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ABSTRACT

OF THE THESIS OF

Rayan Mohamad Kataya for Master of Science
Major: Pharmacology and Therapeutics

Title: The Differential Impact of Heart Failure Medications on Basal Inflammation in
Heart Failure Patients

Inflammation is a frequent occurrence in individuals suffering from chronic heart failure
(CHF) and baseline inflammation can start as early as stage A heart failure. In response
to heart failure, compensatory neurohormones are initially activated. These include the
renin—angiotensin aldosterone system (RAAS) and the sympathetic nervous system
(SNS), along with secretion of inflammatory mediators. The chronic activation of SNS
system can increase norepinephrine (NE) acting on beta receptors, subsequently
triggering the release of renin, thereby RAAS system chronic activation. Renin, in turn,
promotes the formation of the potent vasoconstrictor angiotensin Il with both
proinflammatory and profibrotic actions. It is also widely recognized that peripheral
blood mononuclear cells (PBMCs) express elements of the RAAS. When
ACE/ANGII/ATIR activity dominates, PBMCs tend to exhibit a pro-inflammatory state,
whereas a preponderance of ACE2/ANG1-7/AT2R activity promotes anti-inflammatory
profile. Angiotensin Converting Enzyme inhibitors (ACEIls), Angiotensin Receptor
Blockers (ARB) and B-blockers are commonly used medication to manage heart failure
patients. ACEIs prevent the conversion of Angiotensin | to Angiotensin Il, a peptide
hormone that constricts blood vessels and elevates blood pressure. In addition to ARBs
that upregulate ACE2 receptors, leading to an increase in Angiotensin 1- 7 levels known
for their vasodilation, anti-inflammatory, and anti-fibrotic cardio protective role. As a
matter of fact, ACEIs have long been recognized for their direct influence on the immune
system by suppressing PBMCs from producing pro-inflammatory cytokines. Finally, -
blockers act by blocking the beta receptors in both the heart and kidneys, have anti-
inflammatory effects, contributing to decreased heart rate, decreased contractility, and
decreased myocardial O2 demand. Additionally, B-blockers have anti-inflammatory
effects leading to the overall therapeutic strategy for heart failure management. Given the
importance of the RAAS system in PBMCs inflammatory profile modulation, we
hypothesize that patients on ACEIs/ARBs medication exhibit a lower inflammatory
profile than p-blockers. We also hypothesize that the combination therapy of
ACEIs/ARBs and B-blockers exhibit the strongest lowering effect on basal inflammation
in heart failure patients. This study includes both prospective and retrospective
components and was approved by the American University of Beirut’s Institutional
Review Board (IRB) ID: BIO-2020-0362. A molecular analysis was performed on
enrolled patients and a detailed retrospective analysis on patients’ records. As part of the
proposed study, collected PBMCs underwent flow cytometry analysis to assess the



viability using specific antibodies (CD3+, CD14+, CD19+, CD33+, CD45+, CD56+,
CD66-) against various immune cells subsets, which includes lymphocytes, monocytes,
NK cells, myeloid cells, and mononuclear cells. ELISA was performed on plasma
collected from blood samples to quantify various inflammatory markers including
cytokines (IL-1p, IL-2, IL-10, IFN-y) and ACE2. Linear regression models showed that
patients on combination therapy had significantly lower levels of both IL-1b (B=-0.61,
p=0.007) and IL-2 (B=-2.04, p=0.007) compared to ACEIs/ARBs after adjusting for age,
gender, heart failure stage, smoking status, and number of comorbidities. We also found
that for IFN-y, patients on p-blockers (B=14.19, p=0.011) had significantly higher levels
than those on ACEIs/ARBs, and for ACE2 levels, those on combination therapy (B=-
1.67, p=0.018) had significantly lower ACE2 levels than those on ACEI/ARBs in
unadjusted analysis, and these associations were attenuated when further adjustment was
conducted (p=0.07). No significant difference was observed in IL-10 levels before and
after linear regression and adjustment in these heart failure patients. In conclusion, the
combination therapy of ACEIS/ARB and p-blockers differentially impacts the
inflammatory response in heart failure patients. According to our findings, utilizing a
combination of ACEIs/ARBs alongside B-blockers proved to be more advantageous when
it comes to decreasing inflammatory cytokines (IL-1p and IL-2) in heart failure patients,
as opposed to relying on a single medication. Interestingly, this benefit seems to be
independent of ACE2. Limitations of the study include the relatively small sample size,
indicating the need for expanded recruitment to enhance statistical power and
generalizability of the findings. Additionally, a predominant presence of patients in stage
A heart failure was noted, potentially limiting the ability to draw comprehensive
conclusions across various heart failure stages. Further analyses involving tumor necrosis
factor- a (TNF-a), interleukin-6 (IL-6) plasma levels and C-reactive protein (CRP) are
pending. Future research incorporating RNA sequencing on PBMCs extracted from heart
failure patients is planned, aiming to provide deeper insights into the molecular
mechanisms related to inflammatory responses in this population.

Key Words:
Angiotensin Converting Enzyme Inhibitors (ACEIs), Angiotensin Receptor Blockers

(ARBs), s-Blockers, Heart Failure
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CHAPTER |

INTRODUCTION

A. Global Prevalence and Impact of Cardiovascular Diseases

According to World Health Federation (WHF), cardiovascular diseases (CVDSs)
represent the foremost cause of mortality worldwide accounting for approximately 18.6
million deaths annually [1]. Importantly, around 80% of these fatalities occur within low-
and middle-income countries [2]. The mentioned statistic strongly demonstrates the
unequal healthcare accessibility and resource distribution between different regions,
indicating an urgent need for reforms and interventions to address the challenges faced
by these countries. The WHO has brought attention to the significant impact of CVDs on
global health emphasizing the importance of preventive measures, early detection
strategies, and effective treatment approaches. The reports and publications from the
WHO consistently underscores the need to confront risk factors such as excessive alcohol
consumption, smoking, unhealthy eating habits, physical inactivity, as these factors
significantly contribute to the onset and progression of CVD [3]. In the Middle East and
North Africa (MENA) region, CVD accounts for more than one third of all deaths, or 1.4
million people every year [4]. In Lebanon, CVDs are responsible for (63%) of all deaths,
and contribute to 45% of Non-Communicable Diseases (NCD)-related mortality (WHO,

2011b) [5].
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Figure 1: World Heart Federation (WHF), cardiovascular diseases the world's number one Killer

[1].

B. Heart failure

1. Definition

Heart failure is a complex cardiovascular condition in which the heart cannot
adequately pump enough blood to fulfill the body’s demands, resulting from its inability
to adequately fill with blood or its weakened pumping function[6, 7]. This condition is
characterized by an insufficient cardiac output to meet the needs of the organs and tissues

[8]. There are several clinical biomarkers commonly used to assess heart failure,
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including proBNP, Troponin, and CRP. These biomarkers present valuable data about the
condition of the heart. ProBNP, or N-terminal pro B-type natriuretic peptide, has been
widely recognized as a critical marker in heart failure assessment[9]. Higher levels of
circulating Troponin (cTn), are present in acute and chronic heart failure patients [10]. In
addition, in the context of heart failure C-reactive protein (CRP), is a marker of systemic
inflammation [11].

Heart failure occurs either when the left ventricle (LV) of the heart fails to fill
with enough blood or fails to contract with enough force or experiences a combination of
the two. When the LV cannot contract strongly enough, the ejection fraction (EF), which
is the percentage of blood pumped out of the LV with each heartbeat, declines, called
heart failure with reduced ejection fraction (HFrEF). On the other hand, individuals who
have difficulty filling the LV, can still eject a volume of blood proportional to their end-
diastolic volume, leading to a normal or preserved EF, known as heart failure with
preserved ejection fraction (HFpEF) [12]. There are shared comorbidities and risk factors
between HFrEF and HFpEF, yet noteworthy differences are also observed. HFpEF is
frequently associated with persistent comorbidities, including arterial hypertension, type

2 diabetes mellitus (T2DM), obesity, renal insufficiency, pulmonary disease, liver
disease, sleep apnea, gout, and cancer. However, patients with HFrEF more frequently

present with underlying conditions such as coronary heart disease (myocardial
infarction), valve diseases (aortic stenosis, mitral regurgitation), or uncontrolled
hypertension[7].

Moreover, Heart failure can manifest in two forms: acute and chronic. The acute
type arises suddenly, whereas the chronic type develops gradually as the heart weakens

over time[6]. Heart Failure can represent the end stage of several cardiovascular diseases,
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such as ischemic disease, myocardial infarction, or myocarditis, all of which cause

pathological changes in the myocardium [8].

2. Epidemiology and General Overview

Identified as an escalating epidemic in 1997, Heart Failure continues to pose a
significant challenge in both clinical practice and public health up to the present [13]. The
existing worldwide prevalence of heart failure stands for 64.34 million cases (8.52 per
1,000 individuals) accounting for 9.91 million years lost due to disability as quantified by
YLDs (11.61 per 1,000 YLDs). Overall, YLDs and prevalence of heart failure have
increased by approximately 36% since the year 1990, and this increase is not likely to
reverse any time soon. Even though heart failure is more common in females, men were
shown to have a slightly higher prevalence of YLDs compared to women [14]. Over the
last 28 years (i.e., between the years 1990 to 2017), both prevalence and YLDs have
shown a rise of 3.9% and 4.5%, respectively, in the elderly population, as heart failure is
most common in individuals aged 60 and above (Figure 2). This has resulted in a total
expenditure of 346.17 billion US dollars[14]. Mortality of patients ranges between 2-17%
during first admission to the hospital, 17-5% within one year of admission, and exceeds
50% mortality within 5 years[15]. The burden of heart failure that is not limited to
mortality but also morbidity necessitates an in-depth understanding of its
pathophysiology, the development of preventive interventions and redesigning of

healthcare resources to address this evolving epidemiology [15].
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Figure 2: Epidemiological Trends: Analysis of both Prevalence and YLDs in Heart Failure

(P<0.001 for both) [14] .

3. Risk Factors, Stages, and Classifications

The incidence of heart failure is known to increase with age and the presence of
comorbidities. Approximately 115 million people in the United States suffer from
hypertension, 100 million have obesity, 92 million have prediabetes, 26 million are
diabetic, and 5 million have atherosclerotic CVD [16].

These are known risk factors for the development of heart failure with a high
relative risk and population-attributable risk. Ischemic heart disease and myocardial
infarction (M), hypertension (HTN), and valvular heart disease (VHD) are the most
common causes of heart failure. In addition, heart failure could also be secondary to

autoimmune conditions, sarcoidosis, and iron overload, including hemochromatosis,
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thyroid disease, and other endocrine metabolic issues [17]. Besides, familial or
genetic cardiomyopathies, amyloidosis, cardiotoxicity with cancer treatments, or
substance abuse such as alcohol, cocaine, or methamphetamine increase the risk of
heart failure [17]. To better understand these risk factors, let's delve into some of
them:

Coronary artery disease (CAD), characterized by the buildup of cholesterol and
fatty deposits in the heart's arteries, known as atherosclerosis, can gradually contribute
to the development of high blood pressure and, ultimately, heart failure [17].
Hypertension, characterized by elevated blood pressure, forces the heart to work
harder to maintain blood circulation, gradually causing the heart chambers to enlarge
and weaken, ultimately leading to heart failure [18]. The rise in the incidence and
prevalence of heart failure shows to be paralleling the rise in the incidence and
prevalence of hypertension[19]. According to the Framingham Heart Study,
hypertension has the greatest impact on the risk of future heart failure, accounting for
39% of heart failure in men and 59% in women [19].

Type 2 Diabetes. Type 2 diabetes often leads to the development of high blood
pressure and atherosclerosis due to elevated blood lipid levels, increasing the risk of
heart failure [17, 18].

Metabolic syndrome, characterized by the presence of three or more of the following
five risk factors—Iarge waistline (abdominal obesity), high fasting triglycerides, low
HDL cholesterol, high blood pressure, and high fasting blood sugar—significantly
impacts the heart and increases the likelihood of heart failure development [18].
Hyperactive thyroid problems characterized by a consistent elevation in heart rate

therefore over time the heart muscle will become thicker [18].
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e Aging makes your heart weaker and stiffer. People over 65 are more likely to develop
heart failure [18].

e Racial disparity. Black people are roughly 19% more likely than white people to
develop heart failure. It can be more serious at times and begins at a younger age than

in white people [18].

4. Stages of Heart Failure

The New York Heart Association (NYHA) Functional Classification is one of the
most widely used heart failure classification systems among doctors. This system's
classes describe a patient's symptoms while performing physical activities (Figure 3)[20].
Heart failure is classified differently by the American College of Cardiology (ACC) and
the American Heart Association (AHA) (Table 1). The ACC/AHA system complements,
rather than replaces, the NYHA system, and identifies a patient class that is not addressed
by the NYHA Classification - those patients who do not have heart failure but are at high

risk of developing this condition [17, 20].
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Table 1: Classification of AHA/ACC heart failure stages.

AHAJ/ACC Stages

Symptoms

A

High risk of heart failure

High risk of heart failure, without structural heart disease or heart

failure symptoms.

B

Pre-heart failure

No signs or symptoms of heart failure, but with either structural
heart disease, increased filling pressures in the heart or other

risks factors

C

Symptomatic heart failure

Structural heart disease with prior or current heart failure

symptoms

D

Advanced heart failure

Refractory heart failure necessitating specialized interventions.

A. At high risk for HF but no
structural heart disease or HF
symptoms.

B. Structural heart disease but
no HF signs or symptoms.

'AHA/ACC Stages A, B C, D /

C. Structural heart disease with
prior or current HF symptoms.
D. Refractory HF requiring
specialized interventions.

NYHA Class I, 11, 1lI, IV
I. No limitation of physical activity. /

II. Slight limitation of physical
activity.

11l. Marked limitation of physical
activity,. Advanced HF

IV. Inability to carry on any physical

activity.

Intermacs Profiles
1to7

Adapted from Truby et al, J am Coll Cardio HF 2020; 8(7) 523-36

Figure 3: Different Heart Failure Classifications [21].
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5. Heart Failure Pathophysiology

The activation of the neurohumoral systems (Renin-Angiotensin-Aldosterone
System (RAAS) and the Sympathetic Nervous System (SNS)) has been predominantly
considered the core of heart failure research and interventions. However, an intricate
association exists between the activation of these adaptive responses and inflammation

which has become apparent to be involved in the pathogenesis of heart failure.

a. Inflammation in heart failure

Inflammation holds a significant role in the initiation, progression, and
development of a range of CVDs [22]. Within the context of heart failure, cardiac cells
undergo necrosis, leading to the release of cellular components “cytokines” that trigger a
complex inflammatory response[23]. Inflammatory cells are crucial in the adverse
remodeling of the heart in response to acute and chronic stress, and ultimately the onset
of heart failure development [23]. A decrease in nitric oxide (NO) and an increase in
reactive oxygen species (ROS), facilitate the progression of this inflammatory response
in heart failure [24].

Heart failure is characterized by an imbalance between pro-inflammatory and
anti-inflammatory cytokines, by which interleukins, including IL-1p, IL-6, IL-8, IL-9, IL-
10, IL-13, IL-17, and IL-18, show increased concentrations, while levels of IL-5, IL-7, or
IL-33 are reduced [8]. IL-2 has also been reported to increase in congestive heart failure

[25].
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b. Inflammatory profile of PBMCs in Heart Failure patients

Numerous prospective studies have reported that inflammatory cytokines are
strong predictors of adverse cardiac events, including coronary artery disease, myocardial
infarction, and heart failure [23]. In heart failure patients, cytokine concentrations are
elevated not only in the myocardium but also in plasma [26]. Initially, the increased
cytokine levels in a heart failure were attributed to immune system activation (monocytes
have traditionally been considered a major source of cytokine production), but this notion
was challenged by notice that the heart itself can produce such cytokines as tumor
necrosis factor alpha (TNF-a), interleukin-1p (IL-1), and IL-6 [24]. Furthermore, several
studies suggest that cytokine production increases in direct relation to the severity of heart
failure [24].

Peripheral Blood Mononuclear Cells (PBMCs) isolated from peripheral blood,
include lymphocytes (T cells, B cells, and NK cells), macrophages, monocytes, and
dendritic cells. [27] PBMCs can release cytokines like IL-1B, TNF- a, IL-2, interferon-y
(IFN-y), and IL-10 [28]. In addition, the mitochondrial function of PBMCs has been
demonstrated to be impaired in these patients and involved in inflammation. This
correlation was noticed by exposing PBMCs to damage-associated molecular patterns
from mitochondria (MitoDAMP) extracted from heart failure patients, which
consequently elicited a proinflammatory genetic profile that could contribute to the
development of heart failure or the exacerbation of an already established heart failure
disease [29].

The "proximity theory” postulates that PBMCs undergo activation as they pass
through the heart. This activation is predominantly observed during non-ischemic stress

circumstances, such as exposure to pressure overload and Angiotensin Il (Ang II). The
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immune system near the myocardium establishes communication with impaired
cardiomyocytes, primarily through the calmodulin kinase Il (CaMKII)/NRLP3 pathway
(nucleotide-binding, leucine-rich repeat, and pyrin-domain-containing) [30].
Following this, mitochondrial dysfunction leads to heightened cellular stress, triggering
the inflammasome/IL-1P pathway and attracting immune cells. Furthermore, there is an
elevation in circulating IL-6, which potentially contributes to the progression of chronic
heart failure[30]. Notably, Zhou et al. suggested that 1L-6 functions as a signal in PBMCs,
establishing a connection between mitochondrial function and inflammation, and
impairing mitochondrial respiration by inhibiting the activity of complex I [30].
Advanced heart failure is distinguished by a reduction in cardiac output and
arterial underfilling. Consequently, various baroreceptors located on the high-pressure
side of circulation, such as the left ventricle (LV), carotid sinus, aortic arch, and renal
afferent arteriole, become activated to maintain blood pressure and fluid/volume
homeostasis[31]. In response to these baroreceptors, compensatory systems are activated,
including the SNS and the RAAS. During the initial stages of heart failure, the SNS and
RAAS exhibit compensatory mechanisms, by elevating heart rate (force), myocardial
contractility, preload to the heart, blood pressure and perfusion to vital organs [31]

(Figure 4).
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Figure 4: Neurohumoral Modulation of Cardiac Output in Heart Failure: The RAAS and SNS

Cascade.

C. Neurohumoral Systems
While the initial activation of RAAS and SNS can be adaptive in the short term,
chronic activation is likely to have harmful effects, and their inhibition leads to improved

survival in several conditions including Ml and heart failure [32].

1. Renin-Angiotensin-Aldosterone System (RAAS)

a. Physiology of RAAS

In the juxtaglomerular (JG) epithelioid cells, renin is produced as preprorenin,

which is then cleaved into prorenin [22]. Prorenin is then either released as an inactive
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precursor or later converted into the active proteolytic enzyme renin by both proteolytic
and nonproteolytic mechanisms[33] and stored in JG cell granules. JG cells release active
renin into the circulation through an exocytic process triggered by various stimuli,
including negative feedback from Angiotensin Il (Ang Il) [34]. Angiotensinogen (AGT),
a glycoprotein continuously produced by the liver, is expressed in various tissues,
including the heart, blood vessels, kidneys, and adipose tissue. Factors such as
inflammation, insulin, estrogen, glucocorticoids, thyroid hormone, and Ang Il can
stimulate AGT production [34]. The interaction of active renin with AGT results in the
generation of Angiotensin | (Ang ). Subsequently, Angiotensin-converting enzyme
(ACE), a membrane-bound exopeptidase, converts Ang-1 into the vasoactive octapeptide
Ang ] [34]. Cathepsin G, chymostatin sensitive Ang 1|
generating enzyme, and heart chymase are other enzymes that convert Ang |to Ang Il
[35]. Initially discovered as a hormone in the bloodstream, Ang Il controls blood pressure
and electrolyte balance by acting on blood vessels contraction, aldosterone release, renal
sodium handling, the SNS, and vasopressin release [34]. Ang Il exerts its effects through
binding to two distinct subtypes of receptors: the AT1R (angiotensin type-1 receptor),
which is primarily associated with the main biological effects of Ang Il, including
vasoconstriction, inflammation, cellular proliferation, and fibrosis. Furthermore, the
angiotensin type-2 receptor (AT2R), a seven-transmembrane receptor, exerts its effects
predominantly through Gi and tyrosine phosphatases. Its primary function is to inhibit
cellular responses mediated by AT1R. This inhibition involves suppressing cell growth
and proliferation while facilitating cell differentiation. Additionally, AT2R contributes to

vasodilation and the reduction of blood pressure [34].
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Aside from producing Ang-ll, ACE can break down a range of vasodilating
peptides such as Ang-(1-7), bradykinin, and Kkallikrein, making it an important
vasopressor enzyme. One of the among different mechanisms that can produce Ang-(1-
7) is the formation of the intermediate Ang-(1-9) and its subsequent cleavage by ACE or
NEP (444) from Ang | by ACE2. This pathway's catalytic efficiency, however, is
significantly lower than that of the ACE2-dependent conversion of Ang Il to Ang-(1-7)
[36]. Ang-(1-7) acts on AT2R in addition to the Mas receptor, which exhibits similar
effects to AT2R, such as vasodilation and anti-proliferation effects. In transgenic mice,
the deletion of the Mas gene results in cardiac dysfunction [37]. A study suggests that
among PBMCs, Ang-(1-7) production could be attributed to both monocytes and
lymphocytes as a primary metabolite of Ang I. Whereas, monocytes are primarily
responsible for Ang Il production [38].

Furthermore, Ang Il has a significant effect on the expression of aldosterone
synthase, CYP11B2, within the adrenal cortex. Aldosterone, identified as a crucial
regulator of blood pressure in mammals, has associations with various human disorders
[34]. Operating through its mineralocorticoid receptor (MR), aldosterone plays a role in
regulating extracellular fluid volume, blood pressure, and salt exchange across various
tissues. However, it can also have pathological consequences, particularly related to tissue
fibrosis and oxidative stress [34].

The studies have demonstrated that ACE2—/— mice progressively developed
cardiomyopathy with age, characterized by increased oxidative stress, inflammatory
cytokines, neutrophil infiltration, collagenase levels, activated mitogen-activated protein

kinase (MAPK), and pathological hypertrophy. Importantly, these effects were attenuated
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by irbesartan, an AT1R blocker (ARB), underscoring the critical role of ACE2 in

suppressing Ang-l1-mediated heart failure [39].

b. RAAS Pathophysiology in heart failure

The RAAS is a crucial hormonal system [2] and an important regulator of the
inflammatory response [40] with profibrotic effects at both the molecular and cellular
levels [33]. RAAS significantly participates in many pathologic conditions, such as
coronary heart disease (CHD) that can lead ultimately to chronic heart failure (CHF),
myocardial infarction (Ml), diabetic nephropathy and arterial hypertension (AH) [41].
The abnormal activity of RAAS contributes to the development of cardiac fibrosis,
stiffness, progression of cardiac diastolic dysfunction and heart failure. In addition to a
link between genetic variation in RAAS components and the development of CV
remodeling [42].

The primary RAAS component Ang Il causes cardiac myocyte hypertrophy by
inducing directly early genes via a MAP kinase-dependent pathway or indirectly by
triggering the release of NE from cardiac nerve endings and endothelin from endothelial
cells [43]. Additionally, according to a meta-analysis of RAAS blockade in 8152 patients
with HFpEF heart failure hospitalization and CV mortality risks were significantly
decreased by either ACE inhibition or AT-1R antagonism [42].

Moreover, this system regulates the migration of inflammatory cells to the injury site and
induces the synthesis of several cytokines by PBMCs [40].

Excessive activation of the RAAS induces abnormal synthesis of Ang 11 [44] that

promotes hypertension and provokes an inflammatory response (Figure 4) [45].

Consequently, elevated production of IFN-y from activated NK cells, macrophages, and
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T cells [45]. Furthermore, Ang Il upregulates inflammatory molecules, including IL-6,

TNF- a, IL-1pB, IFN-y, and ACE2 [33].
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Figure 5: Diagram representing several molecular factors activated by RAAS effectors and
crosstalk between RAAS effectors and molecular factors involved in signaling pathways with role
in vascular inflammation and remodeling. Double arrow: cross-talk, single arrow: increased

expression [33] .

This understanding has led to an in-depth investigation into the RAAS, resulting in the

development of new approaches for inhibiting its actions.

2. Sympathetic Nervous System (SNS)

a. Physiology of SNS

The nervous system is categorized into the central nervous system, comprising the

brain and spinal cord, and the peripheral nervous system, encompassing all nerves
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connecting the central nervous system to muscles and organs. The peripheral nervous
system is further classified into the somatic nervous system, overseeing voluntary
movements and skeletal muscles, and the autonomic nervous system, controlling
involuntary actions of smooth muscles and organ glands. This system is subdivided into
the sympathetic and parasympathetic nervous system[46]
In physiological conditions, the regulation of SNS activity and its outflow to the heart
and peripheral circulation involves an intricate interplay of autonomic cardiovascular
reflexes. These include arterial baroreflexes, cardiopulmonary mechanosensitive
reflexes, cardiac chemoreflexes, peripheral and central chemoreceptor reflexes,
pulmonary stretch reflexes, cardio-cardiac reflexes, and skeletal muscle reflexes.[47]
One of the key neurohumoral mechanisms in heart failure is the chronic activation
of the SNS, which will be our primary focus. SNS activation is an essential physiological
response to stress situations such as hypovolemia, hypoglycemia, hypoxia, or
cardiovascular dysfunction. SNS activity may lead to various significant hemodynamic
effects including increased heart rate (positive chronotropic effect), an increase in cardiac
contractility (positive inotropic effect), accelerated cardiac relaxation (positive lusitropy),
improved (shortened) atrioventricular conduction (positive dromotropy), reduced venous
capacitance, and peripheral vasoconstriction of resistance and cutaneous vessels [47].
Strong stimulators of heart function are the sympathetic neurotransmitters NE (secreted
at adrenergic nerve varicosities) and EPI (secreted by the adrenal medulla). They boost
cardiac output by raising the heart rate (positive chronotropic effect) and contraction force
(positive inotropic effect). These effects are mediated by o - and B-adrenergic receptors,
with Bl (75%-80%) and P2 (20%-25%) adrenergic receptors being the primary

contributors to these enhancements in a healthy human heart [48-50].
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Catecholamines have a beneficial bathmotropic effect by raising cardiac myocyte
automaticity and lowering the threshold for arrhythmias and all these acute effects are
mediated by Bl receptors which stimulate the renin release from the macula densa and,
to a smaller extent, B2 receptors. Moreover, [-adrenergic receptors are potent cardiac
output regulators that enable fight-or-flight responses in response to acute catecholamine
stimulation [47]. As a result, the activation of the SNS simultaneously triggers the RAAS,
and the activation of the RAAS, in turn, stimulates the SNS through the release of NE,
creating a feedback loop. [46]. Moreover, the SNS activates the RAAS by stimulating
renin release through B1- adrenergic receptors on JG cells, and the activity of the RAAS

is subsequently regulated by the enzymatic actions of renin and ACE [51].

b. SNS Pathophysiology in heart failure

One of the key pathophysiological mechanisms that operate in heart failure is
chronic SNS overactivity. In the acute phase, this increased SNS activity is a necessary
compensatory response to compensate for decreased contractility [47]. However, in the
longer term, the SNS activity becomes abnormal and contributes to skeletal myopathy
[52] and cardiac dysfunction by promoting maladaptive cardiac hypertrophy and cell
deaths in heart failure patients [52]. Activation of the SNS has been associated to
withdrawal of inhibitory influences and the amplification of excitatory inputs, including
alterations in 1) reflexes from peripheral baroreceptors and chemoreceptors; 2) chemical
mediators regulating the sympathetic outflow; and 3) central integrative sites. Adrenergic
receptors (ARS) serve as a link between sympathetic fibers and the cardiovascular system.
Thus, the progression of heart failure is characterized by dysregulation of cardiac f1-AR

signaling and transduction [53]. This abnormal SNS activity is associated with
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detrimental outcomes, including apoptosis of cardiomyocytes, remodeling of ventricular
and vascular structures, arrhythmogenesis, and poor prognosis in individuals with heart
failure [47]. These harmful effects of SNS activity underscore the necessity for
appropriate diagnostic and treatment approaches such as sympatholytic drugs.

In the context of heart failure, activation of these receptors improved excitation-
contraction coupling as well as mechanical and electrophysiological remodeling of
cardiomyocytes. Simultaneously, these receptors mediate vasodilative pathways when
B1 and/or B2 receptors are inactive. However, chronic activation results in maladaptive

and pathologic remodeling of the heart [52].

D. ACEIS/ARBs and B-blockers in heart failure management

1. Angiotensin Converting Enzyme Inhibitors (ACEIs) and Angiotensin Receptor

Blockers (ARBS)

Chronic activation of the RAAS is widely accepted as one of the
pathophysiological mechanisms of heart failure. As a result, focusing on blocking the
RAAS is one of the key therapeutic targets in heart failure patients[54]. Besides the effect
of reducing the blood pressure, many clinical trials in recent years have confirmed that
RAAS  medications (Angiotensin Converting Enzyme Inhibitors (ACEls) and
Angiotensin 11 Receptor Blockers (ARBs)) have been shown to decrease cardiovascular
(CV) events in individuals with heart failure [54].

From a pharmacological standpoint, ACEIs inhibit Angiotensin Converting

Enzyme (ACE), the enzyme that converts Ang | to Ang Il, the potent vasoconstrictive
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peptide, effectively lowering blood pressure [55]. Thus, ACEIls have hypotensive,
nephroprotective, and anti-atherosclerotic effects. Furthermore, they reduce aldosterone
release, which causes natriuresis, or sodium excretion by the kidneys. In addition to
inhibiting the degradation of Ang (1-7) and leading to its interaction with the Mas
receptor, ACEIs may have anti-inflammatory, anti-fibrotic, and dilating effects [56].
ACEIs can reduce bradykinin degradation and then acts on 32 receptor, which leads to
blood vessel dilation, anti-proliferation, endothelial protection, and other beneficial
effects [54]. Studies have shown that ACEIs are used particularly when the patient suffers
from heart failure. In this case, decreased vasoconstriction reduces peripheral vascular
resistance and afterload, allowing the heart to pump less forcefully against that
resistance[57].

On the other hand, ARBs accomplish RAAS blockade by preventing Ang II from
binding to the AT1R, a receptor thought to transmit the damaging cardiovascular impacts

of Ang II due to its increased levels via compensatory mechanism [56].

Regarding their impact on the immune system, ACEIs are long known for their
ability to suppress PBMCs from releasing pro-inflammatory cytokines including IL-1p,
IL-6, TNF-a, and IFN-y, while simultaneously promoting the production of anti-
inflammatory cytokines such as I1L-10 and IL-2 [55, 58]. In addition, treatment with
ARBs exhibits a reduction in TNF- o levels and IL-1p levels. They also lead to a decrease
in lymphocyte proliferation and IFN- y production in vitro assays, along with the
inhibition of antigen-specific Thl and Th2 lymphocytes in vivo. ARBs contribute to the
downregulation of CD25 expression and IL-2 release by T cells. Additionally, ARBs
result in lowering of IL-6 levels, and an increase in the concentration of the anti-

inflammatory cytokine IL-10 [55].
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In addition, ACE2, a homolog of ACE, transforms Ang Il into Ang (1-7). This
compound acts on the Mas receptor, exerting effects contrary to those of Ang 11, such as
vasodilation, antioxidant properties, and anti-inflammatory actions. In response to
ACEIs/ARBs treatment, studies have reported an upregulation of ACE2 that protects
against the severity of pulmonary edema and CVDs progression and development [32,
59, 60].

The immunomodulatory impact of ACEIs and ARBs is mainly linked to the
inhibition of proinflammatory cytokine secretion by PBMCs, as discussed earlier. This
also involves a reduction in the expression of adhesion molecules and the restoration of

CRP concentration in the blood plasma to normal levels [55].

2. p-Blockers

B-blockers competitively antagonize the actions of catecholamines on [ receptors.
They can reduce heart rate and contractile force, leading to decreased cardiac workload.
Additionally, B-blockers have the capacity to decrease renin secretion, impacting the
RAAS. This mechanism of action is vital in the therapeutic management of conditions
such as hypertension (HTN) and heart failure [61]. Given the preceding effects of
reducing heart rate, the surprising efficacy of B-blockers in heart failure had to overcome
resistance within the medical community.

The paradox of a drug with cardio-depressant effects on heart function proving
beneficial in a clinical setting where the heart is already compromised and reliant on
catecholamines for cardiac output raised questions. The initiation of low-dose B-blocker
therapy in a Swedish cohort with heart failure experiencing cardiac decompensation and

a heart rate exceeding 120 beats per minute marked a significant turning point; the
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objective was to reduce heart rate and cardiac energy consumption (Waagstein et al.,
1975). The success of this experiment paved the way for substantial clinical trials,
revealing a 35% increase in life expectancy for patients treated with B-blockers, in
addition to the effects of ACEIs, diuretics, and digoxin [62].

Two key lessons were vital in comprehending the success of B-blockers in heart
failure. Firstly, B-blocker therapy should start in a stable state and at extremely low doses,
adhering to the principle of "start low, go slow." Under these circumstances, the heart can
adapt to reduced catecholamine stimulation, finding a new equilibrium at a lower 3
adrenergic drive. Importantly, B-blockers don't completely block the receptors; rather,
they act as competitive antagonists, shifting the catecholamine concentration-response
curve to the right. Secondly, while catecholamines can be life-saving in the short term,
chronic B adrenergic stimulation, as seen in the sympathetic nervous system's response to
heart failure, is detrimental [63].

B-blockers' beneficial effects in heart failure can be attributed to a variety of
mechanisms. They work to reduce subendocardial ischemia, improve myocardial work-
to-oxygen consumption ratio, and improve myocardial force-frequency relation.
Furthermore, blocking B-1 receptors in the kidney's juxtaglomerular cells reduces renin
release, which leads to lower levels of Ang Il and aldosterone, allowing more sodium and
water to be excreted in the urine and thus lowering blood pressure [64].

Consequently, B-blockers have been associated with decreased activity in the
RAAS, which can indirectly lower ACE2 levels [65]. They also reduce sympathetic tone,
increase vagal tone, and reverse deteriorated fractal behavior of heart rate variability. To
summarize, they effectively reduce heart rate and contractility by blocking B1 receptors

in the heart, easing the heart's workload, reducing oxygen and energy demands, and
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lowering blood pressure. Furthermore, some research suggests that B-blockers have
antioxidant [66-68] and anti-inflammatory properties, which help to reduce inflammatory
cytokine levels and matrix metalloproteinases in conditions like heart failure or acute
myocardial infarction [69].

A prospective study of 32 patients with immune-mediated dilated cardiomyopathy
found that B-blocker therapy has anti-inflammatory effects by increasing the anti-
inflammatory markers such as IL-10 through the inhibition of the macrophage’s
activation [70, 71]. As well as inhibiting NF-kb [72], and the inhibition of pro-
inflammatory cytokines release such as (IL-1p, TNF-alfa, ...) [73]. Therefore, the positive
effects of B-adrenergic blockade in heart failure involve reducing the expression of TNF-
a and IL-1, irrespective of iNOS and NO [74].

Estrada et al. examined adrenergic signaling, focusing specifically on CD8+ T
cells. They observed that the activation of B2-AR led to a reduction in the production of
IFN-y and TNF-a and inhibited the capacity of CD8+ T cells to eliminate virally infected
cells. [75]. Hence, B blockers can increase the production of IFN- y and their plasma blood
levels. Overall, B-blockers have anti-inflammatory effects leading to the therapeutic

strategy for heart failure management.
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CHAPTER I

RATIONALE, AIMS AND HYPOTHESIS

The importance of ACEIls and ARBs in heart failure treatment has been well
documented [18]. Previous research suggests that ACEIls and ARBs have anti-
inflammatory characteristics [55], a tribute that has not been well investigated in the
setting of heart failure disease.

Given the importance of the RAAS system in PBMCs inflammatory profile modulation,
we hypothesize that patients on ACEIsS/ARBs medication exhibit a lower inflammatory
profile than p-blockers. We also hypothesize that the combination therapy of
ACEIs/ARBs and B-blockers exhibit the strongest lowering effect on basal inflammation
in heart failure patients given their dual anti-inflammatory impact.

Additionally, we hypothesize that ACEIs/ARBSs protection is mainly established through
the modulation of PBMCs inflammatory profile which could reduce the overall risk of
adverse cardiovascular events and/or disease progression and improve overall prognosis
in heart failure patients.

Two aims were outlined to test our hypotheses:

Aim 1: Identify whether ACEIs/ARBs are more effective in reducing basal inflammation
in recruited heart failure patients when compared to B-Blocker, and whether the
combination therapy exerts the strongest effect. This aim will be assessed through a series
of retrospective and prospective analyses which involves medical records and collected

blood samples of enrolled heart failure patients.
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Aim 2: Assess whether ACEIS/ARBs modulate PBMCs basal inflammation in heart
failure patients when compared to  -Blocker, and whether the combination therapy exerts
the strongest modulatory effect. This aim will be assessed through single cell RNA
sequencing of isolated PBMCS form heart failure patients in France.

To assess these aims and to adequately test our hypotheses, | outlined and performed a
series of specific experiments based on strong published evidence. The following
parameters/techniques were specifically assessed/used in this study:

A. Plasma Collection

B. ELISA Technique

C. PBMC Collection

D. Flow Cytometry Analysis

E. SPSS analysis
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CHAPTER 111

MATERIALS AND METHODS

A. Study Design

This study is a cross sectional study with retrospective chart review. The study
was approved by the American University of Beirut’s Institutional Review Board (IRB)
ID: BI0-2020-0362.

For the prospective part, a molecular analysis was performed on enrolled patients.
Blood samples recruited from the CCU and OPD were processed to isolate plasma and
PBMC’s. PBMC’s are isolated by 2 methods: Density Gradient Centrifugation (Sepmate)
or EasySep (Negative Selection #18001 serial #94564).

For the retrospective part, a detailed retrospective analysis on patients’ records
was performed. A comprehensive review of the medical charts of eligible patients was
conducted, including baseline characteristics, vitals (Blood Pressure), analysis of

laboratory results, comorbidities, and medications (Figure 5).
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Figure 6: Collaborative Cardiovascular Research: Investigating Aims Through Clinical and

Molecular Approaches in France and Lebanon

1. Patient recruitment

The heart failure patient population at the American University of Beirut Medical
Center (AUBMC), in the care of the critical care unit (CCU), were recruited to this study.
The study will be conducted at the institutional research board (IRB) of the university of
Beirut Medical Center (AUBMC). According to the ACC/AHA heart failure
classification a total of 165 patients diagnosed with stage A to C heart failure including
both HFpEF and HFrEF were recruited from AUH clinics and the CCU at AUBMC.
Patients must meet at least one criterion for heart failure, which includes being at high
risk, having metabolic syndrome, a history of prior myocardial infarction (M), or reduced
exercise tolerance. Additionally, patients must currently be on ACEIS/ARBs or (-

Blockers, or other relevant medications for their heart failure condition. During the
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recruitment process, patients were required to provide informed consent to withdraw
blood samples. Medical records were accessed using patient’s MRN through EPIC.

To ensure confidentiality, the MRN was substituted with a designated study code. All
data obtained from the patients' records were de-identified and subsequently entered ng
Statistical Package for Social Sciences (SPSS) version 25.0 for analysis. The aims

outlined in this study will undergo comprehensive exploration by cardiovascular research

experts collaborating between France and Lebanon (Figure 5).

2. Variables

We recorded patient baseline characteristics such as age (in years), weight (in Kg),
gender (M/F), smoking status (Nonsmoker, Active, Former). Cardiovascular disease
history was reported as heart failure or pre-disposition to heart failure (HTN, CAD, ACS,

DM, DL) and the patients’ different comorbidities (Autoimmunity).

B. PBMC’s Isolation from whole blood (Peripheral Blood Mononuclear Cells)

1. Density Gradient Centrifugation Method

The blood was diluted with phosphate buffered saline (PBS, Stem cell) (1:1). The
diluted blood was topped over the density gradient medium lymphoprep in SepMate™
tube. Centrifugation of the SepMate™ tube led to the separation of four distinct layers:
plasma, PBMCs, density gradient medium, and red blood cells with granulocytes. Once

the centrifugation is completed, the PBMCs layer is transferred to a new tube and
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subsequently washed twice with PBS. Cryovials were labeled, and the cell suspension
was mixed with CryoStor® CS10.
Cell counting was accomplished by staining the cells with trypan blue and using a

Neubauer chamber for enumeration.

2. Negative selection (By Easy Sep)

A blood sample was mixed with an antibody cocktail and incubated at RT.
Samples were topped up with EasySep buffer. Then, magnetic particles “rapid spheres”
were added, and the tube was placed in a magnetic field called “the Big Easy” alongside
its designated protocol (Catalog #18001). By employing negative selection, we
successfully isolated the PBMCs from the rest of the sample, obtaining a purified cell
population.

Following both the negative selection and density gradient centrifugation
procedures (Figure 6), the cell pellet was suspended in cryostor solution and then

preserved in liquid nitrogen (-80 °C)forstorage.
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C. Enzyme-Linked Immunosorbent Assay (ELISA)

The donor's blood was subjected to centrifugation at 1200 times the force of
gravity (XG) to separate the plasma, which will be further used for the ELISA procedure.
Interleukins (IL-1pB, IL-2, IL-10), IFN- vy, ACEZ2, IgG and IgM’s plasmas were measured
according to manufacturer’s protocol kits respectively (Catalog # 100-0687 Human
ACE2, Catalog #02006 Human IL-2, Catalog #02004 Human IL-1p, Catalog #02012
Human IL-10, Catalog #02002 Human IFN-y, Catalog #01994 Human IgG, Catalog
# 01995 Human IgM). Samples are added to ELISA strip plates that must be pre-coated
with capture antibodies. Detection of the marker involves the addition of a biotinylated
detection antibody, followed by either streptavidin-horseradish peroxidase (SA-HRP) or
pNPPsubstrate. Washing procedure is applied between each step to remove any

unspecific binding. Then, addition of the chromogenic enzyme substrate 3, 3°, 5, 5’
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tetramethylbenzidine (TMB) if prescribed in the protocol with an intensity directly
proportional to the concentration of cytokine in the sample. Determination of the
cytokine’s concentration is by comparison to a serial dilution of the cytokine standard
concurrently processed. The reaction is terminated, and the absorbance is measured at

450 nm/405nm using a microplate reader.

D. Flow Cytometry Technique

PBMCs underwent flow cytometry analysis using specific antibodies: CD45+,
CD3+, CD14+, CD19+, CD33+, CD56+, CD66- (Stem cell, US) against various immune
cells subsets, including lymphocytes, monocytes, NK cells, myeloid cells, mononuclear
cells respectively.
Take 100 pL of the cell suspension from the cryostor followed by centrifugation at 2000
rpm RT. Prepare human Igs for the blocking step by adding 3.5 pL from the vial into 10
mL of FACS buffer (PBS with 2% FBS). Discard the supernatant from the tubes and
resuspend the viable cells in a single-cell suspension using 100 puL of FACS Igs Buffer
prepared. Then, add 1 pL of each fluorochrome-conjugated primary antibody and 2 pL
of the viability dye (7-AAD) in the same tube. Incubate the tubes at 2 - 8°C for 30 minutes
in the dark followed by centrifugation. Again, discard the supernatant and wash the cells
by adding 1 mL of PBS with 2% FBS to each tube, followed by centrifugation. Discard
the supernatant and resuspend the cells in 100 uL. of PBS, then proceed to the flow
cytometry analysis. If immediate analysis is not possible, store the cells at 2 - 8°C or keep
them on ice in the dark until conducting the same-day flow analysis. A total of 10,000

events were recorded per sample.
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E. Statistical Analysis

GraphPad Prism 9 was used for statistical analysis of flow cytometry data and
primary ELISA analysis with an average of R? =0.95. Fold change or mean standard
error of mean (SEM) are used to express data. Nonparametric one-way analysis of
variance (ANOVA) was used for statistical comparisons, followed by Bonferroni's post-
hoc test. A P value of < 0.05, < 0.001, and < 0.0001 were considered statistically
significant.

In addition, SPSS software was used for statistical analysis of ELISA results. All
data were summarized and expressed as mean with standard deviation for continuous
variables and as frequency with percentage for categorical variables, shown in Sample
characteristics Table 2. First, we examined bivariate associations of medication groups
(ACEIs/ARBs, p-blockers, combination) with demographics, medical history
(comorbidities), and heart failure stage, using Chi-square or Fisher’s exact test for
categorical factors and ANOVA for comparing continuous variables across the 3
medication groups. We then assessed factors associated with the inflammation markers
(outcomes of interest: Interleukin-1p, Interleukin-2, Interleukin-10, IFN-y, and ACE2)
with sociodemographic characteristics (age, gender, smoking status), medical history
(comorbidities), heart failure stages, and medication groups using t-tests, ANOVAs, and
univariate linear regression models.

Finally, linear regression models were conducted to assess the relationship
between the continuous outcome variables (inflammatory markers) and medication
groups, adjusting for sociodemographic covariates (age, gender, smoking status), heart
failure stage, and number of comorbidities. Associations were considered significant at P

value <0.05.
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CHAPTER IV

RESULTS

A. Association of Heart Failure Medication Strategies with Inflammatory Markers:

ELISA Testing and SPSS-Based Statistical Insights

1. Patient characteristics
A total of 142 patients with heart failure were enrolled in this study. The patients
were aged between 31-98 years (mean 62.25+ 14.19 years) and 57.7% were males (Table
1). Sixty-five percent of patients had stage A heart failure, with the majority receiving
ACEIs/ARBs (42.3%), followed by combination therapy (35.9%), and B-blockers
(21.8%). The most common comorbidities were hypertension (92.3%), dyslipidemia
(38.7%), and diabetes mellitus (31%). Various plasma inflammatory markers were

assessed for each patient with ELISA technique, with mean values outlined in Table 2.

Table 2. Sample Characteristics

Sample characteristics n (%)
(N=142) or meanz SD
Age in years, mean (SD) 62.25+ 14.19
Gender, n (%)

Male 82(57.7)

Female 60(42.3)
Smoking status*, n (%)

Never 51(36.2)

Active 55(39)

Former 35(24.8)
Medical history, n (%)

Hypertension 131 (92.3)

Diabetes Mellitus 44 (31)

Coronary Artery Disease 41 (28.9)
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Chronic Kidney Disease 16 (11.3)
Stroke 4 (2.8)
Dyslipidemia 55 (38.7)
Acute Coronary Syndrome 6 (4.2)
Autoimmunity 9 (6.3)
Heart Failure Stages*, n (%)
Stage A 91 (65)
Stage B 29 (20.7)
Stage C 20 (14.3)
Lab parameters, mean +SD
Interleukin-1p * 1.41£1.13
Interleukin-2 3.03 £3.69
Interleukin-10* 15.97 £19.70
Interferon- y* 12.74 +25.23
ACE2* 3.18 £3.64
Medication groups, n (%)
Taking ACEIsS/ARBs only 60 (42.3)
Taking p-blockers only 31(21.8)
Taking combination: ACEIs/ARBs and B-blockers 51 (35.9)
Other medications 128 (90.1)

*Missing data for the following variables: smoking status (n=1), heart failure stages (n=2), Interleukin-18 (n=3),
Interleukin-10 (n=3), Interferon-y (n=3), and ACE2 (n=3). Missing observations were not included in the percentages.

B. Associations of medication groups with demographics, medical history, and

heart failure stages

Age, smoking status, heart failure stages, and medical history (hypertension,
diabetes, coronary artery disease, and stroke) were significantly different across the three
medication groups (p<0.05; Table 3). Notably, patients taking ACEIS/ARBS were
significantly younger (p=0.003), active smokers, (p=0.016), with stage A heart failure
(<0.001) and a history of hypertension (<0.001) compared to those on B-blockers or
combination therapy. In patients with a history of diabetes (p=0.006), coronary artery
disease (p<0.001), and stroke (p=0.016), the use of B-blockers was significantly higher as

compared to the other two medication groups.
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Table 3. Associations of medication groups with demographics, medical history, and heart failure stages.

Medication groups

Taking Taking Taking P-value
ACEIs/ARBs alone | B-blockers alone combination
Age, years 60.03+ 14.89 70.26+ 11.25 65.57+ 13.60 0.003
Gender 0.327
Male 35 (58.3) 21 (67.7) 26 (51)
Female 25 (41.7) 10 (32.3) 25 (49)
Smoking status 0.016
Never 17 (28.8) 11 (35.5) 23 (45.1)
Active 31 (52.5) 7 (22.6) 17 (33.3)
Former 11 (18.6) 13 (41.9) 11 (21.6)
Medical
history
Hypertension <0.001
No 0 9 (29) 2(3.9)
Yes 60 (100) 22 (71) 49 (96.1)
Diabetes 0.006
Mellitus
No 50 (83.3) 17 (54.8) 31 (60.8)
Yes 10 (16.7) 14 (45.2) 20 (39.2)
Coronary <0.001
Artery
Disease
No 58 (96.7) 6 (19.4) 37 (72.5)
Yes 2(3.3) 25 (80.6) 14 (27.5)
Chronic 0.096
Kidney
Disease
No 57 (95) 25 (80.6) 44 (86.3)
Yes 3(5) 6 (19.4) 7(13.7)
Stroke 0.016
No 60 (100) 28 (90.3) 50 (98)
Yes 0 3(9.7) 1(2)
Dyslipidemia 0.322
No 41 (68.3) 18 (58.1) 28 (54.9)
Yes 19 (31.7) 13 (41.9) 23 (45.1)
Acute 0.183
Coronary
Syndrome
No 59 (98.3) 28 (90.3) 49 (96.1)
Yes 1(1.7) 3(9.7) 2(3.9)
Autoimmunity 0.826
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No 56 (93.3) 30 (96.8) 47 (92.2)

Yes 4 (6.7) 1(3.2) 4 (7.8)
Heart failure <0.001
stage

Stage A 47 (79.7) 10 (32.3) 34 (68)

Stage B 11 (18.6) 9 (29) 9 (18)

Stage C 1@1.7) 12 (38.7) 7 (14)

C. Associations of inflammatory markers with demographics, medical history, heart

failure stages, and medication groups

Patients with stage A heart failure had significantly lower levels of IL-1 (mean
1.23+0.75) compared to those with stages B (mean 1.90+1.80) and C (mean 1.61+1.33,
p=0.019; Table 4). Additionally, individuals on combination therapy showed
significantly reduced IL-1p levels (mean 0.99+ 0.77) compared to those exclusively on
ACEIs/ARBs (mean 1.56+ 0.91) or B-blockers (mean 1.80+ 1.69, p=0.003). However,
age was significantly related to higher levels of IL-1p (B=0.016, p=0.047) (Table 4).
Individuals with a history of chronic kidney disease showed significantly lower levels of
IL-2 compared to those without a history of CKD (1.62+1.78 vs. 3.21+3.84, p=0.007;
Table 4). Furthermore, IL-2 levels were significantly lower among those on combination
therapy (mean 1.96+ 2.77) compared to B-blockers (mean 2.50+ 2.58) and ACEIs/ARBs
(mean 4.23+ 4.49, p=0.003; Table 4).

IFN- v levels were significantly lower in patients taking ACEIS/ARBs (mean
9.30£ 11.99) than in those on B-blockers (mean 23.49+ 48.79) or combination therapy

(mean 10.09% 8.56, p=0.025; Table 4).
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D. Linear regression

Linear regression models showed that patients on combination therapy had
significantly lower levels of both IL-1p (B=-0.61, p=0.007) and IL-2 (B=-2.04, p=0.007)
compared to ACEIs/ARBs after adjusting for age, gender, heart failure stage, smoking
status, and number of comorbidities (Table 5, Model 3). We also found that for IFN-y,
patients on B-blockers (B=14.19, p=0.011) had significantly higher levels than those on
ACEIs/ARBs, and for ACE2 levels, those on combination therapy (B=-1.67, p=0.018)
had significantly lower ACE2 levels than those on ACEIs/ARBs in unadjusted analysis
(Model 1, Table 5), and these associations were attenuated when further adjustment was
conducted (p=0.07; Model 3, Table 5). Adjusted analysis also showed Stage B heart

failure patients had significantly the highest levels of IL-1p (B=0.59, p=0.017).
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Table 4. Associations of inflammatory markers with demographics, medical history, heart failure stages, and medication groups.

Interleukin-1p Interleukin-2 Interleukin-10 Interferon-Gamma ACE2
B (95% CI)  p-value B (95% CI) p-value B (95% CI)  p-value B (95% CI)  p-value B (95% CI)  p-value
Age, years 0.016 0.047 -0.015 0.494 0.012 0.918 0.157 0.300 -0.016 0.476
(0-0.025) (-0.058 0.028) (-0.221 0.246) (-0.141 0.455) (-0.059 0.028)
Mean+ SD p-value Mean+ SD p-value Mean+ SD p-value Mean+ SD p-value Mean+ SD p-value
Gender 0.179 0.642 0.638 0.857 0.557
Male 1.52+£1.25 2.91+3.64 15.30£19.03 12.41+25.73 3.34+4.23
Female 1.26+0.91 3.20+3.78 16.90£20.73 13.20+£24.75 2.97+2.64
Smoking 0.878 0.756 0.097 0.846 0.864
status
Never 1.42+0.98 2.77+£3.84 20.82+£25.92 13.29+24.98 3.06+2.66
Active 1.45+1.01 3.07£3.74 13.20£17.06 11.33£12.99 3.35+4.65
Former 1.33£1.49 3.38+3.50 13.394£10.39 14.41+37.65 2.94+3.06
Medical
history
Hypertensi 0.400 0.256 0.684 0.438 0.400
on
No 1.13+£0.90 1.81+2.40 18.30+£17.00 24.28+51.16 2.29+3.80
Yes 1.43+1.15 3.13+£3.77 15.77£19.96 11.75+£21.76 3.26£3.63
Diabetes 0.346 0.063 0.888 0.596 0.082
Mellitus
No 1.47+£1.19 3.42+3.91 15.82+22.04 13.49+29.38 3.53+4.05
Yes 1.27+0.97 2.17£3.00 16.33£12.99 11.01+£10.83 2.37+2.28
Coronary 0.435 0.156 0.549 0.294 0.169
Artery
Disease
No 1.35+0.87 3.31£3.97 15.34+£19.95 11.33+£19.81 3.45£2.90
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Yes 1.56+1.62 2.34+2.81 17.58+19.19 16.35+35.66 2.5045.05
0.684 0.007 0.363 0.526 0.666
Chronic
Kidney
Disease
No 1.43+1.15 3.21+3.84 16.52+20.80 13.234+26.62 3.09+2.79
Yes 1.30+1.01 1.62+1.78 11.74+5.59 8.95+8.87 3.931£7.61
Stroke 0.569 0.324 0.956 0.363 0.713
No 1.38+1.01 3.08+3.73 15.96+19.89 11.11+17.66 3.20+3.65
Yes 2.48+£3.44 1.23+0.97 16.51+£13.67 67.77£105.8 2.52+3.67
6
Dyslipidem 0.120 0.135 0.630 0.132 0.631
ia
No 1.28+0.87 3.40+4.01 15.35+19.22 9.60+10.16 3.07+2.93
Yes 1.63+1.45 2.45+3.05 17.02+20.63 17.99+38.7 3.38+4.61
Acute 0.397 0.334 0.603 0.969 0.562
Coronary
Syndrome
No 1.40£1.10 3.10+3.74 15.80+19.83 12.75+25.65 3.22+3.66
Yes 1.84+1.96 1.61+1.94 20.49+16.79 12.3049.97 2.25+3.25
Autoimmu 0.402 0.842 0.351 0.619 0.284
nity
No 1.43+1.15 3.02+3.68 15.56+19.16 13.02+26.04 3.27+3.72
Yes 1.10+0.79 3.27+4.10 21.92+27.12 8.67+5.37 1.92+1.88
Heart
failure stage
Stage A 1.23+0.75 0.019 3.48+ 4.06 0.143 14,57+ 19.67 0.103 9.22+10.18  0.065 3.47+3.82 0.225
Stage B 1.90+1.80 257+2.91 14.44+ 10.52 19.04+ 42.44 3.05+3.21
Stage C 1.61+1.33 1.83+ 2.68 24.77+ 27.56 20.88+ 38.53 1.92+3.13
Medications
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ACEIs/AR

1.56+0.91

0.003

4.23+4.49

0.003 12.11+ 16.58 0.135 9.30+£11.99 0.025 3.95+ 2.56 0.060
Bs
B-blockers | 1.80+ 1.69 2.50+ 2.58 18.20+ 14.63 23.49+ 48.79 3.15+ 3.66
Combinatio | 0.99+0.77 1.96+ 2.77 19.22+ 24.86 10.09+ 8.56 2.29+ 4,50
n
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Table 5: Linear regression models of unadjusted and adjusted analysis.

Interleukin 1-beta Interleukin 2 Interleukin 10 Interferon-Gamma ACE2

B 95% Cl  p-value B 95%CIl p-value B 95%CIl p-value B 95 % ClI p-value B 95%CI p-value
Model 1: unadjusted
Medication groups
ACEI/ARBs Reference
Beta-blockers 023 -0.250.71 0.336 -1.72 -3.28-0.16 0.031 6.10 -2.4814.68 0.162 1419 3.3325.05 0.011 -0.81 -2.380.77 0.314
Combination -0.58 -0.99-0.16 0.007 -2.27 -3.61-092 0.001 7.11 -0.36 1459 0.062 0.79 -8.6710.25 0.869 -1.67 -3.04-0.29 0.018
Model 2: Adjusted model for heart failure stage.
Medication groups
ACEI/ARBs Reference
Beta-blockers 0.04 -0490.58 0.869 -1.27 -3.030.48 0.154 273 -6.891236 0.575 10.99 -1.2423.21 0.078 -0.09 -1.851.67 0.918
Combination -0.60 -1.03-0.17 0.006 -2.14 -352-0.75 0.003 6.07 -1.6213.75 0.121 022 -954998 0.964 -1.37  -2.780.03 0.055
Heart failure stage Reference
Stage A
Stage B 059 0.111.08 0.017 -0.79 -234076 0313 -0.02 -8758.72  0.997 741 -3.681850 0.189 -0.55 -2.151.04 0.493
Stage C 034 -025093 0.257 -1.08 -3.030.87 0.275 9.03 -1.6219.68 0.096 6.29 -7.2319.82 0.359 -154 -3.480.41 0.120
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Model 3: adjusted for age, gender, heart failure stages, smoking status, and number of comorbidities.

Medication groups
ACEI/ARBs Reference
Beta-blockers 0.03 -0.520.59
Combination -0.61 -1.05-0.17

Heart failure stage

Stage A Reference

Stage B 0.55 0.042-1.06

Stage C 0.19 -0.440.82
Age 0.02 0 0.032
Gender

Male Reference

Female -0.28 -0.680.12

Smoking status

Never Reference

Active 0.12 -0.320.57

Former -0.31 -0.790.18
Comorbidities -0.01 -0.210.18

0.901

0.007

0.034

0.549

0.047

0.166

0.580

0.215

0.899

-1.23

-2.04

-0.84

-0.98

0.01

0.22

-0.33

0.58

-0.36

-3.10 0.64

-3.51-0.57

-2.490.82

-3.09 1.13

-0.04 -0.06

-1.111.54

-1.811.15

-1.04 2.20

-0.99 0.27

0.195

0.007

0.319

0.361

0.622

0.747

0.660

0.480

0.260

4.26

6.23

0.82

9.31

-0.12

1.06

-6.06

-6.40

-0.56

-5.9514.48

-1.88 14.33

-8.46 10.11

-2.22 20.84

-0.410.16

-6.22 8.34

-14.19 2.08

-15.28 2.48

-4.112.99

0.410

0.131

0.861

0.112

0.404

0.774

0.143

0.156

0.756

12.04

0.66

8.32

6.59

0.003

1.96

1.03

-0.96

-0.49

-1.11 25.20

-9.78 11.10

-3.64 20.28

-8.27 21.44

-0.37 0.37

-7.42 11.34

-9.4511.51

-12.41 10.48

-5.07 4.09

0.072

0.901

0.171

0.382

0.988

0.680

0.846

0.868

0.832

-0.06

-1.37

-0.58

-1.62

0.006

-0.19

-0.23

-0.39

-0.05

-1.951.84

-2.88 0.13

-2.301.14

-3.750.52

-0.05 0.06

-1.551.15

-1.74 1.28

-2.04 1.25

-0.710.61

0.953

0.073

0.506

0.137

0.812

0.772

0.765

0.634

0.873
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CHAPTER V

DISCUSSION

Heart failure remains the most common form of death globally. The progression
of heart failure is closely linked to the dysregulation of the neurohormonal systems. This
is due to a disturbance of the balance between sympathetic and parasympathetic tone, as
well as disruption of the RAAS. The contributions of these systems towards the
progression of cardiovascular disease are well established [31]. In routine clinical
practice, ACEI/ARBs, B-blockers, or a combination of both are prescribed to heart failure
patients. While several studies have been conducted to compare the clinical endpoints in
terms of mortality and hospitalization for these medications [76, 77] , comparative effects
on the inflammatory profile and cytokine production have not been investigated.

In the context of heart failure, inflammation holds an important significance due
to its profound implication for disease progression and patient health. While initial
activation of the RAAS and SNS may be adaptive in the short term, chronic activation is
likely to be detrimental, and their inhibition is associated with improved survival in
several conditions, including heart failure [32]. Ang Il is recognized as a pro-
inflammatory mediator [78], serve as a pre-heart failure marker according to complex
pathways involved in heart failure pathology [79]. As evidenced by numerous studies,
Ang Il signaling influenced by the RAAS and SNS in the failing heart is associated with
increased inflammation, oxidative stress, and adverse cardiac remodeling [80] [79]. These
effects of Ang Il are intricately linked to the pathogenesis of heart failure [79]. Although

ACEIls, ARBs, and B-blockers are known to have anti-inflammatory properties, our
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knowledge of differential inflammatory changes consequent to treatment with
ACEIs/ARBs, B-blockers, or combination therapy of both is limited.

In this study, we analyzed the clinical data of patients admitted to the American
University of Beirut Medical Center between August 2022 and May 2023 who had heart
failure of stage A, B, or C and were placed on ACEIs/ARBs or/and B-blockers. Blood
samples were collected to compare the effects of the medication type and combination
therapy on inflammatory cytokines. Additionally, we aimed to characterize the
inflammatory profile of their isolated PBMCs. A total of 142 patients were recruited
following the exclusion of 23 patients who had an incomplete record. The enrolled
patients had a mean age of 62, with 57.7% being males (Table 2), however, there was no
significant difference in the frequency of both genders between patients given
ACEIs/ARBs or/and B-blockers (Table 3). From our analysis of patient demographics,
we found that the number of recruited patients prescribed with ACEIs/ARBs was twice
as high as those prescribed with pB-blockers. The ACEIs/ARBs group was also generally
younger and primarily suffered from hypertension (Table 3). This variability in
prescription could be attributed to the fact that ACEIs and ARBs are considered the first-
line treatments for hypertension in people younger than 55 [81]. Additionally, B-blockers,
despite being effective, are not being used enough in current clinical practice[82]. This
restriction in use is mainly due to their association with hypotension and bradycardia that
are believed to worsen the patient's hemodynamic status.

Since our groups had imbalanced covariate distribution, both adjusted and
unadjusted analyses were used to compare the effects on systemic inflammatory
markers. Heart failure is characterized by an imbalanced inflammatory status where

concentrations of several interleukins are increased while others are down regulated. High
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plasma levels of cytokines have been shown to contribute to heart failure initiation and
progression and correlate with the severity of heart failure and predict outcomes[83].
Elevated levels of IL-1p, IL-2, IL-10, and IFN-y have been previously reported in heart
failure [8, 25, 84]. We compared the expression levels of these cytokines among the
different medication groups. We found that regardless of the type of treatment, patients
in stage A of heart failure had lower levels of IL-1B, but its levels were positively
correlated with age. In our initial analysis of the medicines, we discovered that B-blockers
were associated with lower levels of IL-2 and higher levels of IFN-y compared to
ACEIs/ARBs. On the other hand, ACEIs/ARBs were linked to lower lev els of IFN-y
relative to B-blockers and combination therapy. However, the levels of IL-1p and IL-10
were similar across B-blockers and ACEIs/ARBs. IL-2 has a dual role in inflammation by
activating both regulatory T cells and cytotoxic lymphocytes[25, 85]. Its role in heart
failure remains uncertain due to limited research. However, IFN-y is a pro-inflammatory
cytokine produced by T cells and macrophages and exhibits atherogenic potency. It
activates the JAK/STAT pathway and stimulates oxidative stress and the secretion of pro-
inflammatory cytokines, chemokines, and adhesion molecules[84, 86]. Our findings
suggest that ACEIs/ARBs treatment might have an added benefit over the B-blockers
treatment as they better alleviate 1FN-y secretion. Noteworthy, after conducting an
adjusted analysis, this significant association was lost which could be primarily
influenced by the small sample size.

On the other hand, patients receiving combined therapy (B-blockers and
ACEIs/ARBs) showed a significant decrease in IL-1p and IL-2 plasma levels compared
to those exclusively on ACEIs/ARBs (Table 4). These findings were consistent even after

conducting a linear regression and adjusting for age, gender, heart failure stage, smoking
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status, and the number of comorbidities across studied groups (Model3, Table 5). The
results indicate a potential synergistic effect with the combination treatment, which can
be attributed to the dual inhibition of the RAAS and SNS. It is widely known that
ACEIs/ARBs inhibit Ang Il and AT1-R respectively. This inhibition is thought to
improve vascular inflammation by suppressing NF-xB activation [87] and by reducing
ANGII-induced production of proinflammatory cytokines and chemokines [88, 89].
Moreover, B-blockers work by suppressing the SNS and blocking B-1 receptors in the
kidney's JG cells. This reduces renin release which in turn lowers the levels of Ang Il
further contributing to the regulation of the inflammatory response [61, 90].

After observing this discrepancy in effect, we measured the expression levels of
ACE2 given the importance of the ACE 2/Ang-(1-7) pathway in modulating many of the
activities of Ang Il which includes inflammation. However, no differential change in
ACE?2 expression was observed between ACEIs/ARBs and B-blockers. Additionally, the
combination therapy was linked with lower ACE2 levels when compared to patients who
were only on ACEIs/ARBs with a p value close to significance. It could be inferred that
the variation in effect on inflammatory cytokines might not be mediated by ACE2 or that
the sample size limited the significance following adjusted analysis.

In conclusion, the combination therapy of ACEIs/ARB and -blockers differentially
impacts the inflammatory response in heart failure patients. According to our findings,
utilizing a combination of ACEIs/ARBs alongside B-blockers proved to be more
advantageous when it comes to decreasing inflammatory cytokines (IL-1p and IL-2) in
heart failure patients, as opposed to relying on a single medication. Interestingly, this
benefit seems to be independent of ACE2. Whether the combination therapy exerts a

better overall prognosis in this population warrants further investigation.
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CHAPTER VI

LIMITATIONS AND FUTURE DIRECTIONS

It is important to note that this study has some limitations due to its retrospective
nature and the fact that it was conducted in only one hospital. This may limit the
interpretation of our findings due to the small sample size and potential selection bias.
For instance, ACE2 levels were the highest in the ACEIS/ARBSs group and the lowest in
the B-blockers group. This aligns with the well-known effect of ACEIS/ARBs in
increasing ACE?2 levels. The fact that ACE2 increase was close to significance following
adjusted analysis, highlights the importance of increasing the sample size of this study to
improve the significance of the outcomes. Additionally, a predominant presence of
patients with stage A heart failure was noted, potentially limiting the ability to draw
comprehensive conclusions across various heart failure stages. Moreover, the blood
samples were not all collected at the same time in relation to the course of the disease,
and there was no control over the duration of treatment. Large prospective studies are
required to confirm our findings and to explore the mechanisms by which ACEIs/ARBs
and B-blockers regulate the inflammatory response. Additional markers such as IL-6,
CRP, TNF-o will be assessed. To gain a better understanding of the molecular
mechanisms behind the inflammatory response in our patient population, we extracted
PBMCs from the blood samples of our recruited patients. Our goal was to perform RNA
sequencing because it can detect changes in gene expression, the use of different

transcripts and alternative splicing and analyze their inflammatory profile.
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e PBMCs’ Purity Following Isolation by Density Gradient Centrifugation and
EasySep Techniques

To assess the efficacy of PBMCs extraction methods, blood samples were
recruited from heart failure patients. This extraction was achieved using two different
techniques, Density Gradient Centrifugation with Lymphoprep™ density gradient
medium (SepMate) and the EasySep™ Direct Human PBMC Isolation Kit.

Successful PBMC extraction was confirmed by Flow Cytometry technique. Prior to this,
we conducted cell counting and staining, using panels of antibodies listed in the materials
and methods section.

Our comparative study focused on the percentage of CD45+ living cells obtained
from PBMCs of heart failure patients (Figure 7). The data clearly indicates that the
EasySep™ method yielded a significantly higher percentage of CD45+ living cells

compared to the SepMate method, with a statistical significance of P< 0.01.
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Figure 8: Comparative analysis of CD45+living cells between EasySep and SepMate
methods of heart failure patients recruited PBMCs by Flow Cytometry technique (n =3
patients). (a) Bar Graph of CD45+ cells percentage was performed by GraphPad Prism 8
using Unpaired t-Test (**P< 0.01). Error Bars are displayed as mean + SEM. (b-c) Dot
plot illustrating CD45+ cells profile using EasySep and SepMate respectively performed
by BD FACSDiva 8.0.1 software (Becton, Dickinson and Company).
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Moreover, by Flow Cytometry technique, we assess levels of circulating
CDA45+/CD66+/CD33+ myeloid cells, CD45+/CD56+/CD3- NK cells, CD45+/CD14+
monocytes, CD45+/CD19+ B cells, and CD45+CD3+ T cells in heart failure patients
prior to PBMCs isolation with the EasySep and SepMate methods.

It was observed that SepMate method yielded a slightly higher percentage of
myeloid and monocyte cells, but this increase was not statistically significant when
compared to EasySep method (Figure 8 and 10).

In contrast, the EasySep method, as depicted in Figures 9, 11 and 12, yielded a higher
percentage of NK cells, B cell subsets, and T cell subsets. Notably, statistical significance

was observed for B and T cells, with P-values of P<0.005 and P<0.001, respectively.
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Figure 9: Comparative analysis of CD45+/CD66+/CD33+ myeloid cells between
EasySep and SepMate methods of heart failure patients recruited PBMCs by Flow
Cytometry technique (n = 3 patients). (a) Bar Graph of CD45+/CD66+/CD33+ cells
percentage was performed by GraphPad Prism 8 using Unpaired t-Test. Error Bars are
displayed as mean £ SEM. (b-c) Dot plot illustrating CD66+/CD33+ cells profile using

EasySep and SepMate respectively performed by BD FACSDiva 8.0.1 software (Becton,
Dickinson and Company).
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Figure 10: Comparative analysis of CD45+/CD56+/CD3- NK cells between EasySep and
SepMate methods of heart failure patients recruited PBMCs by Flow Cytometry technique (n =3
patients). (a) Bar Graph of CD45+/CD56+/CD3- cells percentage was performed by GraphPad
Prism 8 using Unpaired t-Test. Error Bars are displayed as mean + SEM. (b-c) Dot plot illustrating
CD45+/CD56+/CD3- cells profile using EasySep and SepMate respectively performed by BD
FACSDiva 8.0.1 software (Becton, Dickinson and Company).
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Figure 11: Comparative analysis of CD45+/CD14+ monocytes cells between EasySep and
SepMate methods of heart failure patients recruited PBMCs by Flow Cytometry technique (n =3
patients). (a) Bar Graph of CD45+/CD14+ cells percentage was performed by GraphPad Prism
8 using Unpaired t-Test. Error Bars are displayed as mean + SEM. (b-c) Dot plot illustrating
CD45+/CD14+ cells profile using EasySep and SepMate respectively performed by BD
FACSDiva 8.0.1 software (Becton, Dickinson and Company).

60



3

(A:OO (B) EasySep SepMate
_— ] =0 = —
£ 583 883
£ %o o
» &7 &7
: . 3
2 o4 2 > < o :
5 Rt I S
O - s i -
X &0 @ 1 P9 P10 SNk P10
I3) [ [y ‘ [Ty e
2 s i it
3 g4 - 2
@ = . . g eI
0 T T i . .
Illlll”llllllﬂl IIIH|T|'| lllllm]ﬂr‘ LLLLLRI N | LALY
R ° 0 10° w0t 10’ o 10° 10t 108
{o Q& 901 ADN A 8979 ADC A
& &

Figure 12: Comparative analysis of CD45+/CD19+ B cells between EasySep and
SepMate methods of heart failure patients recruited PBMCs by Flow Cytometry
technique (n = 3 patients). (a) Bar Graph of CD45+/CD19+ cells percentage was
performed by GraphPad Prism 8 using Unpaired t-Test (*P<0.05). Error Bars are
displayed as mean = SEM. (b-c) Dot plot illustrating CD45+/CD19+ cells profile using
EasySep and SepMate respectively performed by BD FACSDiva 8.0.1 software (Becton,
Dickinson and Company).
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Figure 13: Comparative analysis of CD45+/CD3+ T cells between EasySep and SepMate
methods of heart failure patients recruited PBMCs by Flow Cytometry technique (n = 3 patients).
(a) Bar Graph of CD45+/CD3+ cells percentage was performed by GraphPad Prism 8 using
Unpaired t-Test (****P<0.001). Error Bars are displayed as mean + SEM. (b-c) Dot plot
illustrating CD45+/CD3+ cells profile using EasySep and SepMate respectively performed by
BD FACSDiva 8.0.1 software (Becton, Dickinson and Company).
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In conclusion, after PBMC isolation, we confirmed the success of the isolation
and compared the effectiveness of the different methods using flow cytometry. The
isolation with the Easysep direct human PBMC isolation Kit proved to be superior to the
density gradient centrifugation method. This was evident from the high output of living
CD45+ cells (including NK cells, B cells, and T cells) obtained using the EasySep
technique. This difference could be attributed to several factors. Therefore, EasySep
technique employs a unique immunomagnetic based cell isolation approach and
it minimizes cellular stress and damage, preserving a higher yield of living CD45+ cells.
In France, isolated PBMCs will be comprehensively analyzed to unravel their

inflammatory profiles as the basis for ongoing research.
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