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The fundamental part of the work is centred in the study of the monocyte levels, 

distribution and clinical significance in outpatients with heart failure of a multidisciplinary 

Heart failure Unit of the University Hospital Germans Trias i Pujol in Badalona. It was 

investigated if the levels and distribution of the different monocyte subsets could be used as a 

prognostic predictor factors in Heart failure.  Additionally, on one hand, the doctoral thesis 

describe an innovating method of the simultaneous analysis con the relative telomere length 

and distribution of the monocytes and on the other hand, if the relative telomere length could 

be related with adverse events (mortality of hospitalizations) due to heart failure.  
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1.1. SUMMARY 

Heart failure is a disorder characterized by different clinical signs and symptoms due to a 

structural or functional anomaly of the heart. It is the most predominant heart disease in 

developed countries, both from epidemiological point of view and clinical implications. Indeed, 

it is a growing medical problem related to major hospitalization needs and high mortality, with 

significant economic and population burden worldwide. Established prognostic factors, such as 

age, sex, aetiology, comorbidities, New York Heart Association functional class, left ventricle 

ejection fraction, and routine laboratory markers might fail to completely and individually 

predict disease progression and mortality. A good risk stratification strategy is crucial as risk 

might be refined using several biological biomarkers of different pathophysiological processes 

that the former mortality risk factors do not necessarily directly reflect. That is why efficient 

and reliable new prognostic predictor markers are of upmost importance and relevance for the 

future management of the disease.  

Monocytes are a heterogeneous population of effector cells with key roles in the maintenance 

and restoration of tissue integrity. Three distinct human monocyte subsets can be identified by 

flow cytometry: classical (CD14++/CD16–), intermediate (CD14++/CD16+) and non-classical 

(CD14–/CD16+). Little is known about the importance, relationship between the levels of the 

circulating monocytes and their distribution in heart failure, even less if these parameters could 

be used as a predictor markers for the progression of the disease. 

The main objective of the current project was to assess the relationship between the levels and 

distribution of the different circulating monocyte subsets and the length of its telomeres in 

outpatients with heart failure with adverse events, namely mortality and heart failure 

hospitalizations. 
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Three cohorts of respectively 28, 400 and 101 ambulatory patients, consecutively treated at a 

multidisciplinary heart failure Clinic from December 2013 to May 2015 were included in the 

studies described in this doctoral thesis, independently of the data of their entry into the heart 

failure Clinic program. All study procedures were performed in accordance with all ethical 

standards and all participants provided written informed consent. Peripheral blood samples of 

all patients were extracted for subsequent analysis by flow cytometry. The samples were 

incubated directly by means of monoclonal antibodies with fluorocromes against monocyte 

specific surface antigens, type CD86 (or HLA -DR), CD14 and CD 16 and in parallel (in 100 

samples) genetic markers (telomeres) were subsequently analyzed by flow cytometer (BD 

LSRFortessa) in the Department of Citolatry of the IGTP. The percentage distribution of each 

monocyte subset was analyzed and their absolute cell count (U/mL) was also determined 

quantitatively. We were able to establish an innovating, accurate and much less expensive 

method than established ones for simultaneously measuring the different monocyte subsets and 

the its relative telomere length. 

In our study, the intermediate subset was independently associated with all-cause death and the 

composite end-point of all-cause death or heart failure hospitalization, in multivariable 

analyses. The quantitative determination of the absolute cell count of each monocyte subset 

expressed by U/mL was superior from the prognostic point of view than the percentage of these 

monocyte subsets in outpatients with Heart failure.  We observed about 22% reduction in 

telomere length over 1 year in the monocytes of our patients, being the baseline telomere length 

and change in telomere length not significantly associated with outcomes. Therefore, the change 

in telomere length is not likely to be a useful biomarker of heart failure progression. 

The monocytes and monocyte subsets could be used not only as a predictor factor but also might 

be taken into consideration as part of an immuno-modulation therapy in the future for the heart 

failure patients. 
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1.2. RESUMEN 

La insuficiencia cardíaca es un síndrome, caracterizado por diferentes signos y síntomas 

clínicos debidos a una anomalía estructural o funcional del corazón. Es una de las cardiopatías 

más predominantes en los países desarrollados, tanto desde el punto de vista epidemiológico 

como de sus manifestaciones clínicas. La insuficiencia cardíaca es un problema médico 

creciente relacionado con una alta tasa de hospitalización e importante mortalidad y un 

pronóstico desfavorable con coste socioeconómico muy elevado en todo el mundo.  

Los monocitos son una población heterogénea de células efectoras con funciones clave en el 

mantenimiento y la restauración de la integridad del tejido y del sistema inmunológico. 

Mediante citometria de flujo se pueden separar tres subpoblaciones de monocitos humanos 

distintos: clásicos (CD14 ++ / CD16–), intermedios (CD14 ++ / CD16 +) y no clásicos (CD14– 

/ CD16 +).  

Poco se sabe acerca de la importancia, la relación entre los niveles de los monocitos circulantes 

en sangre periférica y su distribución en la insuficiencia cardíaca, incluso menos se conoce si 

estos parámetros podrían usarse como marcadores predictores de la progresión de la 

enfermedad.  

El objetivo principal del proyecto actual fue evaluar la relación entre los niveles y la distribución 

de las diferentes subpoblaciones monocitarias y la longitud de sus telómeros en pacientes con 

insuficiencia cardíaca y los eventos adversos, comomortalidad y hospitalización por 

insuficiencia cardíaca. La tesis doctoral actual describe tres estudios, respectivamente de 28, 

400 y 101 pacientes ambulatorios, tratados consecutivamente en una unidad multidisciplinaria 

de insuficiencia cardíaca desde diciembre de 2013 hasta mayo de 2015. Todos los 

procedimientos del estudio se realizaron de acuerdo con todos los estándares éticos y todos los 

participantes proporcionaron un consentimiento informado por escrito. Se extrajeron muestras 
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de sangre periférica de todos los pacientes para su posterior análisis mediante citometría de 

flujo. Las muestras se incubaron directamente con anticuerpos monoclonales con fluorocromos 

contra antígenos de superficie específicos de monocitos, tipo CD86 (o HLA -DR), CD14 y CD 

16, y en paralelo (en 101 muestras) se analizaron marcadores genéticos (telómeros) mediante 

un citómetro de flujo. (BD LSRFortessa) en el Departamento de Citolatría de la IGTP. Se 

analizó la distribución porcentual de cada subconjunto de monocitos y también se determinó 

cuantitativamente su recuento de células absoluto (U/mL). 

Durante nuestro proyecto pudimos establecer un nuevo método de análisis conjunta de 

subpoblaciones de monocitos y con determinación de la longitud relativa de los telómeros, que 

resulto rápido, preciso y mucho más barato que otros métodos utilizados previamente.  

En nuestro estudio, la subpoblación intermedia se asoció de forma independiente en el análisis 

multivariable con mortalidad por todas las causas y con la variable compuesta (mortalidad por 

todas las causas o ingreso por insuficiencia cardiaca). La determinación cuantitativa del 

recuento de células absoluto de cada subpoblación de monocitos expresado en U/mL fue 

superior desde el punto de vista pronóstico al porcentaje de estas subpoblaciones. Se observó 

una reducción de aproximadamente el 22% en la longitud de los telómeros durante un año en 

los monocitos de nuestros pacientes, aunque la longitud relativa y el cambio en la longitud de 

los telómeros no se asociaron significativamente con los resultados. Por lo tanto, no es probable 

que el cambio en la longitud de los telómeros sea un biomarcador útil de la progresión de la 

insuficiencia cardíaca. 

Los monocitos y las subpoblaciones de monocitos podrían usarse en el futuro no solo como un 

factor predictor, sino que también podrían tomarse en consideración como parte de una terapia 

de inmunomodulación para los pacientes con insuficiencia cardíaca. 
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2.1. General concepts and relevance of heart failure. 
Importance of predictor factors and new methods for 
patients’ stratification    

Heart failure is a human disorder characterized by different signs and clinical symptoms due to 

a structural or functional anomaly of the heart. It is one of the most predominant heart diseases 

in developed countries, with estimated prevalence from 1-2% of the adult population, rising up 

to >10% among people >70 years of age, being the lifetime risk for heart failure at age of 55 

years of 33% for men and 28% for women1. It is a growing medical problem related to major 

hospitalizations, mortality and poor prognosis with significant economic and population burden 

worldwide. The diagnosis of heart failure is done once clinical symptoms become apparent, not 

in stages when asymptomatic structural or functional abnormalities of the heart are detected, 

although these can be a precursor of the heart failure process. Even until now, the diagnosis of 

heart failure is based on the clinical manifestation, history and examination and there is not one 

single test that can diagnose heart failure for itself2,3. Symptoms of heart failure often are 

unspecific or could be mistaken with other problems and symptoms, such as fluid retention, 

could rapidly resolve with adequate treatment. Moreover, specific signs of heart failure could 

be difficult to detect and even more difficult to reproduce1.  That is why efficient and reliable 

diagnostic and moreover prognostic predictor factors are of upmost importance and relevance 

for the future development and consequent early treatment of the disease. The vital importance 

and social economic impact of early risk stratification has been supported in other studies in 

heart failure4, where establishing an early and accurate diagnosis of heart failure was related 

with decrease length of hospitalization and costs.   

A good biomarker should be accurate and able to be reproduced in different measurements by 

different operators, it should provide new information, which cannot be obtain with a careful 

clinical assessment and should help in the decision making for the therapeutic strategy of the 
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patients5. The World Health Organisation proposed a definition for a biomarker as any 

substance, structure, or process that can be measured in the body or its products and influences 

or predicts the incidence of outcome or disease6. Although many of the common used predictor 

factors do not fulfil completely these criteria, they are still largely used in the clinical practice. 

In the clinical trial of Bouvy7 was developed a prognostic model for the prediction of the 

mortality risk in patients with moderate and severe heart failure. They studied some parameters 

such as clinical history, physical examination (blood pressure), drug use, quality of life were in 

order to stratify the patients according to their short-term risk to death. The strongest predictor 

factors in this study were the NYHA classification, the Minnesota heart failure score, renal 

dysfunction and the use or non-use of beta-blocker agents. However, these predictors factors, 

although easy to obtain and very accurate for the prediction of mortality, did not established the 

individual risk.  

In another article, Braunwald8 categorized the Biomarkers in heart failure in six main categories 

(Biomarkers for inflammation (CRP, TNF alfa, IL 1,6-18), Oxidative stress (Oxidized low-

density lipoproteins), Etracellular matrix remodelling (a marker for progression of heart 

failure), Neurohormones (Norepinephrine, Renin, Angiotensin II, Aldosterone, Endotelin), 

Myocyte injury (Cardiac specific troponin I y T, Myosin light chain kinase I, Creatine kinase 

MB fraction), Myocyte stress (Brain natriuretic peptide: BNP, N-terminal pro-brain natriuretic 

peptide, ST2). The study of biomarkers of inflammation in heart failure has been of significant 

importance in the last decade since the process of inflammation has been related with the 

progression and severity of the disease.9 Some of the studied biomarkers are described below: 

 CRP 

In this context, CRP has proof to be a useful parameter and its high levels have been found in 

inflammatory conditions (sepsis) as well as in heart failure patients, where it bestowed worse 

prognosis8.  At vascular level, CRP reduce the nitric oxide and increase endoteline-1 production 
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and stimulates the expression of endothelial adhesion molecules. Nevertheless, CRP can be 

elevated in very heterogenic conditions such as acute and chronic infection, cigarette smoking, 

acute coronary syndromes, active inflammatory states, etc.  

 Cytokines 

Another pro-inflammatory agents are TNF alpha and Interleukins 1, 6 and 18, which 

consequently can elevate after ischaemic cardiac injury with inflammatory stress with the 

acceleration of progression of heart failure. These interleukins may cause myocyte apoptosis, 

necrosis, and secondary ventricular remodelling due to matrix metalloproteinase.  

 Oxidative stress 

The oxidative stress and oxidative particles such as superoxide anion, hydrogen peroxide and 

hydroxide radical can impair the normal endothelial function and influence the progression of 

heart failure8. It can also lead to cellular damage, apoptosis and necrosis of the myocytes and 

cause as well cardiac arrhythmias.  

 Renin-Angiotensin-Aldosterone 

Other type of biomarkers associated with worse prognosis in heart failure are the 

neurohormones from the Renin-angiotensin aldosterone system, as well endothelin 1 and 

norepinephrine. The activation of this system together with the sympathetic nervous system in 

heart failure occurs as a response mechanism to arterial underfilling and other 

pathophysiological processes (eg. dehydration or blood loss)10.  This mechanism initially has a 

positive effect in the homeostasis of the organism but with time can provoke maladaptive 

cardiac remodelling and progression of heart failure. Although, in clinical everyday praxis their 

plasma levels are unstable and difficult to measured, their inhibitors as well as the beta-blockers 

(with blockade of the sympathetic nervous system), play a main role in the treatment of heart 

failure. 
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 Natriuretic peptides: ANP, BNP and NT-proBNP 

There are different types of natriuretic peptides: ANP (atrial natriuretic peptide), brain 

natriuretic peptide (BNP) and C natriuretic endothelial peptide (CNP).  They are hormones, 

with diuretic characteristics and who participate in the vasomotoric regulation (stimulating the 

vasodilatation) and are secreted from cardiomyocytes in response to an atrial or ventricular wall 

stretch due to volume expansion or pressure overload.  The ANP is primary secreted from the 

atria in form of pro-hormone (pro-ANP), which after been fragmented from a special enzyme, 

is converted in the active molecule ANP.  The BNP is secreted principally from the ventricles 

in form of pre-hormone and which is disintegrated into NT-proBNP and active peptide BNP. 

The terminal fragment of the molecule (NT-proBNP) is much more stable and easier measured 

in comparison to BNP in plasma which explained the reason for its common used in laboratory. 

BNP promotes vasodilatation, natriuresis, diuresis and inhibits the renin-angiotensin-

aldosterone system.  

These peptides elevate in patients with heart failure and especially BNP and NT-proBNP are 

directly proportional with the volume expansion, myocardial wall stress and intracardial 

pressure and are related to cardiac disorder. The natriuretic peptides are also elevated in states 

of renal insufficiency, chronical lever or hormonal diseases (Cirrhosis, Cushing syndrome) and 

acute events such as myocardial infarction, pulmonal embolism/disease or cerebral 

haemorrhage. They are influenced by the age, sex, special medication, hormones and assay 

used. The natriuretic hormones and their importance and utility have been investigated in other 

studies11,12,13, where sustained plasma levels of BNP were established as reliable and 

independent risk factor and predictor of death or deterioration of cardiac functional status in 

heart failure. Monitoring levels of BNP/NT-proBNP is a useful tool to assess the response of 

medical treatment in acute heart failure decompensation and in outpatients. The natriuretic 

peptides are also useful for the diagnosis of heart failure, for if their value is below the cutting 
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point, the diagnosis of heart failure is unlikely and these patients would not require an 

echocardiography1. 

 ST2 ( Interleukin-1 receptor-like 1) 

ST2 is other laboratory marker used in the stratification of heart failure. It is part of the 

interleukin-1 receptor family and is secreted by monocytes subjected to mechanical strain. It 

appears to decrease the inflammatory response of the organism by suppressing the production 

of inflammatory cytokines (IL 6 and 12) and its levels are elevated in patients with heart failure6. 

An advantage of this marker is that it is not influenced by age, renal function or body-mas 

index.10,14 Soluble ST2 is associated with worse prognosis in heart failure and increase risk of 

adverse outcomes10. Furthermore, the addition of ST2 together with NTproBNP substantially 

improves the risk stratification for death beyond that of a model that is based only on established 

mortality risk factors15. Indeed, it has been suggested that ST2 may be regarded as the new gold 

standard biomarker for prognosis and monitoring in heart failure.16 

 Troponin 

The markers for cardiac necrosis, as positive Troponin have shown also to be related to worse 

prognosis in heart failure as they had more adverse events, increased in hospital mortality, more 

cardiac procedures and longer hospitalization and consequently they need to be undergo more 

intensive monitoring and close follow up17. In the same study, patients with negative troponin 

values had two thirds lower mortality rate than the ones with positive troponin. High-sensitivity 

Troponin T provided significant prognostic information in a Spanish real-life cohort of patients 

with chronic heart failure, while simultaneous addition of high-sensitivity Troponin and NT-

proBNP into a model that included established risk factors also improved mortality risk 

stratification.18 
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 MicroRNAs 

Short, non-coding sequences of RNA that regulate gene expression at the posttranscriptional 

level and are stable in blood. They have been investigated as possible biomarkers in 

cardiovascular diseases. Changes in specific microRNAs (29a, 1, 21 and 133a) were associated 

with myocardial fibrosis10. However, these markers are still not used in the clinical practice, as 

standardized approaches and quality assessment for measuring circulating miRNAs are not 

uniformly established, and most studies have been small, so the obtained results are 

inconsistent. In two independent cohorts totalling 2203 subjects higher levels of miR-1254 and 

miR-1306-5p were significantly associated with risk of the combined endpoint of all-cause 

mortality and heart failure hospitalization. However, these two circulating miRNAs failed to 

improve prognostication over established predictors.19 

 Markers of renal dysfunction (creatinine, estimated glomerular filtration rate and cystatin 

C) 

Markers of renal function have been extensively related to prognosis in heart failure patients. 

Estimated creatinine clearance and estimated glomerular filtration rate, independently of the 

equation used for their estimation have shown a very important prognostic value.20,21 The 

prognostic role of Cystatin C is more controversial22. 

Other biomarkers described in heart failure, such as Galectin-3, GDF-15, ceruloplasmin, are 

currently investigated as predictor markers for the development and prognosis of heart 

failure.10,23,24 

In the last years numerous prognostic markers have proven to be of significant utility for the 

diagnosis of heart failure, although their clinical applicability remains limited and diagnosis 

and therapy monitoring and guidance of heart failure is still challenging. 
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 Usually, prognostic markers are considered separately, but a multimarker strategy could 

eventually supposed better risk stratification and therefore optimization of the medical 

treatment and decrease the socio-economic costs.  

Diagnosis, progression and prognosis as well as risk stratification of heart failure patients and 

optimal prediction of adverse cardiovascular events and mortality has been of interest of many 

investigators groups, who have also suggested practical clinical models and scores10,26-28 

combining different laboratory, clinical, anthropological and imaging parameters. As an 

example, the Seattle Heart failure score26 established that the NYHA functional class, ischemic 

aetiology, diuretic dose, ejection fraction, sodium, haemoglobin, lymphocytes, uric acid and 

cholesterol have independent predictive power in heart failure. An important limitation of these 

models is that they help predict death in heart failure patients but are less accurate to predict 

further hospitalizations due to heart failure.25,29 Biomarkers have been added into such risk 

models in recent years. The Barcelona Bio-HF Calculator is a contemporary web-based heart 

failure risk score derived from a well-characterized and managed, current real-world cohort that 

combines clinical data (age, sex, NYHA functional class, left ventricular ejection fraction, 

serum sodium, estimated glomerular filtration rate, hemoglobin), treatments and 3 heart failure 

biomarkers (i.e., NT-proBNP, surrogate for myocardial strain, high-sensitivity troponin T –

surrogate for myocyte damage, and ST2 reflective of inflammation and extracellular matrix 

remodelling), and it is designed to run with the availability of 0, 1, 2, or 3 of them. It was first 

developed for calculating the risk of all-cause death up to 3 years25 and was validated in a 

Boston cohort from the PROTECT study30 and included in the references 2016 Guidelines of 

the European Society of Cardiology1. Indeed, an updated version has been more recently 

developed which allows estimating the risk up to 5 years of all-cause death, heart failure 

hospitalization (using competitive risks assessment) and the composite of both events31. 
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Biomarkers for stratification and progression of disease as well as to measure the response of 

therapy are of crucial importance in the assessment of acute heart failure, where they could 

confirm dynamic changes in hemodynamic and clinical status.  

A significant limitation of a new and accurate biomarker is the financial side. Due to elevated 

costs, less developed countries cannot afford optimal medical assessment, including 

biomarkers.  

The described above is only an example, that shows the necessity for the development of new 

and more precise predictor markers to better understand the human heart and to treat our patients 

more accurately and safely. 

2.2. Definition, characteristics and physiology of monocytes 

The monocytes are white blood cells, which are part of the immune system and participate in 

the homeostasis of the organism and tissue repair. They are generated from precursor cells in 

the bone marrow and circulate in the blood stream from where, due to specific stimuli, they 

migrate to the tissues and transform themselves into specific cells called macrophages. They 

possess only one nucleus, from where comes their name: mononuclear phagocytes or 

monocytes/macrophages. Their identification occurs based on the cell morphology, 

cytochemistry as well as flow cytometry. In dependence of the expression of these specific cell-

surface markers, monocytes are divided into three different subsets: the classical: with high 

expression in CD14 and low in CD 16: CD14++/CD16-, the non-classical: low in CD 14 and 

high in CD16: CD14+/CD 16++ and an intermediate subpopulation: CD 14++/CD16+32. 

The three monocyte subsets differ not only in the expression of surface receptors markers but 

also in the type of cytokines that they produce.33,34 This characteristic helps as well to 
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understand the functional differences between the subsets. For instance, TNF alpha is produced 

mainly from the CD 16+ subsets (intermediate and non-classical subsets), which has been  

associated with pro-inflammatory conditions, although some discrepancies about this topic 

have been described in previous studies34. 

The classical monocyte subset was well known in comparison to the non-classical (CD16+), 

which was discovered about 20 years ago and accomplished for about 10% of the monocytes. 

It took even more time to distinguish the third monocyte subset, the intermediate because of the 

difficulty to distinguish the boundaries between this subset and the other two being a 

continuum, and to categorize it into a separate subset with complete different functions and 

secretion of interleukins32. The classical monocyte subset acts as scavenger toward apoptotic 

cells and participate in the resolution of inflammation; it expands in variety of diseases as 

inflammatory disorders (rheumatoid arthritis, inflammatory bowel disease, severe asthma and 

kidney insufficiency.35,36,37. This monocyte subset segregates different cytokines (interleukin 

IL-1) associated with an inflammation state and, together with other peripheral blood cells and 

agents, could produce cardiac damage. The key role of the monocyte subsets in the 

inflammation and innate and adapted immunity has been researched also in the 

pathomechanism of the cardiovascular diseases 38-43. The classical subset can acquire T-cell 

inducer proliferate activities if properly activated44.  

The same study also describes an important pro-angiogenic capacity of the intermediate subset, 

based on the expression of proangiogenic factors as endoglin tyrosine kinase and kinase insert 

domain receptor (KDR). The intermediate subset has been also associated with pro-

inflammatory characteristics, and has the ability to respond direct to microorganism.45,46 It 

expands with cytokine treatment and inflammation. During infection it is the first subset of the 

monocytes which would increase in number, followed from the non-classical monocytes.  In 

the last years, the intermediate subset has gained more attention due to its unique characteristics 



2. Introduction 

 

40 
 

and clinical importance in chronic inflammation diseases.46,47 Another interesting point is the 

capacity of the intermediate subset in expressing high levels of major histocompatibility 

complex (MCH) class II and the presentation of genes, which makes this monocyte subset one 

of the best inducer of Staphylococcal enterotoxin B (SEB) mediated T cell proliferation and 

interaction44. 

In generalized infections with systemic affectation like sepsis, the intermediate subset of 

monocytes has been described to expand. The non-classical subset is considered to have an 

important role in tissue repair due to its crawling behaviour on the endothelium, looking 

continuously for signs of inflammation or damage, in which case the cells can migrate rapidly 

in into the tissues. This capacity is enabled of the vastly expression of cytoskeletal genes 

involved in cell mobility. In other study,22  which compares healthy volunteers with patients 

with chronic systolic Heart failure, an increased levels of the non-classical monocytes and 

reduced levels of the classical subset was described. Moreover, these changes were related to 

higher serum IL-13 levels and were inversely proportionated with increased size of the 

dysfunctional heart. In this study it was suggested that the non-classical subset may play an 

important role in the counterbalance mechanism of the organism, which aim to slow the 

remodelling process in the Heart failure patients.  

Some data suggested that the non-classical subset could intervine in the resolving of the 

infection and the intermediate subset promotes it. A CD 16+ expansion has been observed 

also in bacterial and viral infections, but still it is not clear if they play a protective or host 

role in the organism in situation of infection.  

In order to distinguish between the CD14+ and CD16+cells we normally use antibodies directed 

against the lipopolysaccharide-binding domain for the CD14+ and Fc-binding domain for the 

CD16+44.Same markers are also present in neutrophils and to exclude them it is necessary to 

use intracellular lactoferrin and CD66b to exclude granulocytes, CD56 to exclude natural killer 
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cells and staining for MHC class II expression and for low-level CD4 on monocytes can be 

useful32. However some other ways exists to analyse this population of cells, taking into 

consideration precisely the CD16+ cells, which, according to the group of investigators of 

Wong35 could be based on the expression of Tie-2 and slan molecules. The Tie-2 molecule is 

present in up to 20% of all monocyte subsets, especially predominant, but not exclusive for the 

intermediate subset (also present in some other types of cells like circulating endothelial cell 

progenitors). Cells that express Tie-2 have proangiogenic activities, as promoting tumour 

angiogenesis and physiological wound healing processes. The slan+ cells, a new type of 

dendritic cells, are highly phagocytic cells, express CD16+ and have the capacity to stimulate 

CD8 T cells. Up to 30-50% of the non-classical monocytes are slan+. They have the ability to 

produce TNF alpha and pro-inflammatory nature. 

2.3. Telomeres, definition and their clinical importance. 
Telomere length and attrition. The aging process and the 
telomeres 

The telomere is a DNA-protein structure, a region of repetitive nucleotide sequence of the end 

of the chromosomes, which protects from deterioration of the DNA molecule and prevents from 

fusion events48-50. It comes from Greak: telos: end, and meros: part. In humans, the telomere is 

a DNA sequence of tract of tandem repeats of six-nucleotide unit TTAGGG single stranded 

overhang and is protected with a specific DNA protein, collectively called shelterin. The 

sheltering structure and sufficient telomere length are key elements for the protection of gene 

damage and genome destabilization. The telomere integrity is controlled by an enzyme called 

telomerase, which synthesizes anew the telomere sequences onto chromosome ends, but it 

cannot fully restore the telomere. During the cell division, in concrete, the chromosome 

replication, the duplication enzymes (DNA polymerase) cannot fully replicate the 3’ end of the 
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called chromated fibers, and, in order to protect them the telomere part of the telomere ( between 

30-150 base pairs) is lost in every cellular division. With the time, the telomere is progressively 

shortened, a phenomenon related to genetic instability, cellular senescence, pathogenesis and 

progression of a variety of human diseases51. Nevertheless, in case the cell enters in replicative 

senescence due to critical telomere length, it cannot continue with the division cycle and in this 

way a gene instability would be prevented as well as cancer. The enzyme telomerase is almost 

inactive in most somatic cells, and is up regulated in germ cells, some stem cells and in cancer 

cells. 

The aging of the organism is a process of multiple physiological and structural changes on a 

molecular level, to which the human heart is not an exception. In every cell division the 

telomere is shortened reaching a critical length from which the cell cannot be replicated 

anymore. In order to protect gene modification and gene instability, in this moment the cell 

could become dysfunctional, enter in senesce (G0) or apoptosis and would be eliminated from 

the organism. The loss of the telomere DNA and its respective shortening could be accelerated 

from damaging environmental factors such as oxidative stress, metabolic endproducts, and 

ultraviolet radiation. For the optimal cellular division is also necessary the integrity of the 

shelterin protein, the telomere DNA and the telomere tridimensional loop structure48-51. 

Moreover, when some of these elements are altered or damaged, it can induce chromosomal 

instability and cell death.  Consequently, the telomere attrition and respectively the telomere 

length have been considered parameters for aging.  

Telomere length varies extremely between individuals at the same age, starting from birth and 

it has a heritability component (up to 82%).51 
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2.4. Telomere and cardiovascular diseases. 

From previous studies we know that patients with chronic heart failure tend to have also shorter 

telomeres as compared to healthy individuals52. Many predisposing factors for heart failure 

(arterial hypertension, arteriosclerosis, diabetes, smoking, myocardial infarction53-55 

independently have a negative effect on the shortening of the telomere. However, it is not very 

clear if the progression of the disease itself produces the shortening of the telomere or the 

telomere attrition is the cause of progression of the heart failure. Moreover, the telomere length 

has been associated with the severity of symptoms and outcome in chronic heart failure.52,56 

Other authors have described that accelerated senescence due to short telomere length could 

facilitate and even cause heart failure57. Nevertheless, oxidative stress and increase 

inflammatory condition, presented in heart failure, can also predispose to telomere attrition and 

facilitate the development of heart failure.  

Previous studies have shown that mice with very short telomeres developed left ventricular 

failure and pathological cardiac remodelling, similar to end stage of dilated cardiomyopathy in 

humans. Moreover, some studies have suggested that there is accelerated telomere shortening 

in cardiovascular diseases58-62, can not only be a normal process of aging but a pathological 

mechanism of the disease. When hearts from patients with dilated cardiomyopathies were 

compared to hearts without disease, the myocytes of the diseased hearts had significant telomere 

shortening and cell death, and shorter telomeres have been associated with worse outcomes and 

higher NYHA class; indeed, ischaemic aetiology was an additional factor which correlated with 

shorter telomeres in this clinical scenario. The patients with renal insufficiency and reduced 

ejection fraction have also shorter telomere length compared to those without59,63,64.  

Different diseases and habits have been associated with reduced telomere length as type I and 

II diabetes as well as insulin resistance65,66, arterial hypertension67,68, atherosclerosis and 
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myocardial infarction, smoking and cumulative dose pack-years52,69,70-72. The exact 

pathophysiology is not clear but it is believed that smoking promotes oxidative stress, lessens 

vasomotor function of the vessels and increases inflammation and platelet activation.  

2.5. Telomere length 

The telomere length is an inheritable clinical parameter, since it is directly related with the cell 

division and the telomere attrition, which are markers for cell aging due to genetic instability, 

pathogenesis and progression of different kind of diseases. Since each cell has many telomeres 

and every telomere has its own length, the complete length is the mean telomere length and the 

length distribution for a given cell type.  

Nowadays, several established techniques to assess telomere length such as Southern blot, PCR, 

single telomere length analysis and fluorescence in situ hybridization coupled with flow 

cytometry (flow-FISH), restriction fragment analysis exist. Many of these analyses are time 

consuming as well as expensive and require large amounts of sample and specific antibodies 

conjugated to heat-stable fluorochromes with limited sensitivity and imprecisely 

measurements.  
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3.1. Hypothesis of the project 

The distribution and prognostic significance of the different monocyte subsets and their 

telomeres could be an independent predictor factor for cardiovascular events and, in concrete, 

for heart failure related hospitalizations and mortality in patients with heart failure.  

If this hypothesis turn out to be true, in the future, the monocytes and their telomeres could be 

used not only as a predictor factor but also might be taken into consideration as part of an 

immuno-modulation therapy in the future for the heart failure patients. 

3.2. Justification of the project 

Heart failure is a syndromic disease with high prevalence in the developed countries and carries 

elevated morbidity and mortality and high economic burden. A better understanding of the 

disease, its pathophysiology and progression, as well as a more precise stratification of the 

patients with established prognostic factors is of crucial importance for an optimal treatment of 

heart failure. Frequently used prognostic factors as New York Heart Association (NYHA) 

functional classification, echocardiographic parameters (the left ventricle ejection fraction 

(LVEF)), and anthropometric parameters as age, sex, aetiology, comorbidities and laboratory 

markers (NT-proBNP, BNP, Na, etc.) do not allow to completely and individually predict 

disease progression and mortality, although in the last years, the search for biomarkers and new 

techniques for classification and treatment has generated a vast field of investigation in heart 

failure10.  
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New prognostic factors have to be discovered and apply, which might help to better assess heart 

failure prognosis at an individual level and more accurately stratify the risk of heart failure 

patients.  

Little is known about the significance and importance of the monocyte count and their 

distribution in heart failure, especially the role that these can play as a predictor factor for the 

severity and progression of the disease45. Previous studies have describe the importance of the 

monocytes in other cardiovascular events22,73-75 as in other autoimmune conditions, viral and 

infectious diseases and other human diseases35. In this context of searching for better 

improvement of risk stratification in heart failure patients we studied the distribution and its 

prognostic significance of the monocytes in heart failure patients from the Heart Failure Unit. 
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4.1. Main objective 

To study the distribution and significance of the circulation monocytes in heart failure and their 

possible relationship with mortality and heart failure related hospitalization of patients with 

heart failure from the Unit of Heart Failure at our Hospital during a follow-up of at least one 

year. 

Elena Elchinova, Iris Teubel, Santiago Roura, Marco A. Fernandez, Josep Lupón, Carolina 

Galvez Montón, Marta de Antonio, Pedro Moliner, Mar Domingo, Elisabet Zamora, Julio 

Núñez, Germán Cediel, Antoni Bayes-Genıs. Circulating monocyte subsets and heart failure 

prognosis. PLoS One. 2018 Sep 21;13(9):e0204074. doi: 10.1371/journal.pone.0204074. 

eCollection 201876.   

4.2. Secondary objectives 

1. To develop a new, more precise and cheaper method for assessing the telomere length in 

the monocytes and at the same time performing monocyte subset classification, using a 

FISH-flow technique. From previous investigations77-79 we know that this process could be 

difficult, expensive and time consuming, with uncertain success.  

Santiago Roura, Marco A Fernández, Elena Elchinova, Iris Teubel, Gerard Requena, Roser 

Cabanes, Josep Lupón and Antoni Bayes-Genis. Brilliant violet fluorochromes in 

simultaneous multicolor flow cytometry–fluorescence in situ hybridization measurement of 

monocyte subsets and telomere length in heart failure. Lab Invest. 2016 Nov;96(11):1223-

1230. doi: 10.1038/labinvest.2016.100. Epub 2016 Sep 12.80 

 

2. To investigate a particular part of the monocytes: their telomeres; due to their unique 

characteristics, the telomeres are associated with the stabilization and protection of the DNA 

molecule during the cellular division. Telomeres and, in concrete, the enzyme telomerase, 
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have been the focus of many previous studies in the medical field. It has already 

demonstrated their key role in processes such as cancer and aging. We specifically aimed 

to address the telomere length, an important parameter, related to the stability of the 

telomere. As far as we were concern, there was not any study analysing the telomere length 

and its relevance in monocytes of heart failure patients, even less the possibility to be 

considered a prognostic factor in this group of patients.  

Iris Teubel, Elena Elchinova, Santiago Roura, Marco A. Fernández, Carolina Gálvez-

Montón, Pedro Moliner, Marta de Antonio, Josep Lupón and Antoni Bayés-Genís. 

Telomere attrition in heart failure: a flow-FISH longitudinal analysis of circulating 

monocytes. J Transl Med. 2018 Feb 20;16(1):35. doi: 10.1186/s12967-018-1412-z. PMID:  

29463269.81  
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5.1. First Study 

Title:  

Brilliant violet fluorochromes in simultaneous multicolor flow cytometry–fluorescence in 

situ hybridization measurement of monocyte subsets and telomere length in heart failure.  

 

Authors: 

Santiago Roura*, Marco A Fernández*, Elena Elchinova*, Iris Teubel, Gerard Requena, 

Roser Cabanes, Josep Lupón and Antoni Bayes-Genis. 

*This authors equally contributed to this work. 
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5.2. Second Study 

Title: 

Circulating monocyte subsets and heart failure prognosis.  

 

Authors: 

Elena Elchinova*, Iris Teubel*, Santiago Roura*, Marco A. Fernandez, Josep Lupón, Carolina 

Galvez Montón, Marta de Antonio, Pedro Moliner, Mar Domingo, Elisabet Zamora, Julio 

Núñez, Germán Cediel, Antoni Bayes-Genıs.  

*This authors equally contributed to this work. 
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5.3. Third study 

Title: 

Telomere attrition in heart failure: a flow-FISH longitudinal analysis of circulating 

monocytes.  
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In the first80 of the studies of this doctoral thesis was evaluated an innovative technique for 

the analysis of the relative telomere length with Flow-FISH with the conjugation of a newly 

developed family of fluorochromes (Brilliant violet) in order to simultaneously identificate the 

three monocyte subsets. Our cohort included 28 outpatients diagnosed with Heart failure of the 

multidisciplinary Heart Failure Clinic of the Hospital Germans Trias I Pujol. The majority of 

the patients were men (71%) with ischemic cardiomyopathy (43%) and mean LVEF of 40%, 

predominantly in functional NYHA class I and II (79%). The polymer-based BV dyes were 

heat stable and withstood the stringent conditions of hybridization with no degradation or loss 

of emission and additionally, the fluorochrome Brilliant Blue 515 showed good thermal 

resistance. Moreover, the Brilliant violet fluorochrome conjugated antibodies successfully 

discriminated among the monocyte subsets, with percentages of monocyte subsets measured 

before and after hybridization very similar when measured with standard fluorochromes 

(CD15-AlexaFluor647, CD16-BV421, CD86-BV605, and CD14-BV785). The relative 

telomere length was also measured successfully, respectfully 9.68 ±2.21, 9.76± 2.26, and 9.96± 

2.20 for classical, intermediate, and non-classical monocyte subset.  

In this way, we created and applied a complete innovating technology for assessing the 

monocytes and their telomeres.  

In the second study76 we analysed 400 consecutively ambulatory patients from the same 

Heart failure clinic, most of who were referred from the Departments of Cardiology and Internal 

medicine, with similar baseline characteristics as in the study mentioned above: predominantly 

middle aged male (73%) with reduced LVEF (<40% in 45%), ischaemic aetiology (46%) and 

in NYHA II.  During a mean follow-up of 2.6± 0.9 years, 107 patients died, 99 had a HF-related 

hospitalization and 160 suffered the composite end-point of all-cause death or HF-related 

hospitalization. No correlation between subset percentage or subset number of cells/µL and 

NYHA functional class, LVEF or estimated glomerular filtration rate was found, except for the 

percentage of intermediate monocyte subset which showed a weak inverse correlation with 
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LVEF. When the monocyte subset distribution was assessed according to the different 

aetiologies of HF, globally there were no statistically significant differences when percentages 

of subsets were considered, but a significant difference was observed in the non-classic subset 

when number of cells was measured (p = 0.04). Significant differences were found between 

alive and deceased patients at the end of the study for the non-classical monocyte 

(CD14+/CD16++) subset considered as percentage, and in intermediate subset when absolute 

cell count (number of cells/μL) was considered. 

When considering percentages of monocyte subsets, non-classical monocyte subset showed 

protective significant association with all-cause death and the composite end-point in the 

univariable analysis. Nevertheless, in the multivariable analyses, it did not remain related any 

of these end-points. In contrast, when considering absolute cell count, the intermediate 

(CD14++/CD16+) monocyte subset showed detrimental association associated with an increase 

of all-cause death (HR 1.25 [95% CI 1,02-1.52], p = 0.03), and the composite end-point HR 

1.20 [95% CI 1,03-1.40], p = 0.02) and was borderline associated with Heart failure-related 

hospitalization, while the non-classical (CD14+/CD16++) subset showed protective association 

with all-cause death and borderline significance with the composite end-point in the univariable 

analysis. The quantitative determination of the absolute cell count of each monocyte subset 

expressed by U/mL was superior from the prognostic point of view than the percentage of these 

monocyte subsets in outpatients with HF.  Classical subset was independently associated with 

HF-related hospitalization and the composite end-point and non-classical subset with all-cause 

mortality.  

In the third study81 was investigated the relative telomere length and its attrition during 

a follow up of a year in a cohort of 101 ambulatory patients with heart failure, recruited from 

the same clinic. The patients shared baseline and clinical characteristics with the two previous 



6. Global resume of the results 

 

96 
 

studies, described in this thesis: male, ischemic aetiology, NYHA functional class II or III and 

were treated following contemporary guidelines. 

The three different monocyte subsets were assessed and their respective telomere length was 

measured. There was a high correlation between the telomere length and the different monocyte 

subsets: CD14++CD16+ vs. CD14++CD16−, R = 0.95, p < 0.001; CD14++CD16+ 

vs.CD14+CD16++, R = 0.90, p < 0.001; and CD14++CD16−vs. CD14+CD16++, R = 0.89, p 

< 0.001. Within the subgroup of patients, for whom blood samples were available at baseline 

and at one year follow up, we found a statistically significant (~ 22%) attrition of mean 

monocyte telomere length (11.1 ± 3.3 vs. 8.3 ± 2.1, p < 0.00), a reduction which occurred in 

96.3% of the patients (ranging from − 3.1 to − 66.7%); in 28 of these patients (51.9%) monocyte 

telomere length reduction was ≥ − 20%. Telomere length at baseline, telomere length at the 1-

year follow-up, and the change in telomere length over 1 year did not significantly differ 

between the monocyte subsets (all p values > 0.1) nor were any difference between genders or 

age, sex, ischemic aetiology, presence of diabetes mellitus or Heart failure duration (< 48 

months vs. longer). Over the mean follow-up of 2.3 ± 0.6 years, 17 patients died, 17 required 

hospital admission due to Heart failure, and 29 suffered the composite end-point of death or 

Heart failure hospitalization. Nevertheless, these outcomes were not associated with telomere 

length at baseline or with the change over a year.  
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7.1. The use of Fluorochromes from the Brilliant violet family 
for the simultaneous analysis of telomere length and 
identification of the monocyte subsets resulted to be an 
innovating, accurate and cost-effective method 

Necessity of new techniques for assessment of the monocyte subsets and their telomere 

The established techniques for analysis of the telomere length have many inconvenients such 

as fluorescence intensity, suboptimal analytical sensitivity, conjugation to heat stable 

fluorochromes; it is required large sample amounts and the obtained results have often different 

samples variability. The flow-FISH methodology has demonstrated to be a very useful and 

valuable technique for the analysis of cell subpopulations with the option to detect the 

expression of specific surface antigens in the cells or cells subsets. However, it presents some 

difficulties when combined with analysis of the telomere length77,78,82. It is challenging to 

perform a combined analysis of cell phenotyping and telomere length due to the harsh 

conditions for the hybridization of the telomere probe (in concrete, intense fixation and 

incubation at 82°C).  

Another critical step, often performed in the flow-FISH measurement of telomere length to 

counteract the loss of fluorescence of the conventional fluorochromes, is the expensive and 

relatively difficult cell purification. As alternatives to this process, some authors have described 

immunophenotyping for cell subsets identification and then have applied calculations for the 

telomere length or use of heat stable fluorochromes instead of convenient once. Other 

limitations in standard protocols for telomere length and cell characterization is the small 

number of cells obtained for telomere length analysis and the autofluorescence during the 

analytical process83.  
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On one hand, such analysis implicate that the probe has to be exposed to the harsh conditions 

of intense fixation and incubation up to 82°C; on the other hand, to resist these conditions could 

be a problem for some of the most frequent used fluorochromes. Fluorescent probes are divided 

into three main groups of families: large protein-based molecules (phycobiliproteins), inorganic 

fluorescent nanocrystals (quantum dots) and small organic dyes (fluorescein). Many of these 

fluorochromes lack in brightness, have a spectral overlap, different stability or applicability to 

different techniques, inclusive cell staining84. Moreover, subset purification from conjugates 

could difficult the analysis, being complicated, inefficient, expensive and time consuming, 

because of loss of fluorescence when non-heat stable organic fluorochromes are applied during 

the immunophenotyping step.  

The family of Brilliant violet fluorochromes 

In our study we investigated if a newly developed Brilliant Violet dyes are valuable heat stable 

alternatives compared to conventional organic or protein-based fluorochromes in flow-FISH. 

We tested the Brilliant Violet dyes to specify and simultaneously assess the distribution and 

telomere attrition of monocyte subsets in blood of patients with heart failure.  

The fluorochromes from the Brilliant Violet family are characterized with brighter fluorescence 

than standard fluorescent dyes (as the most frequent used fluorochromes: allohycocyanin, APC 

and phycoerythrin (PE).84 These dyes have unique optical characteristics and very distinguish 

structure. About 1000 fluorescent monomeric subunits per macromolecule act cooperatively, 

resulting in emission of light with molecular extinction coefficients and high quantum 

efficiency.85,86 These fluorochromes are easily and reliably conjugated to antibodies, they have 

high solubility and little non-specific binding as well as high intrinsic brightness84,85, making 

them suitable for intracellular staining. Another advantage of the Brilliant Violet dyes includes 

synthetic modifications of their backbone structure to span the full range of the visible spectrum 

and spectral compatibility with each other for multicolour simultaneous labelling. Quantum 
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dots (QD), an inorganic semiconductor nanocrystal, is read in regions of spectrum with low 

autofluorescence and a thermally stable under hybridization87,88 unfortunately it has significant 

overlaps with other channels due to multilaser excitation and difficult conjugation to antibodies, 

which makes it application limited. Other dyes like cyanines and Alexa Fluor are also thermally 

stable87,88, but have the disadvantages of few appropriate reagents, the difficult conjugation to 

antibodies, consequently they are scarcely used for detection of cell surface antigens. In 

comparison, fluorochroms of the Brilliant Violet family allowed better resolution of cell surface 

markers84.   

Their polymeric structure and their benefit in multicolour staining panels suggest that the 

Brilliant Violet family of dyes may be successful alternatives to the brightest fluorochromes86 

commonly used for immunophenotyping purposes, such as phycoerythrin and allophycocyanin. 

Moreover, their use enables the violet laser for polychromatic excitations. Brilliant Violet dyes 

are more thermally stable than most low molecular weight fluorochromes, which lose their 

fluorescence under the intense fixation and high temperature (82 °C) required for DNA 

denaturation and hybridization of the fluorescent telomere probe. Based on the qualities 

described above, we hypothesized that Brilliant Violet, as well as the new polymer-based dye 

Brilliant Blue BB515, would be appropriate alternatives to conventional fluorochromes in 

assays designed to simultaneously identify specific cell subpopulations (immunophenotyping) 

and hybridize probes to telomeres in situ. We also tested stabilization of the fluorochrome–

antibody complex with the amine-to-amine cross-linker bis sulfosuccinumidyl suberate. This 

cross-linker is homobifunctional, water-soluble, noncleavable, and membrane impermeable; all 

of these properties are essential for Brilliant Violet -derived prehybridization fluorescence 

emission89. To evaluate which Brilliant Violet dyes perform best in the detection of CD14, 

CD16, and CD86 expression in monocyte subsets and telomere length calculation, we measured 
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the levels of cellular autofluorescence induced by treatment and the spectral overlap of DNA 

dyes required for the identification of cell cycle phases. 

In our laboratory, propidium iodid (PI) staining decreases sensitivity in V560–V660 channels 

and this was taken into account. Moreover, fluorochrome selection had to be optimal relative 

to expected antigen densities and dye efficiencies90.Thus, in the present study, CD16-Brilliant 

Violet 421, CD86-Brilliant Violet 605, and CD14-Brilliant Violet 786 were chosen for scrutiny.  

 

Brilliant violet fluorochromes and flow-FISH analysis 

We focus on the identification of an innovating method to asses at a time the monocyte subset 

distribution and the telomere length. In this context, to find alternative fluorochromes to be used 

in multicolour flow-FISH and resist the DNA denaturalization and at a time differentiate among 

the monocyte subsets with correct quantification of their relative telomere lengths, was of 

upmost importance. Due to the difficulty to separate monocytes with CD14/CD16 antigens 

from other CD16+ leucocytes as neutrophils, it was necessary to use a fluorochrome, which 

wouldn’t lose brightness or its capacity for differentiation during the fixations steps. For the 

discrimination monocytes and neutrophils we used additional cell surface antigens, such as an 

exclusion marker for neutrophils (CD15).  

Despite of these conditions, the Brilliant Violet dyes, as well as our new methodology, showed 

to be effective, three times less expensive and accurate in assessing monocyte subsets and 

telomere lengths in heart failure patients. 
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7.2. Distribution and levels of the Monocyte subsets, assessed 
in number of cells/µ and not in percentages, were 
independently associated to adverse events in heart 
failure patients 

Distribution and levels of the Monocyte subsets in our cohort of Heart failure patients 

Monocytes, referred as well as mononuclear phagocytes or monocytes/macrophages, have 

multifunctional with roles in homeostasis, defence of the immune system, and tissue repair; 

depending on the subset, they can have both damage and repair functions in different 

cardiovascular diseases35. 

In human peripheral blood the three monocyte subsets coexist in different proportion ( about 

90% the CD14+ rich subsets and 10% the CD16+ rich subset, which means approximately 

83.5% from the classical subset, 11-13% non-classical and 3.5-5% intermediate subset 

depending on the measurement,47 however this proportion is highly variable and it can be 

influenced from the specific needs of the organism in concrete moment of time, being difficult 

to separate the non-classical from the intermediate subset. This explains why in other review91 

it was observed that in healthy individuals the distribution and levels of the monocyte subsets 

were different, with significant prevalence  of the classical (CD14++/CD16-) monocyte subset 

(80.1+-7%) in comparison to the other two subsets: the intermediate, CD14++/CD16+(3.71+-

2.0%) and non-classical, CD14+/CD16++(6.2+-2.8%). These proportions are also highly 

variable in the course of a concrete disease and may be related to pathogenesis and the specific 

functions of the monocytes, as reported in the publication of Ziegler, where the intermediate 

subset experienced significant variation in the course of a sepsis infection35,47.  
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Another study described that a significant expansion of the intermediate subset was observed 

in blood during ST-elevation myocardial infarction, which correlated with troponin elevation 

and left ventricular function92. In our cohort of 400 outpatients with heart failure we observed 

that the percentages of the monocyte subsets have different distribution in comparison to 

healthy controls91 with significant expansion of the intermediate subset (42+- 17.2%); still the 

classical subset was the predominant subset with 50.0+-17.2% and less frequent was the non-

classical subset with 8.1+-4.0%. To better understand the pathophysiological mechanism for 

this data, it is from crucial importance to have in mind the baseline characteristics of our patients 

who were predominantly elderly males, with chronical heart failure from ischemic aetiology, 

both of which have been associated with chronical state of inflammation, a situation that 

predisposes to the expansion of the intermediate subset.  

 

Expansion of the intermediate monocyte subset 

Although this monocyte subset is small in healthy individuals (8-10%), an expansion of the 

intermediate subset has been described also in other clinical conditions (as described previously 

in this thesis) such as diabetes, chronic vascular and endothelial damage and 

atherosclerosis,95,97-98 chronic inflammatory disorders like rheumatoid arthritis96,104-106. Being 

rich in IL1 (pro-inflammatory cytokine), together with other pro-inflammatory cytokines, the 

intermediate subset can inclusive produce heart damage45and it has been demonstrated that this 

subset could predict cardiovascular events in dialysis patients99.    

The expansion of the intermediate subset in our patients could be explained with its unique 

characteristics34,36,47, sharing similar qualities with both the classical and non-classical 

subsets92-94. In concrete, its elevated levels may be interpreted by its pro-inflammatory nature 

in the permanent stage of inflammation, observed in Heart failure101,102. Another interesting 

point, discussed in the article of C. Baristone et al.48 is the elevation of the monocyte ACE 

(angiotensin converting enzyme) by the intermediate subset in heart failure patients, with 
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consequently permanent activation of the renin-angiotensin system, which could explain the 

pro-inflammatory effect of these monocytes and the state of permanent systemic inflammatory 

condition in chronic heart failure. Even, it was suggested that by influencing the inflammation 

process in heart failure, agents that inhibit the expansion of the intermediate subset might be 

used in order to prevent myocardial damage and dysfunction.  Some limitations of the study of 

Baristone were the small number of patients included and the exclusive inclusion of patients 

with reduce LVEF, not considering patients, diagnosed with heart failure but with preserved 

EF.  

The intermediate subset produces higher levels of pro-inflammatory cytokines (IL-1beta, IL-

10, TNF alpha and oxygen radicals)95, it is describe to response to lipopolysaccharide (LPS) and 

zymosan47.  Zawada et al. and Grage-Griebenow identified the intermediate subset as the subset 

with the highest capacity to induce superatigen –mediated T-cell proliferation and it possesses 

a unique a phagocytic activity and capacity for antigen presentation and T-cell interaction92-94. 

Other studies have confirmed the importance of the inflammation and immunological process 

in the pathophysiology and progression of heart failure101,102.  The majority of the monocytes 

(especially the classical subset, CD14+CD16-) participate in the resolution of inflammation, 

while, in comparison, the minor subpopulation of CD16+ promote the inflammation process 

and have antimicrobial ability. Since the monocytes are the precursors of the macrophages in 

the tissues, the macrophages that are generated from CD16+ monocytes have higher phagocytic 

activity in comparison to macrophages proceeding from the classical subset100. 

The intermediate subset, as written above, has been investigated in other studies107,108 and it has 

been linked to diseases with increase infection/inflammation processes like sepsis. This subset 

was increased as well in patients both with acute and chronic heart failure45 in comparison to 

healthy individuals, as was observed in our cohort of chronic heart failure patients.  It is 

important to outline that some of our patients have not only heart failure but also other chronic 
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diseases (cancer) and cardiovascular risk factors (diabetes, hypercholesterinaemia, high blood 

pressure), which may have aggravated their clinical condition where the maintenance of cardiac 

integrity through removal of damage of dead cells is crucial. 

 

The intermediate monocyte subset provides information on increased risk of all-cause 

death and the composite end-point in heart failure patients 

In general, there are many studies about the distribution of the monocytes subsets in different 

human disorders as described above, but very few are focused on the clinical importance and 

significance in patients with heart failure33,73.   

In our study we investigated the distribution and levels of the different monocyte subsets and if 

they were related to adverse outcomes: mortality and hospitalizations due to heart failure or 

both.  

As described in the study of the ST-elevation Myocardial Infarction109, in the healing process 

of a vascular/endothelial damage different stages are present, in which different cell types and 

substances interfere. An initial migration of pro-inflammatory cells such as the intermediate 

subsets is essential for the first step of the early wound healing, but their persistence in the 

damaged tissue could aggravate, even more, produce extra damage to the myocardial tissue, 

which may explain the poorer prognosis of the heart failure patients with higher intermediate 

monocytes. In the study of Zeng et al. as well as in Rogacev KS et al. the intermediate subset 

was considered a risk factor post-ST elevation myocardial infarction for adverse outcomes and 

cardiovascular events40,109. In our study, we also found a significant difference for the 

intermediate subset when we measured the levels in number of cells/μL. Remarkably, although 

patients who died had worse clinical characteristics (higher age, worse NYHA functional class, 

worse LVEF, higher NT-proBNP, worse renal function) the intermediate subset was 

independently associated with all-cause death and the composite end-point in the multivariable 

analyses. In patients with acute heart failure, where the pro-inflammatory condition is much 
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more accentuated in comparison to our ambulatory patients with chronic heart failure, Wrigley 

et al. also reported that the intermediate subset experienced an expansion in acute heart failure 

patients and was related with poorer prognosis73.  

 

Absolute cell count vs percentages of the monocyte subsets as predictor factor for adverse 

events in Heart failure  

Absolute cell counts have been shown to be a major tool for laboratory diagnosis for a variety 

of pathological conditions, including CD4+ T-cells for Acquired Immune Deficiency Syndrome 

and haematopoietic progenitor cells expressing the possibility of selection bias represents a 

potential limitation of the study.  

An additional relevant finding in the present study is the assessment and prognostic value of 

monocyte subset absolute cell count, beyond the classical approach of subset percentages. 

Monocyte cell count (defined as number of cells/μL) has been assessed in previous studies of 

healthy patients91. We found that the absolute count was markedly superior to the percentage 

distribution of each subset when considering the prognostic role of the different monocyte 

subsets. The presented findings show that absolute cell count of monocyte subsets was preferred 

over monocyte percentage for prognosis stratification for outpatients with Heart failure.  We 

cannot completely understand why exactly the absolute cell count and not the percentages 

showed this association, but possible bias in the measurements or procession of the samples or 

in the chosen statistic method could have influenced the results.    
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7.3. Telomere attrition was observed in the majority of the 
patients with heart failure, nevertheless, this reduction 
wasn’t related to adverse outcomes 

Telomere attrition in chronic heart failure 

The predisposition and the development of heart failure, as other human conditions, have been 

associated with the aging process of the organism48-50, due to the pathophysiological underling 

mechanisms and age-associate changes on cell level: the permanent exposure to oxidative stress 

radicals, advance glycation endproducts and apoptosis. With time, the relative length of 

telomeres shortens, fact which, as described above, is a phenomenon related to the development 

of cardiovascular diseases and heart failure.  

The telomere length is considered by many authors as a “biological clock”110,111, but it is only 

one parameter, which determine the integrity of the telomere complex. Many human disorders 

are related to alterations in the telomerase enzyme51. Decreased activity was described and 

extremely short telomeres were reported in dyskeratosis congenita, multi-system disorders, 

pulmonary fibrosis, premature aging and bone marrow insufficiency; on the contrary, increased 

activity is observed in uncontrollable growth and neoplasia51. 

Still, little is known on the telomere attrition and telomere length in patients with chronic heart 

failure62. Even less investigated is the telomere length change and its significance in monocyte 

cells of patients with heart failure. In our study, we investigated a cohort of one hundred 

ambulatory heart failure patients and followed them during at least one year to better understand 

the dynamics of telomere attrition in circulating monocytes. Preliminary data from cross-

sectional studies reveal shorter telomeres in Heart failure patients compared to healthy age- and 

gender-balanced controls, based on measurements in circulating leukocytes using a 

conventional qPCR method52. Moreover, telomere length is reportedly associated with the 
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severity of Heart failure symptoms and outcome52,56, and with worse renal function in subjects 

with Heart failure, which is a powerful predictor of outcome46,59,64. We apply a new protocol 

and methodology80 for simultaneously assess the telomere length with flow-FISH analysis and 

investigated the relationship between the telomere length and adverse events (mortality and 

hospitalizations due to heart failure decompensation). We were able to specifically determine 

the telomere length attrition in the different circulating monocyte subsets and we observed an 

accelerated telomere erosion in the monocytes of our patients with heart failure over 1 year. In 

our study, 96.3% of patients with heart failure showed shortening of telomere length at the 1-

year follow-up. While this proportion is similar to that observed in general population 

studies112, the rate of decline in our cohort is significantly higher than in normal individuals. 

Our date showed over 50% of the patients exhibited a telomere attrition exceeding 20% at the 

1-year follow-up. The MRC National Survey of Health and Development (NSHD, also known 

as the 1946 British Birth Cohort) exquisitely reported longitudinal measures of telomere length 

in a large cohort comprising mainly cardiovascular disease-free participants. In this cohort of 

healthy individuals, telomere length shortening over ten years was approximately 2%, as 

measured by real-time PCR. It is not very clear the reason exactly why telomeres shorten faster 

in patients with heart failure. However, oxidative stress and inflammation are considered the 

most important factors contributing to telomere DNA loss113-115, which in turn may favour the 

development of structural tissue damage. It is postulated that shorter telomere length may be an 

irremediable intracellular mechanism facilitating or even causing heart failure. Indeed, 

experimental data suggest that telomere shortening partly mediates apoptosis in heart failure116. 

Furthermore, telomere attrition may lead to increased levels of dysfunctional senescent cells 

(e.g., circulating monocytes) in tissues and organs, potentially explaining the lower threshold 

for expressing clinical manifestation of disease48.  
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Telomere length and its value as a predictor factor in patients with chronic heart failure 

A biomarker’s value is largely determined by its capacity to reflect prognosis or change in 

disease progression. We followed our patients for a mean of 2.3 years. Our data showed no 

correlation between the rate of telomere attrition and the primary endpoints, suggesting that 

telomere shortening rate may not be a clinically useful measurement or a viable surrogate 

marker of disease progression. However, it is possible that a longer observation period or a 

larger sample may be required to evaluate these clinical endpoints. 

The presented findings also revealed that monocyte telomere length was associated with atrial 

fibrillation. Recent investigations of the relationship between telomere length and atrial 

fibrillation have produced controversial findings117. In the Cardiovascular Health Study (CHS), 

Roberts et al.118 compared patients with and without atrial fibrillation, and found no relationship 

between mean telomere length and atrial fibrillation. In contrast, Carlquist et al.119 reported 

shorter telomere length in patients with atrial fibrillation, both before and after adjustment for 

age and other cardiovascular risk factors. However, the exact mechanism leading to shorter 

telomere length in patients with atrial fibrillation remains elusive and we can neither 

recommend the use of the telomere length or attrition as a commonly used predictor factor for 

prognosis in Heart failure nor in atrial fibrillation in the general population.  
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7.4. Limitations of the project 

1. The possibility of selection bias represents a potential limitation of the study. The 

subjects reported here were drawn from a general population that visited our tertiary 

hospital heart failure Unit. The majority had been admitted to the hospital in previous 

years and the cohort included primarily male patients with ischemic heart disease as the 

main cause of heart failure and depressed left ventricular ejection fraction. Given the 

selected characteristics of the patients in the studied cohorts as described above, further 

research is needed to determine whether our findings can be generalized to other heart 

failure cohorts, such as patients with heart failure and preserved ejection fraction or 

older patients.  

2. Another important issue is that we have analysed only one blood sample per patient, 

and cannot comment on the prognostic value of serial determinations. Indeed, although 

blood samples were obtained in routine ambulatory visits, we cannot discard that in 

some isolated patient it could have been obtained after a relatively near inciting incident 

(i.e. exacerbation) which could have mobilized the cells of interest. 

3. We did not have data on other inflammatory cytokines such as TNF, IL6, or IL1b, which 

might could yield insights into the mechanistic role of differential monocyte 

distribution. 

4. The sample size of our study and the duration of observation (2.3years) might be 

insufficient to show significant associations between telomere shortening and the tested 

outcomes. A larger follow-up period and many measurement time-points might help to 

further validate our findings. However, to implement a biomarker in precision medicine, 

it must show clinical applicability in small numbers of patients, if not in individual 

subjects, that’s why the telomere shortening was not useful as a predictor factor in this 

context. 
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1. The classical (CD14++/CD16±) monocyte subset was decreased and the intermediate 

(CD14++/CD16+) monocyte subset was increased in patients with heart failure 

compared to reported controls. The quantification of the absolute cell count of each 

monocyte subset (number of cells/μL) showed a superior prognostic value for the 

studied cohort of patients, compared to the performance of monocyte subset analysis by 

percentages. The intermediate subset was independently associated with all-cause death 

and the composite end-point of all-cause death or heart failure hospitalization, in 

multivariable analyses.  

 

2. Brilliant Violet fluorchromes completely tolerated the harsh conditions for the DNA 

denaturalization and simultaneously provided accurate identification of the monocyte 

subsets and the telomere length. Therefore, they can facilitate accurate, specific, 

relatively inexpensive and faster measurement of circulating monocyte subsets and their 

respective telomere length in the context of heart failure.  

 

3. Our study revealed a 22% reduction in telomere length over 1 year in monocytes from 

outpatients with heart failure. Nevertheless, baseline telomere length and change in 

telomere length were not significantly associated with outcomes in ambulatory heart 

failure patients. Therefore, the change in telomere length is not likely to be a useful 

biomarker of heart failure progression. 
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1. This project is pioneer in the study of the levels and function of the different monocyte 

subsets in patients with heart failure. We have centred our investigation in chronic heart 

failure, but research in acute heart failure might be also very interesting and valuable, 

taking into consideration the inflammatory environment of such acute situation. This is 

a very important field to explore. 

2. The development of our new methodology for the assessment of the monocyte subsets 

and their telomeres is clinically relevant and can be expanded to other diseases or 

pathologic situations, being able to have direct consequences for future prognostic 

assessment and maybe therapeutic interventions in many patients.  

3. The consequences of increased telomere attrition in the longer term in heart failure 

patients are an open question, which might originate new futures investigations. 

4. The monocytes and monocyte subsets could be used not only as a predictor factor but 

also might be taken into consideration as part of an immuno-modulation therapy in the 

future for the heart failure patients. 
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