HR., et al., 2022), yet can enhance neuroinflammation 

[68]. Accordingly, sFK elevations may reflect a compensatory response to inflammatory stress. Peripheral monocytes 

can amplify neuroinflammatory responses in the brain [67], so metalloprotease-mediated FK cleavage could also exac-

erbate inflammation and may promote monocyte recruitment in FTD. Consistent with a protective component of this 

pathway, blocking CX3CR1 increased caspase-3 activation in cortical neurons in our study. Blockade of IL-1β and loss 

of CX3CR1 signalling enhance tau hyperphosphorylation and aggregation, accompanied by increased sFK release as a 

potentially compensatory response [68]. In our cohort, CX3CR1 and sFK levels did not differ between HIV-1 seroposi-

tive individuals and cognitively unimpaired controls, suggesting that elevations in this chemokine pathway are more 

closely linked to cognitive dysfunction in FTD. Because soluble fractalkine is produced by endothelial cells and CX3CR1 

is expressed on circulating leukocytes even in healthy subjects [69], the CX3CR1/soluble fractalkine axis remains a plau-

sible therapeutic target to modulate neuroinflammation and, indirectly, amyloid-β and tau pathology.  

The combined CX3CR1/sFK axis and plasma p-Tau217 in FTD may be more closely linked to astrogliosis, microglial 

overactivation, and/or neuronal dysfunction in patients with mild cognitive impairment [70]. The correlation between 

Mini-Mental scores and plasma p-Tau271 (r = 0.4, p = 0.0025, n = 53) may reflect cognitive impairment in FTD. Lower 

postmortem p-Tau217 was associated with be�er baseline memory, whereas higher p-Tau217 at preclinical stages pre-

dicted worse cognitive trajectories [47]. FK also contributes to trafficking of HIV-infected lymphocytes into the brain in 

HIV-associated neurocognitive disorders [71], and because sFK is expressed by endothelial cells while CX3CR1 is ex-

pressed on leukocytes in healthy subjects, this pathway may have systemic relevance. Finally, we cannot exclude that 

increased CX3CR1/sFK signaling may influence hippocampal tau accumulation in FTD, given that FK overexpression 

suppresses tau pathology in a mouse tauopathy model [72]. In our study both AD and FTD patients showed elevated 

plasma levels of sFK with potential applicability in the stratification of participants for therapeutic interventions in 

clinical trials targeting AD or FTD pathology. Moreover, the correlation between p-Tau217 and sFK plasma levels sug-

gests the release of sFK in response to inflammatory stimuli, as fractalkine cleavage by ADAM10 and ADAM17 has 

been demonstrated under conditions of inflammation [64]. This soluble fractalkine release by damaged neurons under 

inflammation limits microglial neurotoxicity while a sustained fractalkine release promoting neuroprotection and as-

troglial/microglial surveillance but also contribute to neurodegeneration [62], which agree with the antiapoptotic role 

of sFK in cortical neurons exposed to LPS-treatment in our in vitro study. In fact, fractalkine protects hippocampal 

neurons against LPS-induced neurotoxicity, an effect blocked by anti-CX3CR1 antibodies in vitro. Thus, fractalkine is 

neuroprotective since counteract LPS-induced caspase-3 overactivation and increases neuronal survival in cortical neu-

rons at 7 DIV under inflammatory conditions (see figure 4). Our findings agree with the suppresses tau pathology in a 

mouse model of tauopathy by fractalkine overexpression [72]. Further studies will analzye a possible role of metallo-

protease activation in the dual role (neuroprotective or neurotoxic) by shedding of fractalkine. 
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The relationship between chemokines dependent inflammation and a possible translocation of TDP-43 to the nu-

cleus, is unknown in patients with FTD dementia. TDP-43 is a DNA/RNA-binding protein involved in RNA metabolism 

that form cytoplasmic aggregates in both neurons and glial cells and it is accumulated in the hippocampus.TDP-43 

appears to be a more specific marker for FTD since its levels are increased in FTD patients [73, 74] but are not charac-

teristically altered in AD [75]. In our study, plasma TDP-43 levels did not change between AD patients and cognitively 

unimpaired controls, supporting TDP-43 as a specific plasma marker of cognitive dysfunction in our FTD cohort. De-

spite positron emission tomography (PET) tracers of cerebral TDP-43 do not exist, increased TDP-43 brain accumulation 

is consistently associated with poorer cognition. In this way, levels of sFK correlated with TDP-43 in FTD patients; In 

addition, TDP-43 correlated with their mini mental scores. Thus, TDP-43 may help to distinguish those cases of FTD 

with ubiquitin/TDP-43 pathology in their brains from those with tauopathy [76]. Thus, high TDP-43 plasma levels could 

identify those patients with early cognitive disfunction in FTD. In fact, plasma TDP-43 (total and/or phosphorylated 

TDP-43) levels correlated with TDP-43 brain pathology in FTD [77, 78], suggesting its predictive value as biomarker in 

plasma of FTD with neurodegeneration in limbic brain regions where its accumulated. 

5. Conclusions 

Interpretation of short-term changes in patients with minor cognitive impairment is an emerging need for the iden-

tification of disease-modifying therapies for FTD, AD or others dementia. Given that AD begins 20 years or more before 

symptom onset, there is a substantial window to identify early markers of cognitive impairment; in this way, we found 

for the first time soluble fractalkine rises in plasma as possible predictor of cognitive impairments in FTD together; in 

addition, TDP-43 elevations in plasma in FTD patients distinguish between FTD and AD patients. Colectivelly, plasma 

pTau-217 and CX3CR1/sFK chemokines increase may prevent lumbar punctures as valid biomarkers of early cognitive 

disfunction; these biomarkers could identify those patients in risk of dementia that need PET scans analysis or CSF 

extraction for concomitant evaluation of biomarkers of dementia. 

6. Limitations 

Plasma biomarkers have been already included in recent recommendations from the Global CEO Initiative on AD, 

but they still need to be put into clinical practice to prove their usefulness levels [79]. In our study, all analysis were 

done in the same plate of ELISA with the same standardization protocol for all collected samples [80]. Plasma p-tau 

levels and other biomarkers of dementia may variate by age or sex. body mass index -BMI- [81, 82] or comorbidities 

[83]. 
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