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Insights into the role of cerebrospinal
fluid cytokines in Alzheimer’s disease:
A commentary on recent findings

Carlo Manco' (7, Matteo Pardini>>, Delia RighiI and Domenico Plantone'

Abstract

We read the study by Bruno et al. (2025), which highlights the interplay between neuroinflammation and cortical activity
in Alzheimer’s disease (AD). Their findings on IL-4, IL-7, IL-8, and IL-12 levels and their association with EEG alterations
complement our recent research on IL-6, GDF-15, and neuronal damage. We discuss the implications of IL-8 in blood-
brain barrier permeability and neurodegeneration, the role of APOE4 in epilepsy-related phenotypes, and the need for
better patient stratification. Future studies should explore these inflammatory pathways to clarify the relationship

between neurodegeneration and interictal epileptiform discharges in AD.
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We read with great interest the recent article by Bruno et al.
(2025) entitled “Cerebrospinal fluid cytokine levels affect
electroencephalographic activity in Alzheimer’s disease”."
The study investigates the complex interplay between neu-
roinflammation and cortical activity in Alzheimer’s disease
(AD) and presents compelling findings. Initially, the
authors documented that higher cerebrospinal fluid (CSF)
levels of IL-4 were associated with faster EEG background
activity, whereas elevated concentrations of IL-7, IL-8, and
IL-12 were associated with interictal epileptiform dis-
charges (IEDs). An intriguing aspect is that epileptic activ-
ity is linked to the activation of microglia and astrocytes,
creating a vicious cycle that leads to the secretion of pro-
inflammatory cytokines, ultimately amplifying the neurode-
generative process characteristic of AD.>

In our recent study,’® we documented a significant correl-
ation between CSF IL-6 levels and markers of neuronal
damage, such as neurofilament light chain. Additionally,
we observed a notable association between CSF GDF-15
levels and cognitive impairment, as measured by the
Mini-Mental State Examination, mediated through Af;_4
levels. We believe that these findings, although not directly
related, are complementary to those of Bruno et al. (2025),
as they describe a different facet of the same pathogenic
loop involving neuroinflammation, synaptic dysfunction,
and neurodegeneration. In particular, they further support

the idea that the inflammatory response, especially IL-6 pro-
duction within the central nervous system, is closely linked
to neurodegenerative processes.

The data regarding IL-8 are also highly significant. The
role of this cytokine in AD pathogenesis is supported by
evidence that the IL-8 gene —251T>A polymorphism,
which is associated with increased gene transcription, has
been repeatedly linked to an increased susceptibility to
AD.* The findings of Bruno et al. (2025) can be explained
by existing literature, which shows that the release of IL-8
from glial cells in vivo can activate CXCR1 and CXCR2
receptors on cholinergic septal neurons, acutely modulating
their excitability and reducing calcium currents.” IL-8 plays
an important role in the recruitment of neutrophils, activating
peripheral endothelial cells and leading to the upregulation of
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adhesion molecules that facilitate transmigration to the CNS.
It has already been demonstrated an association between
higher levels of IL-4, IL-8, and blood-brain barrier permeabil-
ity, with high serum levels of IL-8 in AD patients with white
matter hyperintensities.®™®

Remarkably, the evidence of the modification of neur-
onal excitability by pro-inflammatory cytokines is also
observed in other diseases, such as in Cytokine Release
Syndrome (CRS), which is characterized by the presence
of seizures and encephalopathy, along with a systemic
inflammatory response triggered by various factors. CRS
is often presented concomitantly with immune cell effector-
associated neurotoxicity syndrome, a known adverse effect
of Chimeric Antigen Receptor T-cell (CAR-T) therapy.’

It is also important to note that numerous studies have
been published on neuroinflammation in AD, often yielding
conflicting results. In this context, meta-analyses have
shown that, despite the volume of scientific literature, sig-
nificant alterations in levels of cytokines are not consist-
ently observed.'®™'" These inconsistencies, accompanied
by high heterogeneity across studies, are likely influenced
by factors such as insufficient quality control measures
and small sample sizes. Moreover, neuroinflammation
should be interpreted as a spectrum of the complex inflam-
matory responses involving the CNS with a continuous
crosstalk between central and peripheral immune
system.'? From this perspective, the exclusive investigation
of cytokine alterations alone seems quite limited.'?

From a methodological standpoint, in the study by
Bruno et al. (2025) reports an association between levels
of IL-7, IL-8, and IL-12 and IEDs.! However, the absence
of a direct comparative analysis prevents a clear under-
standing of the differences in cytokine levels between
patient groups with and without IEDs. Moreover, the
optimal cutoff level of predictive cytokines to discriminate
between these two groups has not been defined. The authors
stated that analytes concentration below the detection
threshold were considered as 0 pg/ml, and cytokines with
more than 5% of values below the limit of detection
(LOD) were excluded from statistical analysis. We argue
that this approach includes values that should be interpreted
with caution, as they are not unequivocal. Specifically, fil-
tering data based on the instrument’s limit of detection
(LOD) rather than on the limits of quantification (lower
LOQ and upper LOQ) leads to the inclusion of values
that fall outside the “working range” defined by the kit
manufacturer. With this comment, we highlight the need
for more rigorous quality control procedures in the field
of neuroinflammation, which is already characterized by
significant methodological and biological heterogeneity.

Another important aspect to better understand the cat-
egory of patients with EIDs and neurodegeneration could
be considering the influence of the APOE4 allele. This
allele is known to alter EEG pattems;m’15 and APOE4 has
been associated with a seizure phenotype and sex differences

compared to APOE2 and APOE3 in mice.'® The influence of
APOE4 is also demonstrated in neuroinflammation where
APOE4 negatively influences plasma IL-7 levels.'”'® The
APOE status would therefore be an important piece of infor-
mation to know in the work of Bruno et al. (2025).

In conclusion, neuroinflammation could represent an
important link between neurodegeneration and EIDs in
AD. However, a broader understanding of EIDs in this
context will require future studies with more detailed
patient clustering, including risk factors that may influence
neuroinflammation and neuronal excitability.
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