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Abstract. Single nucleotide polymorphisms (SNPs) rs429358 and rs7412, the most commonly investigated variants in
the apolipoprotein E gene (APOE) are crucial for APOEe4 carrier status determination. However, their association
with inflammatory cytokine levels in patients with dementia due to Alzheimer’s disease (AD) remains unclear. This study
aimed to investigate the influence of the APOE¢4 allele on pro-inflammatory cytokine levels in the cerebrospinal fluid
of patients with AD dementia. The research was conducted on 36 patients with probable dementia due to AD. APOE
rs429358 and rs7412 were analyzed using the Real-Time PCR method with allele-specific TagMan assays, followed by
the analysis of APOEe4 allele carrier status. Patients carrying at least one APOEe4 allele were assigned as APOFE¢4+.
Core biomarkers (Af42/40 ratio, t-Tau, p-Tau levels), as well as pro-inflammatory cytokine (Tumor necrosis factor-«
(TNF-a) and interleukin-13 (IL-15)) levels, were determined in the patient’s cerebrospinal fluid (CSF) using Enzyme-
linked Immunosorbent Assay (ELISA). Seventeen patients (47.22%) were assigned as APOEe4+. CSF TNF-a levels were
significantly higher in APOEe¢4+ AD dementia patients in comparison to APOEe4— patients (p<0.001), while no
significant differences in IL-1/ levels between these two groups were obtained. Correlation analysis showed that TNF-
o negatively correlated with the Af42/40 ratio (p=0.033), while positive correlation with t-Tau and p-Tau was observed
(p=0.001, p=0.015, respectively). These findings highlight the potential significance of TNF-a. in the context of APOE¢4
positivity and its implications in AD pathology.
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Introduction

Dementia is a condition marked by declined cognitive
abilities, alterations in personality, and behavioral changes,
causing disruptions in everyday tasks. Alzheimer's disease
(AD), the predominant cause of dementia, accounts for 60-
70% of all dementia cases [1]. According to the 2019 World
Health Organization (WHQO) Global Burden of Disease
(GBD) Study, Serbia had approximately 130,000 reported
cases of dementia. Projections suggest that this number is
expected to rise to around 180,000 cases by the year 2050
[2]. The most prevalent type of AD is the late-onset form
(LOAD), which is linked to genetic variations in the
apolipoprotein E gene (APOE) [3]. The pathogenesis of AD
involves three main factors: proteinopathy, neurodegenera-
tion, and neuroinflammation. According to the amyloid cas-
cade hypothesis, the disease's significant pathohistological
features include the extracellular accumulation of B-amyloid
(AB), primarily consisting of AB1-42 peptide in brain tissue.
Additionally, there is the formation of neurofibrillary tan-
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gles (NFT) composed of hyperphosphorylated and mis-
folded tau proteins (p-Tau) in nerve cell axons. These pro-
cesses lead to neurodegeneration, brain atrophy, and subse-
quent cognitive impairment [4].

The diagnosis of AD involves the use of neuroradiolog-
ical and biochemical biomarkers. Magnetic resonance im-
aging (MRI) plays a crucial role in assessing morphological
changes, as well as distinctive patterns of brain perfusion
[5]. In line with the National Institute on Aging-Alzheimer's
Association diagnostic guidelines (NIA-AA, 2011) [6], the
concentrations of biochemical biomarkers in cerebrospinal
fluid (CSF) are analyzed, including AB42, Ap40, followed
by AB42/40 ratio calculation, total Tau (t-Tau), and phos-
phorylated Tau (p-Tau,181P). The positivity of specific CSF
AD biomarkers is determined using the A/T/N classification
(2018). CSF AP42 and/or AP42/AB40 ratio assess AP pa-
thology (biomarker "A"), CSF p-Tau evaluates tau pathol-
ogy (biomarker "T"), and CSF t-Tau evaluates neuro-
degeneration (biomarker "N") [7].

Department of Biochemistry, Faculty of Medicine, University of Ni§, Dr. Zoran Dindi¢ Blvd 81, 18000 Nis, Serbia

E-mail: jelena.basic@medfak.ni.ac.rs
Received October 12", 2023 / Accepted November 26%, 2023

© 2023 by University of Ni§, Serbia | Creative Commons License: CC BY-NC-ND



38 J. BASIC, V. MILOSEVIC, B. PORDEVIC, N. STEFANOVIC, V. STOJILJKOVIC, T. JEVTOVIC STOIMENOV, I. STOJANOVIC

It has been shown that the inflammatory response
plays a crucial role in AD, regulated by microglia and as-
trocytes. When these cells sense signals of damage or in-
jury, they undergo gradual activation, releasing pro-in-
flammatory mediators that lead to chronic inflammation,
further neuronal damage, and disease progression. Stud-
ies have shown that AP protofibrils activate microglia,
triggering the release of pro-inflammatory cytokines such
as tumor necrosis factor (TNF-a), interleukins (IL-1§, IL-
6, 1L-12), interferon-gamma (INF-y), and chemokines
like monocyte chemoattractant protein-1 (MCP-1) and
eotaxin-1. This activation also results in the generation of
reactive oxygen species (ROS) and nitric oxide (NO). In
response, astrocytes express various receptors for inflam-
matory cytokines (e.g., IL-1p and TNFa), chemokines,
and damage signals, including Toll-like Receptor (TLR)
ligands. Moreover, other receptors and mediators of in-
flammation may be induced after appropriate activation
signals from other brain cells [8].

APOE is a glycoprotein produced by the APOE gene,
and plays a crucial role in AP clearance. Two key Single
Nucleotide Polymorphisms (SNPs), rs429358 and rs7412,
are essential in determining whether an individual possesses
the APOEe2, €3, or €4 allele, and the corresponding APOE2,
E3, or E4 protein isoform. Carrying the APOEe4 allele has
been linked to a higher risk of accumulating Ap and
developing sporadic AD [3, 9]. Nevertheless, the connection
between this allele and the levels of inflammatory cytokines
in patients with AD remains unclear.

This study aimed to investigate the influence of the
APOEe4 allele on pro-inflammatory cytokine levels in
the cerebrospinal fluid of patients with AD dementia.

Materials and Methods

The study involved 36 patients diagnosed with probable
dementia due to AD at the Neurology Clinic, University
Clinical Center Ni§, based on the NIA-AA guidelines [6].
Patients underwent neurological examination and
cognitive function assessments, including Mini-Mental
State Examination (MMSE), Addenbrooke's Cognitive
Examination Revised (ACE-R), Clinical Dementia Rating
(CDR), and Instrumental activities of daily living (IADL)
using the recently validated Serbian version of the
Amsterdam IADL questionnaire (A-IADL-Q) [10, 11].
Brain MRI was performed according to dementia protocol.
CSF samples were obtained in all patients, taken in a
polypropylene tube, centrifuged at 2000 g for 10 min at
+4°C, and the supernatant was separated, aliquoted, and
stored at -80 °C until analysis. Biomarkers in the CSF were
analyzed using the Enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer's instructions
(EUROIMMUN, Germany), including AB42/40 ratio, t-
Tau, p-Tau, as described previously [12). Patients with
ACE-R scores less than 88, MMSE scores ranging from
10-26, CDR scores greater than 0.5, A-IADL-Q scores less
than or equal to 51.4, as well as positive MRI and
biochemical biomarkers were included in the study.

DNA isolation was performed using a commercial
DNA isolation kit (Thermo Scientific GeneJET Whole
Blood Genomic DNA Purification Mini Kit, Thermo
Fisher Scientific). APOE rs429358 and rs7412 were
determined by Real-Time PCR using allele-specific
TagMan assays (ThermoFisher Scientific, California,
USA). The analysis of both APOE SNPs was followed by
the determination of APOEe4 allele carrier status, as we
have previously described (12). Patients carrying at least
one APOEe4 allele were assigned as APOEe4 positive
(APOEeg4+), while patients carrying APOEs2 or €3
alleles were considered APOEe4 negative (APOEe4-).

Levels of TNF-a and IL-1p were determined in the
patient’s CSF by ELISA according to the manufacturer’s
instructions (Abexxa, Cambridge, UK; R&D Systems,
Abingdon, UK, respectively) and expressed in pg/mL.
Minimum detectable dose for TNF-o. was 0.52 pg/mL,
and for IL-1p was 1 pg/mL.

All participants were fully informed and gave their
consent to participate in the study. The Ethical Committee
of the University Clinical Center Ni§ and the Faculty of
Medicine University of Ni§ approved the research. The
study was conducted in the Laboratory for Medical
Genetics, at the Faculty of Medicine, University of Nis,
Serbia.

Statistical Analysis

Variables are expressed as mean (M) + standard deviation
(SD). The statistically significant differences between the
groups were determined by the t-test for two independent
samples. Pearson’s correlation analysis was performed to
examine associations between variables of interest.
Statistical significance was set at a p-value of <0.05.
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses.

Results

Demographic, clinical, and laboratory parameters of the
subjects are presented in Table 1.

All patients were A+/T+/N+ according to cut-off
values for core CSF biomarkers (Ap42/40, t-Tau, p-Tau).
Seventeen out of 36 patients (47.22%) were assigned as
APOEze4+, while 19 (52.78%) patients were APOEg4-.

Levels of TNF-a, t-Tau, and p-Tau in the CSF were
significantly higher in APOEe4+ AD dementia patients
in comparison to APOEe4— patients (p<0.001; p=0.007;
p=0.003, respectively), while the Ap42/40 ratio was
significantly lower in APOEe4 carriers compared to non-
carriers (p=0.006). There were no significant differences
in IL-1B levels between these two groups (p=0.261;
Table 2).

Correlation analysis showed that TNF-o negatively
correlated with the AB42/40 ratio (r=-0.356, p=0.033),
while positive correlation with t-Tau and p-Tau was
observed (r=0.539, p=0.001, r=0.401, p=0.015,
respectively). Levels of IL-1pB did not show a significant
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correlation with the AP42/40 ratio (p=0.745), t-Tau
(p=0.235), and p-Tau levels (p=0.771; Table 3).

Table 1 Demographic, clinical, and laboratory parameters
of the subjects

AD dementia patients

N=36

Gender N (%)

Male 15 (41.67)

Female 21 (58.33)
Age M (SD) 71.05 (7.78)
MMSE M (SD) 16.97 (5.88)
CSF biomarkers (M (SD))

AB42/40 ratio 0.07 (0.01)

t-Tau (pg/mL)
p-Tau (pg/mL)

653.00 (215.46)
175.64 (90.43)

TNF-a (pg/mL) 466  (0.81)

IL-1B (pg/mL) 22.84 (11.04)
APOE &4 positivity N (%)

APOE &4+ 17 (47.22)

APOE ¢4— 19 (52.78)

AD — Alzheimer’s disease, APOE — Apolipoprotein E,

CSF — cerebrospinal fluid, M — mean, SD — standard deviation,
MMSE — Mini-mental State Examination, N — number of
subjects, TNF — Tumor necrosis factor, IL — Interleukin

Table 2 CSF biomarkers in APOE ¢4+ and APOE &4— AD
dementia patients

CSF biomarkers APOE &4— APOE ¢4+  p-value
M (SD) M (SD)
APB42/40 ratio 0.08 (0.01) 0.6 (0.01) 0.006

t-Tau (pg/mL)  564.53 (138.06) 751.87 (245.81) 0.007
p-Tau (pg/mL)  134.90 (76.8) 221.16 (84.16) 0.003
TNF-o (pg/mL) 421 (0.47) 516 (0.82) 0.000
IL-18 (pg/mL)  20.86 (10.70) 25.06 (11.31) 0.261

AD — Alzheimer’s disease, APOE — Apolipoprotein E,
CSF — cerebrospinal fluid, M — mean, SD — standard deviation,
TNF — Tumor necrosis factor, IL — Interleukin

Table 3 Correlation analysis of CSF biomarkers in AD
dementia patients

AB42/40 t-Tau p-Tau

ratio
TNF-o0  Pearson’sr  -0.356 0.539 0.401
p-value 0.033 0.001 0.015
IL-1B Pearson’sr  -0.056 0.203 0.050
p-value 0.745 0.235 0.771

AD — Alzheimer’s disease, IL — Interleukin, TNF — Tumor necrosis
factor

Discussion

While rs429358 and rs7412 SNPs are frequently studied
variations in the APOE gene, the relationship between
the APOEe4 allele and pro-inflammatory cytokine levels
in CSF of patients with AD dementia is not fully
comprehended. The findings of this study revealed a
significant increase in CSF TNF-a levels among patients
with AD dementia who carried the APOEe4 allele,
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compared to non-carriers. Additionally, TNF-a exhibited
a positive correlation with t-Tau and p-Tau, while a
negative correlation with the AB42/40 ratio was observed.

Prior research has demonstrated elevated levels of
specific inflammation-related biomarkers in the blood
serum or CSF of AD patients. These biomarkers include
TNFo, IL-1p, IL-4, IL-5, IL-9, IL-13, YKL-40 (also known
as chitinase-3-like protein-1 (CHI3L1)), and glial fibrillary
acidic protein (GFAP). Additionally, two chemokines,
MCP-1, and eotaxin-1, have previously been associated
with more significant memory impairment in individuals
with Mild Cognitive Impairment (MCI) and AD [8, 13, 14].

The APOEze4 allele is widely acknowledged as the
primary risk factor for sporadic AD and is linked to an
earlier onset of the disease, contingent on an individual's
carrier status. People who have the APOEe4 allele
typically develop the disease approximately 12 years
earlier than those who do not carry this allele [15].
Additionally, studies have indicated that patients
carrying the APOEe4 allele display specific patterns of
brain region involvement in the pathological process,
differing from APOEe4-negative patients. This variance
leads to distinct clinical presentations. Specifically,
APOEz¢4-negative patients undergo a cognitive decline in
other domains before experiencing memory decline,
which is the initial symptom in APOEe4+ patients [3].
Furthermore, our previously published results revealed
that individuals with the APOEe4 allele had a 3-fold
higher risk of developing dementia due to AD compared
to those with the reference allele APOEe3 in the Serbian
population [12].

APOE plays a pivotal role in clearing AP, which is
eliminated from the brain through the blood-brain barrier
(BBB) or cellular and enzymatic degradation pathways.
It is synthesized in microglia, astrocytes, and neurons
under stressful conditions [9]. After becoming lipidated,
APOE binds with soluble AP and aids in its clearance,
involving uptake through the LDL receptor (LDLR) and
LDL Receptor-Related Protein 1 (LRP1) as well as
transport across the BBB. The APOE E4 isoform has a
reduced affinity for AB, binding to it less efficiently than
APOE E3. This weakened binding hampers both cellular
and perivascular clearance, resulting in the accumulation
of AP in the brain and further progression of the disease
in APOEg4+ individuals [3, 16].

Research studies have shown that microglia expressing
the APOE4 significantly increase the production of pro-
inflammatory mediators such as TNFa, IL-6, and NO.
Additionally, these microglia demonstrate impaired
migration and reduced phagocytic function. Moreover,
APOE's involvement in neuroinflammation is further
substantiated by the discovery that APOE signaling
through the triggering receptor expressed on myeloid
cells 2 (TREM2) prompts a shift in microglia toward a
neurodegenerative phenotype [9, 17]. Additionally, it has
been observed that all APOE isoforms can induce
increased expression of IL-1pB, TNFa, and IL-6 in human
astrocytes, with APOE4 leading to the highest level of
cytokine expression. Nevertheless, the specific function
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of APOE4 in astrocytes and its detailed link to patholog-
ical neuroinflammation is not yet fully understood. It has
been shown that Transgelin 3 (TAGLN3) may play an
important role in the negative regulation of nuclear factor
kB (NF-kB) activity in human astrocytes. Moreover, TA-
GLN3 downregulation has been observed in AD. A re-
cent research investigation has highlighted the involve-
ment of microglial NF-kB signaling in facilitating the
spread and harmful effects of tau proteins in a mouse
model of tauopathy [18]. Furthermore, in APOE4 iPSC-
derived astrocytes, it was found that TAGLN3 downreg-
ulation exacerbates inflammation through NF-kB activa-
tion, identifying TAGLN3 as an interacting partner of
IkBa [19]. NF-kB plays a crucial role in TNF-a signaling
and can be activated through the TNF-a signaling cas-
cade. Interestingly, NF-kB not only responds to TNF-a
signaling but can also trigger the expression of TNF-q,
leading to the increased production of this cytokine and
prolonged inflammation. We suggest that the increased
levels of TNF-a in CSF observed in APOE4¢4+ patients
with dementia due to AD in our study occur as a response
to microglial activation. This activation is induced by
APOE4¢4-mediated increased accumulation of AB. Ad-
ditionally, this elevation in TNF-a might be attributed to
the downregulation of TAGLNS3 in astrocytes, resulting
in NF-kB activation and intensified neuroinflammation.
On the other hand, the presence of the APOEe4 allele
is linked to the accumulation of tau, a-synuclein, TDP43,
neurofilament-light (NfL), and other proteins associated
with neurodegeneration, regardless of AP presence
[3,9, 17, 20]. Moreover, the presence of certain anti-in-
flammatory cytokines, including IL-10, IL-13, and IL-4,
showed a negative correlation with tau pathology, specif-
ically in the aging cohort of APOEe4- individuals. This
implies a protective effect against tau pathology in those
lacking APOEe4 [21]. In line with these results, Abe et
al. [22] found that APOEe4+ MCI-AD patients exhibited a
significantly faster decline in hippocampal volume in
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