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Abstract 
Neutrophil granulocytes are the first responders to invading pathogens, counteracting 

them through various cytotoxic mechanisms. It has been shown that neutrophils are not 

a homogenous population but are comprised of heterogenous subpopulations that can 

be precisely differentiated, and which also undergo changes in context of cancer. Data 

providing detailed insights into these changes however are still scarce. Neutrophils can 

also release their own DNA as so-called neutrophil extracellular traps (NETs), 

characterized by the presence of citrullinated histone H3 (H3Cit). 

 The aim of this study was to investigate cancer-associated changes of high 

density neutrophils (HDNs) and low density neutrophils (LDNs) isolated from patients 

with newly diagnosed lung cancer regarding their cell size and granularity, potential of 

activation, subpopulation distribution, DNA release and H3Cit positivity, compared to 

cells from sex- and age-matched healthy individuals.  

 HND and LDN subpopulations were separated using density gradient-based 

centrifugation and stimulated with ionomycin (IO) and phorbol 12-myristate 13-acetate 

(PMA). Results were obtained via photometric and flow cytometric analyses.  

 It was shown that LDNs from patients with lung cancer are significantly smaller in 

size measured by their forward scatter (FSC). Also, both HDNs and LDNs from patients 

displayed lower granularity according to their side scatter (SSC). A decrease in SSC 

upon IO and PMA stimulation could also be observed.  

 Furthermore, both, patient derived HDNs and LDNs showed significantly 

increased CD11b expression upon IO and PMA stimulation, which was measured as a 

marker for cellular activation.  

An increase in activated (CD62low/CD16high) neutrophils was observed within 

LDNs from patients with lung cancer. 

DNA release was found to be significantly reduced in cells isolated from patients 

under various stimulation conditions. Interestingly, HDNs from patients showed a 

significant increase in H3Cit positivity only upon IO stimulation, while patient LDNs 

displayed a significant H3Cit positivity reduction only at PMA stimulation.  

 In summary, in this study we demonstrated that patient derived HDNs and LDNs 

showed significant differences in cell size and granularity, subpopulation distribution as 

well as in expression levels of activation marker CD11b in vitro, leading to the conclusion 

that neutrophils derived from patients with lung cancer might be activated more easily. 

However, the true nature of DNA release and NET formation remains to be further 

investigated to gain clearer insights into the true characteristics of neutrophil 

subpopulations in patients with cancer.   
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Kurzfassung 
Neutrophile Granulozyten reagieren unmittelbar auf eindringende Krankheitserreger und 

bekämpfen diese durch verschiedenste zytotoxische Mechanismen. Es wurde gezeigt, dass 

Neutrophile keine homogene Population sind, sondern aus präzise voneinander 

differenzierbaren heterogenen Subpopulationen bestehen, welche sich auch im Zusammenhang 

mit Krebserkrankungen verändern. Daten über diese Veränderungen sind jedoch rar. Ebenso 

können Neutrophile ihre DNA als sogenannte Neutrophil Extracellular Traps (NETs) freisetzen, 

welche durch das Vorhandensein von citrulliniertem Histon H3 (H3Cit) charakterisiert sind.  

 Der Fokus dieser Studie lag auf der Erforschung krebsassoziierter Veränderungen von 

High Density Neutrophils (HDNs) sowie Low Density Neutrophils (LDNs) isoliert aus Patienten 

mit neu diagnostiziertem Lungenkrebs bezüglich Zellgröße und Granularität, 

Aktivierungspotential, Subpopulationsverteilung, DNA-Freisetzung und Positivität von H3Cit im 

Vergleich zu Zellen von Geschlechts- und Alters-angepassten gesunden Personen.  

 HND- und LDN-Subpopulationen wurden mittels Dichtegradienten-basierter 

Zentrifugation aufgetrennt und mittels Ionomycin (IO) und Phorbol-12-Myristat-13-Acetat (PMA) 

stimuliert. Die Ergebnisse wurden über photometrische sowie durchflusszytometrische 

Analyseverfahren erhalten.  

 Es wurde gezeigt, dass LDNs aus Lungenkrebspatienten signifikant an Größe, 

gemessen durch ihre Vorwärtsstreuung (FSC), abnahmen. Außerdem zeigten HDNs und auch 

LDN aus Patienten signifikant reduzierte Granularität gemäß ihrer seitlichen Streuung (SSC). 

Stimulation mit IO und PMA führte ebenso zu einer Reduktion in SSC.  

 Zusätzlich zeigten von Lungenkrebspatienten isolierte HDNs sowie LDNs nach 

Stimulation eine signifikant erhöhte CD11b-Expression, ein Marker für Zellaktivierung.  

 Innerhalb der LDN-Subpopulationen von Lungenkrebspatienten zeigte sich eine 

signifikante Zunahme aktivierter Neutrophilen (CD62niedrig/CD16hoch). 

 Weiters wurde festgestellt, dass DNA-Freisetzung unter gewissen 

Stimulationsbedingungen in Zellen aus Patienten signifikant verringert war. Patienten-HDNs 

zeigten bei IO-Stimulation einen signifikanten Anstieg der H3Cit-Positivität, während LDN bei 

PMA-Stimulation eine signifikante H3Cit-Verringerung aufwiesen.  

 Zusammenfassend konnte durch diese Studie gezeigt werden, dass sich isolierte HDNs 

und LDNs in ihrer Größe und Granularität, der Subpopulationsverteilung sowie in ihrem 

Expressionsmuster von CD11b in vitro signifikant unterscheiden. Dies legt die Annahme nahe, 

dass Neutrophile im Zuge einer Lungenkrebserkrankung leichter aktivierbar zu sein scheinen. 

Um konkretere Einblicke zur Freisetzung von DNA und zur Ausbildung von NETs bei 

Neutrophilen Subpopulationen in Krebserkrankungen zu gewinnen, bedarf es jedoch weiterer 

Untersuchungen.   
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1. Introduction 

1.1. The immune system 
The vast majority of earth´s population is comprised of microorganisms. Hence, humans 

are in constant contact with these organisms, which are persistently threatening the 

individuals’ normal homeostasis. To sustain host survival, an intricate system has 

evolved to counter this massive array of pathogenic, allergenic as well as toxic 

substances: the immune system. The central role of the immune system is to protect the 

host and to defend it from harmful intruders, which is mediated through the activation 

and control of an organized response to invading pathogens (Gilbert et al. 2018). This 

involves an interplay of many different players, with responsibilities ranging from 

recognition to elimination, without dealing excessive damage to host tissue. The 

mechanism of distinguishing between exogenous and host matter is termed self-nonself 

discrimination. But not every microorganism is harmful, some microbes are even 

essential for the host to support or sustain normal organ and tissue function, such as the 

microbiomes found on the skin or within the gastrointestinal tract (Gilbert et al. 2018). 

This makes it an additional task for the immune system to tolerate them and hold them in 

check (Chaplin 2010).   

The immune system uses a complex assortment of protective mechanisms which 

rely on the detection of distinct structural features on intruders. These mechanisms can 

be broken down into two general groups, the innate and the adaptive immune system 

(Chaplin 2010).  

1.1.1. Innate and adaptive immune system 
The initial and non-specific host response to pathogen invasion is conducted by the 

innate immune system, which enfolds physical and chemical barriers as well as a variety 

of cellular defence responses (Alberts et al. 2015). It is a fast-acting system which is 

encoded in the host´s germ line and relies on the recognition of molecular patterns (so-

called pathogen‑associated molecular patterns – PAMPs) that are shared by many 

intruders (Chaplin 2010). Effector cells of the innate immune system are neutrophils, 

monocytes and macrophages, dendritic cells (DC), natural killer cells (NK) and 

components of the complement system (Alam 1998). 

Compared to the innate response, the effective response of the adaptive immune 

system is slower. Lymphocytes, namely B and T cells, are the effector cells of the 

adaptive immune response. To develop their effectiveness, T cells have to encounter the 

antigen first, establish the antigen-binding structure and then proliferate (Chaplin 2010). 
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This encounter is mediated via professional antigen-presenting cells (APCs), which 

phagocytose microbes, cleave their proteins and carry the resulting peptide fragments to 

their surface via major histocompatibility complex (MHC) proteins. The peptide-MHC 

complexes are then transported to a lymph organ, where they are presented to T cells to 

activate them. Activated T cells are capable of either killing infected cells themselves or 

stimulating other immune cells (such as B cells and phagocytes) to eliminate pathogens. 

This interaction directly links the innate and adaptive immune system (Alberts et al. 

2015). 

When B cells come in contact with an antigen, either via direct pathogen 

interaction or though other immune cells, they produce highly specific structures, so-

called antibodies. In this response of the adaptive immune system, antibodies are 

secreted into the bloodstream, where they circulate and finally bind pathogens. This 

renders them unable to interact with host cell receptors and marks them for destruction 

by components of the innate immune system (Alberts et al. 2015).  

 During lymphocyte development, cells are capable of producing a vast variety of 

antibodies (more than 1012) and receptors, guaranteeing a highly specific targeting and 

binding of foreign structures (Alberts et al. 2015).  

The most crucial feature of the adaptive response is the establishment of the so-

called immune memory, characterised by the production of long-lived B cells that 

memorize a specific antigen structure of unique intruders. These cells can endure in a 

dormant state over a long period of time until the host is confronted with the same 

pathogen again, thereby contributing to a much faster and more effective response upon 

a second time encounter (Chaplin 2010).  

1.1.2. Peripheral blood mononuclear cells (PBMCs) 
PBMCs are crucial components of both the innate and the adaptive immune system. 

They are comprised of monocytes, lymphocytes including T-, B- and NK cells and 

dendritic cells in different frequencies. With a frequency between 70 and 90%, 

lymphocytes by far constitute the majority of PBMCs, with the most of them being T cells 

(45 to 70% of lymphocyte) and only a small percentage of B cells (5 to 15% of 

lymphocytes). Monocytes cover 10 to 30% of total PBMC count, whereas NK cells 

provide 5 to 10% and dendritic cells only between 1 to 2% of the total peripheral cells 

(Muir 2019).  
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1.1.3. Polymorphonuclear leukocytes (PMNs)  
PMNs are part of the innate immune system and are often referred to as granulocytes. 

They can be subdivided in three groups; neutrophils, eosinophils and basophils. 

Basophils (<1% of leukocytes) and eosinophils (<4% of leukocytes) are the least 

abundant granulocytes but are very important for allergic reactions, parasite and virus 

defence (Abbas, Lichtman, and Pillai 2014; Karasuyama et al. 2011). Neutrophils on the 

other hand are the most abundant leukocyte with 50 to 75% of circulating leukocytes 

(KIMCL 2019).  

1.2. Neutrophils 
Neutrophils, the first responders to invaders, can be recruited to the side of infection and 

show a huge repertoire of functions dedicated to find, interact with and finally 

exterminate intruders. Pathogens ranging from bacteria to fungi, protozoa and even 

viruses are being killed by various cytotoxic mechanisms (Mayadas, Cullere, and Lowell 

2014). 

1.2.1. Neutrophil production, mobilization and life span 
Haematopoiesis, the process of blood cell forming, takes place in the bone marrow. 

Neutrophils derive from hematopoietic stem cells, which are located in niches with low 

oxygen tension and little blood flow provided by osteoblasts (Winkler et al. 2010). In a 

healthy adult human, between 1 and 2 x 1011 neutrophils are generated daily. The 

quantity of produced neutrophils is principally regulated by their apoptotic rate and tuned 

by granulocyte colony stimulating factor (G-CSF) (Borregaard 2010).  

 Large numbers of mature neutrophils are stored in the bone marrow, which can 

be quickly mobilized as a response to infection or during inflammation, leading to a rapid 

increase in numbers of circulating neutrophils (Furze and Rankin 2008). Neutrophils 

retention in the bone marrow and their subsequent release is mediated via various 

chemokine receptors and their corresponding ligands which are expressed by vascular 

endothelial cells and osteoblasts (Lapidot and Kollet 2002). Neutrophil release is 

controlled by G-CSF, as it facilitates the regulation of chemokine receptor and ligand 

expression by bone marrow endothelial cells. When signalling is tilted in the favour of 

certain chemokine receptors, neutrophils are released from the bone marrow. (Eash et 

al. 2010; Theilgaard-Mönch et al. 2004).   

 Once released, the life span of neutrophils is rather short. In circulation, they 

survive for only about 7 hours before they are degraded in the spleen (Mayadas and 

Cullere 2005). In tissue, neutrophils undergo apoptosis after 1-2 days (Mayadas et al. 

2014). 
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1.2.2. Neutrophil defence mechanisms  
Neutrophils use a variety of mechanisms to counteract pathogenic microorganisms. 

These mechanisms are often combined and include processes termed degranulation 

and phagocytosis as well as the formation of so-called neutrophil extracellular traps 

(NETs). A schematic representation of these mechanisms can be seen in Figure 1. 

 

 
Figure 1: Schematics of Neutrophil Defence Mechanisms. When neutrophils come 
into contact with invading pathogens, three distinct mechanisms of host defence can 

occur. Graphic taken form Rosales et al. (2018). 

1.2.2.1. Degranulation 
Antimicrobial peptides and proteinases are stored in neutrophil granules. These granules 

can either fuse with the phagosome during phagocytosis, thereby contributing to the 

microbicidal properties of the phagosome (Lee, Harrison, and Grinstein 2003) or can be 

released into the extracellular space. This is termed degranulation, a process where 

granules fuse with the plasma membrane upon neutrophil activation and release their 

content (Mayadas et al. 2014).  
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Neutrophil granules can be categorized in four distinct groups: 

1. Azurophilic (or primary) granules, characterized by the presence of 

myeloperoxidase (MPO) 

2. Specific (or secondary) granules, containing lactoferrin 

3. Tertiary granules, which contain gelatinase  

4. Secretory vesicles, containing express alkaline phosphatase as well as 

albumin (Lee et al. 2003) 

Neutrophils mainly contain cationic peptides. These can interact with negatively charged 

membrane components of invading pathogens, which results in nonspecific membrane 

permeabilization and the formation of pores. Intracellular targets are bound as well, 

leading to the inhibition of RNA and DNA biosynthesis as well as the disruption of 

bacterial biofilms (Choi, Chow, and Mookherjee 2012).   

Accompanying degranulation is the generation of reactive oxygen species (ROS) 

by activated nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which is 

associated with a rapid increase of oxygen consumption by neutrophils. This is known as 

the respiratory burst (Mayadas et al. 2014). To assemble NAPDH oxidase and thereby 

make it functional, a translocation of its cytosolic components (p67phox, p47phox and 

p40phox) to the phagosome membrane has to occur. There, guanosine triphosphatase 

(GTPase) Rac2 (or Rac1) and cytochrome b558 (comprised of gp22phox and gp91phox 

(NOX2)) are located (Kuijpers and Lutter 2012).  

ROS play a crucial role in the destruction of pathogenic fungi and bacteria, but it 

is not yet fully understood if killing of these microorganisms is mediated directly via 

protein and lipid peroxidation, decarboxylation and deamination or indirectly through 

phagocyte proteinase activity modulation (Klebanoff and Williams 2006).  

1.2.2.2. Phagocytosis 
Together with macrophages, neutrophils are termed phagocytes, as with the help of 

specific receptors, they can recognize, internalize and in the end kill both opsonized 

(immunoglobulin-coated) as well as non-opsonized pathogens. The initially formed 

phagosome is not yet microbicidal, as it lacks antimicrobial components at its primary 

state. A series of events has to occur, altering both the vacuoles’ inner composition as 

well as the vacuole membrane to gain the ability of killing the engulfed microorganism 

and dispose the remainders. This process is called maturation, where fusion with 

endosomes and lysosomes results in the formation of a phagolysosome. These 

interactions lead to the acquisition of vacuolar adenosine triphosphatase (ATPases), the 

NADPH oxidase complex as well as several antimicrobial enzymes, resulting in a 

hydrolase-rich, acidic environment capable of degrading its content (Lee et al. 2003).   
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1.2.2.3. Neutrophil extracellular traps 
The controlled release of DNA by activated neutrophils is known as NET formation. 

NETs act as a defence mechanism capable of deactivating and killing intruding 

pathogens, which is possible due to their specific composition of nuclear and granular 

components (Brinkmann et al. 2004).  

With DNA as the main structural element, NET fibres are not membrane-

surrounded and contain proteins from granules such as neutrophil elastase (NE), MPO 

and cathepsin G, lactoferrin, gelatinase as well as histones (Brinkmann et al. 2004).  

The formation of NETs is a highly regulated process. It occurs significantly faster 

than apoptosis, with the release occurring as early as 10 minutes post activation. 

Activation happens in vivo through stimulants like interleukin-8 (IL-8) or bacterial 

lipopolysaccharide (LPS) (Brinkmann et al. 2004) and can be triggered in vitro using 

phorbol 12-myristate 13-acetate (PMA) or calcium ionophores such as A23187 and 

ionomycin (IO) (Hamam, Khan, and Palaniyar 2019). Several pathways lead to nuclear 

NET formation.  

One NET formation pathway, known as the NADPH oxidase (NOX)-independent 

pathway, is controlled by peptidylarginine deaminase 4 (PAD4) as the leading enzyme. It 

is responsible for the conversion of arginine residues on histones to citrulline, which 

leads to a loss of the histones positive charge. This subsequently leads to rapid 

chromatin decondensation, making citrullinated histones (especially H3 = H3Cit) a 

hallmark of this pathway (Hamam et al. 2019). In vitro stimuli of this pathway are calcium 

ionophores such as IO and A23187 (Douda et al. 2015).  

The NOX-dependent NET formation pathway relies on the in vivo induction of 

NOX2 via bacterial LPS or in vitro using PMA. This induction leads to elevated ROS 

production and an increase in MPO-related activity, followed by the translocation of NE 

and MPO into the nucleus. This promotes DNA decondensation, rupture of the nuclear 

envelope and neutrophil granulae membranes, decorating the DNA strands with granular 

proteins prior to extracellular release (Papayannopoulos et al. 2010). Both pathways are 

schematically represented in Figure 2. 
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Figure 2: NET formation pathways. Two major pathways lead to the formation of 
NETs, dependent and independent on the involvement of NADPH oxidase (NOX). 

During the NOX-dependent pathway, ROS and NOX promote DNA decondensation, 

rupture of the nuclear and neutrophil granulae envelope, leading to subsequent NET 

release. The NOX-independent pathway is controlled by peptidylarginine deaminase 4 

(PAD4), which is responsible for the conversion of arginine residues on histones to 

citrulline, leading to a loss of the histones positive charge, subsequently resulting in 

chromatin decondensation and NET release. Graphics taken from Mohanan et al. (2012) 

and Hamam et al. (2019). 
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1.2.3. Neutrophil subpopulations 
Originally neutrophils were thought to be homogeneous, but it has been shown that they 

are a rather heterogeneous population. There are currently two ways to discriminate 

neutrophils: subpopulations according to surface marker expression (Pillay et al. 2012) 

and subpopulations according to their density (Sagiv et al. 2015).  

As reported by Pillay et al. (2012), neutrophil subdivision is usually performed 

according to different expression patterns of the surface markers L-selectin (CD62L) and 

FcγRIII (CD16). This was established in an experimental setup, where Pillay and 

colleagues administered LPS to healthy donors and morphologically analysed circulating 

neutrophils after 3 hours post administration. In total, three subpopulations of circulating 

neutrophils could be observed. Banded neutrophils, which were most likely newly 

released from the bone marrow, showed a CD16dim/CD62Lbright expression pattern 

whereas neutrophils with a morphologically hypersegmented nucleus expressed 

CD16bright/CD62Ldim. In addition, the CD16bright/CD62Ldim neutrophils showed an 

upregulated expression of CD11c, CD54 and CD11b, leading to the assumption that 

these cells are activated. But variances in surface marker expression were not the only 

differences found between newly released and activated neutrophils. CD16dim-banded 

neutrophils displayed a higher survival rate in culture after 24 hours compared to 

CD62Ldim cells. Also, activated neutrophils showed a 3-fold higher activation potential of 

the NADPH oxidase upon ex vivo stimulation compared to newly released neutrophils. 

These two subpopulations could not be seen in healthy control individuals before LPS 

administration. The third subpopulation was observed in the same gate as cells from 

control individuals and expressed CD16bright/CD62Lbright and were thereby characterized 

as mature neutrophils (Figure 3) (Pillay et al. 2012). 



  9 
 

 
Figure 3: Neutrophil subpopulations according to CD16/CD62L surface marker 
expression. (A) CD16bright/CD62Lbright mature circulating neutrophils (grey) from healthy 
donors were analysed before LPS administration (B) 180min post administration of LPS, 
three distinct neutrophil subpopulations could be observed: CD16dim/CD62Lbright (newly 

released; green), CD16bright/CD62Ldim (activated; red) and CD16bright/DC62Lbright (mature; 

grey). Graphic taken from Pillay et al. (2012). 

Additionally, neutrophils can be distinguished by density differences. When blood 

is layered over a density gradient and centrifuged, two different layers are visible: The 

PBMC layer, which usually contains monocytes and lymphocytes, and the PMN layer, 

containing granulocytes (Figure 8). Interestingly, neutrophils were also found in the 

PBMC layer, which were named low density neutrophils (LDN) (Hacbarth and Kajdacsy-

Balla 1986), also referred to as low density granulocytes (Carmona-Rivera and Kaplan 

2013). To continue this nomenclature, neutrophils within the PMN layer are called high 

density neutrophils (HDNs) (Sagiv et al. 2015) or normal density neutrophils (NDNs) 

(Hong 2017).  

Low density neutrophils (LDNs) are described to be a mixed population 

comprised of immature, myeloid-derived suppressor cells and mature neutrophils. Upon 

flow cytometer analysis, LDNs show an increase in forward scatter (FSC) but a similar 

side scatter (SSC) to HDNs, indicating that LDNs are increased in size whilst a similar 

granularity to HDNs is maintained (Sagiv et al. 2015). Expression levels of the neutrophil 

activation surface markers CD11b and CD66b were found to be elevated in LDNs from 

healthy individuals, from patients with antiphospholipid syndrome (APS) (Mauracher et 

al. 2020) and from patients with cancer (Sagiv et al. 2015). Additionally, H3Cit levels in 

LDNs were shown to be highly elevated in both healthy individuals as well as in APS 
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patients, indicating that NET formation is increased in LDNs compared to HDNs 

(Mauracher et al. 2020). LDNs also display impaired neutrophil function, act 

immunosuppressive and pro-tumorigenic, promote angiogenesis in cancer as well as 

metastatic tumour cell seeding to distant organs (Sagiv et al. 2015). Furthermore, their 

ability to transmigrate through tissue is impaired and phagocytotic activity is decreased. 

It was also observed in a murine model, that upon treatment with TGF-β, mature HDNs 

were capable to become LDNs. This transition however was also observed to occur 

spontaneously, but only in blood taken from mice bearing late-stage tumours. Compared 

to blood from mice bearing early-stage tumours, the HDN/LDN ration changed to the 

favour of LDNs in late tumour bearing mice, with 90% of all neutrophils being located 

within the LDN fraction after 3 hours of ex vivo incubation. This transition might be 

mediated via advanced tumour-associated changes of the chemokine/cytokine milieu 

(Sagiv et al. 2015). 

 Elevated levels of blood LDNs was not only shown in cancer, but were also 

implicated in other severe pathologies such as HIV (Cloke et al. 2012), severe infection 

(Morisaki et al. 1992) and autoimmune disease (Denny et al. 2010). 

1.3. Haemostasis 
Under normal conditions, an anticoagulant surface is maintained within the blood 

vessels’ endothelium to keep blood in its fluid state. If damage occurs to the blood 

vessel, bleeding has to be stopped at the site of injury without hindering blood flow 

somewhere else in circulation. This process is called haemostasis, a tightly regulated 

procedure forming a haemostatic plug, mainly containing platelets and fibrin, to 

counteract blood loss. Haemostasis is a combination of two main processes that occur 

simultaneously, which are activated by components of the subendothelial matrix when 

exposed to blood. These processes become active within seconds after injury and under 

normal conditions are localized to only the site of injury. Haemostasis is tightly controlled 

by the fibrinolysis pathway and various anticoagulant mechanisms to uphold blood 

fluidity when no injury is present as well as regulating the size of the forming clot, holding 

it proportional to the sustained wound (Gale 2011).  

1.3.1. Primary haemostasis 
The major components involved in primary haemostasis are platelets, small anuclear 

cells that derive from megakaryocytes (Schulze and Shidasani 2005). In healthy blood 

vessels, they do not aggregate with one another nor adhere to the surface. However, 

when injury occurs, components of the subendothelial matrix such as von Willebrand 
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factor (VWF) and collagen become exposed and subsequently bind platelets, starting 

their activation (Gale 2011; Ruggeri 2007).   

 The decisive factor for linking primary to secondary haemostasis is the serine 

protease thrombin. It activates platelets at the final step of the coagulation cascade, 

which results in platelet cytoskeleton remodelling, granule secretion and integrin 

activation (Kahn et al. 1998). Stabilization of the platelet plug is mediated by insoluble 

fibrin, generated during secondary haemostasis (Gale 2011). 

1.3.2. Secondary haemostasis  
Fibrin, the key player of secondary haemostasis, is generated during the proteolytic 

coagulation cascade via the cleavage of fibrinogen by thrombin (Kahn et al. 1998). It 

forms an insoluble mesh, which is integrated into the platelet plug and its surroundings, 

leading to a stable and strong blood clot. The coagulation cascade and hence the 

formation of fibrin occurs concurrently with platelet aggregation during primary 

haemostasis (Falati et al. 2002).  

Upon vascular injury, blood comes into contact with extravascular tissues. These 

tissues express large amounts of tissue factor (TF), a transmembrane protein localized 

on fibroblasts and other extravascular cells. TF acts as a cofactor for factor VIIa, the first 

serine protease of the coagulation cascade (Kirchhofer and Nemerson 1996). TF and 

VIIa form a complex capable of activating factor X and IX, transforming them to factor Xa 

and IXa. Factor X can also be activated by factor IXa, when VIIIa is present as a 

cofactor. The cofactor Va together with factor Xa then activates prothrombin, leading to 

the generation of thrombin (Dahlbäck 2000).  

Within the coagulation cascade, thrombin is responsible for several major 

reactions, such as the activation of cofactors V and VIII as well as factor XI (which in turn 

facilitates factor IX activation), and is also crucial for clot propagation as it ensures 

coagulations positive feedback activation (Lane, Philippou, and Huntington 2005).  

The mode of action of the proteolytic coagulation cascade is schematically 

represented in Figure 4. 
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Figure 4: The coagulation cascade. As a response to injury, tissue factor (TF) initiates 
the coagulation cascade, which ultimately results in the generation of thrombin and fibrin. 

Graphic taken form  Graham et al.  (2011). 

When blood vessels are intact, the coagulation cascade is inactive. Activation is 

prevented by numerous anticoagulant mechanisms, one of which is controlled via 

thrombomodulin, a cofactor for thrombin. Together they stimulate the anticoagulant 

serine protease protein C (APC), which is capable of converting thrombin from 

procoagulant to anticoagulant. This makes it of major importance when the already 

active coagulation cascade has to be downregulated (Esmon and Owen 1981). Also 

located on vessel endothelial cells are heparan sulfate proteoglycans. They activate a 

serine protease inhibitor called antithrombin, which suppresses the function of several 

factors within the coagulation cascade (Quinsey et al. 2004; Shimada et al. 1991) 

1.3.3. Fibrinolysis 
When wounds are healing, blood clots have to be dissolved again. This happens in a 

process called fibrinolysis. But dissolving clots is not the only task of the fibrinolytic 

system, it is also responsible for preventing blood clot formation in healthy vessels. This 

system is comprised of several serine proteases. They are produced either directly on 

the fibrin clot surface or bind to it, thereby leading to plasminogen activation and 

subsequent fibrin degradation. (Hoffman 2005).  
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It is crucial for procoagulant and anticoagulant systems to be in adequate balance 

to avoid pathologies. If one or multiple of these systems are defect, the result might be 

bleeding (not enough clotting) or pathological thrombus formation (too much clotting), 

known as thrombosis (Gale 2011). 

1.4. Thrombosis 
Thrombosis is defined as the formation of a blood clot that either partially or completely 

blocks an arterial or venous blood vessel, leading to limitations in the natural blood flow. 

Multiple factors contribute to the development of thrombosis, where, as mentioned 

before, the adequate balance of haemostasis and endogenous anticoagulation plays an 

important role. In 1856, the German physician Rudolf Virchow proposed three leading 

factors predisposing to thrombosis, including endothelial vessel wall damage, a 

hypercoagulable state and venous or arterial blood stasis (Virchow 1856). These factors 

became commonly known as the “Virchow’s triad” (Figure 5) (Damilola and Fernandez 

2019).  

 Hypercoagulability, a haematological concept generally defined as an increased 

thrombogenic risk, can arise from various changes within the haemostatic system. The 

changes can result from increased levels of prothrombotic proteins and cytokines, 

deficiencies of anticoagulant factors (both natural and endogenous), variations in blood 

components and viscosity as well as inflammatory factors. These can either be inherited 

or acquired. Protein C and S deficiencies, antithrombin III deficiency, factor V Leiden and 

prothrombin gene mutations are the most common inherited risk factors for thrombosis. 

Far more common than the inherited are acquired factors, which can be a result of 

inflammatory pathologies, morbid obesity, heavy smoking or medication (especially 

hormonal drugs such as contraceptives), amongst many others. Blood stasis can also 

occur due to many different factors such as pregnancy, immobility or impaired blood flow 

due to blood vessel remodelling, fibrosis or atherosclerosis (Damilola and Fernandez 

2019).  

The pathogenesis of thromboembolic disorders differs vastly in regards to 

whether a thrombotic event occurs within the venous or the arterial system (Turpie and 

Esmon 2011). 
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Figure 5: Virchow´s triad. A graphical representation of the three leading factors 
predisposing to thrombosis and their underlaying causes. Graphic taken from: 

https://www.thrombosisadviser.com/thrombus-formation/ (accessed 05.05.2020) 

1.4.1. Arterial thrombosis  
Arterial thrombosis is mainly triggered through rupture of an atherosclerotic plaque 

(Engelmann and Massberg 2013), leading to the release of liquid from the plaques core. 

This liquid contains high levels of strong thrombogenic factors like TF and collagen, that 

are capable of initiating the coagulation cascade and platelet activation immediately after 

plaque rupture (Figure 6) (Ardissino et al. 1997). Thrombin formation further activates 

platelets, thereby promoting additional platelet recruitment, adhesion, aggregation and 

thus rapid thrombus growth. A thrombus developed through rupture of a coronary 

atherosclerotic plaque is the major cause for acute myocardial infarctions and ischaemic 

heart disease, resulting in sudden death at roughly 50 to 70% when newly occurring 

(Davies 2000).  
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Figure 6: Arterial thrombus formation – a schematic overview. After plaque rupture, 
thrombogenic factors are released into the lumen of the vessel, where a thrombus starts 

to form. Graphic taken from Turpie & Esmon (2011).  

1.4.2. Venous thrombosis  
Venous thromboembolism (VTE) is a widespread pathology with potentially fatal 

outcome. It is comprised of two forms of thrombotic events: deep-vein thrombosis (DVT), 

occurring mainly in the large leg veins, and pulmonary embolism, which is the result of 

thrombus parts breaking away from DVT and travelling through circulation until blocking 

a pulmonary artery. Reduced blood flow in veins, termed venous stasis, is the main 

reason for thrombus formation in affected regions (Figure 7). Several medical conditions 

can cause venous stasis, amongst the most common inducers are reduced mobility, 

increased venous pressure or surgical orthopaedic interventions (Kroegel and Reissig 

2003). Stasis promotes thrombus formation because coagulation factors are failed to be 

cleared rapidly enough after vascular injury. This leads to endothelial activation and the 

subsequent expression of adhesion molecules on the endothelial cell surface. Venous 

thrombosis is primarily caused by the activation of the coagulation cascade. Hence, 

venous thrombi mainly consist of red blood cells intertwined in great amounts of fibrin 

(López, Kearon, and Lee 2004).  



  16 
 

 
Figure 7: Deep-vein thrombus formation – a schematic overview. Venous stasis as 
well as vessel wall damage can be causes for DVT. When the thrombus breaks loose, it 

can occlude a pulmonary artery, leading to pulmonary embolism. Graphic taken from 

Turpie & Esmon (2011). 

1.4.3. Neutrophils and NETs in thrombosis  
Over a century ago, the link between immune cells and thrombotic events has been 

described by Bizzozero for the first time, as he stated that not only platelets but also 

leukocytes are involved in thrombus formation (Bizzozero 1881, 1882). In the last 

decade however, the attention has focused specifically on neutrophils, as it was shown 

that they bind activated endothelium and adhere to the site of vessel injury even before 

platelets (Darbousset et al. 2012).  

Neutrophils play an important role in the context of thrombosis in various ways. 

Their main effectors in pathogen defence, neutrophil elastase and cathepsin G, were 

shown to promote coagulation and thereby play a crucial role in thrombus growth 

(Massberg et al. 2010). Additionally, neutrophil-associated TF activity has a significant 

impact on thrombus formation as well. However, if TF is produced by neutrophils directly 

or rather passively acquired from other cells has been up for debate for a long time. 

Initially it was shown in several studies conducted in monkeys as well as in humans, that 

neutrophils are capable of producing large amounts of TF (Nakamura, Imamura, and 

Okamoto 2004). This was countered by studies claiming that neutrophils produced no TF 

at all (Østerud 2004) or only in very limited amounts (Østerud 2010). Today it is widely 



  17 
 

accepted that no synthesis of TF occurs in normal human neutrophils, but it may rather 

be passively acquired from monocytes (Noubouossie et al. 2019). Nevertheless, 

neutrophils play a crucial part in thrombus initiation and formation, as it has also been 

shown that depletion of neutrophils in mouse models lead to a decrease of thrombus 

formation (von Brühl et al. 2012). 

Due to recent findings, more studies started to focus on the thrombosis 

associated role of NETs (Kapoor, Opneja, and Nayak 2018). This initially started as 

experimental DVT-thrombi in baboons showed the presence NETs (Fuchs et al. 2010) 

and thrombi with high contents of deoxyribonucleic acid (DNA) were found in mice (von 

Brühl et al. 2012). In humans, the first reported observations of extracellular DNA traps in 

thrombi were made in intraluminal thrombi from patients with abdominal aortic aneurysm 

(Delbosc et al. 2011), in a patient with microscopic polyangiitis that was complicated by 

DVT and pneumonia (Nakazawa et al. 2012) and in thrombi taken from acute myocardial 

infarction patients (de Boer et al. 2013). Another study focusing on thrombus maturation 

found that in histological samples of human venous thrombi, H3Cit positive neutrophils 

were present mostly in organizing thrombi. H3Cit-positivity was observed both 

intracellular as well as diffuse extracellular. This suggests that NET formation occurs 

predominantly during thrombus maturation, specifically during the inflammatory thrombus 

development stage (Savchenko et al. 2014).  

The pro-coagulant role of NETs has recently emerged, providing clear evidence 

on how different NET mechanisms are involved in VTE initiation and progression. It is 

assumed that the pro-thrombotic nature of NETs originates from their capability of 

interacting with the endothelium, with platelets and several coagulation factors. As 

described before, two major components of NETs are histones and DNA. The DNA 

matrix extruded during NET formation can provide a scaffold for thrombus initiation, as it 

is capable of binding not only pathogens but also platelets and erythrocytes (Fuchs et al. 

2007, 2010), which in turn supports further platelet aggregation and activation. The exact 

mechanism of NET-platelet interaction is not yet fully understood, but findings from 

studies in a deep vein thrombosis murine model showed that H3Cit, a hallmark of 

citrullination mediated NET formation, is capable of interacting with von Willebrand factor 

(vWF) (Brill et al. 2012). It is also believed that platelets are directly activated by histones 

via platelet receptor TLR2 and TLR4 stimulation (Semeraro et al. 2011). These activated 

platelets can in turn bind neutrophils via glycoprotein Ib (GPIb), leading to further NET 

formation and thereby propagating thrombus formation (von Brühl et al. 2012). Histones 

were also observed to have a high affinity to membrane phospholipids and were shown 

to facilitate pore formation and thereby a subsequent release of endothelial coagulation 

activation factors (Fuchs, Brill, and Wagner 2012). Additionally, NETs activate the 
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coagulation cascade, as protease activity of clotting factors is enhanced by extracellular 

nucleic acids, which induces the generation of thrombin (Kannemeier et al. 2007). As an 

example, the intrinsic pathway can be initiated via factor XII activation through NETs 

(von Brühl et al. 2012). Factor XII itself was also shown to initiate histone citrullination via 

urokinase plasminogen activator receptor (uPAR)-mediated phosphorylation of Akt2, 

resulting in NET formation. Blocking of factor XII-uPAR or specific inhibition of Akt2 was 

demonstrated to result in reduced NET formation in vitro (Stavrou et al. 2018). Again, TF 

plays an additional role in NET-induced VTE. It is present on extracellular DNA together 

with protein disulfide isomerase, which is capable of activating TF derived from other 

blood cells and thereby supporting the activation of the extrinsic pathway (von Brühl et 

al. 2012; Manukyan et al. 2008; Reinhardt et al. 2008). Serine proteases such as 

neutrophil elastase and cathepsin G are also present in NETs. They proteolytically 

inactivate tissue factor pathway inhibitor (TFPI) (thereby enhancing the activity of factor 

Xa) and thus promoting the production of thrombin and fibrin (Massberg et al. 2010). 

NETs were also shown to co-localize with fibrin and VWF in thrombi and thereby 

providing a thrombolysis-resistant scaffold (Fuchs et al. 2012). All these facets give 

strong evidence that multiple aspects of the coagulation cascade are affected by NETs, 

but the definite underlying mechanisms to all aforementioned interactions still need to be 

investigated.  

1.4.4. Neutrophils and NETs in cancer and cancer-associated thrombosis 
In human cancer biology, neutrophils play an important role. They constitute for a major 

portion of inflammatory cell infiltrates and can be a predictive factor for disease 

progression and outcome, as a high ratio of neutrophils to lymphocytes as well as an 

increased number of peripheral or intratumoural neutrophils was linked to a poor 

prognosis (Donskov 2013). They were also shown to have both pro- and antitumoral 

properties (Brandau, Dumitru, and Lang 2013). These opposing properties can be 

accredited to the two different subpopulations of neutrophils. Several in vitro and in vivo 

studies conducted by  Sagiv and colleagues in 2015  reported that LDNs showed 

insignificant cytotoxicity as well as impaired phagocytosis, reduced chemotactic activity 

and weakened oxidative burst. Gene expression patterns of LDNs were also observed to 

have a reduced expression of a variety of chemokine receptors, chemokines and 

proinflammatory molecules, all associated with a reduction in inflammatory capacity. 

Taken together, LDNs were reported to have defective antitumor activity. In HDNs 

however, these basic neutrophil functions were all observed to be directed towards 

antitumor protection, with a capability of displaying antitumor functions in early- as well 

as late-stage tumours (Sagiv et al. 2015). 
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The different tumour-associated characteristics may also be connected to the 

neutrophil activation stage (Gregory and Houghton 2011) and are also assumed to be 

linked to NET formation. NETs might influence the tumour microenvironment as well as 

crucial steps in tumour development and progression such as immune suppression, 

angiogenesis, tumour growth and metastasis (Demers and Wagner 2013). These 

assumptions arise from findings of NET-like structures and neutrophils within tumour 

samples from Lewis lung carcinoma (LLC) patients. The observed structures were 

mainly hypercitrullinated histones on extracellular chromatin. Present neutrophils were 

observed to be a mix of dead, fully intact and even primed, hypercitrullinated neutrophils 

on the brink to form NETs (Ho-Tin-Noé et al. 2009). Neutrophil stimulation for NET 

formation is believed to occur due to hypoxia at the tumour site, where hypoxia-induced 

factor 1α might activate neutrophils (McInturff et al. 2012). Tumour-induced neutrophil 

priming on the other hand might be induced by G-CSF (Demers and Wagner 2014). 

Interestingly, the tumour stage is also thought to have a significant impact on neutrophil 

properties, as a recent study was able to demonstrate. With increasing tumour age, 

neutrophil presence shifts from antitumoural neutrophils surrounding the tumour at early 

stage to protumoural neutrophils infiltrating the tumour at later stages (Mishalian et al. 

2013). This substantiates the claim that NETs might have advantageous effects on 

primary tumour growth, since NETs were observed inside tumour samples in the 

previously mentioned study (Ho-Tin-Noé et al. 2009).  

  NETs were also observed to play a crucial role in metastasis. A study conducted 

in a model of systemic infection showed that NETs deposited on the micro-vasculature 

were capable of immobilizing and trapping circulating tumour cells in a similar manner as 

how it occurs with intruding pathogens. These cancerous cells were observed to then 

proliferate and form nodules, thereby again supporting the tumour-enhancing properties 

of NETs (Cools-Lartigue et al. 2013). However, it is still unclear if NETs just physically 

anchor tumour cells or if additional mechanisms of cancer cell protection are involved as 

well (Demers and Wagner 2014). 

A condition that has gained more and more significance amongst physicians is 

cancer-associated thrombosis. Current estimates reckon that cancer is the most 

prevalent cause for VTE, with 20% of all thrombotic incidences being caused by 

malignancies (Heit, Spencer, and White 2016). Patients with cancer have a 0.5% annual 

risk to develop VTE compared to 0.1% within the general population (Elyamany, 

Alzahrani, and Bukhary 2014). Patients with cancer-associated thrombosis were shown 

to have the worst survival among all VTE patients (Puurunen et al. 2016). A cohort study 

which included 10315 VTE patients reported that 54.3% of all deaths were related to 

cancer (Ageno et al. 2019). Amongst all possible causes for death in patients with 
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cancer, VTE is the second most prevalent one, only after disease progression itself 

(Khorana et al. 2007).  

 In general, a multitude of factors predispose patients with cancer to an increased 

risk of thrombus formation. They often have to undergo chemotherapy, multiple surgical 

interventions or long-term catheter placements, all of which are known factors that lead 

to endothelial injury. Oncological pain is often experienced as a side effect of treatment 

or caused by the disease itself and patients are therefore rendered immobile for long 

time periods (Fernandes et al. 2019). The risk to experience an event of VTE also 

depends on the type of cancer. For example, lung, brain, pancreas and haematological 

malignancies (amongst others) are associated with a high thrombosis risk (Fernandes et 

al. 2019; Stein et al. 2006), whereas prostate and breast cancers pose a lower risk of 

clot formation (Gade et al. 2017). Regardless of cancer type and genetic background, 

further risks factors that contribute to cancer-associated thrombosis are higher 

histological tumour grade (Ahlbrecht et al. 2012) and metastasis. Specific 

chemotherapeutic treatments such as taxane-based drugs and platinum derivates as 

well as immunomodulatory agents are associated with elevated VTE risk as well 

(Fernandes et al. 2019).   

Over the years, several laboratory parameters have also been identified to either 

have a direct association with venous thromboembolism in patients with cancer and 

which could be used as predictive parameters on thrombosis development. High platelet 

count (Simanek et al. 2010) and high plasma levels of soluble P-selectin (Riedl et al. 

2016) were shown to be significant risk factors for VTE development in patients with 

solid tumours, with soluble P-selectin levels even being a predictive marker for VTE 

development (Ay et al. 2008). Further predictive biomarkers were found to be increased 

levels of prothrombin fragment 1+2 and D-dimer (Ay et al. 2009), elevated levels of 

clotting factor VIII (Vormittag et al. 2009) as well as an increased potential of thrombin 

generation (Ay et al. 2011). In patients without cancer, increased mean platelet volume 

(MPV) is associated with both venous and arterial thrombosis. Interestingly, contrary 

observations were described in patients with cancer, as high MPV was found to be 

associated with a decrease in VTE development risk compared to patients with low MPV 

(Riedl et al. 2013). Decreased platelet reactivity however was shown to also be 

associated with VTE and poor disease prognosis in patients with cancer (Riedl et al. 

2017). Certain growth factors were observed to be associated with VTE development as 

well.  Vascular endothelial growth factor (VEGF) is necessary to stimulate angiogenesis, 

which is crucial for oxygen supply to the tumour site. However, the formed vessels are 

not only leaky and highly thrombogenic (Brat and Van Meir 2004), but VEGF itself is 

capable of inducing the expression of TF (Mechtcheriakova et al. 1999). An association 
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between high levels of its soluble form (sVEGF) and VTE risk in patients with cancer was 

observed by Posch et al. (2016).  

 In 2018, a new model to predict cancer-associated VTE has been made public. 

Involving only two factors (levels of D-dimer and cancer risk group assignment), it can be 

used fairly easily, making it possible to individually predict VTE risk in the first six months 

after the patient has been diagnosed (Pabinger et al. 2018). 

Cancer-associated VTE distinguishes from other VTE cases by risk factors and 

pathophysiological mechanisms. One of the most critical protein involved in the 

progression of cancer-associated thrombosis might be TF produced by cancer cells 

(Mukai and Oka 2018). As discussed before, TF activates the extrinsic coagulation 

pathway, which consequently leads to fibrin generation and activation of platelets. This, 

however, may not be the case for all types of cancer. A previous study conducted in 

patients with brain tumours found no statistically significant association between TF-

expression levels and future incidences of VTE (Thaler et al. 2013). The pro-thrombotic 

nature of brain tumours might derive from the overexpression of podoplanin, a protein 

capable of activating platelets (Mir Seyed Nazari et al. 2018). But cancer cells also 

sequester other distinct pro-coagulant factors, which are capable to directly stimulate 

factor X. Moreover, the generation of inflammatory cytokines, which leads to endothelial 

damage, as well as the production of so-called carcinoma mucins, which obstruct the 

coagulation cascade, furthers the pro-coagulative nature of cancerous tumours. 

Furthermore, cancer cells are capable to synthesize plasminogen activator inhibitor-1, 

thereby inhibiting the fibrinolytic system. All those factors result in a pro-anticoagulation 

imbalance and the consequent generation of cancer-associated thrombosis (Mukai and 

Oka 2018). 

Neutrophils have been linked to cancer-associated venous thrombosis, as they 

become activated in inflammatory disorders such as cancer and were found to be 

dominantly present within the local tumour-surrounding infiltrate (Gregory and Houghton 

2011). In a study using a murine mammary carcinoma model, isolated neutrophils were 

seen to be highly hypercitrullinated, prepared to undergo NET formation. At late disease 

stage, thrombotic events inside the lungs of mice occurred. Upon further blood 

analyzation it could be seen that levels of hypercitrullinated neutrophils were low, 

whereas plasma DNA levels were significantly elevated and H3Cit was present. This 

suggests the spontaneous occurrence of NET formation (Demers et al. 2012). Several 

factors secreted by tumour cells are capable of priming neutrophils towards NET 

formation, where granulocyte G-CSF constitutes as a very important priming agent. 

Tumours producing G-CSF have also been associated with poor disease prognosis 

(Demers and Wagner 2014).  
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 But not only the disease itself is believed to have an impact on neutrophils and 

subsequent thrombus formation, the treatment, specifically chemotherapy, might lead to 

elevated occurrences of thrombotic events in patients with cancer as well. 

Chemotherapy leads to cell death and subsequent DNA release, where large fragments 

can be found in the plasma even after the first cycle (Deligezer et al. 2008; Kwee et al. 

2012). It was originally believed that these DNA fragments originated from necrotic 

tumour cells. More recent insights however suggest that certain chemotherapies are 

capable of inducing NET formation. Increased levels of cell-free DNA (cfDNA) were 

observed in plasma from early-stage breast cancer patients 24 hours after 

chemotherapy. It was shown that cfDNA is capable of inducing thrombin generation in 

whole blood, hence forming the link between chemotherapeutic treatment and the 

occurrence of thrombotic events (Demers and Wagner 2014).  

In a recent study, NET biomarkers H3Cit, nucleosomes and cfDNA were 

investigated as possible predictive biomarkers for VTE in patients with cancer. It was 

observed that patients with H3Cit levels over the 75th percentile of the study population 

showed 14.5% of VTE incidences over a period of 2 years compared to 8.5% of 

incidences in patients with H3Cit levels below the 75th percentile. It could also be seen 

that patients with increased levels of nucleosomes and cfDNA during the first 3 to 6 

months had a higher risk to experience a thrombotic event (Mauracher et al. 2018). An 

association with a higher mortality rate in patients with cancer could be observed for both 

elevated cfDNA and H3Cit levels (Grilz et al. 2019). 
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1.5. Hypothesis and Aim 
The aim of this study was to investigate potential differences in neutrophils between 

healthy volunteers and patients with newly diagnosed lung cancer, specifically changes 

in neutrophil activation potential, subset distribution, DNA release and H3Cit positivity. 

We hypothesise that in patients with lung cancer, LDNs occur in larger quantities 

compared to healthy individuals. Furthermore, we hypothesise that isolated HDNs and 

LDNs from patients with cancer have a higher potential of activation, release more DNA 

and show an increased predisposition to undergo NET formation upon stimulation with 

certain stimuli. 
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2. Materials and Methods 

2.1. Study cohort  
Between October 2018 and June 2019, 20 healthy adult individuals (median age [min-

max]: 62 [50-72] years, female n=11) and 20 newly diagnosed, pre-treatment patients 

with lung cancer (median age [min-max]: 67 [46-82] years, female n=11) were included 

into the Vienna Cancer and Thrombosis Study (CATS) (Ay et al. 2008). CATS is an 

ongoing, single centre prospective cohort study involving patients with active 

malignancies to investigate parameters that could be predictive for VTE occurrence in 

patients with cancer. For inclusion, all of the following criteria have to be met: 1) patients 

must be older than 18 years; 2) willing to participate; 3) newly diagnosed with lung, brain, 

breast, pancreas, prostate or kidney cancer, cancer of the gynaecologic system or the 

lower/upper gastrointestinal tract; haematological malignancies; sarcoma; or disease 

progression after partial or complete remission; 4) the malignancy has to be histologically 

confirmed and 5) patients have to give written informed consent. Patients were not 

included if 1) they had a bacterial or viral infection two weeks before; 2) a thrombotic 

event (either arterial or venous) within three months prior to inclusion; 3) are 

anticoagulated continuously with low molecular weight heparin or vitamin K antagonists; 

4) underwent surgical intervention or radiotherapy two weeks before; 5) or chemotherapy 

within the last three months. Patients were excluded if just one of the exclusion criteria 

was met. Endpoints of CATS were either the occurrence of (symptomatic or fatal) VTE, 

withdrawal of consent, loss of follow-up or death. Ethical approval for this study was 

given by the Ethics Committee of the Medical University of Vienna (EC-No 126/2003).  

Healthy donors were included into the Vienna Bleeding Study (VIBS). In VIBS, 

patients with a bleeding tendency of unknown origin, as well as healthy individuals 

(control cohort) are included. In the present study only the group of healthy controls were 

included. Those had the following exclusion criteria: if they had 1) cases of bleeding 

related diseases within their family; 2) experienced any thrombotic event before in their 

life; 3) have a general bleeding tendency; 4) took any form of platelet aggregation 

inhibitor (e.g. Aspirin) ten days before the blood draw or 5) experienced any form of 

acute disease six weeks prior to inclusion. This study was ethically approved by the Ethic 

Committee of the Medical University of Vienna (EC-No 039/2006). 
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For our study, written informed consent was given by each participant before 

inclusion. Each donor, both healthy as well as patients with lung cancer, underwent a 

structured interview on their medical history, where they were also informed of the study 

details, and a blood draw for routine parameters and experimental setup. All methods 

were conducted in conformity with the Declaration of Helsinki.  

2.2. Blood draw  
For experimental setups, 27 mL blood was taken from each participant using a 

tourniquet, VACUETTE® Blood Collection + Luer Adapter Sets (Greiner Bio-One, 

Kremsmünster, AUT) and VACUETTE® K3EDTA blood vials 9 mL (Greiner Bio-One). 

Blood draw was performed by a nurse or medical doctor and transported to the 

laboratory within a timeframe of maximum 20 minutes (min) for further handling.  

2.3. Buffer preparation  
Hanks’ Balanced Salt Solution with 1.26 mM calcium chloride dihydrate (CaCl2) (HBSS+) 

was used as the buffer of choice for the DNA release assay as well as to dilute 

stimulants for neutrophil activation and H3Cit measurement. To prepare 500 mL of 

HBSS+, 50 mL of 10X HBSS (Gibco by Thermo Fisher Scientific, Waltham MA, US) was 

diluted in 450 mL double-distilled water (ddH2O) and 92.61 mg CaCl2 (Merck, Darmstadt, 

GER) were added. The solution was mixed by gently inverting and sterile filtered using a 

FILTER TOP 500 “rapid”-FILTERMAX (pore size: 0.22 µm; TPP Techno Plastic Products 

AG, Trasadingen, CH) on a sterile glass bottle. HBSS+ was stored at room temperature 

in the dark.  

PBS + 2% bovine serum albumin (BSA) was used to dilute antibodies for the 

H3Cit measurement. To 200 mL of 1X PBS, 4 g of BSA (Sigma-Aldrich, St. Louis MO, 

US) were added and left on room temperature until all BSA was dissolved. It was stored 

at 4°C for a maximum of one week.  

Complete Roswell Park Memorial Institute-medium (RPMI+) was used during 

stimulation time in neutrophil activation and H3Cit measurement, which was prepared by 

mixing 450 mL RPMI 1640 (Gibco) with 50 mL fetal calve serum (FCS, Gibco), 10 mL 

Penicillin-Streptomycin (100 U/mL and 100 µg/mL respectively; PenStrep; Gibco) and 

20mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES; Gibco). RPMI+ was 

stored at 4°C. 
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2.4. Isolation of PMN and PBMC 
Two density gradients, namely HISTOPAQUE®-1119 (Sigma-Aldrich) and Ficoll-Paque™ 

PREMIUM 1077 (GE Healthcare, Chicago Ill, US), were used for density-based cell 

isolation. HISTOPAQUE®-1119 was stored at 4°C but had to be brought up to room 

temperature before use. From HISTOPAQUE®-1119, 3 mL were added to a 15 mL 

polystyrene centrifuge conical tube (Falcon by Corning Inc., Corning NY, US) and 3 mL 

of Ficoll-Paque™ PREMIUM 1077 were carefully layered on top using a Costar® 

serological pipette (Corning Inc.) and an automated pipette controller (PIPETBOY 2; 

Integra LifeSciences, Plainsboro Township NJ, US). On top of the two gradients 6 mL of 

freshly drawn whole blood were layered carefully and the tube was centrifuged using an 

Allegra® X-12R centrifuge (Beckman Coulter, Brea CA, US) at 700 x g for 30 min at 20°C 

without brakes. A schematic representation of the centrifugation tube before and after 

centrifugation can be seen in Figure 8. After centrifugation, the plasma layer was 

carefully aspirated within 0.5 cm of the PBMC cell layer. Using a plastic transfer pipette 

(SARSTED AG & Co. KG, Nümbrecht, GER), PBMCs were transferred into a sterile 50 

mL polystyrene centrifugation tube (VWR, Radnor PA, US). The gradient layer was also 

aspirated within 0.5 cm of the PMN layer. PMNs were transferred to a sterile 50 mL tube 

using a new plastic transfer pipette. To each tube containing cells, 25 mL of HBSS+ was 

added and centrifuged for 5 min at 800 x g at room temperature to wash away gradient 

residuals. The supernatant was aspirated and the cell pellet was resuspended in 1 mL of 

HBSS+. Cell counting was performed using a Sysmex XN-350 (Sysmex Austria GmbH, 

Vienna, AUT). 
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Figure 8: Schematic representation of blood isolation before and after 
centrifugation. (A) Whole blood layered over HISTOPAQUE®-1119 and Ficoll-Paque™ 
PREMIUM 1077 density gradients before centrifugation. (B) Separated cell layers after 
centrifugation. Picture taken and graphic designed by the author of this thesis. 

PBMCs: peripheral blood mononuclear cells; PMNs: polymorphonuclear cells. 

 

2.5. Neutrophil studies 

2.5.1. DNA release assay 
In a Nunc FluoroNunc MaxiSorp 96 well plate (Thermo Fisher Scientific), three different 

concentrations of both IO (2 mM stock concentration; Invitrogen, Carlsbad CA, US) and 

PMA (1 mM stock concentration; Sigma Aldrich) were prepared (Table 1). Table 1 shows 

this initial preparation. Both stimuli had then to be pre-diluted before adding the 

respective amounts to each well.  
For measurement, SYTOX™ Green Nucleic Acid Stain (Invitrogen) was pre-

diluted in a 1:100 ratio in HBSS+ to a concentration of 50 µM.  

Table 2 shows the exact amounts of reagents and buffer used for all pre-dilutions. 
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Table 1: Preparation of stock solutions 

Reagent Molecular Weight [g/mol] DMSO Stock Concentration 

IO [ 1 µg] 747.07 670 µL 2 mM 

PMA [10 µg] 616.83 16.21 mL 1 mM  

 

Table 2: Pre-dilutions for all used reagents. 

Reagent From Stock 
[µL] 

HBSS+ 
[µL] 

Dilutions Final 
Concentration 

IO [2 mM] 18 162 1 : 10 200 µM 

PMA [1 mM] 11.7 1158.3 1 : 100 10 µM  

TritonTM X-100 10  90 1 : 10  -  

SYTOX™ Green [5 mM] 21.1 2090.1 1 : 100 50 µM 

 

In the corresponding wells, calculated amounts of buffer were combined with the 

respective amounts of pre-diluted PMA and IO. As a positive control, TritonTM X-100 

(Sigma-Aldrich), in a 1:10 dilution in HBSS+, was added to the respective wells without 

stimuli. Triton leads to cell lysis (Borner et al. 1994), thereby it corresponds to a 100% 

release of DNA.  Both PMNs and PBMCs were diluted in HBSS+ to a concentration of 1 x 

106 cells per mL and then added to the respective wells already containing buffer and 

stimuli. Thereby, final stimuli working concentrations of 4 µM, 6 µM and 8 µM for IO and 

600 nM, 1 µM and 5 µM for PMA as well as a cell concentration of 1 x 105 cells per well 

was achieved. The plate was then incubated at 37°C for 2 h 45 min. After the initial 

incubation time, SYTOX™ Green was added to each well (final concentration: 5 µM), 

thereby reaching the final working volume of 300 µL per well. The plate was incubated 

for additional 15 min at 37°C and then immediately measured using a Multimodereader 

Varioskan LUX (ex. 485/em. 520; Thermo Fisher Scientific). Every condition was 

prepared and measured in triplicates. The respective amounts of used reagents, buffer 

and cell suspension are shown in Figure 9. 
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Figure 9: Pipetting scheme for DNA release assay. The respective amounts of pre-
diluted stimuli and HBSS+ were added to the corresponding wells prior to cells and 

SYTOX™ Green. PBMC: peripheral blood mononuclear cells; PMN: polymorphonuclear 

cells; IO: ionomycin; PMA: phorbol 12-myristate 13-acetate; HBSS: Hanks’ Balanced 

Salt Solution; µL: microliter 

2.5.2. Baseline neutrophils 
Right after isolation, from both PMN and PBMC cell suspension (106 cells/mL in RPMI+), 

540 µL were fixed using 180 µL of a 4% paraformaldehyde solution (PFA, final 

concentration: 1%; Thermo Fisher Scientific, Waltham MA, US). These immediately fixed 

cells will be further referred to as baseline. For the analysis of neutrophil subsets, only 

baseline cells were used. In both the neutrophil activation study and in H3Cit 

measurement, a portion of these baseline cells were also used as control samples. In 

these two setups, baseline PMNs and PBMCs are stained with CD66b and propidium 

iodide (PI) (amongst other antibodies), which upon analysis using a CytoFLEX S 

(Beckman Coulter) gives information about respective neutrophil cell counts. 

2.5.3. Neutrophil subset analysis 
From baseline PMN and PBMC cell suspensions, 60 µL were mixed with 40 µL 1x PBS. 

Samples were stained with 12.5 µL of an antibody master mix consisting of CD66b, 

CD62L, CD16, CD41 and PI (2.5 µL of each antibody) for 15 min at room temperature in 

the dark. Additional information about the used antibodies can be seen in Table 4. 

Staining of PMN and PBMC samples was stopped with 300 µL of PBS. Unstained control 

samples served as negative controls. Samples were measured using a CytoFLEX S 

(Beckman Coulter), a detailed list of used lasers, filters and gains can be seen in Table 

5B. Raw data was analysed with FlowJo V10 (FlowJo, LLC).  

2.5.4. Neutrophil activation study 
For this study, PMNs and PBMCs were diluted in room temperature RPMI+ to a 

concentration of 106 cells/mL. Five different conditions for cell stimulation were prepared 

in 500 µL Eppendorf® tubes (Eppendorf AG, Hamburg, GER): unstimulated, 1 µM IO, 4 

µM IO, 100 nM PMA and 600 nM PMA. To reach these concentrations, both stimuli had 
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to be pre-diluted. The exact amounts of stimuli and buffer used for all pre-dilutions as 

well as the pre-dilution concentrations can be seen in Table 3.  

To stimulate cells, 45 µL of PMN or PBMC cell suspension was added to the 

corresponding tubes, where 5 µL of the respective pre-diluted stimuli have already been 

added. For unstimulated conditions, the corresponding amount of only HBSS+ was 

added to the tube. 

Cells were stimulated for 30 min at 37°C in a water bath, then fixed with 16 µL PFA (final 

concentration: 1%) and stored at room temperature for at least 30 min prior to further 

processing. During this time, an antibody master mix was prepared using 50 µL from 

each of the following antibodies: CD66b, CD11b, CD41 and PI. An exact overview of the 

used antibodies and the final concentrations used can be seen in Table 4. From each 

condition and respective immediately fixed baseline controls, 66 µL were transferred into 

5 mL FACS tubes (Falcon by Corning Inc.) 10 µL of the antibody master mix was added 

to each sample and incubated for 15 min in the dark at room temperature. Staining for 

PMN and PBMC samples was stopped using 300 µL 1x PBS. Samples were measured 

using a CytoFLEX S (Beckman Coulter), a detailed list of used lasers, filters and gains 

can be seen in Table 5A. Raw data was analysed with FlowJo V10 (FlowJo, LLC).  

2.5.5. H3Cit measurement  
For H3Cit measurement, cells were diluted in pre-warmed RPMI+ (37°C) to a 

concentration of 106 cells/mL. In this experimental setup the same conditions and hence 

the same stimuli pre-dilutions as for the neutrophil activation study were used (Table 3), 

which were also prepared in 500 µL Eppendorf® tubes (Eppendorf AG) prior to the 

addition of PMN and PBMC cell suspensions. The H3Cit measurement setup only 

differed in the amount of pre-dilutions and cell suspensions used, as both were doubled 

in volume (10 µL of stimuli, 90 µL of cell suspension). Again, final working concentrations 

for IO and PMA were achieved by adding the cell suspensions, thereby further diluting 

the already pre-diluted stimuli in a 1:10 ratio. The corresponding amount of only HBSS+ 

was added to the tube for unstimulated conditions. 

Cells were incubated at 37°C in a water bath for 3 h, with intermediate vortexing every 

30 min, and then fixed with 32 µL of PFA (final concentration: 1%) for a minimum of 30 

min. From each sample, 130 µL were transferred into separate 5 mL FACS tubes. Three 

additional tubes per cell fraction with 130 µL of immediately fixed baseline cells were 

prepared as well. These served as control conditions: no antibody staining at all 

(unstained), stained with only the secondary antibody (secondary-only) and stained the 

same way as stimulated samples (stained control). As a first step, all samples were 

washed using 500 µl PBS + 2% BSA and centrifuged at 3200 x g, 4°C for 10 min. 
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Afterwards the supernatant was discarded and 100 µL primary anti-H3Cit antibody 

(ab5103; Abcam, Cambridge, UK; diluted in PBS + 2% BSA in a 1:180 ratio) was added 

to all samples. Only unstained and secondary-only samples were resuspended in 100 µL 

PBS + 2% BSA only. After incubation for 20 min in the dark at room temperature, 500 µL 

of PBS + 2% BSA were added and cells were centrifuged again. The secondary antibody 

(goat anti-rabbit IgG) was diluted 1:10 000 in PBS + 2% BSA and one part of this dilution 

was used to mix with anti-CD66b antibody in a ratio of 1:40. After discarding the 

supernatant, the secondary antibody (100 µL) alone was used to stain secondary-only 

samples, whereas the secondary antibody mixed with anti-CD66b (100 µL) was used to 

stain the remaining samples. Again, unstained samples were resuspended in 100 µL 

PBS + 2% BSA. After further incubation and centrifugation as previously explained, 100 

µL PI, diluted 1:50 in PBS + 2% BSA, was applied to all tubes, while unstained samples 

were again resuspended in only PBS + 2% BSA. Additional information to used 

antibodies can be found in Table 4. Again, samples were measured using a CytoFLEX S 

(Beckman Coulter), a detailed list of used lasers, filters and gains can be seen in Table 

5C. Raw data was analyzed with FlowJo V10 (FlowJo, LLC). 

Table 3: Stimuli pre-dilutions for neutrophil activation study and H3Cit 
measurement. (A) Pre-dilutions for Ionomycin (IO); both final concentrations were used 
as working solutions to further be diluted inside the test tubes. (B) Pre-dilutions for 
phorbol 12-myristate 13-acetate (PMA); the 100 µM final concentration was only used as 

a pre-dilution for the two working solutions (6 µM and 1 µM), which were then further 

diluted inside the test tubes. 

 Stimulus Concentration From Stimulus 
[µL] 

HBSS+ 
[µL] 

Dilution Final 
Concentration  

A       

 IO 2 mM 3 147 1 : 50 40 µM 

  40 µM 25 75 1 : 4 10 µM 

B       

 PMA 1 mM 2 18 1 : 10 100 µM 

  10 µM 6 94 1 : 16.66 6 µM 

  6 µM 16.7 83.3 1 : 6 1 µM 
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Table 4: List of used antibodies. 

Antibody Conjugate Company Catalogue Nr. Dilutions 

CD66b FITC BioLegend 305104 
1:4 in activation study; 

1:5 in subset analysis 

CD66b PB BioLegend 305112 1:40 

CD62L AF-647 BioLegend 304818 1:5 

CD16 PE-Cy7 BioLegend 302016 1:5 

CD41 PB BioLegend 303714 
1:4 in activation study; 

1:5 in subset analysis 

CD11b APC BioLegend 301310 1:4 

H3Cit  Abcam ab5103 1:180 

Goat-anti rabbit 

IgG 2nd antibody 
AF-647 Invitrogen A21246 1:10000 

Propidium iodide 
(PI) 

 BD 
Bioscience 

556547 

1:4 in activation study; 

1:5 in subset analysis;  

1:50 in H3Cit 
measurement 
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Table 5: CytoFLEX S laser and software settings. (A) Settings for neutrophil activation 
study. (B) Settings for neutrophil subset analysis. (C) Settings for H3Cit measurement; 
nm: nanometer 

 Channel Antigen Laser Excitation (nm) Filter Gain 

A       

 FSC - - - - 83 

 SSC - - - - 14 

 FITC CD66b blue 488 525/40 171 

 APC CD11b red 638 660/20 422 

 PB CD41 violet 405 450/45 30  

 PI life-dead yellow-green 561 610/20 70 

B       

 FSC - - - - 83 

 SSC - - - - 14 

 FITC CD66b blue 488 525/40 171 

 AF-647 CD62L red 638 660/20 422 

 PE-Cy7 CD16 yellow 561 780/60 72 

 PB CD41 violet 405 450/45 30  

 PI life-dead yellow-green 561 610/20 70 

C       

 FSC - - - - 83 

 SSC - - - - 14 

 AF-647 2° AB for 
H3Cit 

red 638 660/20 422 

 PB CD66b violet 405 450/45 30 

 PI life-dead yellow-green 561 610/20 70 
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2.6. Flow cytometry gating strategy 

2.6.1. Gating for neutrophil subsets 
To correctly identify neutrophils in their different subset states amongst all recorded 

events within the full FACS blot, an initial gate only including single cells was defined 

(Figure 10A). From these cells, only CD66b positive cells (neutrophils) were gated 

(Figure 10B), following an additional gate separating living from dead (PI positive) 

neutrophils (Figure 10C). Those living, CD66b positive neutrophils were then blotted to 

represent their positivity for CD16 and CD62L (Figure 10D), thereby enabling a 

separation of the three subsets: activated (Q1 and Q4), mature (Q2) and newly released 

(Q3) (Figure 10E). A graphical representation of this gating strategy can be seen in 

Figure 10. 

 

 
Figure 10: Gating strategy for neutrophil subset analysis. Subsets were defined by 
gating single, CD66b positive, living cells according to their expression of markers CD16 

and CD62L. 
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2.6.2. Gating for neutrophil activation 
In the same manner as for neutrophil subset analysis, cells for neutrophil activation 

studies were also gated as living, CD66b positive, single cells (Figure 11A). As a 

reference for activation, measured according to the increase in CD66b and CD11b 

positivity, the gate for both CD66b and CD11b positivity was set to 1% in immediately 

fixed (baseline) neutrophils (Figure 11B) and then applied to all other samples, where a 

significant increase in positivity for both activation markers is visible upon stimulation 

with 4 µM IO (Figure 11C). 

 

 
Figure 11: Gating strategy for neutrophil activation studies. An increase in 
neutrophil activation was measured according to the increasing positivity of activation 

markers CD66b and CD11b in living, CD66b positive, single cells. 
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2.6.3. Gating for H3Cit measurement  
Gating for increased H3Cit positivity was also performed in immediately fixed (baseline) 

cells. Since an exact gating for H3Cit positivity is not possible under these conditions, the 

changes in median fluorescent intensity (MFI) of dead (Figure 12A), CD66b positive 

(Figure 12B) cells was measured in baseline cells and taken as a reference for changes 

in H3Cit MFI upon activation. In this graphical representation of the H3Cit gating 

strategy, baseline H3Cit MFI (Figure 12C) is compared to H3Cit MFI upon stimulation 

with 4 µM IO (Figure 12D). 

 

 
Figure 12: Gating strategy for H3Cit measurements. An increase in H3Cit MFI was 
measured according to baseline CD66b positive, dead cells. 
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3. Results 

3.1. Study cohort and descriptive parameters  
This study included 20 patients with newly diagnosed lung cancer from the CATS study 

cohort as well as 20 healthy individuals as a control cohort. Study participants were sex-

matched (11 females in each cohort), but patients with lung cancer where slightly older 

(median age [min-max]: 67 [46-82] than healthy donors (median [min-max]: 62 [50-72]). 

Cancer patients had higher platelet counts, leucocyte counts and absolute as well as 

relative neutrophil counts. Factor VIII activity, prothrombin fragment 1 and 2 as well as 

fibrinogen were also elevated in patients with lung cancer. None of the patients had a 

history of VTE prior to study inclusion. Values can be seen in Table 6. Recruiting 

occurred between October 2018 and June 2019. All given information and values were 

determined via a structured interview as well as hematologic and routine laboratory 

testing of all participants. 

 

Table 6: Descriptive parameters: healthy donors vs. patients with lung cancer (A) 
General information gathered via the structured interview. (B) Selected laboratory values. 
min: minimum; max: maximum; HD: healthy donors; CATS: recruited patients with lung 

cancer within the Vienna Cancer and Thrombosis Study 

  HD (n=20) CATS (n=20) 

A General information   

 Age, median (min-max) 62 (50-72) 67 (46-82) 

 Sex, female n (%) 11 (55) 11 (55) 

B Laboratory values median 
(IQR) 

  

 Platelet count 224 (214-321) 284 (211.75-377) 

 Mean platelet volume  10.5 (9.85-11.17) 10.2 (9.325-10.55) 

 Leucocyte count  5.29 (4.765-6.1375) 8.195 (5.9375-10.165) 

 Absolute neutrophil count  3 (2.5-3.3) 5.25 (3.925-5.875) 
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3.2. Neutrophil characteristics 
Cell counts of HDNs and LDNs differed significantly from healthy donors to patients with 

lung cancer. The comparison of neutrophil subpopulation counts (measured as HDN or 

LDN per mL blood) revealed that cancer patients had 1.9-fold (p=0.0009; Figure 13A) 

increased HDN counts and 8.7-fold (p=0.00065; Figure 13B) increased LDN counts 

compared to healthy donors. The amount of PMN/mL is significantly increased in 

patients with lung cancer compared to healthy individuals (1.75-fold, p=0.00015; Figure 

13C), whereas no significant changes in PBMC cell count could be observed between 

the two groups (Figure 13D).   

 Relative neutrophil count 54.8 (48.5-58.8) 67.5 (59.375-79.5) 

 Haemoglobin  14.2 (13.05-15.225) 13.6 (12.4-14.9) 

 D-dimer 0.3 (0.27-0.36) 0.62 (0.43-1.01) 

 Factor VIII activity  143.5 (135-167) 206 (175-260) 

 Prothrombin fragment 1+2 209.5 (148.5-233.5) 239 (182-267) 

 Fibrinogen  321.5 (281.75-332.75) 428.5 (385-518.5) 
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Figure 13: Differences in cell counts between healthy donors and patients with 
lung cancer. Differences in (A) HDN / mL (B) LDN / mL (C) PMN / mL and (D) PBMC / mL. 
CATS samples shown in black, HD samples shown in grey. HDN: high density 

neutrophils; LDN: low density neutrophils; PBMC: peripheral blood mononuclear cells; 

PMN: polymorphonuclear cells; HD: healthy donors; CATS: recruited patients with lung 

cancer within the Vienna Cancer and Thrombosis Study; n.s.: not significant;  

***: p < 0.001; ****: p < 0.0001 

3.3. Size and granularity of neutrophil subpopulations in patients 
and healthy controls  

Differences in size and granularity according to their forward scatter (FSC) and side 

scatter (SSC) was observed when HDNs and LDNs from our two cohorts were 

compared. As these cells have been fixed immediately after isolation, they represent the 

most accurate picture of how cells appear inside circulation. No significant difference in 

FSC, representing a cells size, was observed in HDNs of patients and controls, but a 

trend towards increased FCS in healthy individuals could be observed. Cell size was 

significantly decreased in LDNs from patients with lung cancer (0.9-fold decrease, 

p=0.009). Neutrophil subpopulations from patients with lung cancer showed lower 

granularity according to their SSC (HDN p=0.002, LDN p=0.0019, Figure 14). 
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Figure 14: Changes in forward and side scatter between healthy donors and 
patients with lung cancer. HDNs undergo changes only in granularity, while LDNs 
change in both size and granularity upon disease. CATS samples shown in black, HD 

samples shown in grey. FSC: forward scatter; SSC: side scatter; HDN: high density 

neutrophils; LDN: low density neutrophils; HD: healthy donors; CATS: recruited patients 

with lung cancer within the Vienna Cancer and Thrombosis Study; **: p < 0.01 

3.4. Effects of IO and PMA stimulation on size and granularity of 
neutrophil subpopulations 

No differences in cell size were observed in HDNs isolated from patients with lung 

cancer and healthy controls, neither at baseline nor in unstimulated or stimulated 

conditions (Figure 15A). However, significant differences in HDN SSC between healthy 

individuals and patients with lung cancer were observed in all conditions. HDNs from 

patients with lung cancer decreased in granularity at baseline (p=0.0012), unstimulated 

(p=0.00011), upon activation with both concentrations of IO (1 µM: p=0.005, 4 µM: 

p=0.01) as well as both concentrations of PMA (100 nM: p=0.006, 600 nM: p=0.004; 

Figure 15B). Only stimulation with low dose IO resulted in significant decrease in size for 

LDNs from patients with lung cancer (1 µM: p=0.0093; Figure 15C). Significantly 

decreased granularity in LDNs from patient with cancer could be observed within the 

unstimulated condition (p=0.0004). Only cells treated with IO changed significantly in 

granularity (1 µM: p=0.004, 4 µM: p=0.03), whereas PMA treatment did not affect LDN 

SSC (Figure 15D). 
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Figure 15: The effects of activation on forward and side scatter. Depiction of the 
effects of activation on HDN (A) forward scatter and (B) side scatter. (C) Effects of 
activation on LDN forward scatter and (D) side scatter. CATS samples shown in black, 
HD samples shown in grey. FSC: forward scatter; SSC: side scatter; HDN: high density 

neutrophils; LDN: low density neutrophils; IO: ionomycin; PMA: phorbol 12-myristate 13-

acetate; HD: healthy donors; CATS: recruited patients with lung cancer within the Vienna 

Cancer and Thrombosis Study; n.s.: not significant; *: p < 0.05; **: p < 0.01; ***: p < 0.001 

3.5. Changes in neutrophil activation potential between HD and 
CATS 

3.5.1. Changes in HDN activation potential  
HDN stimulation for 30 min revealed a comparable increase in CD66b MFI upon 

stimulation with IO and PMA without significant differences between healthy individuals 

and patients with lung cancer (Figure 16A). Similar CD11b MFI was observed at baseline 

and within unstimulated samples when comparing neutrophil subsets of both cohorts, 

whereas stimulation with both IO (1 µM: p<0.0001, 4 µM: p<0.0001) and PMA (100 nM: 

p=0.0002, 600 nM: p=0.0008) resulted in significantly elevated CD11b fluorescence 
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intensity of CATS HDNs (Figure 16B). In a similar manner to CD66b MFI, a percentual 

upregulation of this activation marker was observed in both cohorts upon stimulation 

(Figure 16C). The results of increased CD11b MFI upon stimulation are also reflected on 

the corresponding percentual distributions of CD11b expressing HDNs. The 

measurements lead to the observation that samples from patients with lung cancer 

stimulated with IO (1 µM: p<0.0001, 4 µM: p<0.0001) and PMA (100 nM: p<0.0001, 600 

nM: p<0.0001) were significantly higher in their percentual CD11b expression (Figure 

16D).  

 

 
Figure 16: Differences in HDN activation potential between healthy donors and 
patients with lung cancer. Effect of activation on HDN (A) CD66b MFI, (B) CD11b MFI, 
(C) percentual CD66b expression and (D) percentual CD11b expression. CATS samples 
shown in black, HD samples shown in grey. MFI: median fluorescence intensity; HDN: 

high density neutrophils; IO: ionomycin; PMA: phorbol 12-myristate 13-acetate; HD: 

healthy donors; CATS: recruited patients with lung cancer within the Vienna Cancer and 

Thrombosis Study; n.s.: not significant; ***: p < 0.001; ****: p < 0.0001 
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3.5.2. Changes in LDN activation potential  
Similar to results obtained from HDN measurements (Figure 16A and C), LDNs showed 

no significant differences in CD66b expression, neither when measuring the MFI (Figure 

17A) nor the respective percentual distribution (Figure 17C). A significant increase in 

CD11b MFI in CATS LDNs could be observed upon stimulation with both doses of IO (1 

µM: p=0.0008, 4 µM: p=0.001) and high dose PMA (600 nM: p=0.0197, Figure 17B). Low 

dose PMA (100 nM) did not result in a significant elevation in fluorescence intensity, but 

a trend can be assumed (p=0.056, Figure 17B). The percentual positivity of CATS LDNs 

was observed to be significantly increased in all stimulated samples, with IO stimulation 

leading to a significantly more intense increase in LDN activation (1 µM: p=0.0004, 4 µM: 

p=0.0004) than PMA stimulation (100 nM: p=0.012, 600 nM: p=0.002; Figure 17D). 

 

 
Figure 17: Differences in LDN activation potential between healthy donors and 
patients with lung cancer. Effects of activation on LDN, (A) CD66b MFI, (B) CD11b 
MFI, (C) percentual CD66b expression and (D) percentual CD11b expression. CATS 
samples shown in black, HD samples shown in grey. MFI: median fluorescence intensity; 

LDN: low density neutrophils; IO: ionomycin; PMA: phorbol 12-myristate 13-acetate; HD: 

healthy donors; CATS: recruited patients with lung cancer within the Vienna Cancer and 

Thrombosis Study; n.s.: not significant; *: p < 0.05; **: p < 0.01; ***: p < 0.001 
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3.6. Changes in neutrophil subpopulation distribution  
Neutrophil subdivision according to CD62L and CD16 expression showed no difference 

between HDNs from healthy controls and patients with lung cancer (Figure 18A). In 

LDNs however, levels of activated neutrophils (CD62low/CD16high) were significantly 

increased in patients with lung cancer (p=0.035; Figure 18B). 

 

 
Figure 18: Maturation and activation state of HDNs and LDNs in healthy donors 
and patients with lung cancer. Percentage of mature (CD62high/CD16high), activated 
(CD62low/CD16high) and newly released (CD62high/CD16low) neutrophils in (A) HDN and 
(B) LDN. CATS samples shown in black, HD samples shown in grey. HDN: high density 
neutrophils; LDN: low density neutrophils HD: healthy donors; CATS: recruited patients 

with lung cancer within the Vienna Cancer and Thrombosis Study; n.s.: not significant; *: 

p < 0.05 
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3.7. Differences in PMN and PBMC DNA release between HD and 
CATS 

PMNs from healthy individuals showed higher spontaneous (unstim) DNA release 

(p=0.0058), which could also be seen upon high dose IO stimulation (8 µM: p=0.043; 

Figure 19A). Isolated PBMCs from healthy donors as well showed increased levels of 

spontaneously released DNA (p=0.0014). Significant differences in DNA release could 

be observed upon low dose IO treatment (4 µM: p=0.025) as well as low and middle 

dose PMA stimulation (600 nM: p=0.0027, 1 µM: p=0.0008; Figure 19B) of HD PBMCs. 

 

 
Figure 19: PMN and PBMC DNA release in healthy donors and patients with lung 
cancer. Effects of IO and PMA stimulation on DNA release of (A) isolated PMNs and (B) 
isolated PBMCs. CATS samples shown in black, HD samples shown in grey. PMN: 

polymorphonuclear cells; PBMC: peripheral blood mononuclear cells; IO: ionomycin; 

PMA: phorbol 12-myristate 13-acetate; HD: healthy donors; CATS: recruited patients 

with lung cancer within the Vienna Cancer and Thrombosis Study; *: p < 0.05; **: p < 

0.01; ***: p < 0.001 
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3.8. Differences in HDN and LDN H3Cit positivity between HD and 
CATS 

HDNs from patients with lung cancer showed elevated positivity in H3Cit, measured 

according to their MFI, upon stimulation with IO (1 µM: p=0.017, 4 mM: p=0.017). 

Stimulation with PMA however did not result in any significant differences between the 

two groups (Figure 20A). Interestingly, the opposite effect could be seen in isolated 

LDNs, as IO did not result in significant changes in H3Cit positivity, whereas both doses 

of PMA lead to decreased levels of H3Cit in LDNs from patients with lung cancer (100 

nM: p=0.035, 600 nM: p=0.045; Figure 20B).  

 

 
Figure 20: Median fluorescent intensity of H3Cit positive HDNs and LDNs in 
healthy donors and patients with lung cancer. Effects of IO and PMA stimulation on 
H3Cit positivity of (A) isolated HDNs and (B) isolated LDNs. CATS samples shown in 
black, HD samples shown in grey. HDN: high density neutrophils; LDN: low density 

neutrophils; IO: ionomycin; PMA: phorbol 12-myristate 13-acetate; HD: healthy donors; 

CATS: recruited patients with lung cancer within the Vienna Cancer and Thrombosis 

Study; *: p < 0.05 
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3.9. A technical comparison of two different cell measurement 
systems 

To validate results of percentual occurrences of LDNs within isolated PBMC obtained 

from two different cell measurement techniques and systems, we directly compared the 

Sysmex XN-350 cell counter and the CytoFLEX S flow cytometer in regard to the 

respectively measured percentual occurrences of LDNs in healthy control as well as lung 

cancer patient samples. It could clearly be seen that, for both samples from healthy 

donors (Figure 21A) as well as from patients with lung cancer (Figure 21B), no significant 

differences between the two measurement techniques were observed. 

 

 
Figure 21: Sysmex XN-350 vs CytoFLEX S: a technical comparison. The results for 
measured percentual LDN ratios in PBMCs in (A) healthy donors and (B) patients with 
lung cancer were directly compared between the two measuring methods. CytoFLEX S-

measured samples shown in black, Sysmex XN-350-measured samples shown in grey. 

LDN: low density neutrophils; n.s.: not significant 
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To further investigate similarities between the two measurement methods, 

percentual ratios of LDNs were compared between healthy donors and patients with lung 

cancer. Both sample sets showed significant differences when measured utilizing the 

Sysmex XN-350 (p=0.0022; Figure 22A) as well as when measured with the CytoFLEX S 

(p=0.0068; Figure 22B). 

 

 
Figure 22: Percentual ratios of LDN in healthy donors vs patients with lung cancer: 
comparing results from Sysmex XN-350 and CytoFLEX S. Measurements of 
percentual LDN ratios from healthy donors and patients with lung cancer obtained using 

a (A) Sysmex XN-350 and a (B) CytoFLEX S were directly compared. CATS samples 
shown in black, HD samples shown in grey. LDN: low density neutrophils; HD: healthy 

donors; CATS: recruited patients with lung cancer within the Vienna Cancer and 

Thrombosis Study; **: p < 0.01 
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4. Discussion  
When the human body is invaded by microorganisms, neutrophil granulocytes are the 

first responders to counteract intruders and protect the system from potential harm. They 

do so by utilizing three distinct response mechanisms, namely phagocytosis, 

degranulation and the formation of neutrophil extracellular traps (NETs).  

Originally thought to be homogenous, it is now known that neutrophils can be 

categorized into distinct subsets. They can be subdivided either according to their state 

of maturation and activation by investigating the expression of surface markers CD16 

and CD62L or according to their density utilizing a density gradient based cell isolation 

method. With this method of isolation, high density neutrophils (HDNs) are located within 

the layer of polymorphonuclear leukocytes (PMNs) and low density neutrophils (LDNs) 

can be found within the peripheral blood mononuclear cells (PBMCs). 

Since the discovery of NET formation in 2004 (Brinkmann et al. 2004), many new 

insights into the nature of neutrophils have been uncovered. NETs have become the 

focus of different research topics, including but not limited to autoimmune diseases, HIV, 

cancer and thrombosis. Connections to and their role in those diseases have shed new 

light on how certain diseases come into existence, progress or resolve due to the 

involvement of neutrophils. Distinct aspects of these diseases, such as the tumour 

microenvironment in patients with cancer, are known to significantly influence 

neutrophils. Here we hypothesised that neutrophils undergo changes in neutrophil 

subsets, activation potential, DNA release as well as NET formation and release 

according to NET marker H3Cit. The aim of this study was to investigate these potential 

differences in neutrophils from patients with newly diagnosed lung cancer compared to 

healthy volunteers.  

In the context of cancer, neutrophils with different densities have been accredited 

opposing attributes. HDNs show tumour-protective properties and no impairments in 

normal neutrophil functions, whereas LDNs were found to act pro-tumorigenic, 

immunosuppressive, show impaired neutrophil functions and can even promote 

angiogenesis and metastatic seeding (Liu et al. 2017). Hence, we hypothesized that 

LDNs occur in larger quantities in patients with lung cancer compared to healthy 

individuals.  

When NET formation occurs without a pathogenic trigger within circulation, NETs 

provide a scaffold for circulating tumour cells to adhere to, thereby furthering metastatic 

seeding (Jablonska et al. 2017). They also bind and activate platelets, leading to 

thrombus formation, which is a common and often fatal occurrence in patients with 

cancer (Fuchs et al. 2010). We hypothesized that LDNs as well as HDNs from patients 
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with lung cancer have a higher activation potential, release more DNA and show an 

increased predisposition to undergo NET formation upon stimulation with ionomycin (IO) 

and phorbol 12-myristate 13-acetate (PMA) as compared to LDNs and HDNs from 

healthy individuals.  

This study found that HDN and LDN cell counts were significantly increased in 

patients with lung cancer. Both patients’ HDNs and LDNs showed significantly 

decreased granularity at baseline level as well as upon stimulation with IO and PMA, 

whereas only LDNs from patients with lung cancer were significantly decreased in size 

as compared to those from healthy volunteers.  

Upon stimulation, HDNs and LDNs from patients with lung cancer showed increased 

activation potential according to the expression of CD11b, but no changes in expression 

levels of CD66b could be observed.  

Changes in neutrophil subset distribution were also found in patient LDNs, as they 

showed a significant increase in activated neutrophils compared to cells from healthy 

individuals, without a reduction in newly released and mature neutrophils. No such 

changes could be seen when comparing HDNs from healthy volunteers to those from 

patients with lung cancer.  

Interestingly, cells from lung cancer patients showed decreased levels of DNA 

release, with significant differences in PMNs at the unstimulated state as well as upon 

high dose IO stimulation. Within PBMCs, a significant decrease could also be observed 

with unstimulated cells, upon low dose IO stimulation and at low and middle dose PMA 

stimulation.  

When investigating differences in NET release, we observed that HDNs from patients 

with lung cancer showed significantly more H3Cit positivity upon IO stimulation, whereas 

patient LDNs significantly decreased in H3Cit positivity upon PMA stimulation as 

compared to cells from healthy volunteers. 

Additionally, we investigated certain predictive parameters such as platelet, leukocyte 

and neutrophil counts as well as factor VIII activity, levels of prothrombin fragment 1+2, 

fibrinogen and D-dimer. These predictive parameters were found to be elevated in 

patients with newly diagnosed lung cancer compared to healthy individuals. 

Within several of our experimental approaches, a proportion of investigated cells are 

described as “baseline”. As mentioned before, these baseline HDNs and LDNs have 

been fixed immediately after isolation. Thereby they represent the most accurate picture 

of circulating cells and how they have been influenced solely by the nature of the 

disease. 
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4.1. Observed other aspects  
As expected, platelet counts were elevated amongst patients with newly diagnosed lung 

cancer (Table 6), as this effect has been described quite thoroughly in the literature 

(Yuan et al. 2020). A highly elevated platelet count, known as thrombocytosis (defined by 

a platelet count above 350 x 109 / L (Khorana et al. 2008)), can have a multitude of 

origins (Schafer 2004), but several studies have already elucidated the connection 

between elevated platelet count and cancer. It has been shown that thrombocytosis can 

be a predictive indicator for future lung cancer occurrence (Hamilton, Peters, et al. 2005) 

as well as for poor prognosis (Ji et al. 2015). A prospective cohort study conducted in 

2017 states that amongst adults with thrombocytosis, 11.6% of male and 6.2% of female 

study participants developed malignancies. These numbers increased to 18.1% and 

10.1%, respectively, if a second raise in platelet count was measured within 6 months 

after the initial thrombocytosis measurement (Bailey et al. 2017). This predictive aspect 

also holds true for other types of cancer such as colorectal (Hamilton, Round, et al. 

2005), uterine (Walker, Hyde, and Hamilton 2013) and renal cancer (Shephard et al. 

2013). In other cancer types however, such as ovarian (Hamilton et al. 2009) and breast 

cancer (Walker, Hyde, and Hamilton 2014), thrombocytosis is not predictive. However, 

since in our study we did not investigate cancer-associated changes in platelets, we 

cannot make any further assumptions on potential disease progression or outcome in 

our patients based on their platelet count measurements.   

Our results additionally showed an increase in factor VIII activity, elevated levels 

of prothrombin fragment 1+2, increased amounts of fibrinogen as well as higher D-dimer 

levels in patients with lung cancer (Table 6) compared to healthy individuals. Since the 

general risk of suffering from thrombotic events is significantly elevated in patients with 

malignancies (Zwicker, Furie, and Furie 2007), several studies have highlighted the fact 

that these patients show increased levels of coagulation proteins (such as factor VIII; 

Vormittag et al. 2009), higher fibrinogen levels (Edwards et al. 1987) as well as an 

increase in certain biomarkers (such as prothrombin fragment 1+2; Goldenberg, Kahn, 

and Solymoss 2003). Elevated levels of D-dimer have also previously been reported (Ay 

et al. 2009). These preceding findings were reflected very well by our observations 

regarding the aforementioned factors and markers. 

We also observed an elevation in leukocyte count in our cohort of patients with 

lung cancer (Table 6). Elevated leukocyte count, also known as leucocytosis, was found 

to be predictive for VTE occurrence in patients with cancer (Khorana et al. 2008) and is 

also associated with increased mortality in some cancer subtypes, including lung 

carcinoma (Kasuga et al. 2001). However, the observed median leukocyte count in 
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samples derived from lung cancer patients did not exceed 11 x 109 / L, which is 

considered the baseline value for leucocytosis (Khorana et al. 2008). To make further 

predictions on potential VTE occurrences and disease progression based on leukocyte 

count, a follow-up study focusing on individual patients would have to be conducted.  

Our observations also showed an increase in absolute and relative neutrophil 

count in patients with lung cancer (Table 6). This stands in accordance with previous 

literature, as it has been observed that neutrophils are the most predominant immune 

cell type in non-small cell lung carcinoma (NSCLC), making up almost 20% of  all cells 

showing CD45 positivity (Kargl et al. 2017). Additionally, as previously stated, G-CSF 

plays a major role in neutrophil production, release and retention (Borregaard 2010). It is 

known that cancerous cells are capable of producing G-CSF, thereby influencing 

neutrophil production and release towards increased cell numbers (Jablonska et al. 

2017). In NSCLC specifically, G-CSF is expressed in high quantities and has therefore 

been suggested as a potential diagnostic tumour marker (Bahar et al. 2010). Even 

though we did not measure G-CSF levels, we assume that this mechanism is reflected in 

our data. It also came to no surprise that both HDNs and LDNs occurred in significantly 

higher numbers in patients with lung cancer compared to healthy individuals (Figure 13A 

and B), since granulopoiesis as well as the release of neutrophil from the bone marrow 

are known to be generally upregulated in patients with malignancies (Coffelt, 

Wellenstein, and De Visser 2016). A study conducted in patients with adenocarcinoma 

(ADC), the most abundant lung cancer subtype, also revealed that levels of LDNs were 

highly elevated in ADC patients, especially in advanced tumour stages. This elevation 

was also shown to be correlated with poor prognosis (Krieg et al. 2020). Several other 

studies also state that LDNs are associated with and occur more frequently not only in 

cancer (Wang et al. 2018), but also in other diseases such as HIV (Cloke et al. 2012), 

systemic lupus erythematosus (SLE) (Denny et al. 2010) and asthma (Fu, Tobin, and 

Thomas 2014).  

We were also able to observe a significant increase absolute PMN count (PMN / mL) 

in patients with lung cancer (Figure 13C), but interestingly no significant differences in 

absolute PBMC count (PBMC / ml) were observed (Figure 13D). This might be because 

even though significantly increased levels of LDNs within the PBMC fraction isolated 

from patients with lung cancer were observed (as compared to healthy individuals), this 

increase of LDN levels was not enough to significantly increase overall PBMC levels in 

those patients.  
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4.2. Differences in neutrophil cell size and granularity  
Our data depicts a significant overall decrease of FSC, which reflects cell size, in LDNs 

as well as SSC in both HDNs and LDNs from patients with lung cancer (Figure 14). 

Within our experimental neutrophil activation setup, no significant differences in HDNs 

could be observed regarding FSC (Figure 15A). Looking at SSC however, which 

corresponds to a cells’ granularity, significant differences were observed at baseline 

levels and upon stimulation with both IO and PMA (Figure 15B). In LDN FSC, a 

significant decrease was only observed upon low dose IO induction (Figure 15C), 

whereas SSC was significantly decreased at baseline and upon IO stimulation (Figure 

15D). A recently published review by Mollinedo (2019) argues, that a stepwise activation 

of mature neutrophils is the cause for them to gradually gain their immunomodulatory 

properties, which have been awarded to LDNs. They highlight that neutrophils might 

degranulate during extravasation or through interactions with endothelial or cancerous 

cells, which could lead to phenotypical changes, changes in surface marker expression 

levels, general cell functionality and even density (Mollinedo 2019). Alternatively to 

degranulation-associated changes in neutrophil size and granularity, variations in 

neutrophil cell volume can also be the result of aquaporin-9 mediated water uptake, 

leading to an increase in FSC as well as a decrease in SSC (Karlsson et al. 2011). 

Karlsson et al. (2011) also state that the phosphorylation and cell membrane 

translocation of aquaporin-9 are important steps in neutrophil activation. Another study 

conducted in patients with NSCLC also showed that aquaporin-9 was in fact upregulated 

in patients’ tumours as well as within surrounding tissues (Chen et al. 2021). As our data 

depicts a significant decrease in SSC in both HDNs and LDNs from patients with lung 

cancer, we assume that both the previously described mechanism of stepwise activation 

and degranulation as well as the effects of aquaporin-9 on neutrophils could be the 

underlying factor to our observations. To verify these assumptions however, a 

subsequent study focusing on aquaporin-9 as well as on specific degranulation-

associated markers would need to be conducted. 

The same argument as from Mollinedo’s review was brought up some years prior 

by Liu et al. (2017), but with specific focus on why LDNs show a significant decrease in 

granularity. They also suggested that human LDNs are impaired activated neutrophils 

which underwent degranulation and observed higher expression levels of neutrophil 

surface markers such as CD11b (amongst others) on LDNs (Liu et al. 2017). Those 

molecules are known to be present on granules (Borregaard 2010; Cloke et al. 2012) as 

well as are associated with the process of degranulation (Nakayama et al. 2001). Since 

we could observe this decrease in granularity in patients with lung cancer reflected by 
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measured SSC (Figure 15D), our data supports the suggestion of Liu et al. that LDNs 

are indeed impaired, activated neutrophils that have undergone degranulation.  

Contrary to previous findings concerning the size of LDNs (Denny et al. 2010), our 

data depicted LDNs from patients with lung cancer to be significantly smaller compared 

to LDNs isolated from healthy individuals. To our knowledge, as of now there are no 

studies directly comparing the size of LDNs isolated from healthy individuals to LDNs 

derived from patients. Denny and colleagues observed cell size of LDNs to be increased 

(Denny et al. 2010) compared to HDNs, as did Hacbarth and Kajdacsy-Balla several 

years before. They argued that the decrease in density due to cellular activation by 

specific soluble factors not only leads to degranulation, but also to an increase in cell 

size (Hacbarth and Kajdacsy-Balla 1986). However, both studies investigated neutrophils 

isolated from SLE patients and compared LDNs to HDNs. We investigated LDNs isolated 

from patients with newly diagnosed lung cancer and compared them to LDNs derived 

from healthy individuals, no size comparison of HDNs to LDNs was performed in our 

setup. Also, the underlying disease microenvironment in lung cancer patients might lead 

to different observations in cell size as seen in the context of SLE by Denny et al. (2010) 

and Hacbarth and Kajdacsy-Balla (1986). In regards to a previously mentioned study by 

Karlsson and colleagues (2011), who investigated the role of aquaporin-9 in neutrophil 

volume modulation, we could not observe the mentioned increase in cell size within our 

samples. Therefore, we can make no clear assumptions on why LDNs isolated from our 

patients with lung cancer decrease rather than increase in cell size. Additional research 

with specific focus on lung cancer would be needed to gain further insights into this 

phenomenon.  

4.3. Effects of PMA and IO induction on neutrophil degranulation  
Regarding neutrophil degranulation measured through changes in SSC, we observed 

that HDNs from patients with lung cancer showed decreased SSC in all conditions, from 

baseline to unstimulated through different concentrations of both IO and PMA stimulation 

(Figure 15B). Interestingly, patients’ LDNs also showed a significant decrease in SSC in 

all conditions but PMA stimulation (Figure 15D). The effects of different neutrophil 

activating agents on the release of their granular content has been studied quite 

intensively for many years. Especially the role of PMA and calcium ionophore A23187 (a 

calcium ionophore which acts in a very similar manner to IO) were investigated already 

in the 1970s. A study conducted by Wright, Bralove and Gallin (1977) measured 

degranulation upon PMA and A23187 stimulation according to the release of the 

granule-associated enzyme lysozyme. They found that roughly 50% of the total cellular 

lysozyme content was released after a 30 min incubation, both for PMA and A23187 
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separately (Wright et al. 1977). However, this study was conducted using neutrophils 

from healthy adult individuals that have not been isolated as different subsets. 

Comparable data from patients with cancer is unfortunately not available. Regarding our 

data on changes in HDN SSC (Figure 15B), it can be assumed that the decreased 

granularity in all measured samples from patients with lung cancer occurs as a mixed 

result of granule release due to the potential interactions of neutrophils with cancerous 

cells (as mentioned by Mollinedo (2019)) as well as through the effects of PMA and IO 

described by Wright et al. (1977). In hindsight to our data on patient LDNs (Figure 15D), 

only baseline, unstimulated and IO-stimulated cells showed decreased granularity 

compared to LDNs from healthy individuals. This might be due to differences in granular 

protein release through different activators, as also described by Wright and colleagues. 

They observed that additionally to lysozyme release, calcium ionophore stimulation lead 

to the β-glucuronidase externalisation. Since β-glucuronidase only occurs in azurophilic 

granules, they were capable of distinguishing different mechanisms of granule release 

triggered by different stimuli, with PMA triggering the release of specific granules and 

A23187 initiating the release of azurophilic granules (Wright et al. 1977). As Liu and 

colleagues (2017) argued, LDNs already underwent degranulation, but didn’t specify the 

types of granules extruded. Therefore, it might be possible that within this initial 

degranulation process mainly specific granules are ejected. Hence, an additional 

stimulation with PMA would not lead to further excessive degranulation. To verify this 

hypothesis, however, further studies need to be conducted. No significant differences in 

HDN cell size between healthy individuals and patients with lung cancer were observed, 

neither at baseline nor upon stimulation (Figure 15A). It is also unclear, why cellular size 

of patient LDNs is only reduced upon stimulation with 1 µM IO (Figure 15C) as compared 

to LDNs from healthy individuals, since no literature about the effects of calcium 

ionophore stimulation on the size of neutrophils from cancer patients is currently 

available.  

4.4. Effects of PMA and IO induction on CD11b and CD66b 
expression  

In our data it was clearly observable that CD66b expression levels were increased upon 

stimulation, but without significant differences between LDNs and HDNs (Figure 16A and 

C, Figure 17A and C). CD66b is a membrane marker for neutrophil degranulation which 

is released upon cell activation. This upregulated expression is necessary to mediate 

neutrophil adherence to endothelial cells that have been pre-activated by cytokines 

(Kuijpers et al. 1992). The effects of various stimuli on freshly isolated neutrophils have 

been studied before and it was found that stimulation with PMA (Gorbet, Postnikoff, and 
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Williams 2015) as well as with calcium ionophore A23187 (Yamanaka et al. 1996) results 

in CD66b upregulation. These findings put our obtained results in accordance with 

previous literature. Therefore, it can be assumed that the expression of CD66b on 

neutrophil subpopulations is not affected by lung cancer.  
We also observed that expression of CD11b is highly upregulated in both HDNs 

(Figure 16B and D) and LDNs (Figure 17B and D) from patients with lung cancer upon 

stimulation with IO and PMA, compared to cells isolated from healthy individuals. CD11b, 

together with CD18, is part of the Macrophage-1 antigen (Mac-1), a neutrophil 

membrane heterodimer that mediates neutrophil adhesion to the endothelium by binding 

fibrinogen (Diamond and Springer 1993). Its upregulation thereby is an important 

attribute to classify neutrophil activation (Bednarska et al. 2016). As previously observed 

stimulation with PMA as well as with calcium ionophores such as A23187 leads to an 

upregulation in surface expression of CD11b and subsequently to neutrophil adhesion to 

endothelial cells in vitro (Vedder and Harlan 1988). A study conducted with isolated 

peripheral blood neutrophils from patients with advanced epithelial ovarian cancer (EOC) 

showed that Mac-1 expression is drastically enhanced in neutrophils from those patients 

compared to neutrophils from healthy individuals. It is hypothesized that in solid tumour 

pathology, Mac-1 plays a crucial role as the key adhesion molecule mediating 

endothelial tumour cell adhesion and thereby facilitating cancer progression. 

Interestingly, the same study also found that Mac-1 expression differed dramatically 

depending on the type of EOC, where undifferentiated carcinomas showed a dramatic 

increase compared to other histological EOC types (Bednarska et al. 2016). 

Unfortunately, no comparable studies focusing on lung cancer are available to date. 

However, our data underlines that the findings of Bednarska et al. (2016) might also hold 

true in lung cancer pathology. However, since none of these studies differentiated 

between HDNs and LDNs, it must be assumed that their results are comprised of a 

combination of both subtypes. In our observations, no significant differences at the 

CD11b basal level (baseline) could be observed between patients and healthy 

individuals.   

4.5. Changes in neutrophil subset distribution  
When investigating neutrophil subset distribution according to Pillay et al. (2012), we 

could not observe any statistically significant differences in HDNs from healthy 

individuals to HDNs from patients with lung cancer (Figure 18A). Within the LDN fraction, 

patients with lung cancer showed significantly increased levels of activated 

(CD16high/CD62low) neutrophils without affecting the distribution of mature 

(CD16high/CD62high) and newly released (CD16low/CD62high) neutrophils (Figure 18B), 
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compared to neutrophils from healthy individuals. A study conducted with samples from 

patients with head and neck squamous cell carcinoma (HNSCC) concluded similar 

results (Millrud et al. 2017). They found that HNSCC patients displayed increased levels 

of activated (but not mature and newly released) neutrophils in their blood compared to a 

healthy control cohort. However, as their method of neutrophil isolation did not separate 

high from low density neutrophils, it must be assumed that these results reflect a mix of 

both the HDN and LDN subset.  

 Millrud et al. additionally observed a significantly elevated expression of Mac-1 

receptors CD18 and CD11b, thereby providing means to further distinguish the activated 

neutrophil subset from other subsets. This elevated expression also suggests an 

increased capacity to migrate, which was confirmed via investigation of IL-8-facilitated 

migration (Millrud et al. 2017). IL-8 is secreted from tumour cells in high levels (Chen et 

al. 1999), leading to chemotaxis of activated neutrophils, which were predominantly 

found within histological samples from HNSCC tumours. It was also observed that during 

IL-8-induced migration, levels of activated neutrophils increased, whereas 

simultaneously the other two subsets decreased, thereby suggesting that IL-8 plays an 

important role in the induction of neutrophil maturation (Millrud et al. 2017). The IL-8 

increase through secretion by tumour cells might be responsible for the significant 

elevation in CD16high/CD62low neutrophil levels observed in our study, but additional 

experiments focusing on IL-8 specifically would be needed to strengthen this 

assumption.   

The study from Millrud et al. also investigated the effect of activated neutrophils on 

the anti-tumour immune response. Several in vitro experiments concluded that activated 

neutrophils can inhibit tumour cell migration and proliferation as well as induce apoptosis 

of tumour cells, thereby attributing them anti-tumour properties. They also observed that 

the survival rate of patients with high proportions of activated neutrophils was 

significantly higher compared to those with lower levels (Millrud et al. 2017). Since our 

results showed increased levels of activated neutrophils only within the LDN fraction 

(Figure 18B) and LDNs were previously credited to exhibit pro-tumour properties (Liu et 

al. 2017), further investigations would be needed to form a clear statement on whether 

CD16high/CD62low neutrophils are beneficial for the patient or rather facilitate tumour 

development. It is highly possible that this question needs to be answered individually for 

different types of malignancies.  
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4.6. Effects of PMA and IO induction on levels of released DNA  
It was interesting to observe that DNA release in PMNs occurred significantly more 

intense in unstimulated and high dose IO treated samples from healthy individuals than 

in those from patients with lung cancer (Figure 19A). Similar results could be observed in 

isolated PBMCs, where cells from healthy donors released their DNA in significantly 

larger amounts when left unstimulated, upon low dose IO and low to middle dose PMA 

treatment (Figure 19B). This came to our surprise, as this effect was more likely to be 

expected from patient-isolated cells. In the literature it is described that especially G-

CSF, which is expressed by a variety of tumours (Jiang et al. 1999; Kaira et al. 2008), 

leads to neutrophil activation and subsequent DNA release. A study conducted by 

Demers et al. (2012) using tumour-bearing mice states that DNA is released either at 

late tumour stage or upon a so-called “second hit”, such as due to bacterial LPS in the 

course of a minor infection (Demers et al. 2012). As the patients included in our study 

were all newly diagnosed and not within the late stage of their disease, we expected to 

trigger this “second hit” with PMA and IO stimulation, but could not observe the 

previously described results. This might be due to the fact that Demers and colleagues 

worked in mice and focused specifically on citrullinated histones by measuring levels of 

H3Cit, which was not possible with our photometric analysis method of DNA release. It 

might also be possible that the “second hit” had already occurred in-vivo before blood 

was drawn and hence could not be induced upon stimulation ex-vivo. This would also 

explain the significantly increased amount of released DNA from unstimulated cells 

derived from healthy donors. Even though peripheral blood neutrophils were also 
considered in the study by Demers et al. (2012), literature investigating solely PBMC 

DNA release in the course of cancer pathology is unfortunately not available. 

The data gathered in this DNA release setup should correspond to the release of 

NETs to the surroundings. However, since our samples were measured photometrically, 

no specific NET markers could be considered. Therefore, there was no possibility to 

differentiate between DNA released from neutrophils or from other cells contained within 

the PBMC fraction during measurement and analysis, as it would not have been suitable 

to further purify isolated cells to only investigate neutrophils. Additional purification 

protocols such as the StemCell untouched neutrophil isolation kit (STEMCELL 

Technologies Inc., Vancouver, CA) (Thomas et al. 2015) would have potentially falsified 

the results as neutrophils might have become even more pre-activated during further 

purification. Although, since the PMN fraction consists of mostly HDNs, it can be 

assumed that the vast majority of released DNA originates from neutrophils. Within the 

PBMC fraction however, other cells may have contributed to the results by releasing their 
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own DNA. Eosinophils, mast cells and macrophages have previously been described to 

also form extracellular traps in a process described as ETosis (Guimarães-Costa et al. 

2012), which for some cell types can also be triggered via PMA. Mast cells were shown 

to release their extracellular traps after just 10 min of very low dose PMA induction 

(25nM) (Von Köckritz-Blickwede et al. 2008), eosinophils formed their traps after 20 min 

of IL-5 and interferon-γ priming (Yousefi et al. 2008). The process of macrophage 

extracellular DNA release is referred to as METosis, a rather rapid process that leads to 

the formation of macrophage extracellular traps (METs) within 30 min (Doster et al. 

2018). Also, in monocytes, DNA release has been studied before. Upon stimulation with 

PMA, calcium ionophore A23187 and two other NETosis associated biological stimuli 

(platelet activating factor and zymosan), monocytes were reported to produce ETs within 

3 h of stimulation (Granger et al. 2017). Since we stimulated the cells for 3 h, these 

mentioned timepoints of trap release from cells other than neutrophils would fall into this 

time range. Hence, parts of the detected released DNA within the PBMC fraction might 

originate from cells other than neutrophils, with monocytes possibly being the most 

relevant amongst these, as they make up between 10 - 20% of PBMCs (Kleiveland 

2015).  

4.7. Effects of PMA and IO induction on NET release  
Contrary to our results obtained in the DNA release setup, HDNs isolated from patients 

with lung cancer showed increased levels of H3Cit upon stimulation with IO (Figure 20A). 

Patients’ LDNs however were observed to not undergo NET release more frequently 

than those from healthy individuals upon IO induction and were even significantly less 

likely to release NET DNA when stimulated with PMA (Figure 20B). As this flow 

cytometric analysis specifically quantified levels of extruded DNA by measuring the MFI 

of citrullinated NET DNA, it represents a more precise insight into the actual nature of 

citrullination-mediated NET release of isolated neutrophils from patients with lung cancer 

as compared to our photometrically measured samples in the DNA release setup. The 

current literature states that different stimuli lead to different NET formation pathways 

(Kenny et al. 2017). Calcium ionophores such as IO and A23187 are known to induce 

the histone citrullination pathway via PAD4. PAD4 is responsible for the conversion of 

arginine to citrulline residues on histones, leading to the loss of the positive charge of 

histones and subsequently to rapid chromatin decondensation (Li et al. 2010) in 

preparation for subsequent NET DNA expulsion. As we were able to observe an 

increase in H3Cit positivity on HDNs derived from patients with lung cancer (Figure 20A), 

our findings support the notion of Li et al. (2010). PMA however has been described to 

act in a distinctively different manner. PMA leads to the induction of NOX2 during the 
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NOX2-dependent NET formation pathway, which subsequently increases ROS and 

MPO-related activity. The translocation of NE and MPO to the nucleus promotes DNA 

decondensation, and eventually rupture of the neutrophil granula and nuclear envelope, 

resulting in the DNA strands being decorated by granular and cytosolic proteins prior to 

DNA release into the extracellular space in the form of NETs (Papayannopoulos et al. 

2010). It is still controversial if PMA is capable to induce histone citrullination (de Bont et 

al. 2018). Multiple studies suggest that PMA is not capable to induce histone 

deamination (Kenny et al. 2017; Neeli and Radic 2013) because the induction of NET 

formation through PMA occurs without the activation of PAD4 (Douda et al. 2015). It is 

even suggested, that PMA itself is a potent inhibitor of PAD4 (Neeli and Radic 2013). 

However, several studies found that citrullination of histone H3 can in fact be induced by 

PMA, both in myeloma-bearing and tumour-free mice neutrophils (Li et al. 2020) as well 

as in human neutrophils derived from peripheral blood (Pejler et al. 2021). Our results 

clearly show increased levels of H3Cit upon PMA stimulation at least in LDNs from 

healthy individuals (Figure 20B) and are thereby supportive of the hypotheses supporting 

PMA as a citrullination-inducing agent. 

With our experimental setup, the previously described “second hit” (Demers et al. 

2012) could clearly be induced in HDNs utilizing IO as a stimulant. Hence, our results 

indirectly support the hypothesis by Demers and colleagues that the production of certain 

cancer-derived factors (such as G-CSF) or inflammation-related cytokines prime 

neutrophils, might make them more prone to NET formation. A recent study using murine 

lung cancer cells also showed that extracellular ribonucleic acid (RNA) derived from 

cancerous cells were able to indirectly activate neutrophils (Li et al. 2019). These RNAs 

induced Il-1β release from respiratory epithelial and endothelial cells. The release of this 

cytokine in succession activated neutrophils to release DNA content in form of NETs. 

This was not only shown in vitro, but also in an in vivo setup where mice were injected 

with murine lung cancer cells, resulting in neutrophil activation measured via CD11b 

expression (Li et al. 2019). Unfortunately, this study did not differentiate between HDNs 

and LDNs but showed a rather general picture regarding neutrophils in lung cancer. 

Therefore, it can be assumed that in lung cancer, tumour derived RNAs are an important 

player in indirect neutrophil activation and subsequent NET release and may also play a 

role in our experimental setup.  

Furthermore, a possibility why LDNs from patients showed significantly lower 

levels of citrullinated H3 might be due to an early release of certain cancer-associated 

factors, such as MPO and NE, necessary for PMA induced NET formation. As stated by 

Liu and colleagues (2017), LDNs are degranulated activated HDNs. Assuming this 

degranulation process mainly releases azurophilic granules, a great amount of both 
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MPO and NE would already have been extruded prior to cell isolation and could 

therefore not be involved in PMA-induced NET formation. This would favour previous 

findings regarding general cancer pathology, as both NE and MPO are released during 

cancer disease progression. In lung cancer specifically it has been observed that levels 

of NE and MPO in bronchoalveolar lavage fluid as well as in serum were significantly 

increased as compared to healthy individuals (Vaguliene et al. 2013). This additionally 

strengthens our assumption that these factors might have already been extruded by 

LDNs before isolation and furthermore supports the notion by Liu and colleagues (2017) 

on the pro-tumorigenic properties of LDNs in general. This extrusion additionally benefits 

the tumour, as NE has proinflammatory effects and is (amongst other granule proteins) 

involved in the suppression of T-cell activation (Treffers et al. 2016). In the case of MPO, 

even though it is stated that it shows anti-tumour activity (Masucci, Minopoli, and 

Carriero 2019), it is also known that it can act proinflammatory and thereby has pro-

tumour properties (Ostrand-Rosenberg 2008). To verify the assumption concerning 

azurophilic granule release, further investigation on the type of granules extruded during 

LDNs development is needed.  

When studying a chronic myelogenous leukaemia mouse model, Demers et al. 

(2012) showed that neutrophils were more prone to undergo NET formation compared to 

cells from control mice. This was accredited to tumour cell released G-CSF, which is 

capable of pre-activating neutrophils, so that upon a “second hit”, NET formation is 

initiated. When simulating a minor infection in mice bearing tumours, large quantities of 

chromatin were released, resulting in a highly pro-thrombotic state. This was also 

observed in mouse models of lung and mammary carcinoma. Thereby, they concluded 

NET formation as a prominent cause for cancer associated thrombus formation (Demers 

et al. 2012). It was interesting to observe that in our study, patient HDNs were more 

prone to undergo NET formation than their healthy counterparts upon a “second hit”, 

leaving the question if NET release from patient LDNs requires other stimuli or if G-CSF 

priming of patient HDNs is more distinct then in LDNs.  

One study conducted with isolated neutrophils from breast cancer patients showed 

that LDNs from patients showed an increased capability of NET formation when 

stimulated with A23187 in a full glucose medium, compared to HDNs. When deprived of 

glucose, LDNs were still capable to form NETs in a greater extent than HDNs (Hsu et al. 

2019). This leads to the assumption that under nutrient-poor conditions such as cancer, 

LDNs are responsible for most of the extruded NET DNA and thereby the culprits in 

promoting cancer associated thrombosis. Taking together our individually obtained 

results, where absolute numbers in LDN MFI were higher than their HDN counterparts, 

this assumption might hold true.  
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4.8. Differences between two technical principles of cell counting 
When technically comparing an automated haematology analyser such as the Sysmex 

XN-350 to a flow cytometer such as the CytoFLEX S in regards to the percentual 

occurrence of LDNs within our samples, both systems showed comparable results that 

did not significantly differ from one another (Figure 21). To understand why, the working 

principles of both systems have to be evaluated. Automated haematology analysers 

work in multiple principles to detect cells. Systems using electrical impedance work via 

two electrodes that are placed in an isotonic solution, separated by a glass tube with a 

small aperture. An electric current is generated between the electrodes and when a cell 

passes through the aperture, a change in electrical resistance occurs. This change is 

measured as a pulse, where the height of the pulse corresponds to cell volume. The 

width of the pulse is proportional to time each cell needs to pass the aperture. For this to 

work, the cell suspension has to be highly diluted, so that only a minimal number of cells 

can pass the aperture at the same time. Fluorescence, light absorption (measured via 

spectrophotometry) and electrical conductivity are also used in automated haematology 

analysers (Dayyal 2017). Systems like the Sysmex XN-350 use light scatter and 

hydrodynamic focusing for detection (TradeMed 2020). Hydrodynamic focusing forces 

cells to take one path for volume measurement. Light scatter is measured using a laser 

which focuses on the flow cell, hitting bypassing cells. The laser light scatters in various 

directions, making it possible to detect FSC and SSC of each individual cell and thereby 

qualifying and quantifying each event as the correct cell type (Dayyal 2017).  

Flow cytometers such as the CytoFLEX S also use light scatter as one working 

principle, but with the addition of multiple lasers with different colour filters, so that a 

large number of additional parameters (besides FSC and SSC) can be assessed 

simultaneously, if the sample has been prepared accordingly (Thermo 2020).  

Due to the similar working principles of both used systems, our results came as 

expected. However, it must be noted that the Sysmex XN-350 automatically delivers the 

final results without the need of any special adjustments to the device before 

measurement. With the CytoFLEX S, several adjustments (such as inputs of the correct 

wavelengths and gating of areas to investigate) need to be conducted manually prior to 

each measurement, which therefore leaves this system potentially more vulnerable to 

human error. Taken together, when all necessary manual adjustments for the CytoFLEX 

S have been set and tested, this system is capable of providing more detailed 

information about counted cells, but the Sysmex XN-350 can as well be used to give 

accurate information about cell numbers, making further analysis based on cell counts 

accurately possible. This is reflected in our findings, as both methods of analysis 
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provided similar results for LDN cell counts. This assures not only the validity of data 

gathered from measurements with the Sysmex XN-350 but also verifies that our gating 

strategy for LDN identification was chosen correctly.  

4.9. Two different cell counting techniques applied on LDN counting  
Using our two systems to compare percentual LDN rations between healthy donors and 

patients with lung cancer, both the Sysmex XN-350 (Figure 22A) and the CytoFLEX S 

(Figure 22B) revealed a significant increase in LDNs in lung cancer patients. As 

discussed before, both systems reflect accurate results due to their similarity in working 

principles. Our observed increase of LDNs in patients with lung cancer using two 

different methods of cell counting stands in accordance to several studies which have 

identified the presence of LDNs in patients with cancer (Lecot et al. 2019; Mackey, 

Coffelt, and Carlin 2019; Sagiv et al. 2015; Silvestre-Roig et al. 2019; Wang et al. 2018). 

However, so far there is no data available that compares the ratio of isolated LDNs from 

healthy individuals to LDNs from patients with malignancies. 
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5. Conclusion 
This study investigated the potential differences in neutrophils isolated from patients with 

newly diagnosed lung cancer regarding neutrophil subset distribution, changes in 

neutrophil activation potential, DNA release and H3Cit positivity, as compared to 

neutrophils isolated from a matched cohort of healthy individuals.  

 Levels of both HDNs and LDNs were significantly increased in patients with lung 

cancer. SSC was significantly decreased in both HDNs and LDNs isolated from patients 

with cancer, whereas a decrease in FSC was observable in LDNs. Upon stimulation with 

IO and PMA, a decrease in cellular granularity could be observed in HDNs with both 

stimuli, whereas LDNs only decreased in SSC without stimulus and upon IO stimulation. 

Stimulation had almost no impact on cell size in both HDNs and LDNs, with only the 

exception of a significant decrease in LDN FSC upon low dose IO induction.  

When stimulated, CD66b levels were increased in both HDNs and LDNs from 

patients with lung cancer and healthy individuals, without significant differences between 

the two cohorts. However, CD11b expression levels were expressed in higher levels on 

HDNs and LDNs isolated from patients with lung cancer upon stimulation. Therefore, we 

hypothesize that neutrophils within malignant systems tend to be activated more easily 

than those derived from healthy individuals.  

Subset distribution did not differentiate between healthy individuals and patients 

with lung cancer in HDNs, but a significant increase in activated neutrophils in LDNs 

could be measured. Due to conflicting literature additional studies would be needed to 

clearly state if LDNs are in fact pro-tumorigenic or might exhibit anti-tumour 

characteristics under certain circumstances or within specific types of cancer.  

PMNs from patients with lung cancer released significantly less DNA when left 

unstimulated and upon induction with high dose IO. Furthermore, PBMCs released 

significantly less of their DNA when not stimulated, upon low dose IO as well as when 

induced with low and middle dose PMA. HDNs from patients with lung cancer only 

showed a significant increase in H3Cit positivity upon stimulation with both doses of IO. 

Interestingly, patient LDNs depicted a significant decrease in H3Cit positivity as 

compared to LDNs from healthy individuals, but only upon PMA induction.  

A technical comparison of the Sysmex XN-350 cell counter with CytoFLEX S flow 

cytometer in regard to percentual occurrences of LDNs showed no significant differences 

between the two systems verifying Sysmex XN-350 for cell count analysis.  

Taken together, this study was able to show that LDNs do in fact occur in larger 

quantities in patients with lung cancer as compared to healthy individuals. It was also 

clearly observable that both HDNs and LDNs isolated from patients have a higher 
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potential of activation upon in vitro stimulation based on expression levels of neutrophil 

activation marker CD11b. However, with our results we were not able to support the 

hypothesis that HDNs and LDNs isolated from patients with lung cancer have a general 

tendency to release more DNA as well as show an increased predisposition to undergo 

NET formation in vitro. Additional studies with different experimental setups would be 

needed to draw a more complete picture about the in vivo nature of neutrophil subsets in 

the context of lung cancer.  

 

 

  



  66 
 

6. References 
Abbas, Abul, Andrew H. Lichtman, and Shiv Pillai. 2014. “Cellular and Molecular 

Immunology - 8th Edition.” 544. 

Ageno, Walter, Sylvia Haas, Jeffrey I. Weitz, Samuel Z. Goldhaber, Alexander G. G. 

Turpie, Shinya Goto, Pantep Angchaisuksiri, Joern Dalsgaard Nielsen, Gloria 

Kayani, Karen S. Pieper, Sebastian Schellong, Henri Bounameaux, Lorenzo G. 

Mantovani, Paolo Prandoni, and Ajay K. Kakkar. 2019. “Characteristics and 

Management of Patients with Venous Thromboembolism: The GARFIELD-VTE 

Registry.” Thrombosis and Haemostasis 119(2):319–27. 

Ahlbrecht, Jonas, Boris Dickmann, Cihan Ay, Daniela Dunkler, Johannes Thaler, 

Manuela Schmidinger, Peter Quehenberger, Andrea Haitel, Christoph Zielinski, and 

Ingrid Pabinger. 2012. “Tumor Grade Is Associated with Venous Thromboembolism 

in Patients with Cancer: Results from the Vienna Cancer and Thrombosis Study.” 

Journal of Clinical Oncology 30(31):3870–75. 

Alam, R. 1998. “A Brief Review of the Immune System.” Primary Care - Clinics in Office 

Practice 25(4):727–38. 

Alberts, Bruce, Alexander Johnson, Julian Lewis, David Morgan, Martin Raff, Keith 

Roberts, and Peter Walter. 2015. Molecular Biology of the Cell. Sixth Edit. New 

York, NY: Garland Science, Taylor & Francis Group, LLC, an informa business. 

Ardissino, Diego, Piera Angelica Merlini, Robert Ariëns, Raffaella Coppola, Ezio 

Bramucci, and Pier Mannuccio Mannucci. 1997. “Tissue-Factor Antigen and Activity 

in Human Coronary Atherosclerotic Plaques.” Lancet 349(9054):769–71. 

Ay, Cihan, Daniela Dunkler, Ralph Simanek, Johannes Thaler, Silvia Koder, Christine 

Marosi, Christoph Zielinski, and Ingrid Pabinger. 2011. “Prediction of Venous 

Thromboembolism in Patients with Cancer by Measuring Thrombin Generation: 

Results from the Vienna Cancer and Thrombosis Study.” Journal of Clinical 

Oncology 29(15):2099–2103. 

Ay, Cihan, Ralph Simanek, Rainer Vormittag, Daniela Dunkler, Guelay Alguel, Silvia 

Koder, Gabriela Kornek, Christine Marosi, Oswald Wagner, Christoph Zielinski, and 

Ingrid Pabinger. 2008. “High Plasma Levels of Soluble P-Selectin Are Predictive of 

Venous Thromboembolism in Cancer Patients: Results from the Vienna Cancer and 

Thrombosis Study (CATS).” Blood 112(7):2703–8. 

  



  67 
 

Ay, Cihan, Rainer Vormittag, Daniela Dunkler, Ralph Simanek, Alexandru Laurentiu 

Chiriac, Johannes Drach, Peter Quehenberger, Oswald Wagner, Christoph 

Zielinski, and Ingrid Pabinger. 2009. “D-Dimer and Prothrombin Fragment 1 + 2 

Predict Venous Thromboembolism in Patients with Cancer: Results from the Vienna 

Cancer and Thrombosis Study.” Journal of Clinical Oncology 27(25):4124–29. 

Bahar, Burak, Banu Acedil Ayc Iota, Uğur Çoşkun, Süleyman Büyükberber, Mustafa 

Benekli, and Ramazan Yildiz. 2010. “Granulocyte Colony Stimulating Factor (G-

CSF) and Macrophage Colony Stimulating Factor (M-CSF) as Potential Tumor 

Markers in Non Small Cell Lung Cancer Diagnosis.” Asian Pacific Journal of Cancer 

Prevention : APJCP 11(3):709–12. 

Bailey, Sarah E. R., Obioha C. Ukoumunne, Elizabeth A. Shephard, and Willie Hamilton. 

2017. “Clinical Relevance of Thrombocytosis in Primary Care: A Prospective Cohort 

Study of Cancer Incidence Using English Electronic Medical Records and Cancer 

Registry Data.” British Journal of General Practice 67(659):e405–13. 

Bednarska, Katarzyna, Magdalena Klink, Jacek R. Wilczyński, Krzysztof Szyłło, Andrzej 

Malinowski, Zofia Sułowska, and Marek Nowak. 2016. “Heterogeneity of the Mac-1 

Expression on Peripheral Blood Neutrophils in Patients with Different Types of 

Epithelial Ovarian Cancer.” Immunobiology 221(2):323–32. 

Bizzozero, Gulio. 1881. “Su Di Un Nuovo Elemento Morfologico Del Sangue Dei 

Mammiferi e Della Sua Importanza Nella Trombosi e Nella Coagulazi- One.” 

L’Osservatore 17:785–87. 

Bizzozero, Gulio. 1882. “Sur Les Petites Plaques Du Sang Des Mammiferes, Deuxieme 

Note.” Arch.Ital.Biol. 1:1–4. 

de Boer, Onno J., Xiaofei Li, Peter Teeling, Claire Mackaay, Hanneke J. Ploegmakers, 

Chris M. van der Loos, Mat J. Daemen, Robbert J. de Winter, and Allard C. van der 

Wal. 2013. “Neutrophils, Neutrophil Extracellular Traps and Interleukin-17 Associate 

with the Organisation of Thrombi in Acute Myocardial Infarction.” Thrombosis and 

Haemostasis 109(2):290–97. 

de Bont, Cynthia M., Werner J. H. Koopman, Wilbert C. Boelens, and Ger J. M. Pruijn. 

2018. “Stimulus-Dependent Chromatin Dynamics, Citrullination, Calcium Signalling 

and ROS Production during NET Formation.” Biochimica et Biophysica Acta - 

Molecular Cell Research 1865(11):1621–29. 

Borner, Markus M., Erasmus Schneider, Farzaneh Pirnia, Oliver Sartor, Jane B. Trepel, 

and Charles E. Myers. 1994. “The Detergent Triton X-100 Induces a Death Pattern 

in Human Carcinoma Cell Lines That Resembles Cytotoxic Lymphocyte-Induced 

Apoptosis.” FEBS Letters 353(2):129–32. 

  



  68 
 

Borregaard, Niels. 2010. “Neutrophils, from Marrow to Microbes.” Immunity 33(5):657–

70. 

Brandau, Sven, Claudia A. Dumitru, and Stephan Lang. 2013. “Protumor and Antitumor 

Functions of Neutrophil Granulocytes.” Seminars in Immunopathology 35(2):163–

76. 

Brat, Daniel J. and Erwin G. Van Meir. 2004. “Vaso-Occlusive and Prothrombotic 

Mechanisms Associated with Tumor Hypoxia, Necrosis, and Accelerated Growth in 

Glioblastoma.” Laboratory Investigation 84(4):397–405. 

Brill, A., T. A. Fuchs, A. S. Savchenko, G. M. Thomas, K. Martinod, S. F. de Meyer, A. A. 

Bhandari, and D. D. Wagner. 2012. “Neutrophil Extracellular Traps Promote Deep 

Vein Thrombosis in Mice.” Journal of Thrombosis and Haemostasis 10(1):136–44. 

Brinkmann, Volker, Ulrike Reichard, Christian Goosmann, Beatrix Fauler, Yvonne 

Uhlemann, David S. Weiss, Yvette Weinrauch, and Arturo Zychlinsky. 2004. 

“Neutrophil Extracellular Traps Kill Bacteria.” Science 303(5663):1532–35. 

von Brühl, Marie Luise, Konstantin Stark, Alexander Steinhart, Sue Chandraratne, Ildiko 

Konrad, Michael Lorenz, Alexander Khandoga, Anca Tirniceriu, Raffaele Coletti, 

Maria Köllnberger, Robert A. Byrne, Iina Laitinen, Axel Walch, Alexander Brill, 

Susanne Pfeiler, Davit Manukyan, Siegmund Braun, Philipp Lange, Julia Riegger, 

Jerry Ware, Annekathrin Eckart, Selgai Haidari, Martina Rudelius, Christian Schulz, 

Katrin Echtler, Volker Brinkmann, Markus Schwaiger, Klaus T. Preissner, Denisa D. 

Wagner, Nigel Mackman, Bernd Engelmann, and Steffen Massberg. 2012. 

“Monocytes, Neutrophils, and Platelets Cooperate to Initiate and Propagate Venous 

Thrombosis in Mice in Vivo.” Journal of Experimental Medicine 209(4):819–35. 

Carmona-Rivera, Carmelo and Mariana J. Kaplan. 2013. “Low-Density Granulocytes: A 

Distinct Class of Neutrophils in Systemic Autoimmunity.” Seminars in 

Immunopathology 35(4):455–63. 

Chaplin, David D. 2010. “Overview of the Immune Response.” Journal of Allergy and 

Clinical Immunology 125(2 SUPPL. 2). 

Chen, Peifeng, Qiaolian Li, Yi Zhou, Hong Lu, Hejian Chen, Minjia Qian, and Jinyin 

Chen. 2021. “Clinical Implication of Aquaporin 9 in Non-Small Cell Lung Cancer 

Patients: Its Expression and Relationship with Clinical Features and Prognosis.” 

Irish Journal of Medical Science. 

  



  69 
 

Chen, Z., P. S. Malhotra, G. R. Thomas, F. G. Ondrey, D. C. Duffey, C. W. Smith, I. 

Enamorado, N. T. Yeh, G. S. Kroog, S. Rudy, L. McCullagh, S. Mousa, M. 

Quezado, L. L. Herscher, and C. Van Waes. 1999. “Expression of Proinflammatory 

and Proangiogenic Cytokines in Patients with Head and Neck Cancer.” Clinical 

Cancer Research : An Official Journal of the American Association for Cancer 

Research 5(6):1369–79. 

Choi, Ka-Yee, Leola N. Y. Chow, and Neeloffer Mookherjee. 2012. “Cationic Host 

Defence Peptides: Multifaceted Role in Immune Modulation and Inflammation.” 

Journal of Innate Immunity. 

Cloke, Thomas, Markus Munder, Graham Taylor, Ingrid Müller, and Pascale Kropf. 2012. 

“Characterization of a Novel Population of Low-Density Granulocytes Associated 

with Disease Severity in HIV-1 Infection.” PLoS ONE 7(11). 

Coffelt, Seth B., Max D. Wellenstein, and Karin E. De Visser. 2016. “Neutrophils in 

Cancer: Neutral No More.” Nature Reviews Cancer 16(7):431–46. 

Cools-Lartigue, Jonathan, Jonathan Spicer, Braedon McDonald, Stephen Gowing, 

Simon Chow, Betty Giannias, France Bourdeau, Paul Kubes, and Lorenzo Ferri. 

2013. “Neutrophil Extracellular Traps Sequester Circulating Tumor Cells and 

Promote Metastasis.” Journal of Clinical Investigation 123(8):3446–58. 

Dahlbäck, Björn. 2000. “Blood Coagulation.” Lancet 355(9215):1627–32. 

Damilola, Ashorobi and Roberto Fernandez. 2019. “Thrombosis - StatPearls - NCBI 

Bookshelf.” Retrieved January 10, 2020 

(https://www.ncbi.nlm.nih.gov/books/NBK538430/). 

Darbousset, Roxane, Grace M. Thomas, Soraya Mezouar, Corinne Frère, Rénaté 

Bonier, Nigel Mackman, Thomas Renné, Françoise Dignat-George, Christophe 

Dubois, and Laurence Panicot-Dubois. 2012. “Tissue Factor-Positive Neutrophils 

Bind to Injured Endothelial Wall and Initiate Thrombus Formation.” Blood 

120(10):2133–43. 

Davies, Michael J. 2000. “The Pathophysiology of Acute Coronary Syndromes.” Heart 

83(3):361–66. 

Dayyal, D. 2017. “Principles Of Working Of Automated Hematology Analyzer.” 

Www.Bioscience.Com. Retrieved July 26, 2020 

(https://www.bioscience.com.pk/topics/hemotology/item/811-principles-of-working-

of-automated-hemotology-analyzer). 

  



  70 
 

Delbosc, Sandrine, Jean Marc Alsac, Clement Journe, Liliane Louedec, Yves Castier, 

Martine Bonnaure-Mallet, Raymond Ruimy, Patrick Rossignol, Philippe Bouchard, 

Jean Baptiste Michel, and Olivier Meilhac. 2011. “Porphyromonas Gingivalis 

Participates in Pathogenesis of Human Abdominal Aortic Aneurysm by Neutrophil 

Activation. Proof of Concept in Rats.” PLoS ONE 6(4). 

Deligezer, Ugur, Yesim Eralp, Ebru E. Akisik, Elif Z. Akisik, Pinar Saip, Erkan Topuz, and 

Nejat Dalay. 2008. “Size Distribution of Circulating Cell-Free DNA in Sera of Breast 

Cancer Patients in the Course of Adjuvant Chemotherapy.” Clinical Chemistry and 

Laboratory Medicine 46(3):311–17. 

Demers, Mélanie, Daniela S. Krause, Daphne Schatzberg, Kimberly Martinod, Jaymie R. 

Voorhees, Tobias A. Fuchs, David T. Scadden, and Denisa D. Wagner. 2012. 

“Cancers Predispose Neutrophils to Release Extracellular DNA Traps That 

Contribute to Cancer-Associated Thrombosis.” Proceedings of the National 

Academy of Sciences of the United States of America 109(32):13076–81. 

Demers, Melanie and Denisa D. Wagner. 2014. “NETosis: A New Factor in Tumor 

Progression and Cancer-Associated Thrombosis.” Seminars in Thrombosis and 

Hemostasis 40(3):277–83. 

Demers, Mélanie and Denisa D. Wagner. 2013. “Neutrophil Extracellular Traps: A New 

Link to Cancer-Associated Thrombosis and Potential Implications for Tumor 

Progression.” OncoImmunology 2(2). 

Denny, Michael F., Srilakshmi Yalavarthi, Wenpu Zhao, Seth G. Thacker, Marc 

Anderson, Ashley R. Sandy, W. Joseph McCune, and Mariana J. Kaplan. 2010. “A 

Distinct Subset of Proinflammatory Neutrophils Isolated from Patients with Systemic 

Lupus Erythematosus Induces Vascular Damage and Synthesizes Type I IFNs.” 

The Journal of Immunology 184(6):3284–97. 

Diamond, M. S. and T. A. Springer. 1993. “A Subpopulation of Mac-1 (CD11b/CD18) 

Molecules Mediates Neutrophil Adhesion to ICAM-1 and Fibrinogen.” Journal of Cell 

Biology 120(2):545–56. 

Donskov, Frede. 2013. “Immunomonitoring and Prognostic Relevance of Neutrophils in 

Clinical Trials.” Seminars in Cancer Biology. 

Doster, Ryan S., Lisa M. Rogers, Jennifer A. Gaddy, and David M. Aronoff. 2018. 

“Macrophage Extracellular Traps: A Scoping Review.” Journal of Innate Immunity 

10(1):3–13. 

  



  71 
 

Douda, David Nobuhiro, Meraj A. Khan, Hartmut Grasemann, and Nades Palaniyar. 

2015. “SK3 Channel and Mitochondrial ROS Mediate NADPH Oxidase-Independent 

NETosis Induced by Calcium Influx.” Proceedings of the National Academy of 

Sciences of the United States of America 112(9):2817–22. 

Eash, Kyle J., Adam M. Greenbaum, Priya K. Gopalan, and Daniel C. Link. 2010. 

“CXCR2 and CXCR4 Antagonistically Regulate Neutrophil Trafficking from Murine 

Bone Marrow.” Journal of Clinical Investigation 120(7):2423–31. 

Edwards, RL, FR Rickles, TE Moritz, WG Henderson, LR Zacharski, WB Forman, CJ 

Cornell, RJ Forcier, JF O’Donnell, and E. Headley. 1987. “Abnormalities of Blood 

Coagulation Tests in Patients With Cancer.” American Journal of Clinical Pathology 

88(5). 

Elyamany, Ghaleb, Ali Mattar Alzahrani, and Eman Bukhary. 2014. “Cancer-Associated 

Thrombosis: An Overview.” Clinical Medicine Insights: Oncology 8:129–37. 

Engelmann, Bernd and Steffen Massberg. 2013. “Thrombosis as an Intravascular 

Effector of Innate Immunity.” Nature Reviews Immunology 13(1):34–45. 

Esmon, C. T. and W. G. Owen. 1981. “Identification of an Endothelial Cell Cofactor for 

Thrombin-Catalyzed Activation of Protein C.” Proceedings of the National Academy 

of Sciences of the United States of America 78(4 II):2249–52. 

Falati, Shahrokh, Peter Gross, Glenn Merrill-skoloff, Barbara C. Furie, and Bruce Furie. 

2002. “Real Time in Vivo Imaging of Platelets, Tissue Factor and Fibrin during 

Arterial Thrombus Formation in the Mouse.” Nature Medicine 8(10):1175–80. 

Fernandes, Caio J., Luciana T. K. Morinaga, José L. Alves, Marcela A. Castro, Daniela 

Calderaro, Carlos V. P. Jardim, and Rogerio Souza. 2019. “Cancer-Associated 

Thrombosis: The When, How and Why.” European Respiratory Review 28(151). 

Fu, Jun, Mary C. Tobin, and Larry L. Thomas. 2014. “Neutrophil-like Low-Density 

Granulocytes Are Elevated in Patients with Moderate to Severe Persistent Asthma.” 

Annals of Allergy, Asthma and Immunology 113(6):635-640.e2. 

Fuchs, Tobias A., Ulrike Abed, Christian Goosmann, Robert Hurwitz, Ilka Schulze, Volker 

Wahn, Yvette Weinrauch, Volker Brinkmann, and Arturo Zychlinsky. 2007. “Novel 

Cell Death Program Leads to Neutrophil Extracellular Traps.” Journal of Cell Biology 

176(2):231–41. 

Fuchs, Tobias A., Alexander Brill, Daniel Duerschmied, Daphne Schatzberg, Marc 

Monestier, Daniel D. Myers, Shirley K. Wrobleski, Thomas W. Wakefield, John H. 

Hartwig, and Denisa D. Wagner. 2010. “Extracellular DNA Traps Promote 

Thrombosis.” Proceedings of the National Academy of Sciences of the United 

States of America 107(36):15880–85. 

  



  72 
 

Fuchs, Tobias A., Alexander Brill, and Denisa D. Wagner. 2012. “Neutrophil Extracellular 

Trap (NET) Impact on Deep Vein Thrombosis.” Arteriosclerosis, Thrombosis, and 

Vascular Biology 32(8):1777–83. 

Furze, Rebecca C. and Sara M. Rankin. 2008. “Neutrophil Mobilization and Clearance in 

the Bone Marrow.” Immunology 125(3):281–88. 

Gade, I. L., S. K. Braekkan, I. A. Naess, J. B. Hansen, S. C. Cannegieter, K. Overvad, H. 

Jensvoll, J. Hammerstrøm, K. Blix, A. Tjønneland, S. R. Kristensen, and M. T. 

Severinsen. 2017. “The Impact of Initial Cancer Stage on the Incidence of Venous 

Thromboembolism: The Scandinavian Thrombosis and Cancer (STAC) Cohort.” 

Journal of Thrombosis and Haemostasis 15(8):1567–75. 

Gale, Andrew J. 2011. “Continuing Education Course #2: Current Understanding of 

Hemostasis.” Toxicologic Pathology 39(1):273–80. 

Gilbert, Jack A., Martin J. Blaser, J. Gregory Caporaso, Janet K. Jansson, Susan V. 

Lynch, and Rob Knight. 2018. “Current Understanding of the Human Microbiome.” 

Nature Medicine 24(4):392–400. 

Goldenberg, Neil, Susan R. Kahn, and Susan Solymoss. 2003. “Markers of Coagulation 

and Angiogenesis in Cancer-Associated Venous Thromboembolism.” Journal of 

Clinical Oncology 21(22):4194–99. 

Gorbet, Maud, Cameron Postnikoff, and Sara Williams. 2015. “The Noninflammatory 

Phenotype of Neutrophils from the Closed-Eye Environment: A Flow Cytometry 

Analysis of Receptor Expression.” Investigative Ophthalmology and Visual Science 

56(8):4582–91. 

Graham, Garry G., Jeroen Punt, Manit Arora, Richard O. Day, Matthew P. Doogue, 

Janna K. Duong, Timothy J. Furlong, Jerry R. Greenfield, Louise C. Greenup, Carl 

M. Kirkpatrick, John E. Ray, Peter Timmins, and Kenneth M. Williams. 2011. 

“Clinical Pharmacokinetics of Metformin.” Clinical Pharmacokinetics 50(2):81–98. 

Granger, Vanessa, Dorothée Faille, Vanessa Marani, Benoît Noël, Yann Gallais, 

Natacha Szely, Héloïse Flament, Marc Pallardy, Sylvie Chollet-Martin, and Luc 

Chaisemartin. 2017. “Human Blood Monocytes Are Able to Form Extracellular 

Traps.” Journal of Leukocyte Biology 102(3):775–81. 

Gregory, Alyssa D. and A. McGarry Houghton. 2011. “Tumor-Associated Neutrophils: 

New Targets for Cancer Therapy.” Cancer Research 71(7):2411–16. 

Grilz, Ella, Lisa Marie Mauracher, Florian Posch, Oliver Königsbrügge, Sabine 

Zöchbauer-Müller, Christine Marosi, Irene Lang, Ingrid Pabinger, and Cihan Ay. 

2019. “Citrullinated Histone H3, a Biomarker for Neutrophil Extracellular Trap 

Formation, Predicts the Risk of Mortality in Patients with Cancer.” British Journal of 

Haematology 186(2):311–20. 



  73 
 

Guimarães-Costa, Anderson B., Michelle T. C. Nascimento, Amanda B. Wardini, Lucia 

H. Pinto-da-Silva, and Elvira M. Saraiva. 2012. “ETosis: A Microbicidal Mechanism 

beyond Cell Death.” Journal of Parasitology Research 2012:929743. 

Hacbarth, Elisa and Andre Kajdacsy-Balla. 1986. “Low Density Neutrophils in Patients 

with Systemic Lupus Erythematosus, Rheumatoid Arthritis, and Acute Rheumatic 

Fever.” Arthritis & Rheumatism 29(11):1334–42. 

Hamam, Hussein J., Meraj A. Khan, and Nades Palaniyar. 2019. “Histone Acetylation 

Promotes Neutrophil Extracellular Trap Formation.” Biomolecules 9(1). 

Hamilton, W., T. J. Peters, A. Round, and D. Sharp. 2005. “What Are the Clinical 

Features of Lung Cancer before the Diagnosis Is Made? A Population Based Case-

Control Study.” Thorax 60(12):1059–65. 

Hamilton, W., A. Round, D. Sharp, and T. J. Peters. 2005. “Clinical Features of 

Colorectal Cancer before Diagnosis: A Population-Based Case-Control Study.” 

British Journal of Cancer 93(4):399–405. 

Hamilton, William, Tim J. Peters, Clare Bankhead, and Deborah Sharp. 2009. “Risk of 

Ovarian Cancer in Women with Symptoms in Primary Care: Population Based 

Case-Control Study.” BMJ (Online) 339(7721):616. 

Heit, John A., Frederick A. Spencer, and Richard H. White. 2016. “The Epidemiology of 

Venous Thromboembolism.” Journal of Thrombosis and Thrombolysis 41(1):3–14. 

Ho-Tin-Noé, Benoit, Carla Carbo, Mélanie Demers, Stephen M. Cifuni, Tobias Goerge, 

and Denisa D. Wagner. 2009. “Innate Immune Cells Induce Hemorrhage in Tumors 

during Thrombocytopenia.” American Journal of Pathology 175(4):1699–1708. 

Hoffman, Ronald. 2005. Hematology : Basic Principles and Practice. Churchill 

Livingstone. 

Hong, Chang Won. 2017. “Current Understanding in Neutrophil Differentiation and 

Heterogeneity.” Immune Network 17(5):298–306. 

Hsu, Brian E., Sébastien Tabariès, Radia M. Johnson, Sylvia Andrzejewski, Julien 

Senecal, Camille Lehuédé, Matthew G. Annis, Eric H. Ma, Sandra Völs, Lee Ann 

Ramsay, Remi Froment, Anie Monast, Ian R. Watson, Zvi Granot, Russell G. Jones, 

Julie St-Pierre, and Peter M. Siegel. 2019. “Immature Low-Density Neutrophils 

Exhibit Metabolic Flexibility That Facilitates Breast Cancer Liver Metastasis.” Cell 

Reports 27(13):3902-3915.e6. 

Jablonska, Jadwiga, Stephan Lang, Ronit Vogt Sionov, and Zvi Granot. 2017. “The 

Regulation of Pre-Metastatic Niche Formation by Neutrophils.” Oncotarget 

8(67):112132–44. 

  



  74 
 

Ji, Yongling, Liming Sheng, Xianghui Du, Guoqin Qiu, and Dan Su. 2015. “Elevated 

Platelet Count Is a Strong Predictor of Poor Prognosis in Stage i Non-Small Cell 

Lung Cancer Patients.” Platelets 26(2):138–42. 

Jiang, Xiaoyan, Angel Lopez, Tessa Holyoake, Allen Eaves, and Connie Eaves. 1999. 

“Autocrine Production and Action of IL-3 and Granulocyte Colony-Stimulating Factor 

in Chronic Myeloid Leukemia.” Proceedings of the National Academy of Sciences of 

the United States of America 96(22):12804–9. 

Kahn, Mark L., Yao Wu Zheng, Wei Huang, Violeta Bigornia, Dewan Zeng, Stephen 

Moff, Robert V. Farese, Carmen Tam, and Shaun R. Coughlin. 1998. “A Dual 

Thrombin Receptor System for Platelet Activation.” Nature 394(6694):690–94. 

Kaira, Kyoichi, Takahiro Ishizuka, Hiroto Tanaka, Yoshiki Tanaka, Noriko Yanagitani, 

Noriaki Sunaga, Takeshi Hisada, Tamotsu Ishizuka, and Masatomo Mori. 2008. 

“Lung Cancer Producing Granulocyte Colony-Stimulating Factor and Rapid 

Spreading to Peritoneal Cavity.” Journal of Thoracic Oncology 3(9):1054–55. 

Kannemeier, Christian, Aya Shibamiya, Fumie Nakazawa, Heidi Trusheim, Clemens 

Ruppert, Philipp Markart, Yutong Song, Eleni Tzima, Elisabeth Kennerknecht, 

Michael Niepmann, Marie Luise Von Bruehl, Daniel Sedding, Steffen Massberg, 

Andreas Günther, Bernd Engelmann, and Klaus T. Preissner. 2007. “Extracellular 

RNA Constitutes a Natural Procoagulant Cofactor in Blood Coagulation.” 

Proceedings of the National Academy of Sciences of the United States of America 

104(15):6388–93. 

Kapoor, Sargam, Aman Opneja, and Lalitha Nayak. 2018. “The Role of Neutrophils in 

Thrombosis.” Thrombosis Research 170:87–96. 

Karasuyama, H., K. Obata, T. Wada, Y. Tsujimura, and K. Mukai. 2011. “Newly 

Appreciated Roles for Basophils in Allergy and Protective Immunity.” Allergy 

66(9):1133–41. 

Kargl, Julia, Stephanie E. Busch, Grace H. Y. Yang, Kyoung Hee Kim, Mark L. Hanke, 

Heather E. Metz, Jesse J. Hubbard, Sylvia M. Lee, David K. Madtes, Martin W. 

McIntosh, and A. M. McGarry Houghton. 2017. “Neutrophils Dominate the Immune 

Cell Composition in Non-Small Cell Lung Cancer.” Nature Communications 8. 

Karlsson, Thommie, Michael Glogauer, Richard P. Ellen, Vesa-Matti Loitto, Karl-Eric 

Magnusson, and Marco A. O. Magalhães. 2011. “Aquaporin 9 Phosphorylation 

Mediates Membrane Localization and Neutrophil Polarization.” Journal of Leukocyte 

Biology 90(5):963–73. 

Kasuga, I., S. Makino, H. Kiyokawa, H. Katoh, Y. Ebihara, and K. Ohyashiki. 2001. 

“Tumor-Related Leukocytosis Is Linked With Poor Prognosis in Patients With Lung 

Carcinoma.” Cancer 92(9). 



  75 
 

Kenny, Elaine F., Alf Herzig, Renate Krüger, Aaro Muth, Santanu Mondal, Paul R. 

Thompson, Volker Brinkmann, Horst von Bernuth, and Arturo Zychlinsky. 2017. 

“Diverse Stimuli Engage Different Neutrophil Extracellular Trap Pathways.” ELife 6. 

Khorana, A. A., C. W. Francis, E. Culakova, N. M. Kuderer, and G. H. Lyman. 2007. 

“Thromboembolism Is a Leading Cause of Death in Cancer Patients Receiving 

Outpatient Chemotherapy.” Journal of Thrombosis and Haemostasis 5(3):632–34. 

Khorana, Aloka, Nicole M. Kuderer, Eva Culakova, Gary H. Lyman, and Charles W. 

Francis. 2008. “Development and Validation of a Predictive Model for 

Chemotherapy- Associated Thrombosis.” Blood 111(10):4902–7. 

KIMCL. 2019. “Klinisches Institut Für Medizinische Und Chemische Labordiagnostik - 

Allgemeines Krankenhaus Wien.” 

Kirchhofer, D. and Y. Nemerson. 1996. “Initiation of Blood Coagulation: The Tissue 

Factor/Factor VIIa Complex.” Current Opinion in Biotechnology 7(4):386–91. 

Klebanoff, Seymour and Ruth Williams. 2006. “Killing Controversy.” Journal of 

Experimental Medicine 203(11):2404. 

Kleiveland, Charlotte. 2015. “Peripheral Blood Mononuclear Cells.” Pp. 161–67 in The 

Impact of Food Bioactives on Health: In Vitro and Ex Vivo Models. Springer 

International Publishing. 

Von Köckritz-Blickwede, Maren, Oliver Goldmann, Pontus Thulin, Katja Heinemann, 

Anna Norrby-Teglund, Manfred Rohde, and Eva Medina. 2008. “Phagocytosis-

Independent Antimicrobial Activity of Mast Cells by Means of Extracellular Trap 

Formation.” Blood 111(6):3070–80. 

Krieg, Carsten, Merav Shaul, Silvia Guglietta, Lukas Weber, Mark Robinson, and Zvi 

Fridlender. 2020. “Circulating Low Density Neutrophils In Advanced Lung Cancer 

Patients Exhibit Unique Immune Signatures and Affect Prognosis.” The Journal of 

Immunology 204(1 Supplement). 

Kroegel, Claus and Angelika Reissig. 2003. “Principle Mechanisms Underlying Venous 

Thromboembolism: Epidemiology, Risk Factors, Pathophysiology and 

Pathogenesis.” Respiration 70(1):7–30. 

Kuijpers, T. W., M. Hoogerwerf, L. J. van der Laan, G. Nagel, C. E. van der Schoot, F. 

Grunert, and D. Roos. 1992. “CD66 Nonspecific Cross-Reacting Antigens Are 

Involved in Neutrophil Adherence to Cytokine-Activated Endothelial Cells.” Journal 

of Cell Biology 118(2):457–66. 

Kuijpers, Taco and Rene Lutter. 2012. “Inflammation and Repeated Infections in CGD: 

Two Sides of a Coin.” Cellular and Molecular Life Sciences 69(1):7–15. 

  



  76 
 

Kwee, Sandi, Min Ae Song, Iona Cheng, Lenora Loo, and Maarit Tiirikainen. 2012. 

“Measurement of Circulating Cell-Free DNA in Relation to 18F-Fluorocholine 

PET/CT Imaging in Chemotherapy-Treated Advanced Prostate Cancer.” Clinical 

and Translational Science 5(1):65–70. 

Lane, David A., Helen Philippou, and James A. Huntington. 2005. “Directing Thrombin.” 

Blood 106(8):2605–12. 

Lapidot, T. and O. Kollet. 2002. “The Essential Roles of the Chemokine SDF-1 and Its 

Receptor CXCR4 in Human Stem Cell Homing and Repopulation of Transplanted 

Immune-Deficient NOD/SCID and NOD/SCID/B2mnull Mice.” Leukemia 

16(10):1992–2003. 

Lecot, Pacôme, Matthieu Sarabi, Manuela Pereira Abrantes, Julie Mussard, Leo 

Koenderman, Christophe Caux, Nathalie Bendriss-Vermare, and Marie Cécile 

Michallet. 2019. “Neutrophil Heterogeneity in Cancer: From Biology to Therapies.” 

Frontiers in Immunology 10. 

Lee, Warren L., Rene E. Harrison, and Sergio Grinstein. 2003. “Phagocytosis by 

Neutrophils.” Microbes and Infection 5(14):1299–1306. 

Li, Marina, Cindy Lin, Aubrey Leso, and Yulia Nefedova. 2020. “Quantification of 

Citrullinated Histone H3 Bound DNA for Detection of Neutrophil Extracellular Traps.” 

Cancers 12(11):1–11. 

Li, Pingxin, Ming Li, Michael R. Lindberg, Mary J. Kennett, Na Xiong, and Yanming 

Wang. 2010. “PAD4 Is Essential for Antibacterial Innate Immunity Mediated by 

Neutrophil Extracellular Traps.” Journal of Experimental Medicine 207(9):1853–62. 

Li, Yan, Yonglin Yang, Tingting Gan, Jiawei Zhou, Fan Hu, Nannan Hao, Baorui Yuan, 

Yu Chen, and Mingshun Zhang. 2019. “Extracellular RNAs from Lung Cancer Cells 

Activate Epithelial Cells and Induce Neutrophil Extracellular Traps.” International 

Journal of Oncology 55(1):69–80. 

Liu, Yangyang, Yue Hu, Feifei Gu, Jinyan Liang, Yulan Zeng, Xiaohua Hong, Kai Zhang, 

and Li Liu. 2017. “Phenotypic and Clinical Characterization of Low Density 

Neutrophils in Patients with Advanced Lung Adenocarcinoma.” Oncotarget 

8(53):90969–78. 

López, José A., Clive Kearon, and Agnes Y. Y. Lee. 2004. “Deep Venous Thrombosis.” 

Hematology / the Education Program of the American Society of Hematology. 

American Society of Hematology. Education Program 439–56. 

Mackey, John B. G., Seth B. Coffelt, and Leo M. Carlin. 2019. “Neutrophil Maturity in 

Cancer.” Frontiers in Immunology 10(AUG):1912. 

  



  77 
 

Manukyan, Davit, Marie Luise von Brühl, Steffen Massberg, and Bernd Engelmann. 

2008. “Protein Disulfide Isomerase as a Trigger for Tissue Factor-Dependent Fibrin 

Generation.” Thrombosis Research 122(SUPPL.1). 

Massberg, Steffen, Lenka Grahl, Marie Luise Von Bruehl, Davit Manukyan, Susanne 

Pfeiler, Christian Goosmann, Volker Brinkmann, Michael Lorenz, Kiril Bidzhekov, 

Avinash B. Khandagale, Ildiko Konrad, Elisabeth Kennerknecht, Katja Reges, 

Stefan Holdenrieder, Siegmund Braun, Christoph Reinhardt, Michael Spannagl, 

Klaus T. Preissner, and Bernd Engelmann. 2010. “Reciprocal Coupling of 

Coagulation and Innate Immunity via Neutrophil Serine Proteases.” Nature Medicine 

16(8):887–96. 

Masucci, Maria Teresa, Michele Minopoli, and Maria Vincenza Carriero. 2019. “Tumor 

Associated Neutrophils. Their Role in Tumorigenesis, Metastasis, Prognosis and 

Therapy.” Frontiers in Oncology 9:1146. 

Mauracher, L. M., F. Posch, K. Martinod, E. Grilz, T. Däullary, L. Hell, C. Brostjan, C. 

Zielinski, C. Ay, D. D. Wagner, I. Pabinger, and J. Thaler. 2018. “Citrullinated 

Histone H3, a Biomarker of Neutrophil Extracellular Trap Formation, Predicts the 

Risk of Venous Thromboembolism in Cancer Patients.” Journal of Thrombosis and 

Haemostasis 16(3):508–18. 

Mauracher, Lisa-Marie, Moritz Krall, Johanna Roiß, Lena Hell, Silvia Koder, Thomas M. 

Hofbauer, Johanna Gebhart, Hubert Hayden, Christine Brostjan, Cihan Ay, and 

Ingrid Pabinger. 2020. “Neutrophil Subpopulations and Their Activation Potential in 

Patients with Antiphospholipid Syndrome and Healthy Individuals.” Rheumatology. 

Mayadas, Tanya N. and Xavier Cullere. 2005. “Neutrophil Β2 Integrins: Moderators of 

Life or Death Decisions.” Trends in Immunology 26(7):388–95. 

Mayadas, Tanya N., Xavier Cullere, and Clifford A. Lowell. 2014. “The Multifaceted 

Functions of Neutrophils.” Annual Review of Pathology: Mechanisms of Disease 

9(1):181–218. 

McInturff, Alison M., Mark J. Cody, Elizabeth A. Elliott, Jared W. Glenn, Jesse W. 

Rowley, Matthew T. Rondina, and Christian C. Yost. 2012. “Mammalian Target of 

Rapamycin Regulates Neutrophil Extracellular Trap Formation via Induction of 

Hypoxia-Inducible Factor 1 α.” Blood 120(15):3118–25. 

Mechtcheriakova, D., A. Wlachos, H. Holzmüller, BR Binder, and E. Hofer. 1999. 

“Vascular Endothelial Cell Growth Factor-Induced Tissue Factor Expression in 

Endothelial Cells Is Mediated by EGR-1.” Blood 93(11):3811–23. 

  



  78 
 

Millrud, Camilla Rydberg, Åsa Kågedal, Susanna Kumlien Georén, Ola Winqvist, Rolf 

Uddman, Ronia Razavi, Eva Munck-Wikland, and Lars Olaf Cardell. 2017. “NET-

Producing CD16 High CD62L Dim Neutrophils Migrate to Tumor Sites and Predict 

Improved Survival in Patients with HNSCC.” International Journal of Cancer 

140(11):2557–67. 

Mir Seyed Nazari, Pegah, Julia Riedl, Ingrid Pabinger, and Cihan Ay. 2018. “The Role of 

Podoplanin in Cancer-Associated Thrombosis.” Thrombosis Research 164:S34–39. 

Mishalian, Inbal, Rachel Bayuh, Liran Levy, Lida Zolotarov, Janna Michaeli, and Zvi 

Gregorio Fridlender. 2013. “Tumor-Associated Neutrophils (TAN) Develop pro-

Tumorigenic Properties during Tumor Progression.” Cancer Immunology, 

Immunotherapy 62(11):1745–56. 

Mohanan, Sunish, Brian D. Cherrington, Sachi Horibata, John L. McElwee, Paul R. 

Thompson, and Scott A. Coonrod. 2012. “Potential Role of Peptidylarginine 

Deiminase Enzymes and Protein Citrullination in Cancer Pathogenesis.” 

Biochemistry Research International 2012. 

Mollinedo, Faustino. 2019. “Neutrophil Degranulation, Plasticity, and Cancer Metastasis.” 

Trends in Immunology 40(3):228–42. 

Morisaki, Takashi, Tomomochi Goya, Toshiyuki Ishimitsu, and Motomichi Torisu. 1992. 

“The Increase of Low Density Subpopulations and CD10 (CALLA) Negative 

Neutrophils in Severely Infected Patients.” Surgery Today 22(4):322–27. 

Muir, Tera. 2019. “Definition of Polymorphonuclear Leukocyte - NCI Dictionary of Cancer 

Terms - National Cancer Institute.” Retrieved January 8, 2020 

(https://www.cancer.gov/publications/dictionaries/cancer-

terms/def/polymorphonuclear-leukocyte). 

Mukai, Mikio and Toru Oka. 2018. “Mechanism and Management of Cancer-Associated 

Thrombosis.” Journal of Cardiology 72(2):89–93. 

Nakamura, S., T. Imamura, and K. Okamoto. 2004. “Tissue Factor in Neutrophils: Yes.” 

Journal of Thrombosis and Haemostasis 2(2):214–17. 

Nakayama, Fumiaki, Shoko Nishihara, Hiroko Iwasaki, Takashi Kudo, Reiko Okubo, 

Mika Kaneko, Mitsuru Nakamura, Masataka Karube, Katsutoshi Sasaki, and Hisashi 

Narimatsu. 2001. “CD15 Expression in Mature Granulocytes Is Determined by Α1,3-

Fucosyltransferase IX, but in Promyelocytes and Monocytes by Α1,3-

Fucosyltransferase IV.” Journal of Biological Chemistry 276(19):16100–106. 

Nakazawa, Daigo, Utano Tomaru, Chiho Yamamoto, Satoshi Jodo, and Akihiro Ishizu. 

2012. “Abundant Neutrophil Extracellular Traps in Thrombus of Patient with 

Microscopic Polyangiitis.” Frontiers in Immunology 3(NOV):333. 

  



  79 
 

Neeli, Indira and Marko Radic. 2013. “Opposition between PKC Isoforms Regulates 

Histone Deimination and Neutrophil Extracellular Chromatin Release.” Frontiers in 

Immunology 4(FRB). 

Noubouossie, Denis F., Brandi N. Reeves, Brian D. Strahl, and Nigel S. Key. 2019. 

“Neutrophils: Back in the Thrombosis Spotlight.” Blood 133(20):2186–97. 

Østerud, Bjarne. 2010. “Tissue Factor Expression in Blood Cells.” Thrombosis Research 

125(SUPPL. 1):S31–34. 

Ostrand-Rosenberg, Suzanne. 2008. “Immune Surveillance: A Balance between 

Protumor and Antitumor Immunity.” Current Opinion in Genetics and Development 

18(1):11–18. 

Østerud, Bjarne. 2004. “Tissue Factor in Neutrophils: No.” Journal of Thrombosis and 

Haemostasis 2(2):218–20. 

Pabinger, Ingrid, Nick van Es, Georg Heinze, Florian Posch, Julia Riedl, Eva Maria 

Reitter, Marcello Di Nisio, Gabriela Cesarman-Maus, Noémie Kraaijpoel, Christoph 

Carl Zielinski, Harry Roger Büller, and Cihan Ay. 2018. “A Clinical Prediction Model 

for Cancer-Associated Venous Thromboembolism: A Development and Validation 

Study in Two Independent Prospective Cohorts.” The Lancet Haematology 

5(7):e289–98. 

Papayannopoulos, Venizelos, Kathleen D. Metzler, Abdul Hakkim, and Arturo 

Zychlinsky. 2010. “Neutrophil Elastase and Myeloperoxidase Regulate the 

Formation of Neutrophil Extracellular Traps.” Journal of Cell Biology 191(3):677–91. 

Pejler, Gunnar, Sultan Alanazi, Mirjana Grujic, Jeremy Adler, Anna Karin Olsson, 

Christian P. Sommerhoff, and Fabio Rabelo Melo. 2021. “Mast Cell Tryptase 

Potentiates Neutrophil Extracellular Trap Formation.” Journal of Innate Immunity 1–

14. 

Pillay, Janesh, Vera M. Kamp, Els Van Hoffen, Tjaakje Visser, Tamar Tak, Jan Willem 

Lammers, Laurien H. Ulfman, Luke P. Leenen, Peter Pickkers, and Leo 

Koenderman. 2012. “A Subset of Neutrophils in Human Systemic Inflammation 

Inhibits T Cell Responses through Mac-1.” Journal of Clinical Investigation 

122(1):327–36. 

Posch, Florian, Johannes Thaler, Gerhard Johann Zlabinger, Oliver Königsbrügge, Silvia 

Koder, Christoph Zielinski, Ingrid Pabinger, and Cihan Ay. 2016. “Soluble Vascular 

Endothelial Growth Factor (SVEGF) and the Risk of Venous Thromboembolism in 

Patients with Cancer: Results from the Vienna Cancer and Thrombosis Study 

(CATS).” Clinical Cancer Research 22(1):200–206. 

  



  80 
 

Puurunen, Marja K., Philimon N. Gona, Martin G. Larson, Joanne M. Murabito, Jared W. 

Magnani, and Christopher J. O’Donnell. 2016. “Epidemiology of Venous 

Thromboembolism in the Framingham Heart Study.” Thrombosis Research 145:27–

33. 

Quinsey, Noelene S., Ainslie L. Greedy, Stephen P. Bottomley, James C. Whisstock, 

and Robert N. Pike. 2004. “Antithrombin: In Control of Coagulation.” International 

Journal of Biochemistry and Cell Biology 36(3):386–89. 

Reinhardt, Christoph, Marie Luise Von Brühl, Davit Manukyan, Lenka Grahl, Michael 

Lorenz, Berid Altmann, Silke Dlugai, Sonja Hess, Ildiko Konrad, Lena Orschiedt, 

Nigel Mackman, Lloyd Ruddock, Steffen Massberg, and Bernd Engelmann. 2008. 

“Protein Disulfide Isomerase Acts as an Injury Response Signal That Enhances 

Fibrin Generation via Tissue Factor Activation.” Journal of Clinical Investigation 

118(3):1110–22. 

Riedl, Julia, Lena Hell, Alexandra Kaider, Silvia Koder, Christine Marosi, Christoph 

Zielinski, Simon Panzer, Ingrid Pabinger, and Cihan Ay. 2016. “Association of 

Platelet Activation Markers with Cancer-Associated Venous Thromboembolism.” 

Platelets 27(1):80–85. 

Riedl, Julia, Alexandra Kaider, Christine Marosi, Gerald W. Prager, Beate Eichelberger, 

Alice Assinger, Ingrid Pabinger, Simon Panzer, and Cihan Ay. 2017. “Decreased 

Platelet Reactivity in Patients with Cancer Is Associated with High Risk of Venous 

Thromboembolism and Poor Prognosis.” Thrombosis and Haemostasis 117(1):90–

98. 

Riedl, Julia, Alexandra Kaider, Eva Maria Reitter, Christine Marosi, Ulrich Jäger, Ilse 

Schwarzinger, Christoph Zielinski, Ingrid Pabinger, and Cihan Ay. 2013. 

“Association of Mean Platelet Volume with Risk of Venous Thrombo - Embolism and 

Mortality in Patients with Cancer Results from the Vienna Cancer and Thrombosis 

Study (CATS).” Thrombosis and Haemostasis 111(4):670–78. 

Rosales, Carlos. 2018. “Neutrophil: A Cell with Many Roles in Inflammation or Several 

Cell Types?” Frontiers in Physiology 9(FEB):113. 

Ruggeri, Zaverio M. 2007. “The Role of von Willebrand Factor in Thrombus Formation.” 

Thrombosis Research 120(SUPPL. 1). 

Sagiv, Jitka Y., Janna Michaeli, Simaan Assi, Inbal Mishalian, Hen Kisos, Liran Levy, 

Pazzit Damti, Delphine Lumbroso, Lola Polyansky, Ronit V. Sionov, Amiram Ariel, 

Avi Hai Hovav, Erik Henke, Zvi G. Fridlender, and Zvi Granot. 2015. “Phenotypic 

Diversity and Plasticity in Circulating Neutrophil Subpopulations in Cancer.” Cell 

Reports 10(4):562–73. 

  



  81 
 

Savchenko, A. S., K. Martinod, M. A. Seidman, S. L. Wong, J. I. Borissoff, G. Piazza, P. 

Libby, S. Z. Goldhaber, R. N. Mitchell, and D. D. Wagner. 2014. “Neutrophil 

Extracellular Traps Form Predominantly during the Organizing Stage of Human 

Venous Thromboembolism Development.” Journal of Thrombosis and Haemostasis 

12(6):860–70. 

Schafer, Andrew I. 2004. “Thrombocytosis.” New England Journal of Medicine 

350(12):1211–19. 

Schulze, H. and R. A. Shidasani. 2005. “Mechanisms of Thrombopoiesis.” Journal of 

Thrombosis and Haemostasis 3(8):1717–24. 

Semeraro, Fabrizio, Concetta T. Ammollo, James H. Morrissey, George L. Dale, Paul 

Friese, Naomi L. Esmon, and Charles T. Esmon. 2011. “Extracellular Histones 

Promote Thrombin Generation through Platelet-Dependent Mechanisms: 

Involvement of Platelet TLR2 and TLR4.” Blood 118(7):1952–61. 

Shephard, Elizabeth, Richard Neal, Peter Rose, Fiona Walter, and William T. Hamilton. 

2013. “Clinical Features of Kidney Cancer in Primary Care: A Case-Control Study 

Using Primary Care Records.” British Journal of General Practice 63(609). 

Shimada, Kazuyuki, Masashi Kobayashi, Shigeaki Kimura, Masanori Nishinaga, 

Katsusuke Takeuchi, Toshio Ozawa, Kazuyuki Shimada, Masashi Kobayashi, 

Shigeaki Kimura, Masanori Nishinaga, Katsusuke Takeuchi, and Toshio Ozawa. 

1991. “Anticoagulant Heparin-like Glycosaminoglycans on Endothelial Cell Surface.” 

JAPANESE CIRCULATION JOURNAL 55(10):1016–21. 

Silvestre-Roig, Carlos, Zvi G. Fridlender, Michael Glogauer, and Patrizia Scapini. 2019. 

“Neutrophil Diversity in Health and Disease.” Trends in Immunology 40(7):565–83. 

Simanek, R., R. Vormittag, C. Ay, G. Alguel, D. Dunkler, I. Schwarzinger, G. Steger, U. 

Jaeger, C. Zielinski, and I. Pabinger. 2010. “High Platelet Count Associated with 

Venous Thromboembolism in Cancer Patients: Results from the Vienna Cancer and 

Thrombosis Study (CATS).” Journal of Thrombosis and Haemostasis 8(1):114–20. 

Stavrou, Evi X., Chao Fang, Kara L. Bane, Andy T. Long, Clément Naudin, Erdem 

Kucukal, Agharnan Gandhi, Adina Brett-Morris, Michele M. Mumaw, Sudeh 

Izadmehr, Alona Merkulova, Cindy C. Reynolds, Omar Alhalabi, Lalitha Nayak, Wen 

Mei Yu, Cheng Kui Qu, Howard J. Meyerson, George R. Dubyak, Umut A. Gurkan, 

Marvin T. Nieman, Anirban Sen Gupta, Thomas Renné, and Alvin H. Schmaier. 

2018. “Factor XII and UPAR Upregulate Neutrophil Functions to Influence Wound 

Healing.” Journal of Clinical Investigation 128(3):944–59. 

Stein, Paul D., Afzal Beemath, Frederick A. Meyers, Elias Skaf, Julia Sanchez, and 

Ronald E. Olson. 2006. “Incidence of Venous Thromboembolism in Patients 

Hospitalized with Cancer.” American Journal of Medicine 119(1):60–68. 



  82 
 

Thaler, Johannes, Matthias Preusser, Cihan Ay, Alexandra Kaider, Christine Marosi, 

Christoph Zielinski, Ingrid Pabinger, and Johannes A. Hainfellner. 2013. 

“Intratumoral Tissue Factor Expression and Risk of Venous Thromboembolism in 

Brain Tumor Patients.” Thrombosis Research 131(2):162–65. 

Theilgaard-Mönch, Kim, Steen Knudsen, Per Follin, and Niels Borregaard. 2004. “The 

Transcriptional Activation Program of Human Neutrophils in Skin Lesions Supports 

Their Important Role in Wound Healing.” The Journal of Immunology 172(12):7684–

93. 

Thermo, F. .. 2020. “How a Flow Cytometer Works.” Www.Thermofisher.Com. Retrieved 

July 26, 2020 (https://www.thermofisher.com/at/en/home/life-science/cell-

analysis/cell-analysis-learning-center/molecular-probes-school-of-fluorescence/flow-

cytometry-basics/flow-cytometry-fundamentals/how-flow-cytometer-works.html). 

Thomas, Huw B., Robert J. Moots, Steven W. Edwards, and Helen L. Wright. 2015. 

“Whose Gene Is It Anyway? The Effect of Preparation Purity on Neutrophil 

Transcriptome Studies” edited by S. Jeyaseelan. PLOS ONE 10(9):e0138982. 

TradeMed. 2020. “Hematology Analyzer | XN-350 | Medical Equipment and Devices for 

Hospitals or Institutions.” Www.Trademed.Com. Retrieved July 26, 2020 

(https://www.trademed.com/products/7462/Hematology-Analyzer.html). 

Treffers, Louise W., Ida H. Hiemstra, Taco W. Kuijpers, Timo K. van den Berg, and 

Hanke L. Matlung. 2016. “Neutrophils in Cancer.” Immunological Reviews 

273(1):312–28. 

Turpie, Alexander G. G. and Charles Esmon. 2011. “Venous and Arterial Thrombosis - 

Pathogenesis and the Rationale for Anticoagulation.” Thrombosis and Haemostasis 

105(4):586–96. 

Vaguliene, Neringa, Marius Zemaitis, Simona Lavinskiene, Skaidrius Miliauskas, and 

Raimundas Sakalauskas. 2013. “Local and Systemic Neutrophilic Inflammation in 

Patients with Lung Cancer and Chronic Obstructive Pulmonary Disease.” BMC 

Immunology 14(1). 

Vedder, N. B. and J. M. Harlan. 1988. “Increased Surface Expression of CD11b/CD18 

(Mac-1) Is Not Required for Stimulated Neutrophil Adherence to Cultured 

Endothelium.” Journal of Clinical Investigation 81(3):676–82. 

Virchow, Rudolf Ludwig Karl. 1856. Gesammelte Abhandlungen Zur Wissenschaftlichen 

Medicin. Frankfurt A. M. : Meidinger Sohn & Comp. 

Vormittag, R., R. Simanek, C. Ay, D. Dunkler, P. Quehenberger, C. Marosi, C. Zielinski, 

and I. Pabinger. 2009. “High Factor VIII Levels Independently Predict Venous 

Thromboembolism in Cancer Patients: The Cancer and Thrombosis Study.” 

Arteriosclerosis, Thrombosis, and Vascular Biology 29(12):2176–81. 



  83 
 

Walker, Sarah, Chris Hyde, and William Hamilton. 2013. “Risk of Uterine Cancer in 

Symptomatic Women in Primary Care: Case-Control Study Using Electronic 

Records.” British Journal of General Practice 63(614):e643. 

Walker, Sarah, Chris Hyde, and William Hamilton. 2014. “Risk of Breast Cancer in 

Symptomatic Women in Primary Care: A Case-Control Study Using Electronic 

Records.” British Journal of General Practice 64(629):e788–95. 

Wang, Xu, Lin Qiu, Ziyi Li, Xiang Yang Wang, and Huanfa Yi. 2018. “Understanding the 

Multifaceted Role of Neutrophils in Cancer and Autoimmune Diseases.” Frontiers in 

Immunology 9(NOV). 

Winkler, Ingrid G., Valérie Barbier, Robert Wadley, Andrew C. W. Zannettino, Sharon 

Williams, and Jean Pierre Lévesque. 2010. “Positioning of Bone Marrow 

Hematopoietic and Stromal Cells Relative to Blood Flow in Vivo: Serially 

Reconstituting Hematopoietic Stem Cells Reside in Distinct Nonperfused Niches.” 

Blood 116(3):375–85. 

Wright, D. G., D. A. Bralove, and J. I. Gallin. 1977. “The Differential Mobilization of 

Human Neutrophil Granules. Effects of Phorbol Myristate Acetate and Ionophore 

A23187.” The American Journal of Pathology 87(2):273–84. 

Yamanaka, Takahiko, Motomu Kuroki, Yoshino Matsuo, and Yuji Matsuoka. 1996. 

“Analysis of Heterophilic Cell Adhesion Mediated by CD66b and CD66c Using Their 

Soluble Recombinant Proteins.” Biochemical and Biophysical Research 

Communications 219(3):842–47. 

Yousefi, Shida, Jeffrey A. Gold, Nicola Andina, James J. Lee, Ann M. Kelly, Evelyne 

Kozlowski, Inès Schmid, Alex Straumann, Janine Reichenbach, Gerald J. Gleich, 

and Hans Uwe Simon. 2008. “Catapult-like Release of Mitochondrial DNA by 

Eosinophils Contributes to Antibacterial Defense.” Nature Medicine 14(9):949–53. 

Yuan, Yuan, Hai Zhong, Liang Ye, Qian Li, Surong Fang, Wei Gu, and Yingying Qian. 

2020. “Prognostic Value of Pretreatment Platelet Counts in Lung Cancer: A 

Systematic Review and Meta-Analysis.” BMC Pulmonary Medicine 20(1):1–11. 

Zwicker, Jeffrey I., Barbara C. Furie, and Bruce Furie. 2007. “Cancer-Associated 

Thrombosis.” Critical Reviews in Oncology/Hematology 62(2):126–36. 

 


	Titelblatt_Moritz_Krall
	KRALL_MastersThesis_final_ohne Titelblatt

