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Abstract.

Background: Neuroinflammation, with altered peripheral proinflammatory cytokine production, plays a major role in the
pathogenesis of neurodegenerative diseases, such as Alzheimer’s disease (AD), while the role of inflammation in dementia
with Lewy bodies (DLB) is less known and the results of different studies are often in disagreement.

Objective: The present study aimed to investigate the levels of TNFa and IL-6 in serum and supernatants, and the related
DNA methylation in patients affected by DLB and AD compared to healthy controls (HCs), to clarify the role of epigenetic
mechanisms of DNA promoter methylation on of pro-inflammatory cytokines overproduction.

Methods: Twenty-one patients with DLB and fourteen with AD were frequency-matched for age and sex with eleven HCs.
Clinical evaluation, TNFa and IL-6 gene methylation status, cytokine gene expression levels and production in serum and
peripheral blood mononuclear cell (PBMC) supernatants were performed.
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Results: In AD and DLB patients, higher serum levels of IL-6 and TNFa were detected than in HCs. Differences in LPS-
stimulated versus spontaneous PBMCs were observed between DLB, AD, and HC in the levels of TNFa (p=0.027) and
IL-6 (p<0.001). Higher levels were also revealed for sIL-6R in DLB (p <0.001) and AD (p<0.001) in comparison with
HC.DNA hypomethylation in IL-6 and TNFa CpG promoter sites was detected for DLB and AD patients compared to the

corresponding site in HCs.

Conclusions: Our preliminary study documented increased levels of IL-6 and TNFa in DLB and AD patients to HCs. This
overproduction can be due to epigenetic mechanisms regarding the hypomethylation of DNA promoters.

Keywords: Alzheimer’s disease, epigenetic, IL-6, inflammation, Lewy body disease, peripheral biomarkers, TNFo

INTRODUCTION

Over the last few years, an extensive interac-
tion between the central nervous system (CNS)
and peripheral immune system has largely been
documented [1], and dysfunction of immune func-
tion may lead to damage in CNS. Persistent
systemic inflammation coming from the periphery
can drive neurodegenerative disorders and cognitive
impairment. Peripheral and CNS immune systems
communicate extensively through chemical mes-
sengers such as cytokines. Indeed, epidemiological
studies found higher blood levels of proinflammatory
cytokines, cytokine receptors, and other inflamma-
tory markers that seem to communicate with the
CNS through neural and humoral pathways, such
as afferent vagus nerve signaling, transcytosis of
cytokines through blood vessel walls into circum-
ventricular organs, or receptor-mediated transcytosis
across the blood-brain barrier (BBB) [2]. In the
CNS, proinflammatory cytokines promote the acti-
vation of microglia and astrocytes, inducing their
proinflammatory phenotype. Several studies have
shown that peripheral inflammation is associated
with microglial cell activation and increased expres-
sion of inflammatory cytokines that perpetuate the
inflammatory cycle, activating additional microglia,
promoting their proliferation, and further releasing
inflammatory factors [3-5]. Therefore, in response
to endogenous and exogenous agents, CNS cells
produce different cytokines that can lead to the
well-known process of neuroinflammation. Eventu-
ally, for a continuous release of neuroinflammatory
mediators, this systemic inflammatory pathway can
contribute to neurodegenerative processes.

Previous studies showed that the sustained pres-
ence of systemic inflammatory mediators adversely
influences cognitive functioning leading to neurode-
generation such as Alzheimer’s disease (AD) or Lewy
body disease (LBD), including Parkinson’s disease
(PD) and dementia with Lewy bodies (DLB) [6-10].

In AD patients, several studies detected an asso-
ciation between serum levels of proinflammatory
cytokines and the severity of cognitive decline as
well as between elevated levels of tumor necrosis fac-
tor (TNF)a and interleukin-6 (IL-6) and an increased
frequency of neuropsychiatric symptoms [6, 11, 12].
Additionally, the elevated cytokine levels in plasma
and cerebrospinal fluid (CSF) of AD patients and the
upregulation of cytokine mRNA levels in postmortem
brain samples suggest that central and peripheral
immune activation may be related and implicated
in the pathogenesis of neurodegenerative diseases
[13-15].

Previous studies reported an increased blood con-
centration of several proinflammatory cytokines in
patients with DLB, PD and PD with dementia (PDD),
which seems to predict more severe disease progres-
sion [16-18]. Only a few studies have investigated
cytokine levels in both CSF and blood samples of
patients with DLB, and controversial results were
found when compared to healthy controls (HC)
[19-21].

Therefore, the variability of all these results has not
yet allowed us to clarify whether systemic inflamma-
tion plays a key role in the pathogenesis of dementia.

Measurements of cytokine levels in serum/plasma
may not satisfactorily reflect peripheral blood cell
cytokine production and balances, while the evalu-
ation of stimulated cytokines mRNA expression and
production in ex vivo peripheral blood cell could
mirror inflammatory mechanisms in a more spe-
cific condition and may help to explore the new
diagnostic or therapeutic targets. Lipopolysaccharide
(LPS) is the most abundant component within the
cell wall of Gram-negative bacteria. It can stimulate
the release of inflammatory cytokines in various cell
types, leading to an inflammatory response and is
used to demonstrate neuroinflammation related with
neurodegeneration [22].

In the pathogenesis of inflammatory diseases, a
critical mechanism in the regulation of cytokine pro-



E. Costantini et al. / Peripheral Inflammatory Biomarkers of DLB 1149

duction is represented by epigenetic variability. One
principal epigenetic mechanism is DNA methyla-
tion in the promoter region, which plays a role in
mediating gene expression, with more methylation
of promoters associating with low or null gene tran-
scription [23]. Methylation generally occurs rapidly
and can be detected early at disease onset, which
may represent a precocious indicator of disease. More
specifically, alterations in DNA methylation have
been shown to modulate the brain transcriptome,
potentially contributing to neurodegeneration [24].
In fact, differences in blood methylation of clinically
diagnosed patients suggested that clinical variation in
DLB may be reflected in the blood epigenome [25].
The literature has also reported that by evaluating
epigenetic markers in peripheral blood, differences
in DNA methylation were detected in patients with
AD compared to HCs, indicating that a biosignature
of DNA methylation could be useful for the diagnosis
of AD [26]. Considering specifically the link between
neuroinflammation and DLB or AD, a number of
abnormal methylation patterns have been observed
in various genes, such as inflammatory factors (e.g.,
TNFa and interleukins), that trigger neuroinflamma-
tion and may contribute to the development of such
disease states [27, 28].

The suggestion that peripheral immune cells may
mirror human microglia originates from studies
demonstrating comparable dysfunctions in the brain
and periphery; therefore, the accessibility and non-
invasiveness of sampling peripheral blood make the
use of peripheral blood mononuclear cells (PBMCs) a
very attractive option to monitor neuroinflammation
in individuals with dementia [29, 30].

Thus, the aim of the present study was to inves-
tigate the systemic levels of the proinflammatory
cytokines TNFa and IL-6 and DNA methylation in
the PBMC:s of patients with DLB and AD compared
to HCs to improve the understanding of these neu-
rodegenerative diseases and investigate the potential
importance of these peripheral factors as diagnostic
biomarkers.

METHODS

Study participants

Twenty-one patients with a diagnosis of probable
DLB according to clinical criteria [31] and fourteen
patients with AD [32], frequency matched for sex,
age, education, disease duration, and cognitive sta-
tus, were consecutively recruited from the Dementia

Center of the Neurology Unit, “G. d’ Annunzio” Uni-
versity of Chieti-Pescara. These two disease groups
were compared to eleven HCs, frequency matched
for age and gender and recruited among the patients’
caregivers.

Clinical diagnosis of probable DLB was made
according to revised diagnostic criteria [33] and for
comparison, probable AD was based on the National
Institute on Aging and the Alzheimer’s Association
(NIA-AA) and the European Federation of Neu-
rological Societies/European Neurological Society
(ENS-EFNS) criteria [33, 34]. All selected patients
were evaluated for neurological and internal diseases
(i.e., hypertension and diabetes mellitus). Laboratory
analyses excluded secondary cognitive disorders, and
patients with ascertained neurological diseases other
than DLB and psychiatric diseases were excluded.
All selected patients underwent neurological exami-
nation, neuropsychological tests (Montreal Cognitive
Assessment, MoCA) and magnetic resonance imag-
ing (MRI), for morphological brain assessment and
to exclude the presence of brain tumors or of major
cortical atrophy. The standard of reference was
final diagnosis of DLB/AD, defined retrospectively
by a multidisciplinary team including experienced
dementia specialists, neuropsychologists, radiolo-
gists, and nuclear medicine physicians of University
of Chieti-Pescara, after a clinical follow-up of a
minimum of 12 months after the first neurologi-
cal evaluation. The final clinical diagnosis was also
based on the biomarkers available for each patient.
Electroencephalogram (EEG) was also recorded in
all subjects and spectral analysis was performed by
expert neurophysiologist to evaluate the presence of
a DLB typical pattern [33, 35].

In all patients enrolled, clinical assessment, includ-
ing cognitive and neuropsychiatric profiles, was also
evaluated. Cognitive impairment was assessed by
MoCA [36]. The Clinical Dementia Rating (CDR)
scale was also calculated in each participant with
cognitive decline [37]. In DLB patients, the pres-
ence of fluctuating cognition (CF) was assessed by
the Clinician Assessment of fluctuation (CAF) ques-
tionnaire [38], the presence of REM sleep behavior
disorder (RBD) by the Mayo Questionnaire [39],
parkinsonism was investigated by the Unified Parkin-
son’s Disease Rating Scale (UPDRS) score (part I1I)
[40], and the presence of visual hallucinations (VH)
by the Neuropsychiatric Inventory (NPI) [41].

The study was conducted according to the Dec-
laration of Helsinki and subsequent revisions and
approved by the local Ethics Committee (RF2018).
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All the participants or their caregivers signed an
informed consent before participating in the study.

Blood samples and cell cultures

Blood samples were collected in the morning
between 08 :00 and 10.00 a.m. Tubes were kept at
room temperature (RT) and transported to the labo-
ratory for processing within 1 h from collection.

Serum was collected by blood centrifugation at
1600 rpm for 10 min and frozen at —80°C. PBMCs
from each subject were separated from heparinized
whole blood by the standard density-gradient cen-
trifugation procedure.

Briefly, 10 mL of blood/saline (1:2 v/v) was lay-
ered over 5mL of Ficoll-Paque (GE Healthcare,
Merck KGaA, Darmstadt, Germany) and centrifuged
at 1600rpm for 40min at RT. Cells were har-
vested from the interface, washed twice with PBS,
and resuspended in RPMI 1640 medium (Merck
KGaA, Darmstadt, Germany) supplemented with
10% fetal bovine serum (FBS) (Euroclone, M1, Italy),
4 mM L-glutamine, 50 U/ml penicillin, and 50 mg/L
streptomycin (all purchased from Sigma—Aldrich,
Darmstadt, Germany). Cells were seeded at a concen-
tration of 2 x 10° in 5 mL polypropylene culture tubes
(BD Falcon™, Two Oak Park Bedford, MA, USA)
and grown in an incubator for 24 h in the presence or
absence of 10 ug/mL of bacterial lipopolysaccharide
(LPS; Merck KGaA, Darmstadt, Germany). After this
time, the tubes were centrifuged to collect super-
natant that was stored at —80°C for later analysis of
spontaneous cytokine production.

LPS dosage and incubation time were selected
based on previous studies from our laboratory and
other groups for the ability to induce the maximal
stimulation of the PBMC release of proinflammatory
cytokines. All tissue culture reagents were screened
before use and found to be negative for endotoxin
(<10 pg/ml; Associates of Cape Cod, Inc., Woods
Hole, MA, USA) and mycoplasma contamination
(General-probe II; General-probe Inc., San Diego,
CA, USA). More than 98% of PBMCs were viable,
as determined by trypan blue dye exclusion at the
beginning of the culture, and more than 90% were
viable before supernatants were collected.

Cytokine assays

IL-6 and TNFa concentrations in serum and
PBMC culture supernatants were evaluated by
enzyme-linked immunosorbent assays (ELISAs)

using commercially available kits for IL-6 and TNFo
(Cusabio, Houston, TX, USA). All samples were
analyzed in duplicate at the same time. Briefly, a
monoclonal antibody specific for IL-6 or TNFa was
precoated onto a microtiter plate. Standards and sam-
ples were pipetted into the wells; thus, IL-6 or TNFa
in the sample was bound by the immobilized anti-
body. After washing away any unbound substance,
an enzyme-linked polyclonal antibody specific was
added to the wells. After washing, a substrate solu-
tion was added to the wells, and color developed in
proportion to the amount of IL-6 or TNFa bound in
the initial step. The color development was stopped
after 30 minutes, and the intensity of the color was
measured at 450nm. The lower detection limit of
the IL-6 and TNF« assay was <7.8 pg/mL with an
intra-assay precision <8% and inter-assay precision
<10%.

DNA isolation and pyrosequencing

Genomic DNA was extracted from blood samples
using the Nucleospin Tissue kit (Macherey-Nagel,
Milan, Italy). The quantity and quality of DNA were
assessed by Qubit 2.0 (Invitrogen, Monza, Italy).
DNA was bisulfite-converted by the EpiTect Plus
DNA Bisulfite Kit (Qiagen, Hilden, Germany), con-
verting unmethylated cytosines to uracils, and stored
at—20°C until use. PCR amplification of the IL-6 and
TNFa promoters was performed using 2 x PyroMark
PCR Master Mix and 10x CorallL.oad Concentrate
(Qiagen, Hilden, Germany), 0.2 uM of each primer,
1 uL of bisulfite-converted DNA and nuclease-free
water to a final volume of 25 uL. The sequences
of primers used for DNA methylation analysis are
shown in Table 1. The PCR conditions were as fol-
lows: 95°C for 15 min, 45 cycles at 94°C for 30s,
56°C (IL-6) and 57°C (TNFa) for 30s, 72°C for
30s, and a final extension at 72°C for 10 min. In
order to evaluate the methylation status of specific
CpG sites, of major interest, located in the promot-
ers of IL-6 and TNFa genes in a single experimental
approach, the pyrosequencing reaction plates were
loaded on a PyroMark Q96ID (Qiagen, Hilden, Ger-
many), and CpG methylation analysis was conducted
by PyroMark CpG software (Qiagen, Hilden, Ger-
many). A triplicate was generated for each PCR.
Methylation for each amplicon was calculated as the
median methylation status of each analysed CpG.
Two CpGs were evaluated on the IL-6 promoter,
and four CpGs were evaluated on the TNFo gene
promoter.
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DNA methylation PCR and pyrosequencing primer sequences

Name of target gene IL-6

TNFo

Forward PCR primer
AGGAGGTG-3
Reverse PCR Primer
AAAC-3/
Sequencing Primer
Sequence to Analyze

5’-[Biotin]-TATTTTAGTTTTGAGAA
5/-CAATACTCTAAAACCCAACAA

5/-TCCTAATACAAACAACCCC-3/
CRACCACACRCAAAAACAAAAAAAAC

5’-[Biotin]-
TGAGGGGTATTTTTGATGTTTGT-3/
5-CCAACAACT ACCTTTATATATCCC-3/

5/-ATAAACCCTACACCTTCTAT-3/
CTCA/GATTTCTTCTCCATCA/GCA/
GAAAACA/GAAAATTT

Statistical analysis

Descriptive analysis was carried out using the
mean and standard deviation (SD) for quantitative
variables, while frequencies and percentages were
used to describe the qualitative variables. The normal-
ity of the distribution was tested by the Shapiro—Wilk
test. To evaluate differences between groups (DLB,
AD, and HC) in quantitative variables, one-way
ANOVA or Student’s t test for unpaired data, when
appropriate, was assessed. Pearson’s chi-squared test
was applied for univariate comparisons in categorical
data. The Tukey test correction for posthoc compar-
isons tests was applied. Spearman’s rho correlation
coefficient, with listwise deletion, was calculated to
compare the relationship of the continuous param-
eters. Statistical significance was set at the level of
<0.05. All analyses were performed using the R envi-
ronment (version 4.1).

RESULTS
Demographic characteristics

Demographic and clinical characteristics are
reported in Table 2. No significant differences were
found for age, gender, and education level among
groups, as per the inclusion criteria. No difference
was observed in disease duration between DLB and
AD subjects. As expected, mean MoCA scores were
lower in DLB and AD patients than in HCs.

In DLB patients, the clinical evaluation showed
that the median UPDRS-III score was 23 (IQR
14-37); 19 patients presented parkinsonism
(90.48%); 13 showed FC (61.90%); 16 presented
VH (76.19%); and 18 had RBD (85.71%).

Serum levels of cytokines

Serum levels of IL-6 and TNFa evaluated in
DLB and AD patients were significantly different
from those in HCs (one-way ANOVA test p=0.012

and p<0.001, respectively). As reported in Fig. 1,
significantly higher levels of IL-6 were detected
in DLB patients than in AD patients (mean dif-
ference =34.1 pg/ml; p=0.049) and in HCs (mean
difference = 50.5 pg/ml; p = 0.006). Furthermore, dif-
ferences were detected for TNFa with significant
variation in AD serum compared to HC (mean differ-
ence =24.2 pg/ml; p=0.018). Overall, in all groups,
IL-6 levels were higher than TNFa. Since serum IL-6
and TNFa levels represent the sum of all sources and
are affected by the rate of clearance, it is uncertain
whether these different levels were due to variable
gene regulation profiles and flexible secretion by
immune cells, non-immune cells, or both or to the
rate of clearance.

Cytokine production from PBMCs

In attempting to identify the source of elevated
serum cytokine levels, we isolated PBMCs from each
subject and analyzed the levels of cytokines released
before and after in vitro culture stimulation with LPS.
To better underline the differences in IL-6 and TNFa
release, Fig. 2 shows the ratio referring to the PBMC
supernatant levels in the presence of LPS and in the
absence of LPS.

Significant differences in TNFa and IL-6 release
ratio were observed between DLB, AD, and HC
(one-way ANOVA test p<0.001 and p=0.027,
respectively).

The mean TNFa release ratio was 10.5 (£5.3) for
DLB, 15.3 (£9.3) for AD and 7.8 (£1.2) for HC,
while for IL-6, the mean rase ratio was 7.6 (£2.4)
for DLB, 3.2 (£2.9) for AD and 3.6 (£1.1) for HC.
Differences were found between AD and HC for
TNFa release ratio (mean difference =7.5; p=0.010)
and between DLB and AD (mean difference =4.5;
p<0.001) and HC (mean difference =4.0; p <0.001).

The IL-6 levels depend on the balance between
IL-6 production and elimination, and the main elim-
ination pathway may be receptor-mediated. Thus,
the spontaneous (CTRL) and LPS-induced levels of
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Table 2
Demographic and clinical characteristics of the experimental groups
Groups DLB AD HC P
(n=21) (n=14) (n=11)
Demographics
Sex (Female), n (%) 61.9% 57.9% 60.0% 0.961*
Age (y), mean (SD) 78.81 (5.95) 73.71 (6.82) 76.2 (4.32) 0.052b
Education (y), mean (SD) 7.81 (4.90) 6.64 (3.17) 7.80 (3.08) 0.595%
Clinical features
Disease duration (y), mean (SD) 5.48 (3.59) 5.28 (4.25) / 0.882¢
MoCA, mean (SD) 13.33 (4.63) 12.14 (3.13) 28.7 (1.34) <0.001°
UPDRS III, mean (SD) 26.86 (13.19) 2.36 (4.89) / <0.001°¢
CDR, mean (SD) 1.16 (0.43) 1.17(0.46) / 0.948¢
Cognitive fluctuation, n (%) 61.9% T71% / 0.004*
RBD, n (%) 80.9% 21.4% / 0.002*
VH, n (%) 71.4% 21.4% / 0.011*

DLB, dementia with Lewy bodies; AD, Alzheimer’s disease; HC, healthy controls F, female; M, male; MOCA, Montreal Cognitive Assess-
ment; CDR, Clinical Dementia Rating; UPDRS, Unified Parkinson’s Disease Rating Scale; RBD, REM sleep behavior disorder; VH, visual
hallucinations; SD, standard deviation. p value obtained by® Pearson chi-squared test; bone—way ANOVA test; “Student’s t test for unpaired

data.
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Fig. 1. Cytokine levels in the serum of HC, AD and DLB patients. Data are expressed as the mean and standard deviation of biological
data. Statistical differences calculated by post hoc Tukey test for IL-6: *p <0.05 DLB versus AD; ##5 <0.001 DLB versus HC. Statistical

differences for TNFa “°p <0.01 AD versus HC.

soluble IL-6 receptor (sIL-6R) were also evaluated.
Table 3 shows that higher levels of sIL-6R were
detected in DLB and AD, in accordance with previ-
ously observed higher IL-6 levels. In all groups, the
spontaneous release of sIL-6R was significantly dif-
ferent, while in LPS-stimulated cells, no differences
were observed between AD and DLB, which both
showed LPS-stimulated sIL-6R release higher than
that in HC (Table 3).

To evaluate the relationship between sIL-6R and
IL-6, we calculated the sIL-6R/IL-6 ratio. The data
reported in Table 4 underline significant differences
in spontaneous DLB versus AD and HC and in LPS-
stimulated PBMCs of DLB and AD versus HC. The
data convey that sIL-6R has a potential role in the
regulation of both local and systemic IL-6-mediated
events.

IL-6 and TNF«a promoter methylation status

Pyrosequencing, performed to investigate the
methylation status of TNFa and IL-6 in DLB, AD,
and HC, showed an alteration in the methylation pat-
tern for all CpG sites involved. Raw methylation %
data for both DLB and AD patients were stratified
in two groups compared to the mean methylation %
of analyzed controls, which provided the threshold
values for each patient group, prior to the statistical
analysis to decrease the tendentially high standard
deviation observed between the target samples. Pyro-
grams of selected DLB and AD patients, as well as
corresponding controls (HC), are depicted in Supple-
mentary Figure 1.

Specifically, hypomethylation was detected for IL-
6 in 17 DLB (38.0%) and 6 AD (38.3%) patients
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Fig. 2. IL-6 and TNFa release ratio of cytokine levels in the supernatant of PBMCs from DLB, AD, and HC samples cultured in the presence
or absence of 10 ug/mL LPS. Data are expressed as the mean and standard deviation. Statistical differences calculated by posthoc Tukey
test for IL-6: ***p <0.001 DLB versus AD; *#p <0.001 DLB versus HC. Statistical differences for TNFa *°p <0.01 AD versus HC.

Table 3
Levels of sIL-6R in spontaneous and LPS-treated PBMCs
DLB AD HC One-Way Mean difference (Tukey post hoc p)

ANOVA p DLB versus AD DLB versus HC ~ AD versus HC

sIL-6R CTRL ~ 569.0 (£80.1)  506.9 (£70.4)  401.1 (£54.2) 0.001 62.0 (0.044) 168.0 (0.001) 106.0 (0.003)
sIL-6R LPS 542.4 (£136.6) 491.4 (£154.6) 156.4 (£17.3) 0.001 51.5(0.479) 387.0 (0.001) 335.0 (0.001)
Data are expressed as the mean and standard deviation (SD).
Table 4
RATIO of sIL-6R and IL-6 in spontaneous and LPS-treated PBMCs
DLB AD HC One-Way Mean difference (Tukey post hoc p)

ANOVA p DLB versus AD DLB versus HC ~ AD versus HC

SIL-6R/IL6 RATIO CTRL  33.8 (£6.1) 12.3 (£8.5) 8.8(£1.2)  0.001 21.5 (0.001) 25.0 (0.001) 3.5(0.388)
SIL-6R/IL6 RATIOLPS  4.5(£1.3) 4.8 (£3.6) 1.0(£0.3)  0.001 ~0.3 (0.920) 3.4(0.001) 3.7(0.001)

Data are expressed as the mean and standard deviation (SD).

compared to the mean methylation percentage of &
corresponding controls (44.4%). Regarding TNFa, 50
12 DLB (9.5%) and 5 AD patients (8.7%) exhib-
ited hypomethylation of the studied CpG islands at
the promoter level when confronted with the HC
group (11.9%), with significant differences (p < 0.05)
(Fig. 3).

Gene methylation was measured at 2 CpGs for IL-
6 and at 4 CpGs for TNFa (Table 5), indicating the
diverse contribution of the different sites of methyla-
tion to cytokine production levels.

Although no significant differences were observed
in the mean methylation levels for IL-6, Table 5 shows
that the methylation level at CpG1 of IL-6 was signifi-
cantly lower in DLB patients than in HCs (p =0.035),

=

ANOVA TEST p=0.011

°
IL-6 TNFa
ODLB BAD mHC

Mean Methylation %
© G
B g

Fig. 3. Mean methylation percentage of the IL-6 and TNFa gene
promoters in blood samples of DLB and AD patients compared
to HC. Statistical significance was calculated by post hoc Tukey’s
test for multiple comparisons at °p <0.05.

Indeed, correlation analysis shows that IL-6 CpG1

while no significant differences were observed for
CpG2 methylation. TNFa CpG site methylation was
significantly lower in DLB and AD samples than in
HC samples.

methylation is significantly correlated with sIL-6R
levels (sIL-6R rho: —0.551, p =0.022) in spontaneous
PBMCs from DLB patients. While not significant
negative correlations were also observed in sponta-
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Table 5
IL-6 and TNFo DNA methylation levels in DLB, AD and HC samples

Variable DLB AD HC One-way Mean difference (Tukey post hoc p)
ANOVA p DLB versus AD DLB versus HC AD versus HC
IL-6
CpG1(%) 39.3 (+£6.4) 42.1 (£3.5) 459 (£4.3) 0.038 —2.7 (0.509) —6.5 (0.035) -3.7(0.424)
CpG2(%) 36.6 (£5.9) 34.5 (£7.5) 429 (£8.2) 0.170 2.1(0.777) -6.3 (0.121) -8.4 (0.074)
TNFa
CpG1(%) 4.3 (£0.9) 3.6 (£1.3) 6.1 (£2.4) 0.158 0.7 (0.706) -1.8 (0.056) -2.6 (0.042)
CpG2(%) 7.4 (£1.6) 6.9 (£1.5) 10.0 (£2.3) 0.063 0.6 (0.846) -2.6 (0.021) -3.2(0.032)
CpG3(%) 10.2 (£2.4) 8.8 (£1.3) 12.2 (£2.5) 0.041 1.5 (0.527) —2.0(0.193) -3.4(0.067)
CpG5(%) 16.3 (£5.0) 15.7 (£1.7) 19.3 (£2.3) 0.041 0.6 (0.962) -3.0(0.273) -3.6 (0.335)

Data are expressed as the mean methylation percentage and standard deviation (SD). Mean differences were evaluated by post hoc Tukey’s

test.

neous and LPS-stimulated PBMCs of DLB patients,
for IL-6 levels and sIL-6R CpG1-2 and IL-6 CpG1-2.

Moreover, the methylation of CpG sites for TNFa
also reported an association with TNFa production.

In detail, positive correlation in spontaneous
PBMCs from DLB patients (CpG2 versus TNFo
rho: 0.024, p=0.94; CpG3 versus TNFa rho: 0.108,
p=0.73; CpG4 versus TNFa rho: 0.235, p=0.46)
were observed.

While negative correlation in LPS-stimulated
PBMC:s from DLB patients were detected for CpG1
versus TNFa rho: —0.642, p=0.025; CpG2 versus
TNFa rho: —0.378, p=0.225; CpG3 versus TNFa
rho: -0.734, p=0.007; CpG4 versus TNFa rho:
—-0.605, p=0.037.

No significant correlations were observed for IL-
6 and TNFa CpG sites in the AD and HC groups.
Thus, we observed that the IL-6 and TNFa production
levels is differently correlate to the levels of methy-
lation for IL-6 and TNFa CpG sites only in DLB
patients. A major role of methylation was observed
in the regulation of TNFa production.

DISCUSSION

Our results show that higher levels of proinflamma-
tory cytokines, such as TNFa and IL-6, are observed
in individuals with AD and DLB than in HCs. As
suggested by several studies [42—44], neuroinflam-
mation is characterized by altered production of
circulating inflammatory cytokines from chronically
stimulated innate and adaptive immune cells. We
hypothesized that serum levels of TNFa and IL-
6 would correlate with DNA methylation levels in
blood leukocytes. To investigate this, we examined
the methylation patterns of IL-6 and TNFa at the
promoter level in peripheral blood cells from DLB,
AD and HC samples and the ability of PBMCs to
release IL-6 and TNFa. Hypomethylation was doc-

umented in all CpG promoters related to the TNFa
and IL-6 genes. Although the subcellular mechanism
that mediates the relationship between circulating
cytokines and leukocyte function has not been fully
elucidated, a possible mechanism capable of modu-
lating this relationship is the epigenetic regulation
of gene expression through DNA methylation. To
date, no studies examining the effects of circulating
cytokines on DNA methylation patterns, and vice-
versa, have been conducted in peripheral blood cells
of DLB and AD patients. Thus, these findings could
support the existence of an underlying epigenetic
mechanism in terms of DNA methylation, consid-
ering the previously detected upregulation of the
expression of these genes.

Methylation is an alternative mechanism regulat-
ing cytokine production, and previous studies have
shown that TNFa and IL-6 expression is associated
with the hypomethylation of their gene promoters
[45—48]. Hypomethylation of the gene promoter of
TNFa was reported in the substantia nigra of PD
patients, possibly contributing to an alteration of the
inflammatory phenotype of microglia and the sub-
sequent development of the disease [27, 49]. Lower
methylation levels of TNFa at the promoter level,
potentially associated with neurodegeneration, were
also detected in cortex samples of AD patients com-
pared to controls [50].

Regarding interleukins, IL-6 is modulated by DNA
methylation in different chronic and degenerative dis-
eases. Therefore, hypomethylation of this interleukin
was evidenced in the cortex of late-onset AD patients
compared to controls, indicating that neuroinflam-
mation could be linked and mediated by epigenetic
modifications [51]. Lower methylation levels of inter-
leukins at the promoter region were also associated
with triggering neuronal damage and neuroinflamma-
tion in PD models and could be considered as possible
influencing factors in DLB [52].
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In our study, we investigated whether IL-6 and
TNFa methylation in a peripheral cell are associated
with AD and DLB. We found that individuals with
DLB had a significantly lower methylation at TNFa
CpG2 site and IL-6 CpG1 compared to HC, while
individual with AD had a significantly lower methy-
lation at TNFa CpGl and 2 site, with respect to HC.
Epigenetic differences, especially the level of TNFa
methylation can suggest a worsened risk of DLB and
AD disease with the low methylation level of TNFa
promoter. Our data underlining that methylation of
distinct CpG sites in IL-6 and TNFa may contribute
differently to the control of the expression and pro-
duction of these cytokines. Increased production of
cytokines was documented in the brains of individu-
als with AD and DLB [53, 54]. Previous evidence has
shown that proinflammatory cytokines, such as IL-6
and TNFa, may contribute to the overproduction of
pathogenic amyloid-8 proteins or the spreading of a-
synuclein aggregation in these patients [53, 54]. Few
studies have assessed inflammation in patients with
DLB, analyzing levels of IL-6 in CSF or plasma with
controversial results [21, 55-57]. The cytokine IL-6
was found to be significantly altered in the hippocam-
pus of PD and DLB brains, mediating BBB disruption
through the activation of the JAK-STAT signaling
pathway. Recently, plasma levels of IL-6 were cor-
related with cognitive performance and volumes of
the hypothalamus and hippocampus in AD patients.
Neutralization of IL-6 in the brains of AD mouse
models improved memory deficits and reduced cir-
culating IL-6 levels, supporting the key role of IL-6
in the correlation between brain/peripheral inflamma-
tion, neurodegeneration, and cognitive performance
[58].

IL-6 is a pleiotropic cytokine able to orches-
trate both pro- and anti-inflammatory processes.
Binding of IL-6 to membrane-bound IL-6R induces
anti-inflammatory classic signaling, whereas binding
of IL-6 to sIL-6R induces trans-signaling regulat-
ing pro-inflammatory reactions. Thus, the ratio of
IL-6 and sIL-6R was important for the evalua-
tion of inflammatory signaling activation. Currently,
the serum levels of sIL-6R penetrating the BBB
or whether sIL-6R concentrations in the brain and
periphery are correlated are not known. Elevated sIL-
6R levels have been observed in our DLB and AD
patients, suggesting that its production is involved
in the disease response. Hence, sIL-6R has the
capability to modulate both local and systemic IL-6-
mediated events and together play an important role
in neurodegenerative clinical conditions.

However, the central overexpression of IL-6 leads
to an upregulation of TNFa and microglial cell acti-
vation [59]. TNFa can be produced by different cells,
mainly T and myeloid cells. In response to LPS, the
rapid production of TNFa protein is dependent on
transcriptional effects, regulation of message splic-
ing or turnover, and regulation of translation [60]. In
addition to IL-6, TNFa primarily mediates the acute
phase of the inflammatory response and is a mediator
of neuroinflammation leading to neurodegeneration
[61, 62]. Indeed, TNFa plays an important role in
the modification of the nigrostriatal pathway and pro-
motes apoptosis of dopaminergic neurons [63].

Considering our previous study showing that the
expression of TNFa was significantly higher in
AD than in DLB and that the expression of IL-6,
although not statistically significant, was higher in the
PBMCs of DLB patients [30], in the present study,
we confirmed that peripheral inflammation occurs
differently in DLB and AD patients. The serum IL-
6 concentration was higher in DLB, whereas AD
patients showed higher serum TNFa concentrations.
The different release of both IL-6 and TNFa in
response to LPS from PBMCs supports the hypoth-
esis that PBMCs may serve as an easily collectible
biological tool to test inflammatory markers, which
could help in the differential diagnosis of dementia
and possibly for progression disease monitoring [64].

The limitations of our study are mainly related
to the sample size. Significant associations between
peripheral inflammation and specific clinical features
have not been evaluated. This is a preliminary study,
and although the results of this study must be viewed
with caution, our observations are encouraging and
may lay the groundwork for more suitably powered
studies. Further longitudinal analyses are needed to
evaluate peripheral inflammation in dementia from
prodromal to advanced stages.

Conclusions

In conclusion, this preliminary study demonstrated
alterations in serum levels of IL-6 and TNFa«, as
well as promoter hypomethylation in PBMCs, in
patients affected by AD and DLB. Our results could
support the hypothesis of a strict interconnection
between the brain and peripheral inflammation and
suggest the potential existence of an epigenetic mech-
anism involved in the production of proinflammatory
cytokines related to neurodegeneration. This study
could increase the insight into biological pathways
leading to the onset of dementia, supporting the use of
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PBMC analysis as a peripheral and noninvasive diag-
nostic marker. Of note, in the future, the inhibition of
inflammatory cytokines could be considered an inno-
vative and potential therapeutic strategy to reduce the
risk of neurodegenerative diseases.
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