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Purpose: Chronic low-grade inflammation and oxidative stress are present in most of the
pathologic mechanisms underlying non-communicable diseases. Inflammation and redox bio-
markers might therefore have a value in disease prognosis and therapy response. In this context,
we performed a case—control study for assessing in whole blood the expression profile of
inflammation and redox-related genes in elderly subjects with various comorbidities.

Patients and Methods: In the blood of 130 elderly subjects with various pathologies
(cardiovascular disease, hypertension, dyslipidemia including hypercholesterolemia, type 2
diabetes mellitus), kept under control by polyvalent disease-specific medication, we inves-
tigated by pathway-focused qRT-PCR a panel comprising 84 inflammation-related and 84
redox-related genes.

Results: The study highlights a distinctive expression profile of genes critically involved in
NF-kB-mediated inflammation and redox signaling in the blood of patients with cardiovas-
cular disease, characterized by significant down-regulation of the genes NFKB2, NFKBIA,
RELA, RELB, AKTI, IRF1, STATI, CD40, LTA, TRAF2, PTGS1, ALOX12, DUOXI, DUOX2,
MPO, GSR, TXNRD2, HSPAIA, MSRA, and PDLIM]I. This gene expression profile defines
the transcriptional status of blood leukocytes in stable disease under medication control,
without discriminating between disease- and therapy-related changes.

Conclusion: The study brings preliminary proof on a minimally invasive strategy for
monitoring disease in patients with cardiovascular pathology, from the point of view of
inflammation or redox dysregulation in whole blood.

Keywords: aging-related diseases, cardiovascular disease, inflammation, NF-kB signaling,

redox metabolism, oxidative stress

Introduction

The growing prevalence of non-communicable diseases (NCDs), especially in elderly
individuals, determines the need for an accelerated search of biomarkers that could
improve disease prognosis, monitoring, and therapeutic engagement. Extensive evidence
indicates a critical role of low-grade chronic inflammation and oxidative stress as active
participants in the pathological mechanisms underlying NCDs such as cardiovascular
disease (CVD), hypertension, type 2 diabetes mellitus (T2DM), and dyslipidemia.k5
Underlying mechanisms are cellular senescence,® mitochondrial dysfunction,’ defective
autophagy and mitophagy of misfolded or oxidized proteins,® activation of inflamma-
somes by cell debris and misplaced “self” molecules,” dysregulation of the ubiquitin—

proteasome system, ' activation of the DNA damage response'’, and dysbiosis.'?

submit your manuscript

Dove n

http:

" in @

Journal of Inflammation Research 2021:14 429-442 429
© 2021 Milanesi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Bv crmm php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati i /by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, prowded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0003-2753-3395
http://orcid.org/0000-0002-9706-1883
http://orcid.org/0000-0002-1376-4021
http://orcid.org/0000-0002-5507-1020
http://orcid.org/0000-0002-5162-8397
http://orcid.org/0000-0003-4826-2598
http://orcid.org/0000-0002-5308-205X
http://orcid.org/0000-0001-7300-7973
http://orcid.org/0000-0002-4762-9581
http://orcid.org/0000-0001-6862-5515
http://orcid.org/0000-0002-4039-7140
mailto:gina.manda@gmail.com
mailto:antonio.cuadrado@uam.es
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Milanesi et al

Dove

A multitude of stimuli can trigger chronic inflammatory
responses in innate immune cells, mainly in macrophages
through cognate receptors of Pathogen-Associated
Molecular Patterns (PAMPs) and Damage-Associated
Molecular Patterns (DAMPs) that are signaling mostly via
the NF-kB pathway."'* A persistently increased NF-xB
activity can drive senescence of immune cells that acquire
an altered transcriptional phenotype, resulting in increased
production of inflammatory factors such as IL-6, IL-8, IL-7,
MCP-2, MIP-3, ICAM, Il-1a, and IL-p."* Concurrently, a
persistent alteration of the redox metabolism occurring in
elderly individuals, due to an increased production of reac-
tive oxygen species (ROS) by mitochondrial and cytoplas-
matic sources, or to defective antioxidant protection'” is a
risk factor for NCDs.'® The ensuing low-grade redox dysre-
gulation alters signaling responses to growth and trophic
factors, cytokines, chemokines, etc., leading to cellular
senescence and chronic inflammation.'” Various comorbid-
ities, such as obesity, hypertension, and T2DM contribute to
exacerbate the deleterious action of this low-grade pro-
inflammatory phenotype characterizing elderly individuals.'®

The highly reactive circulating leukocytes reflect quite
closely both systemic and localized inflammatory and
redox-mediated mechanisms. Moreover, the recruitment
of dysfunctional blood leukocytes into diseased tissues
can amplify these pathological processes, hence worsening
disease evolution.'” Being easy to obtain from venous
blood, the functional status of circulating leukocytes repre-
sents a window for detecting immune abnormalities in
NCDs related to inflammation and redox metabolism.

This study aimed to identify gene expression changes
that might underlie pathologic processes in elderly patients
with various NCDs. We analyzed the expression of 168
inflammation- and redox-related genes in the blood of a
cohort of 130 elderly patients with diseases kept under
clinical management by polyvalent medication. The
detected gene expression profile was consistent with a
suppression of inflammatory and redox-mediated pro-
cesses as adaptive mechanisms aimed at limiting disease
progression or relapse.

Patients and Methods

Subjects

Elderly individuals (n=130), 67- to 81-year-old, were ran-
domly recruited from 3 neurology, 1 psychiatry, and 2 geriatric
clinics. The inclusion criterion was age above 60 years, and
exclusion criteria comprised: (i) acute inflammatory reactions

and infection in the last 30 days prior to the study inclusion; (ii)
history of any type of cancer and autoimmune diseases; (iii)
acute episodes of morbidities during the last year before being
recruited in the present study. All the recruited subjects, com-
plying with the above-mentioned inclusion/exclusion criteria,
were clinically evaluated for the presence of NCDs. Patients
presented one or several morbidities, comprising hypertension
(HT), cardiovascular diseases (CVD), dyslipidemia (DL),
including hypercholesterolemia (HC) and Type 2 diabetes
mellitus (T2DM) as described in Table 1A. Disease was kept
under control with polyvalent medication. For analyzing gene
expression data, the subjects presenting a type of disease
constituted the case group, while all the other subjects in the
cohort, not presenting that specific disease, constituted the
control group (Figure 1, Table 1B). The study was conducted
in accordance with the Declaration of Helsinki, and was
approved by the local ethics committees of participating
clinics, as follows: Clinical Hospital Colentina, Bucharest,
Romania — 12/11.05.2017; University Emergency Hospital,
Bucharest, Romania — 56457/07.11.2017; “Prof. Dr. Al
Obregia” Psychiatry Clinical Hospital, Bucharest, Romania —
3/17.05.2017; “Ana Aslan” National Institute of Gerontology
and Geriatrics, Bucharest, Romania — 299.1101.2018;
Hospital Arnau de Vilanova de Lleida, Lleida, Spain — CE
1218. Written informed consent was obtained from all study
participants at the moment of recruitment and blood
collection.

Blood Samples

For all the recruited subjects, venous blood (2.5 mL) was
collected in PAXgene Blood RNA Tubes (Qiagen) for
RNA isolation and gene expression studies. Tubes with
blood were kept at room temperature for 24 h, transferred
to —20°C for another 24 h, and, finally, stored at —80°C
until use.

For a subgroup of 46 elderly subjects, venous blood
was collected in SSTII Advance vacutainers for serum
separation and investigation of cardiovascular markers
and several cytokines, chemokines, and growth factors in
serum by xMAP protein multiplexing.

Gene Expression

Total RNA was isolated from the blood collected in PAXgene
tubes according to the manufacturer’s protocol. RNA purity
and quantity were spectrophotometrically assessed using a
NanoDrop 2000 equipment (Thermo Scientific). Reverse
transcription was performed with the RT* First Strand Kit
(Qiagen) using 400 ng of RNA. The expression of 84 key
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130 elderly individuals classified according to
the NCDs reported in Table 1

Blood gene expression analysis by qPCR
of 84 inflammation-related and 84 redox-related genes in 130 elderly individuals

l

39 CVD
Vs
91 C (no-CVD)

A

Serum cytokines and CVD markers
evaluation in a subgroup of 24 CVD
and 22 C (no-CVD)

l

74 HT 21 T2DM
vs vs
56 C (no-HT) 97 C (no-T2DM)
446 DL 33 HC
vs vs
84 C (no-DL) 97 C (no-HC)

Figure | Classification of the 130 recruited elderly patients in case and control groups, according to comorbidities (CVD-cardiovascular diseases, HT-hypertension, DL-
dyslipidemia, HC-hypercholesterolemia, T2DM- Type 2 diabetes mellitus). The subjects presenting a type of comorbidity constituted the case group, while all the other
subjects in the cohort, not presenting that specific comorbidity, constituted the control group (C).

genes involved in redox responses and of 84 genes related to
inflammatory processes (Supplementary Table 1) was eval-
uated with RT? Profiler™ PCR Array Human Oxidative
Stress Plus (PAHS-065Y, Qiagen) and RT? Profiler™ PCR
Array Human NF-xB Signalling Pathway (PAHS-025Z,
Qiagen), respectively. The SYBR Green chemistry on an

ABI-7500 fast instrument (Applied Biosystems) was applied.
The geometric mean of two housekeeping genes (HPRT! and
RPLP0) was used to normalize the expression level of each
transcript. These two reference genes were selected among
five candidates that are available in each array (ACTB, B2M,
GAPDH, HPRT1, and RPLPO), using the RefFinder algo-
rithm (http:/leonxie.esy.es/RefFinder/).”® Gene expression

levels were calculated as 22" values. Fold Change (FC)

22T mean values

in gene expression was calculated as the
in patients divided by 2T mean values in controls. Results
are presented as Fold Regulation (FR) as follows: when the
FC value was above 1, FR was equal to FC, and results were
reported as fold up-regulation; when the FC value was less
than 1, FR was expressed as the negative inverse of FC, and

results were reported as fold down-regulation.

Protein Multiplexing in Serum

Through protein multiplexing (XxMAP array analysis) var-
ious cytokines/chemokines/growth factors and CVD mar-
kers were assessed in the serum of 24 CVD patients and
22 no-CVD controls, for which serum was available. The

XMAP array analysis was performed according to the
manufacturer’s protocols, and the multiplex data acquisi-
tion was done using a Luminex®™ 200™ system. Serum
cytokines, chemokines, and growth factor levels were
determined using the following kits from R&D Systems:
1) the Human XL Cytokine Discovery Premixed Kit
(R&D Systems), with an analyte-specific bead set addres-
sing CCLI11/Eotaxin, CCL2/JE/MCP-1, CCL3/MIP-
lalpha, CCL4/MIP-1beta, CD40 ligand/TNFSFS5,
CX3CL1/Fractalkine, CXCL10/IP10/CRG-2, EGF, G-
CSF, 1L-13, IL-15, IL-1ra/IL-1F3, IL-3, and IL-7; 2) the
Human High Sensitivity Cytokine Base A, addressing
TNFa, VEGF, IL-2, IL-1B, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12p70, GM-CSF, and IFNy. The concentration of the
serum CVD markers (CK_MB, TROPONINI1, CXCL6,
CXCL16, Endocanl, FABP3, FABP4, PGF, OSM
(Supplementary Table 2) was evaluated using the
MILLIPLEX MAP Human Cardiovascular Disease
(CVD) Magnetic Bead Panel 1 (Merck Millipore).
Briefly, the beads were incubated for several hours

(depending on the kit) with standards, controls, and sam-
ples in a 96-well plate. All further incubations with the
Biotin-Antibody Cocktail and with Streptavidin phycoery-
thrin were performed at room temperature, in the dark,
under shaking at 800 rpm. Multiplex data analysis was
performed using xXPONENT 4.2 software (Millipore) and
the calibration curves were generated with a 5-parameter
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logistic fit. Duplicate samples were used for all serum
specimens, and the mean concentrations per duplicate
samples were used for statistical analysis.

Statistical Analysis

For statistical analysis, subjects presenting a particular type
of NCD were grouped and were compared with the rest of
the subjects from the study cohort which did not have that
particular NCD (control group) (Figure 1 and Table 1B).
Differences in gene or protein expression levels between
groups were evaluated with the Mann—Whitney U-test,
since the data were not normally distributed (Kolmogorov—
Smirnov, p<0.05). Only changes in gene expression with
absolute FR values >1.8 and p values <0.005 were consid-
ered significant in this study. Correlations between gene
expression levels were calculated using the Pearson coeffi-
cient and were considered significant with a coefficient r >
0.7 (positive correlation) and p<0.001.

Results

The expression levels of 168 genes involved in inflamma-
tion and redox metabolism were analyzed in a cohort of
130 elderly individuals whose demographic and clinical
parameters are described in Table 1. The investigated
patients presented one or more chronic morbidities that
were controlled with polyvalent medication. Analysis was
performed according to each of the NCDs registered in the
investigated cohort of 130 elderly patients (Table 1A), by
comparing the data from subjects presenting a particular
morbidity with the data from subjects not having that
particular disease (control group) (Table 1B).

We identified a distinctive gene expression profile in
CVD patients (N=39) as compared to the corresponding
controls, that was not found in the groups of patients
presenting primarily hypertension (N=74), dyslipidemia
(N=46), including hypercholesterolemia (N=33), or
T2DM (N=21) (Supplementary Table 3).

The investigated CVD patients had atherosclerosis

(N=21) (carotid atherosclerosis-14, mesenteric artery dis-
ease-1, coronary artery disease-6), venous chronic insuffi-
ciency (N=2), arrhythmia (N=8) (atrial fibrillation-6,
paroxysmal tachycardia-1, sinus node dysfunction-1),
angina pectoris (N=5), congestive heart failure (N=2),
and cardiomyopathy (N=1). The disease was kept under
control by medication as shown by the registered serum
concentrations of various CVD biomarkers that were in the
normal range (Supplementary Table 2).

The gene expression profile in the blood of CVD
patients was characterized by significant down-regulation
of several inflammatory genes (Figure 2). These genes are
part of the NF-kB system (Figure 2A: NFKB2, NFKBIA,
RELA, and RELB), or participate in signaling pathways
interacting with NF-xB (Figure 2B: AKTI, IRFI, and
STATI), are involved in receptor-mediated signaling
through NF-«B (Figure 2C: CD40, LTA, and TRAF?2) and
in arachidonic acid metabolism (Figure 2D: 4LOX12 and
PTGSI). We have further investigated the impact of
inflammatory genes down-regulation on the level of 15
pro-inflammatory cytokines/chemokines/growth factors in
serum from a sub-group of elderly subjects (24 CVD
patients and 22 no-CVD controls). Down-regulation of
the inflammation genes identified in 39 CVD patients
and 91 controls (Figure 2) was reproduced also in the
smaller sub-group for which cytokines were measured
(data not shown). All investigated pro-inflammatory fac-
tors, excepting IL-1P, were in the normal range. The con-
centration of IL-1 was decreased to 67% in CVD patients
as compared to no-CVD controls (CVD patients: 0.44 pg/
mL, no-CVD subjects: 0.75 pg/mL, p=0.002). We found
no significant correlations (r>0.5, p<0.05) between the IL-
1B decrease and the down-regulated genes in CVD
patients.

In parallel to inflammatory genes down-regulation, we
observed under-expression of several redox genes in the
blood of CVD patients (Figure 3), that are involved in
reactive oxygen species (ROS) production (Figure 3A:
DUOX1/2 and MPO), glutathione (GSR) and thioredoxin
(TXNRD2) metabolism (Figure 3B), oxidative damage
repair (Figure 3C; HSPA1A and MSRA), and adaptors for
cytoskeletal proteins (Figure 3D: PDLIMI).

The Pearson correlation analysis performed on the
inflammatory and redox genes that were down-regulated
in CVD patients indicated significant intra-pathway con-
nections for most of these inflammatory (Figure 4) and
redox (Figure 5) genes. However, no significant associa-
tion was evidenced for the L74 gene in the inflammatory
pathway (Figure 4B), and for the GSR gene in the redox
pathway (Figure 5A), suggesting that mechanisms other
than those analyzed in our arrays underlie their down-
regulation. Intra-pathway correlations were more abundant
in the group of CVD patients than in the control group,
therefore providing a distinctive CVD signature. For
instance, NFKBIA was correlated with several genes in
the NF-kB-related signaling pathway in the case of CVD
patients (Figure 4A), while no significant connections
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Figure 2 Inflammation-related genes differentially expressed in the blood of 39 CVD patients versus 91 controls. The reported genes are involved in: (A) NF-kB signaling,
(B) Other signaling pathways, (C) Receptor-mediated signaling, (D) Metabolism of arachidonic acid. Gene expression levels are expressed as mean relative fold of change
versus controls and standard error of the mean (SEM). The p-value was calculated using the Mann—-Whitney U-test (**p<0.001).

were found in the control group (Figure 4B). Likewise,
more associations centered on the RELA gene were evi-
denced in CVD patients as compared with the control
group (Figure 4A and B). In the case of redox genes,
two intra-pathway correlations were registered for the
MPO gene in CVD patients (Figure 5A), but no significant
connections were observed in controls (Figure 5B).

When analyzing the inter-pathway correlations, multiple
associations between inflammatory and redox genes were
detected in the group of CVD patients (Figure 6A), with
the inflammatory NFKB2, RELA, TRAF2, PTGSI, and
ALOXI?2 genes showing the highest number of inter-pathway
associations. Regarding redox genes, TXNRD2, HSPAIA,
MSRA, and PDLIMI showed multiple connections with

inflammatory genes in CVD patients (Figure 6A).

Comparing CVD patients with controls, we found far more
inter-pathway correlations in the CVD group (Figure 6A and
B). For instance, no correlations of the NFKB2, RELA, IRF I,
AKTI, STATI, CD40, LTA, and TRAF2 genes with redox
genes were detected in controls, while multiple connections
were evidenced in CVD patients. These results provide a
particular transcriptional signature of inflammatory and
redox genes identified in the whole blood of CVD patients.

Discussion

The pathway-focused qRT-PCR analysis in whole blood
indicates that the investigated CVD patients, with disease
kept under control by medication, are characterized by
abnormally low expression levels of several inflammatory
and redox genes which generally show good intra- and
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Figure 3 Redox-related genes differentially expressed in the blood of 39 CVD patients versus 91 controls. The reported genes are involved in: (A) ROS producers, (B)
Glutathione and thioredoxin metabolism, (C) Repair of oxidative demage, D. Adapters for cytoskeleton proteins. Gene expression levels are expressed as mean relative fold
of change versus control and standard error of the mean (SEM). The p-value was calculated using the Mann—Whitney U-test (**p<0.01; **p<0.001).

inter-pathway correlations. Further functional proteomics
studies will be required to determine if the observed gene
down-regulation correlates with altered inflammatory or
redox responses, but we will briefly discuss below their
potential implications.

With regard to inflammation, several of the down-
regulated genes in CVD patients are involved in the cano-
nical or non-canonical NF-kB pathways (Figure 7). In the
canonical NF-kB pathway, we found under-expression of
the RELA and NFKBIA genes, encoding the transcription
factor p65-NF-kB and its cognate repressor IkBa, respec-
tively. This apparent contradiction is consistent with the
fact that NFKBIA contains several kB-responsive elements
that participate in a feedback control of the canonical
pathway, and therefore the depletion of p65-NF-kB will
necessarily lead to the diminution of its repressor.”' ** The
canonical NF-kB pathway is partly responsible for the

persistent low-grade inflammation that characterizes most

chronic diseases, including CVD,"*** and is also pivotal
for mounting efficient immune responses against
pathogens.?> 2’

The under-expression of genes involved in the non-
canonical NF-kB pathway addresses the core genes
NFKB2 and RELB, whose products lead to the formation
of the transcriptionally active p52/RelB heterodimer.
Moreover, the scaffold-encoding gene TRAF2, as well as
the CD40 and LTA genes encoding members of the tumor
necrosis receptor family was also under-expressed.
Accordingly, the immune functions governed by this path-
way are expected to be impaired in CVD patients, ie,
survival and maturation of B lymphocytes, differentiation
of dendritic cells into competent antigen presenting cells,
and cellular responses against some RNA viruses.”®*’

Altogether, the observed gene under-expression within
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the NF-«kB activation pathways might result to some extent
in immune suppression.

The down-regulation of the NF-kB pathways in CVD
patients was accompanied by the under-expression of sev-
eral other genes that are under the NF-xB control and/or
whose products impinge on the NF-kB system. This was
the case of the AKTI gene.’*' Moreover, the IRFI and
STATI genes, that interferon (IFN)-mediated
immune responses against viruses and bacteria, were also

shape

under-expressed in CVD patients. IRF'/, whose transcrip-
tion is under NF-kB control, encodes a transcriptional
regulator of IFN-inducible genes, and STAT! participates
in an amplification loop of IFN.**3?

The suppression of inflammatory pathways in CVD
patients is also sustained by the under-expression of genes
that are involved in the oxidative metabolism of arachidonic

acid. This was the case of the ALOXI2 gene, encoding

human platelet-type arachidonate 12-lipoxygenase, and
the PTGS! gene encoding the constitutive form of cycloox-
ygenase (COX-1) that catalyzes the formation of cyclic
prostanoids with various effects on platelet activation and
aggregation.>*>° In CVD patients, down-regulation of
these genes is probably due to the anti-thrombotic
medication.**! In addition, PTGS! under-expression may
affect the priming of the innate immune system by increas-
ing phagocytosis and ROS-mediated killing of bacteria,
while ALOX12 under-expression can impair physiologic
inflammatory responses.***

Concerning the redox metabolism, several related
genes were found under-expressed in CVD patients.
These include genes involved in ROS production
(DUOX1/2 and MPO), antioxidant response (GSR and
TNXRDI), repair of oxidative damage (HSPAIA and
MSRA), and regulatory adapter proteins (PDLIMI). The
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down-regulation of these genes may have consequences on
redox signaling as well as on the oxidative antimicrobial
defense. For instance, the under-expression of the MPO
gene may decrease the ability of blood cells to kill non-
specifically invading pathogens through the generated
hypochlorous acid.** Increased MPO levels are also asso-
ciated with CVD and with a higher mortality risk, while
MPO-deficiency was shown to decrease the susceptibility

to neutrophil-mediated vascular dysfunction.*>*¢

Down-regulation of the genes encoding NADPH-oxi-
dases, such as DUOXI and DUOX2, was reported in the
blood of CVD patients.*”*® Although DUOX1/2 expres-
sion is high in the thyroid gland, these genes are also
induced by pathogens and inflammatory cytokines in
immune cells through various receptors in connection
with NF-xB signaling.**>* Therefore, the observed gene
under-expression in CVD patients is consistent with the
reduction in the levels of the core NF-kB genes and might
be related to disease mechanisms and response to therapy,

as well as with an impaired antimicrobial defense.>

CVD patients exhibited under-expression of the antiox-
idant genes GSR and TXNRD?2 encoding reductases that
regenerate the reduced forms of glutathione and thioredoxin,
respectively, hence providing antioxidant protection in
CVD.>*** Other genes identified in the present study are
involved in repairing oxidatively damaged, misfolded, and
aggregated proteins, namely HSPAIA and MSRA.®™
Especially MSRA is essential during innate immune responses
against intracellular microbes for repairing the oxidative
damages inflicted to the host’s proteins by the innate immune
response developed against the invading pathogens.®*¢'

Significant intra-pathway correlations were highlighted
in the group of CVD patients for some of the under-
that the
observed changes are most likely integrated in the same

expressed inflammatory genes, indicating
signaling networks. In turn, the registered correlations
between redox genes seem to indicate only co-occurrence
within a disease- or therapy-characteristic pattern and do
not appear to reflect functional inter-connection. Some
degree of inter-pathway correlations between inflamma-

tory and redox genes was expected, considering that NF-
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kB activation is under redox control and that NF-xB con-
trols the expression of several antioxidant genes.®*¢
Nevertheless, part of the observed correlations between
inflammatory and redox genes might derive from indepen-
dent processes that are either disease-specific or triggered
by the medication.

The present study suggests that under-expression of
critical inflammation and redox genes in the blood of
CVD patients underlies their good clinical evolution
under disease-specific medication. Additionally, the nor-
mal levels of CVD markers and pro-inflammatory factors
in serum, observed in the smaller sub-group of 24 CVD
patients versus 22 no-CVD controls, indicated that
inflammation seems to be kept under control in these
patients, and may account for the favorable disease out-
come. Moreover, the down-regulation of IL-1f levels in
serum is further sustaining this conclusion. In turn, due to
the correlated down-regulation of critical inflammatory
and redox genes in blood, the immune competence of
CVD patients might be compromised, potentially leading
to defective antimicrobial responses. Nevertheless, it is
likely that the registered relatively low under-expression
of several genes involved in the NF-kB and in redox
networks might be insufficient to determine a clinically
relevant immune recurrent

suppression leading to

infections.

Considering that CVD is characterized by low-grade
inflammation and oxidative stress, the down-regulation of
critical inflammatory and redox genes found in the present
study most likely reflects the effect of disease-specific poly-
valent medication, comprising angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor antago-
nists, beta-adrenergic blocking agents, anticoagulant and
antiplatelet drugs, diuretics, and statins (Supplementary
Figure 1). Some of these drugs exert antioxidant effects that
greatly contribute to limit disease progression, therefore giv-
ing a new valence to their intended therapeutic use.***> For
instance, beta-blockers can limit pathologic oxidative stress
and redox signaling both in the heart and in the circulating
immune cells of patients with heart failure.® ACE inhibitors
prevent vascular superoxide production, increase the bioac-
tivity of nitric oxide, and decrease the activity of various
transcription factors such as the ROS-dependent activation of
NF-kB in vascular inflammation.®”*® Drug-induced decrease
of ROS levels is further impacting on various redox-sensitive
signaling pathways and also on gene expression, therefore
having an array of consequences broader than those directly
related to oxidative stress.**”°

Interestingly, even though both CVD and hypertension
were kept under control by medication in the investigated
cohorts, and several drugs were used in both disease

groups, no significant changes in gene expression were
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Figure 7 Signaling constituents of the canonical (A) and the non-canonical (B) NF-kB pathways that are under-expressed in CVD patients. In (A), the binding of ligands to
particular receptors leads to the activation of an IKK complex (IKKa and/or IKK catalytic subunits and two IKKy molecules). This complex phosphorylates IkBa leading to
degradation by the proteasome and consequent formation of the transcriptionally-active p50-RelA complex. In (B) the binding of ligands to particular receptors triggers the
phosphorylation and processing of pl00 (encoded by NFKB2) into the mature p52 protein and subsequent nuclear translocation of the transcriptionally-active RelB-p52
heterodimer. The products of the genes found differentially expressed the present study in the group of patients with CVD are marked with a red circle.

registered in the all-cause hypertension group. This might
be due to a distinctive profile of pathological mechanisms
in patients with atherosclerosis which dominate in the
CVD group. This is possibly resulting also in distinctive
or more pronounced effects of medication.

Limitations of the Study
The small number of subjects in each disease group did not
allow to stratify patients according to disease sub-

categories/stage or therapeutic regimens comprising var-
ious combinations of drugs. Based on the results obtained
in the present study, broader and more disease- and therapy-
focused investigations should be performed for clarifying
whether the reported gene expression changes are respon-
sible, at least partly, for keeping disease under control in the
context of disease variants and polyvalent medication.

The present study provides data on gene expression
changes in whole blood, that might have systemic
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consequences that have to be comprehensively investigated
through a follow-up of the CVD patients. The functional
impact of the registered gene expression changes was not
thoroughly assessed in this study, except for an analysis of
some cardiovascular markers and pro-inflammatory factors
in serum. Therefore, further investigations will be required
to determine if the observed gene down-regulations result in
decreased levels of the proteins encoded by the identified
genes and if these cellular disturbances lead to clinically
relevant alterations of inflammatory or redox responses.

Conclusions

The present study highlights the down-regulation of sev-
eral genes involved in NF-kB-mediated inflammation and
redox metabolism in the blood of elderly CVD patients
with disease kept under control by polyvalent medication.
The study strongly suggests that this specific panel of
under-expressed inflammation- and redox-related genes
can be used for non-invasively monitoring disease pro-
gression and patient engagement to medication in CVD.
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