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ABSTRACT 

The atherosclerotic process is considered to be driven by an imbalance between 

pro- and anti-inflammatory actions. Still, the inflammatory state in patients with 

coronary artery disease (CAD) remains to be clarified. Annexin A1 (AnxA1) is 

a glucocorticoid-induced protein which may have a key role in the anti-

inflammatory response as a mediator of glucocorticoid effects. 

 The general aim of this thesis was to deepen the knowledge of pro- and anti-

inflammatory mechanisms in CAD via phenotypic assessments of immune cell 

subsets, in particular CD56+ T cells, and exploration of AnxA1. The long-term 

goal is to reveal basic mechanisms that will lead to the development of 

biomarkers, which may be used for individualized treatment and monitoring. 

 The AnxA1 protein was constitutively expressed in both neutrophils and 

peripheral blood mononuclear cells (PBMCs). However, it varied considerably 

across PBMC subsets, being most abundantly expressed in monocytes. The 

AnxA1 expression was also higher in CD56+ T cells than in CD56- T cells.  

 The expression of total AnxA1 protein in neutrophils was higher in patients 

with stable angina (SA) compared with controls. However, this was not 

accompanied by altered neutrophil activation status. Instead, the neutrophils 

from patients exhibited an enhanced anti-inflammatory response to exogenous 

AnxA1, emphasizing the potential of AnxA1 as an inhibitor of neutrophil 

activity. Only patients with acute coronary syndrome (ACS) showed an increase 

in cell surface-associated AnxA1.  

 CAD patients, independent of clinical presentation, had increased 

proportions of CD56+ T cells compared with controls, a phenomenon likely to 

represent immunological aging. The CD56+ T cells were found to exhibit a 

distinct proinflammatory phenotype compared with CD56- T cells. In all T cell 

subsets, the expression of cell surface-associated AnxA1 was significantly 

increased in ACS patients, while it tended to be increased in post-ACS patients. 

In addition, dexamethasone clearly inhibited activation of CD56+ T cells in in 

vitro assays, whereas AnxA1 did not. The findings highlight the need to clarify 

whether the role of AnxA1 is different in T cells than in innate immune cells.  

 In PBMCs, the mRNA levels of AnxA1 were increased in CAD patients, 

particularly in ACS patients. Correspondingly, the monocytes in ACS patients 

exhibited increased AnxA1 protein levels, both totally and on the cell surface. 



Abstract 

vi 

 

However, only cell surface-associated AnxA1 in monocytes correlated with the 

glucocorticoid sensitivity of PBMCs ex vivo. We propose the expression of cell 

surface-associated AnxA1 to be a promising candidate marker of glucocorticoid 

sensitivity, which needs further investigations in larger cohorts and 

intervention trials. Furthermore, the fact that PBMCs in post-ACS patients 

exhibited proinflammatory activity but no increase in cell surface-associated 

AnxA1 allow us to speculate that the glucocorticoid action and/or availability 

might be insufficient in these patients. 
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING 

Ateroskleros (eller s.k. åderförkalkning) kan drabba kranskärlen i hjärtat och 

yttra sig som antingen kärlkramp eller hjärtinfarkt. Ansamling av blodfetter i 

kärlväggen och aktivering av vita blodkroppar som skapar inflammation driver 

utvecklingen av sjukdomen framåt, medan inflammationshämmande 

substanser istället kan motverka sjukdomsprogressen. Kortisol är ett av 

kroppens främsta egna medel för att bromsa inflammation. Som svar på kortisol 

bildas annexin A1 (AnxA1), ett protein vars viktiga roll tros vara att förmedla 

kortisols inflammationshämmande effekter. AnxA1 i vita blodkroppar har 

studerats ganska lite vid olika sjukdomar och inte alls vid kranskärlssjukdom. 

Dess användbarhet i såväl diagnostik som behandling av inflammation 

diskuteras dock alltmer. 

 Syftet med denna avhandling var att mäta den inflammatoriska aktiviteten 

i olika vita blodkroppar hos patienter med kranskärlssjukdom och jämföra med 

friska individers. Vi mätte också förekomsten av AnxA1 i de vita blodkropparna 

och undersökte vidare hur kortisol och AnxA1 påverkade vita blodkroppars 

aktivitet. 

 När vi undersökte olika typer av vita blodkroppar såg vi klara tecken till 

ökad inflammatorisk aktivitet hos patienter med akut hjärtinfarkt men även hos 

de patienter som haft en hjärtinfarkt 6-12 månader tidigare. Innehållet av 

AnxA1 varierade betydligt mellan vita blodkroppar men ett generellt fynd var 

att vita blodkroppar hos patienter med akut hjärtinfarkt innehöll mycket mer 

AnxA1 än vita blodkroppar från friska individer. Hos patienter med tidigare 

genomgången hjärtinfarkt var dock skillnaden gentemot friska individer 

betydligt mindre. 

 Vi fann att kortisol effektivt kunde hämma den inflammatoriska aktiviteten 

i vita blodkroppar. AnxA1 hämmade också inflammation men detta var tydligt 

enbart i vissa typer av vita blodkroppar. I andra typer av vita blodkroppar (som 

dessutom förekom i ökat antal hos patienter) tycktes AnxA1 istället kunna 

motverka kortisols effekter. Detta är viktigt att studera ytterligare, särskilt med 

tanke på framtida användning av AnxA1 som ett eventuellt 

inflammationshämmande läkemedel.  

 Vi fann att mätning av AnxA1 i vissa typer av vita blodkroppar kunde ge 

information om hur effektiv den inflammationsdämpande effekten av kroppens 
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egen kortisolproduktion var. Våra fynd talade också för att den ökade 

inflammation som sågs i vita blodkroppar hos patienter med genomgången 

hjärtinfarkt skulle kunna höra samman med en otillräcklig kortisoleffekt. Dessa 

fynd behöver bekräftas i större studier men betyder att mätning av AnxA1 kan 

bli ett värdefullt verktyg i framtiden för att bedöma inflammationshämmande 

kapacitet hos patienter, något som nu saknas. 
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INTRODUCTION 

The immune system 

The immune system is the body’s defense against disease, and has evolved to 

protect us from infections and cancer in a versatile manner. Its crucial task is to 

distinguish between self and non-self molecules (or antigens) in order to 

orchestrate the up- and down-regulation of immune responses, and to eliminate 

disease while causing as little damage as possible to the host. The immune 

system comprises a variety of immune cells, as well as molecules such as 

cytokines, antibodies, and complement factors. It also consists of different types 

of organs, which are often divided into central (or primary) and peripheral (or 

secondary) lymphoid organs. The central lymphoid organs, i.e. the bone 

marrow and the thymus, are the sources of the immune cells. The secondary 

lymphoid organs are the lymph nodes, the lymphatic vessels, the lymph, the 

spleen, and the cutaneous and mucosal immune systems. In these organs, the 

interactions with antigens take place, adaptive immune responses are initiated, 

and recirculation of lymphocytes occurs. The functions of the immune system 

is organized into innate immunity, forming the primary protection against 

infections, and the adaptive immunity, which requires maturation into a more 

specialized defense (Abbas et al., 2014; Goldsby and Goldsby, 2003; Janeway, 

2005).   

Innate immunity 

The innate immune system, also known as the natural or native immune system, 

is ready to start from birth and constitutes our first line of defense. It includes 

epithelial barriers (such as skin and mucosal membranes), soluble factors 

(complement system) and immune cells, granulocytes (i.e. neutrophils, 

basophils, and eosinophils), monocytes/macrophages, natural killer (NK) cells, 

mast cells, and dendritic cells (DCs) (Figure 1). When bacteria or other 

microorganisms pass the epithelial barriers, they are recognized by the innate 
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immune cells. The microbes carry pathogen-associated molecular patterns 

(PAMPs, e.g. lipopolysaccharide; LPS), which are recognized by pattern 

recognition receptors (PRRs, such as Toll-like receptors (TLRs) and nucleotide-

binding oligomerization domain-like receptors (NLRs)) expressed by the 

immune cells. Activation of PAMPs through the PRRs leads to initiation of the 

immune response by the secretion of inflammatory mediators such as cytokines 

and chemokines, and by induction of different types of cell deaths (e.g. 

apoptosis, pyroptosis, NETosis). Another vital defense process performed by 

the phagocytic cells is phagocytosis of particles opsonized by complement and 

antibodies. Moreover, C-reactive protein (CRP) can opsonize microbes by itself, 

and activate the complement cascade. Also, the PAMPs can activate the 

complement cascade per se; resulting in lysis of the microbe. Secreted 

inflammatory mediators, like cytokines and chemokines, increase the 

permeability of the blood vessels and induce leukocyte adhesion and migration 

of first neutrophils and later monocytes to the site of infection. In the tissue, 

monocytes will differentiate into macrophages, and both neutrophils and 

macrophages will continue to do their duty, i.e. eliminating the pathogens 

(Abbas et al., 2014; Janeway, 2005).  

 The other types of innate immune cells also eliminate pathogens. NK cells 

kill cells infected with intracellular bacteria or viruses, as well as stressed cells 

displaying DNA damage or malignant transformations, by inducing apoptosis. 

The molecules released from stressed, damaged or necrotic cells are collectively 

called damage-associated molecular patterns (DAMPs), which are recognized 

by for example NLRs. The NK cells also secrete cytokines, thereby contributing 

to the regulation of the immune response. Mast cells can also be activated by 

PAMPs through TLRs, eliminating bacteria, and secrete cytokines or other 

inflammatory mediators. Together with eosinophils, they constitute a major 

defense against helminths, through degranulation and subsequent release of 

proteolytic enzymes and inflammatory mediators. DCs sense microbes and 

respond by secreting cytokines, but also by stimulating the adaptive immune 

responses and interacting with primarily T cells; thereby constituting the bridge 

between the innate and the adaptive immune responses. (Abbas et al., 2014).  
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Figure 1. An overview of the innate and the adaptive immune response. See text 

for explanations. 

Adaptive immunity 

The adaptive immune system, also referred to as the specific or acquired 

immune system, is more specialized and powerful than the innate system, but 

requires expansion and differentiation of lymphocytes and has therefore a 

slower on-set. It has often been divided into cell-mediated immunity, which 

involves T cells as a defense against intracellular pathogens, and humoral 

immunity, which includes B cells and the antibodies they produce as a defense 

against extracellular pathogens and pathogenic molecules (Figure 1). The 

adaptive immune response is initiated by antigen presentation by specialized 

cells called antigen-presenting cells (APCs), often, and in primary responses 

always, being DCs. The uptake of a pathogen activates the APCs and initiates 

their migration to the lymph nodes. In the lymph node the APCs display the 
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antigen to T cells, thereby activating the T cells and initiating clonal expansion 

and differentiation to effector cells and memory cells. Like NK cells, effector T 

cells with cytotoxic abilities induce apoptosis in cells infected with intracellular 

microbes. Effector T cells of T helper (Th) type, stimulate and enhance the 

abilities of phagocytes, secrete cytokines orchestrating the immune response, 

and also assist in B cell activation (Abbas et al., 2014; Janeway, 2005).  

 Most T cells are only able to recognize antigens of protein origin, whereas B 

cells can recognize antigens from many different types of molecules, like lipids, 

carbohydrates and nucleic acids. B cell activation is initiated by antigen binding, 

and processing followed by display for and recognition of Th cells, whereafter 

the B cell becomes fully activated. The Th cells not only mediate signals trough 

cell contact with the B cells, but also secrete cytokines that are important for B 

cell activation. Upon activation, the B cells differentiate into antibody-

producing plasma cells, or memory B cells. The antibodies mediate the 

extracellular defense by neutralizing and opsonizing pathogens, and by 

activating the complement system. As described above, the innate immunity is 

important in the early stages of the infection, whereas the adaptive immunity 

enhances the response if innate immunity fails. The adaptive response carries 

its own effector functions, but it mainly works by enhancing effector 

mechanisms in the innate immune system. Furthermore, the adaptive immune 

system has the ability of eliminating recurring or persistent infections through 

the generation of memory cells. When memory cells are activated by the 

pathogen that once induced their creation, they respond with the so-called 

secondary immune response, which is more rapidly and effectively eradicates 

the pathogen. As long as they do not encounter the pathogen that initiated their 

development, the memory cells are functionally inactive, and can survive for 

decades. Since new memory cells are generated for each new infection, there are 

very few in newborns but their numbers increase with age (Abbas et al., 2014; 

Janeway, 2005).  

Resolution of inflammation 

It is as important to achieve a successful resolution of the inflammation after 

pathogen destruction, as for the immune system to become activated when 
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pathogens are invading the host. The resolution is an active process, which 

neutralizes the tissue-injuring processes and agents, and restores homeostasis 

in the tissue. Failure of resolution may lead to chronic inflammatory conditions 

and autoimmunity. Cells as well as endogenous molecules mediate the 

resolution. The cellular processes include clearance of the pathogens that 

initiated the inflammation, clearance of pro-inflammatory debris, neutralization 

of pro-inflammatory chemokines and cytokines, phenotype switching of 

macrophages (from pro-inflammatory to pro-resolving), apoptosis of 

neutrophils and their subsequent phagocytosis by macrophages (i.e. 

efferocytosis), the exit of the macrophages from the site of inflammation, and 

recruitment of regulatory T cells (Tregs) in particular, but also NK cells and B 

cells. Natural antibodies, mainly produced by the B1-cell subset, are thought to 

participate in the elimination of apoptotic cells through their binding to “eat-

me” signals, e.g. phosphorylcholine (PC)-containing lipids, thereby opsonizing 

the apoptotic cells. The endogenous molecules initiating the cellular processes 

of resolution include cytokines (like interleukin-10 (IL-10) and transforming 

growth factor-β (TGF-β)), pro-resolving proteins (like Annexin A1 (AnxA1)), 

and specialized pro-resolving mediators. The latter are small endogenously 

lipid-derived mediators, including lipoxins, resolvins, protectins and maresins 

(Klinker and Lundy, 2012; Ortega-Gomez et al., 2013; Panda and Ding, 2015; 

Serhan, 2014; Serhan et al., 2007; Serhan et al., 2010).  

Immune cells in blood 

All blood cells originate from pluripotent hematopoietic stem cells in the bone 

marrow, and can further differentiate depending on their myeloid or lymphoid 

origin. The myeloid progenitors are differentiated into erythrocytes, 

megakaryocytes (ancestors of platelets), granulocytes, monocytes, mast cells, 

and DCs. The lymphoid precursors give rise to T cells, B cells and NK cells. 

Blood cells are also commonly grouped into red blood cells (erythrocytes), 

white blood cells (all leukocytes), and platelets. The leukocytes are typically 

classified depending on their appearance in the light microscope into 

granulocytes, monocytes, and lymphocytes. The granulocytes include 

neutrophils, basophils and eosinophils, named after the staining properties of 
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different types of granules in the cytoplasm. The lymphocytes include all cells 

of lymphoid origin, i.e. T cells, B cells and NK cells (Janeway, 2005). The 

leukocyte subsets which are studied in this thesis are described more in detail, 

as follows. 

Neutrophils 

Neutrophils, also known as polymorphonuclear neutrophils/leukocytes 

(PMNs) or neutrophilic granulocytes, are the most abundant leukocyte subset 

in human blood representing around 60% of all leukocytes. The name arises 

from their granule content and multi-lobed nucleus. Neutrophil granules are 

traditionally divided into azurophilic granules (e.g. containing 

myeloperoxidase and elastase), specific granules (e.g. lactoferrin), and 

gelatinase granules (e.g. matrix metalloproteinase (MMP)-9). Neutrophils also 

contain secretory vesicles, which store different receptors such as cluster of 

differentiation (CD) 11b/CD18 (also known as β2-integrins) and formyl peptide 

receptors (FPRs). In blood, neutrophils are normally identified by their 

morphological characteristics. However, there are several markers used for 

identification, the most common being CD16 and CD66b in humans. 

Neutrophils are terminally differentiated in the bone marrow before being 

released into the blood. They are highly motile but relatively short-lived cells; 

remaining in the circulation up to approximately 10 h, and can survive 2-6 days 

in the tissue (Serhan et al., 2010; Wang and Arase, 2014).  

 As described above, neutrophils are crucial effector cells in the innate 

immune system. For neutrophils to migrate to the site of infection, an essential 

ability for the cell is to quickly shift from an inactive to an active and adherent 

state; a process mediated by cell adhesion molecules. When neutrophils get in 

contact with the activated endothelium, primary adhesion bonds between 

selectins and carbohydrates are formed. This primary adhesion, named 

tethering, make the neutrophils to slow down and to start rolling along the 

vessel wall. While rolling, the neutrophils are activated by chemoattractants 

(namely CXCL8, CXCL2, leukotriene B4 (LTB4) and fMLP), resulting in the up-

regulation the adhesion molecules CD11b/CD18 on the cell surface that mediate 

a firmer, secondary adhesion by binding to intercellular adhesion molecules 



Introduction 

 11 

(ICAMs) on nearby cells. The secondary adhesion causes arrest of neutrophils, 

and subsequent diapedesis, thereby enabling migration into the tissue (Wang 

and Arase, 2014; Witko-Sarsat et al., 2000). 

 At the site of inflammation, the neutrophils recognize PAMPs and DAMPs 

by PRRs and eliminate pathogens by induction of an inflammatory response, as 

previously described. The steps involved in phagocytosis are endocytosis of 

pathogen in a phagosome, fusion of phagosome with granules thereby forming 

a phagolysosome, and respiratory burst of reactive oxygen species (ROS). 

Neutrophils also possess another weapon for pathogen destruction, namely 

neutrophil extracellular traps (NETs). Furthermore, activated neutrophils 

influence inflammation by secreting various cytokines, chemokines and lipid 

mediators inducing either pro-inflammatory effects (CXCL8, IL-1β and LTB4) or 

anti-inflammatory effects (IL-1 receptor antagonist (RA), TGFβ and lipoxins A4 

(LXA4)). By this, neutrophils are able to support the inflammation as well as to 

promote its resolution. Moreover, neutrophils also contribute to the 

biosynthesis of resolvins and protectins. Clearance of neutrophils, i.e. 

neutrophil apoptosis and subsequent efferocytosis, is another crucial step for 

resolution; a process in which the neutrophils actively participate. Dying 

neutrophils send out “find me” signals that direct macrophages in their way, 

and also display “eat me” signals on their cell surface, AnxA1 being one of these 

signals (Jaillon et al., 2013; Ortega-Gomez et al., 2013; Serhan et al., 2010; Wang 

and Arase, 2014). 

Monocytes 

Monocytes represent around 10% of blood leukocytes in humans. After being 

released from the bone marrow, monocytes circulate in the blood for around 3 

days. Traditionally, human monocytes have been identified based on their 

morphology together with the expression of surface marker CD14. In addition, 

CD16 has been used to further divide the monocytes into classical CD14+CD16- 

and non-classical CD14lowCD16+ subsets. The classical CD14+CD16- monocytes 

correspond to the LY6Chigh monocytes in mice, while the non-classical 

CD14lowCD16+ monocytes match the LY6Clow murine monocytes (Ginhoux and 

Jung, 2014; Tacke and Randolph, 2006). Lately, also a third intermediate 
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monocyte subset has been described. The current consensus is to describe the 

monocyte phenotype for the classical monocytes as CD14++CD16-, the 

intermediate as CD14++CD16+, and the non-classical as CD14+CD16++. Non-

classical and intermediate monocytes can collectively be called CD16+ 

monocytes, if not separated. (Ziegler-Heitbrock et al., 2010). The vast majority 

of the circulating monocytes (approximately 85%) are classical, while around 

10% are non-classical and 5% intermediate (Wong et al., 2012).  

 Functionally, the classical monocytes seem to be the main precursors to 

monocyte-derived macrophages, while non-classical monocytes are patrolling 

the luminal surface of the endothelium. Although tissue macrophages may be 

derived from monocytes, they may also originate from embryonic precursors 

present in tissues from birth. Furthermore, tissue macrophages are able to 

maintain their population by self-renewal, i.e. independently of monocytes. 

Some types of DCs are derived from circulating monocyte precursors. However, 

what kind of monocytes/monocyte precursors that give rise to different types of 

macrophages and DCs is still debated, and remains to be further clarified in 

humans (Ginhoux and Jung, 2014; Wong et al., 2012).  

NK cells 

Human NK cells are traditionally defined as expressing CD56 (or neural cell 

adhesion molecule) but lacking the T cell receptor CD3. Although classified as 

innate immune cells, they belong to the lymphocytes and account for about 10-

15% of the lymphocyte population in blood. Compared to other lymphocytes, 

NK cells contain abundant granules (e.g. with perforin) in their cytoplasm. 

Upon detection of infected/damaged cells, the NK cells force the infected cell 

into apoptosis through release of granule contents and Fas-Fas ligand (L) 

interaction. NK cells express two types of receptors for controlling their 

cytotoxic activity, namely killer activating receptors such as NKG2D and CD16, 

and killer immunoglobulin-like receptors (KIRs). When NK cells encounter 

healthy cells, the KIRs will bind to and recognize MHC class I molecules thereby 

inhibiting NK cell activation. Upon activation, NK cells secrete 

proinflammatory cytokines, predominantly interferon-γ (IFN-γ) but also IL-12. 

Phenotypically, human NK cells are divided into two subsets depending on 
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their expression of CD56, CD56bright and CD56dim. The CD56bright cells produce 

more cytokines, while CD56dim are foremost cytotoxic cells. In blood, CD56dim 

NK cells constitute > 90% of the NK cells (Abbas et al., 2014; Campbell and 

Hasegawa, 2013; Moretta et al., 2014; Serhan et al., 2010; Sun and Lanier, 2011). 

T cells 

T cells are originated from the bone marrow, but mature in the thymus, hence 

their name. All T cells express CD3, which forms a complex with the T cell 

receptor (TCR), a heterodimer of two chains, α and β. The induction of a T cell 

response is mediated through TCR recognition of antigens presented on MHC 

molecules. Through a selection process, it is ensured that T cells leaving the 

thymus do not recognize the host´s own proteins, i.e. “self” antigens. Before the 

selection process, progenitor T cells are CD4-CD8-. The first selection steps check 

the composition of TCR, with successful rearrangements of first β, and then α 

chain. Thereafter, T cells become CD4+CD8+ and undergo positive and negative 

selection to check the functionality of the TCR. Only T cells that are able to 

moderately recognize MHC and antigens will survive, i.e. approximately 5% of 

all T cells. A too weak recognition of MHC and antigens is not associated with 

T cell survival since these cells are of no use for the immune system. On the 

other hand, a too strong recognition means risk for autoimmunity, and such 

cells are being forced into apoptosis. After the selection process, T cells become 

single-positive for either CD4 or CD8. If the TCR interacts with MHC class II, 

the T cell becomes CD4+, and if interacting with MHC class I, it becomes CD8+ 

(Abbas et al., 2014; Janeway, 2005). 

CD4+ T cells 

CD4 is a co-receptor to the TCR. T cells expressing CD4 are referred to as T 

helper cells, since they act mainly by “helping” other cells. The four most 

established CD4+ subpopulations are Th1, Th2, Th17 and Tregs. The Th1 cells 

produce proinflammatory type 1 cytokines, in particular IFN-γ, and are 

essential for cell mediated immune responses and important for elimination of 

intracellular microbes. Th2 cells producing cytokines, like IL-4, IL-5 and IL-13, 

are associated with the humoral immune response, and important for activation 
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of mast cells and eosinophils in the defense against helminths. Th17 cells are 

important effector cells against extracellular bacteria and fungi, and for 

neutrophil recruitment and activation through the secretion of IL17 A and F, but 

also IL-22. Tregs is a T cell subset that has gained much interest in the latest years, 

since Tregs, unlike the other CD4+ T cells, are immunosuppressive. They inhibit 

other immune cells either by cell to cell contact, or through the secretion of anti-

inflammatory IL-10 and TGF-β. The correct phenotypic definition of Tregs is still 

a subject for debate, however they are traditionally characterized as 

CD4+CD25bright and positive for the transcription factor Foxp3. (Abbas et al., 

2014; Janeway, 2005; Serhan et al., 2010; Wan, 2010).  

CD8+ T cells 

The CD8+ T cells, commonly referred to as cytotoxic or cytolytic T cells, are 

essential for killing infected and tumor cells. Naïve CD8+ T cells are primed by 

APCs, and when antigen-specific CD8+ T cells recognize the appropriate peptide 

displayed on a MHC class I molecule with the TCR and co-receptor CD8, they 

are able to kill these cells. Activated CD8+ T cells secrete cytokines, mainly IFN-

γ and TNF, in addition to killing of target cells. The CD8+ T cells mediate the 

cytolytically induced apoptosis using the same tools as NK cells, namely 

perforin, granzymes and Fas-FasL interaction. In the resolution phase, CD8+ T 

cells kill off other CD8+ T cells to restore homeostasis, a process called fratricide. 

CD8+ T cells have also been shown to produce IL-10 in order to prevent 

excessive tissue damage (Abbas et al., 2014; Janeway, 2005; Serhan et al., 2010; 

Zhang and Bevan, 2011).  

CD56+ T cells 

CD56, the NK cell marker, is also expressed by a subpopulation of T cells, the 

majority being CD8+. The CD56+ T cells are occasionally referred to as NKT-like 

cells but should not be mistaken for the true NKT cells, which express an 

invariant TCR and strongly respond to lipid antigens bound to CD1d (Peralbo 

et al., 2007). The expression of CD56 on T cells has been shown to closely 

correlate with cytolytic effector function, and higher production of IFN-γ 

(Ohkawa et al., 2001; Pittet et al., 2000). Moreover, CD56 can be acquired if 
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CD8+CD56- T cells are exposed to IL-15. This de novo expression of CD56 occurs 

simultaneously as perforin/granzyme B acquisition and an increased expression 

of the anti-apoptotic Bcl-2 (Correia et al., 2011). CD56 expression on T cells is 

also associated with aging, since the numbers of CD8+CD56+ T cells are very low 

in infants but increase with age (Lemster et al., 2008; Pittet et al., 2000). 

Furthermore, the gain of CD56 has been shown to correlate with the loss of 

CD28, which is a hallmark of immunosenescence (Michel et al., 2007). While 

CD56+ T cells are potent producers of proinflammatory cytokines, such as IFN-

γ and TNF, they seem to be poor producers of IL-10 (Katchar et al., 2005; Kelly-

Rogers et al., 2006). Their functional role in vivo is still unclear but increased 

numbers of CD56+ T cells have been described in chronic inflammatory diseases, 

such as sarcoidosis, rheumatoid arthritis (RA), and Behcet’s uveitis (Ahn et al., 

2005; Katchar et al., 2005; Michel et al., 2007). However, there are also a few 

studies indicating that CD8+CD56+ T cells might have a suppressory and anti-

inflammatory role (Davila et al., 2005; Shimamoto et al., 2007). 

Coronary artery disease 

According to the Global Burden of Disease Study 2013, cardiovascular disease 

(CVD) accounted for almost one third of all deaths in the world, with coronary 

artery disease (CAD, also named ischemic heart disease) being the main cause 

to premature mortality globally (Mortality and Causes of Death, 2014). In 2010, 

CAD was also found to be the main cause of disability-adjusted life years, fully 

explaining 5% of the total number of disability-adjusted life years worldwide 

(Murray et al., 2012). However, in high-income regions, reductions are seen in 

deaths from CVD (Mortality and Causes of Death, 2014), and the risk of dying 

from a myocardial infarction (MI) is the lowest in high-income countries (and 

highest in low-income countries) (Yusuf et al., 2014). According to the mortality 

database kept by the National Board of Health and Welfare in Sweden, the 

number of deaths due to acute MI was 6225 in 2013, a reduction by almost 40% 

since 2003. Taken together, the fact that having a MI in high-income countries is 

not as fatal as it once was, implicates that we are on the right track with 

prevention and treatment of CVD. However, much more work remains to be 
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done, since CAD is still the leading cause of mortality and morbidity in high-

income countries and continues to increase in low-income countries.  

 Hypertension, hypercholesterolemia, male sex, obesity and smoking was 

identified as risk factors for CVD already in the Framingham studies (Dawber 

et al., 1959; Dawber et al., 1957; Kannel et al., 1961). The INTERHEART study 

further established these risk factors, and also identified diabetes, alcohol 

intake, psychosocial factors, low fruit and vegetable intake, and low physical 

activity to be associated with MI (Rosengren et al., 2004; Yusuf et al., 2004). 

High-risk patients exhibiting several risk factors can hereby be identified. 

However, it may still be difficult to estimate risk on an individual basis. 

Furthermore, many events occur in patients with a known history of CAD, 

despite revascularization and optimal medical treatment including the 

administration of platelet-inhibiting and cholesterol-lowering drugs.  

 CAD is normally divided into two different conditions; stable angina (SA), 

and acute coronary syndrome (ACS). The severity of symptoms in SA patients 

can be graded according to the Canadian Cardiovascular Society Classification 

(Table I) (Campeau, 1976). SA may remain in a stable (or even asymptomatic) 

condition, but can also turn into an unstable condition, or ACS. For some 

patients, ACS is the first clinical manifestation of CAD. ACS includes MI and 

unstable angina; the latter is characterized by sudden worsening of symptoms 

with severe, frequent, and prolonged angina also upon resting. The MI 

classification is based on typical changes in the electrocardiogram (ECG). An 

ST-elevated MI (STEMI), with ST-T segment depression and/or T-wave 

inversion, is the most severe MI condition, involving a total coronary occlusion, 

which needs immediate intervention, whereas non-STEMI is often caused by a 

partially but not completely blocked coronary artery. MI is separated from 

unstable angina by the elevation of troponins, reflecting damage to the 

myocardium (Thygesen et al., 2012).  

 The underlying cause of CAD is, in >90% of the cases, atherosclerosis (Qiao 

and Fishbein, 1991), which will now be further described.  
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Table I. Grading of angina pectoris using the Canadian Cardiovascular Society 

classification system 

Grading Description 

Grade I Asymptomatic or angina only during strenuous or prolonged 

physical activity 

Grade II Slight limitation, with angina only during vigorous physical 

activity 

Grade III Symptoms with everyday living activities, i.e. marked limitation 

Grade IV Inability to perform any activity without angina, or angina at rest, 

i.e. severe limitation 

 

Atherosclerosis 

Atherosclerosis was initially considered as a disease caused by passive 

cholesterol accumulation in the intima of the vessel wall. However, in the latest 

decades the role of inflammation has been established, and today 

atherosclerosis is considered not only as a lipid disorder, but also as a chronic 

inflammatory disease of large and medium-sized arteries. The accumulation of 

lipids and activation of innate as well as adaptive immune cells in the intima 

eventually leads to the formation of a plaque, characterized by a necrotic core 

that is surrounded by a fibrous cap of smooth muscle cells (SMC) and collagen 

(Figure 2). In the heart, plaque growth causes narrowing of the coronary artery 

lumen by > 70 % will induce myocardial ischemia, particularly in response to 

increased oxygen demand, and result in symptoms, such as effort-related 

angina pectoris, i.e. SA. However, in a worst case scenario, the weakening of the 

plaque fibrous cap leads to plaque destabilization and plaque rupture, with 

subsequent thrombus formation, thereby causing a life-threatening event of 

ACS (Hansson, 2005; Hansson and Libby, 2006; Libby, 2012).  
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Figure 2. A schematic view over factors and cells involved in atherosclerosis. 

Monocytes/macrophages in atherosclerosis 

A crucial initiating step of atherogenesis is the subendothelial retention of low-

density lipoprotein (LDL) (Tabas et al., 2007). When LDL particles are retained 

by binding to proteoglycans in the extracellular matrix, they become susceptible 

for oxidation caused by ROS or enzymes. Several epitopes of the oxidized LDL 

(oxLDL) are to be considered as DAMPs, since they are recognized by PRRs, 

thus initiating an immune response (Miller et al., 2011).  

 OxLDL induces the expression of adhesion molecules, such as ICAM-1 and 

vascular cell-adhesion molecule (VCAM)-1 on the endothelium. Activated 

vascular cells also secrete chemokines, like CCL2 and CCL5, which initiate 

migration of monocytes into the vessel wall. Cytokines, (e.g. macrophage 

colony-stimulating factor) at the site of inflammation, induce monocyte 

differentiation into macrophages, and up-regulation of a specific type of PRRs 

collectively named scavenger receptors that will mediate the ingestion of 

oxLDL. The engulfment of lipids subsequently transforms the macrophages 

into so called foam cells. In the very beginning, accumulations of foam cells will 

form “fatty streaks” in the arterial wall. These fatty streaks can regress, but also 

progress to atherosclerotic plaques (Frostegard, 2013; Hansson and 

Hermansson, 2011; Weber and Noels, 2011; Virmani et al., 2000).  
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 Lipid-laden macrophages display a defective efferocytosis, and are retained 

in the vessel wall due to reduced ability to egress, and hence inability to resolve 

inflammation. As the atherosclerotic process proceeds, accumulations of 

apoptotic and necrotic foam cells will result in the formation of a central necrotic 

core. Macrophages in the lesion also secrete pro-inflammatory cytokines, such 

as TNF, IL-1β and IL-6. Moreover, they release other pro-inflammatory 

mediators, such as ROS and matrix-degrading proteases, which will further 

promote plaque growth and instability by affecting SMCs and surrounding 

matrix. (Hilgendorf et al., 2014; Moore et al., 2013).  

 In humans, a few studies have investigated the predictive value of 

circulating monocyte levels for cardiovascular events. In a population-based 

study, increased levels of classical CD14++CD16- monocytes independently 

predicted future cardiovascular events. Furthermore, a tendency (P=0.051) was 

seen also for increased numbers of intermediate CD14++CD16+ monocytes in the 

cardiovascular event group (Berg et al., 2012). In a patient population referred 

to elective coronary angiography, only intermediate CD14++CD16+ monocytes 

were found to independently predict cardiovascular events (Rogacev et al., 

2012).  

T cells in atherosclerosis 

T cells can be detected at all stages of plaque formation. They are predominantly 

of effector/memory type, and recruited into the plaque in the same way as 

macrophages, i.e. through adhesion molecules and cytokines. Antigen-specific 

T cells are re-activated inside the plaque by cytokines, or by local antigen-

presenting macrophages and DCs. Several antigens have been suggested to be 

important for development of atherosclerosis, such as heat-shock protein 60, 

and different epitopes of the oxLDL particle (Frostegard, 2013; Hansson and 

Hermansson, 2011; Weber and Noels, 2011). 

 A large number of experimental studies indicate that atherosclerosis is 

driven by a Th1-like type 1 response (Ait-Oufella et al., 2014) Pro-inflammatory 

cytokines such as IFN-γ and TNF have also been detected in human plaques 

(Frostegard et al., 1999; Methe et al., 2005), and according to histopathological 

studies, activated T cells are abundant in human lesions (Jonasson et al., 1986). 



Introduction 

20 

 

Moreover, raised numbers of IFN--producing T cells have been found in 

peripheral blood in CAD patients, particularly in ACS patients; further 

indicating their potential role in plaque destabilization (Caligiuri et al., 1998; 

Methe et al., 2005; Neri Serneri et al., 1997). In human lesions, the CD4+ T cells 

predominate although CD8+ T cells are almost as abundant (Jonasson et al., 

1986). There are implications for the involvement of CD8+ T cells both in early 

and late stages of atherosclerosis, and that the infiltration of CD8+ T cells 

increases with disease severity (Gewaltig et al., 2008; Kolbus et al., 2010). 

Interestingly, later studies have shown that human plaques contain more 

activated CD8+ T cells than activated CD4+ T cells (Grivel et al., 2011). However, 

compared with CD4+ T cells, the role of the CD8+ T cell compartment in 

atherosclerosis has been investigated in a lesser extent.  

Other lymphocytes in atherosclerosis 

B cells and NK cells can be detected in the atherosclerotic plaque, although in 

limited numbers (Packard et al., 2009). Functional studies have revealed that 

there are separate subsets of B cells, affecting atherosclerosis differently. The B1 

cells can exert atheroprotective effects through their production and secretion 

of natural antibodies. In addition, B cells are able of producing the anti-

atherogenic cytokine IL-10. On the other hand, other subsets of B cells secrete 

pathogenic antibodies, which may aggravate atherosclerosis. In humans, the 

different B cell subsets are not as clearly defined as in mice, due to lack of 

reliable surface markers (Perry et al., 2012; Tsiantoulas et al., 2014a; Tsiantoulas 

et al., 2014b).  

 The specific role of NK cells in atherosclerosis is still unknown. However, 

in patients with CAD, the numbers of NK cells in peripheral blood have been 

shown to be significantly lower than in healthy controls (Backteman et al., 2014; 

Hak et al., 2007; Jonasson et al., 2005). 

Neutrophils in atherosclerosis 

The role of neutrophils in atherosclerosis has been neglected for a long time, 

probably due to the low numbers detected in plaques. However, during the last 
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decade, this leukocyte subset has gained increased attention, and our 

knowledge in this area has expanded. Several studies have shown correlations 

between neutrophil counts and the development of ACS (Buffon et al., 2002; 

Friedman et al., 1974; Naruko et al., 2002; Ott et al., 1996). Neutrophil counts are 

also positively correlated with coronary atherosclerosis (Kostis et al., 1984), and 

numbers of neutrophil-platelet aggregates in peripheral blood (an indicator of 

neutrophil activation) have been shown to be increased in stable CAD patients 

(Nijm et al., 2005). In human atherosclerotic plaques, neutrophils are found in 

rupture-prone areas (Ionita et al., 2010). Inside the plaque, neutrophils are likely 

to contribute to plaque instability in multiple ways. By activation and release of 

ROS, they contribute to the oxidation of LDL, and through release of NETs they 

activate DCs. Moreover, neutrophils release several matrix degrading 

components, such as MMP-9 and elastase (Doring et al., 2014; Hartwig et al., 

2014; Soehnlein, 2012; Weber and Noels, 2011).  

Anti-inflammation in atherosclerosis 

In experimental models, Tregs have been shown to be atheroprotective (Ait-

Oufella et al., 2006; Mor et al., 2007). In patients with ACS, decreased numbers 

of Tregs in blood have been reported (Cheng et al., 2008; Han et al., 2007; Mor et 

al., 2006). Moreover, in a population-based study, low numbers of Tregs were 

associated with increased risk for developing acute MI, independent of other 

cardiovascular risk factors (Wigren et al., 2012). The Tregs are large producers of 

the anti-inflammatory cytokine IL-10, which in animal models has well-

documented atheroprotective effects (Ait-Oufella et al., 2011). However, high 

levels of IL-10 in the circulation are reported in ACS patients, and somewhat 

paradoxically, IL-10 levels have been shown to predict risk for cardiovascular 

events (Malarstig et al., 2008; Patel et al., 2009). IL-10 is produced concomitantly 

with proinflammatory cytokines, and its presence in plasma does not seem to 

be a reliable marker of anti-inflammatory actions.  

 As previously mentioned, natural antibodies produced by the B1 cells have 

anti-inflammatory effects in atherosclerosis. High levels of antibodies against 

PC, which is present on oxLDL, have been associated with decreased for 

cardiovascular events (Caidahl et al., 2013; Gigante et al., 2014). 
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Glucocorticoids 

In humans, cortisol is the predominant glucocorticoid hormone, whereas 

corticosterone is the predominant glucocorticoid in rodents. The release of 

cortisol is regulated by the hypothalamic-pituitary-adrenal (HPA)-axis. Briefly, 

corticotropin‐releasing hormone (CRH), produced by and released from 

hypothalamus, mediates the secretion of adrenocorticotropic hormone (ACTH) 

from the anterior pituitary gland. ACTH subsequently stimulates the adrenal 

glands, inducing the synthesis and release of cortisol from the adrenal medulla 

into the circulation. The homeostasis of cortisol levels in blood is regulated by 

the negative feedback loop, where cortisol suppresses both CRH secretion from 

the hypothalamus as well as ACTH secretion from the pituitary gland. Locally, 

the cortisol levels are also regulated by the 11β-hydroxysteroid dehydrogenase 

enzymes, which coverts cortisol to the inactive metabolite cortisone, and 

conversely cortisone to cortisol (Buckingham, 2006; Rang et al., 2007).  

 In healthy humans, the cortisol levels follow a robust diurnal rhythm, 

peaking in the morning after awakening. Cortisol levels gradually decrease 

during the day, reaching the lowest levels during the night around 2 - 3 AM, 

although increased levels are seen in response to meals, exercise, or threats 

(Buckingham, 2006).  

 Salivary cortisol shows the same diurnal pattern as cortisol in blood, and 

increase of cortisol in blood is rapidly reflected in saliva. Measuring salivary 

cortisol is a better way to determine diurnal variations in cortisol levels than 

blood cortisol analyses, since blood sampling is dependent on venous 

cannulation. However, in order to receive reliable data of diurnal variation, 

measurements over a period of 2-6 consecutive days is preferable (Aardal and 

Holm, 1995; Hellhammer et al., 2007; Kirschbaum and Hellhammer, 1999; 

Pruessner et al., 1997).  

 Glucocorticoids regulate numerous processes affecting metabolism, 

musculoskeletal homeostasis, cardiovascular function, cognition, reproduction, 

and of importance for this thesis –the immune system. Cortisol is the main 

endogenous anti-inflammatory mediator in the body, dampening both systemic 

and local inflammatory processes, thereby facilitating proper resolution of the 

inflammation. Due to their anti-inflammatory properties, glucocorticoids have 
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been extensively used as treatment for inflammatory conditions, and at 

pharmacological doses, they act immunosuppressively on basically all cells and 

mediators involved in immune and inflammatory responses (Buckingham, 

2006; Perretti and D'Acquisto, 2009; Rang et al., 2007). Physiological 

concentrations of glucocorticoids rather show immunomodulatory effects, e.g. 

suppression of the type 1 immune responses by reducing T cell responsiveness 

to IL-12, inhibiting production of IFN-γ, while inducing IL-10 production 

(Fahey et al., 2006; Franchimont et al., 2000; Wu et al., 1998). 

 Glucocorticoids mediate their genomic actions through intracellular 

glucocorticoid receptors (GRs). After diffusion across the cell membrane, 

glucocorticoids bind to and activate the GR in the cytoplasm. After 

conformational change, the glucocorticoid-GR complex translocates into the 

nucleus where it binds to glucocorticoid response elements on glucocorticoid-

responsive genes. Subsequently, multiple inflammatory genes are inhibited 

through the suppression of transcription factors, such as nuclear factor κB and 

activator protein 1. On the other hand, the transcription of genes coding for anti-

inflammatory proteins, such as annexin A1 and IL-10, is up-regulated. The GRs 

are derived from one single gene that by alternative splicing gives rise to 

multiple GR proteins: GR-α, GR-β, GR-γ, GR-A, and GR-P. In humans, GR-α 

and GR-β are the most widely studied isoforms. GR-α binds to and mediates 

the actions of glucocorticoids, while GR-β is a dominant negative inhibitor of 

glucocorticoid effects; antagonizing the binding of activated GR-α to DNA, 

thereby forming inactive GR-α/GR-β-complexes. (Kadmiel and Cidlowski, 

2013; Oakley and Cidlowski, 2013).  

 Glucocorticoids can also act rapidly (i.e. within minutes) through non-

genomic mechanisms, involving activation of mitogen-activated protein kinase 

pathways by cytoplasmic or membrane bound GRs (Ayroldi et al., 2012; Busillo 

and Cidlowski, 2013; Samarasinghe et al., 2012).  

Glucocorticoids and coronary artery disease 

Perturbation of the HPA axis function and impairment in glucocorticoid 

responsiveness, have been associated with various chronic inflammatory 

conditions (Silverman and Sternberg, 2012). Moreover, excessive levels of 
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glucocorticoids, either endogenous or exogenous (as in Cushing’s syndrome), 

have been associated with hypertension, hyperlipidemia, hyperglycemia and 

abdominal obesity, and also with increased risk for cardiovascular events 

(Pimenta et al., 2012; Whitworth et al., 2005). However, it is not clear whether 

the increased cardiovascular risk is due to direct or indirect effects of 

glucocorticoids. Total cortisol exposure has been associated with subclinical 

atherosclerosis in the carotid arteries (Dekker et al., 2008). In a population-based 

study using repeated measurements of salivary cortisol during one day, a 

flattened diurnal cortisol slope was associated with coronary calcification 

(Matthews et al., 2006). Studies on cortisol levels in CAD patients are sparse and 

somewhat contradictory. In one study, higher serum cortisol in the morning 

was related to coronary stenosis in women with ACS (Koertge et al., 2002). In 

another study, CAD patients exhibited a higher total output of cortisol, and a 

flatter diurnal cortisol slope due to higher cortisol levels in the evening, 

compared with healthy controls (Nijm et al., 2007). It has been suggested that 

increased inflammatory activity in CAD patients may be a result of a 

dysfunctional HPA axis, and failure to resolve inflammation (Fantidis et al., 

2002; Nijm et al., 2007).  

Annexins 

The annexins are a family of Ca2+-dependent phospholipid-binding proteins 

consisting of 12 members in humans: AnxA1-A11 and A13. They are generally 

found in the cytosol, but can also be translocated to the cell surface. The 

annexins consist of a highly conserved C-terminal core domain of four similar 

repeats (six in AnxA6) of approximately 70 amino acid length forming a slightly 

curved disc of α-helices. The Ca2+- and membrane binding sites are found on the 

convex side of the disc. The N-terminal is variable in sequence and length, more 

flexible, and located on the concave side of the disc. Although the N-terminal 

domain is a separate unit, it can be folded into the core domain, and it has been 

suggested to constitute the inactive form of the protein. Upon Ca2+-binding, the 

N-terminal domain can be expelled from the core, and available for interaction. 

Despite their structural similarities, the annexins exert different functions 
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involving apoptosis, vesicle trafficking, cell division and growth (Gerke and 

Moss, 2002; Moss and Morgan, 2004; Rosengarth and Luecke, 2003).  

 Although none of the annexins have been proven solely responsible for 

causing disease, changes in annexin levels or localization have been linked to 

several diseases, such as cancers, autoimmune diseases and cardiovascular 

disease (Hayes and Moss, 2004; Wang et al., 2014). AnxA5 has recently been 

shown to exert anti-atherosclerotic effects, decreasing plaque inflammation, 

inhibiting pro-inflammatory immune cells and cytokines, and inducing anti-

inflammatory cytokines (Burgmaier et al., 2014; Liu et al., 2015). AnxA1 and its 

potential role in cardiovascular disease will be discussed below. 

Annexin A1 

The most widely studied annexin in the context of inflammation is AnxA1, 

previously known as lipocortin-1, lipomodulin, renocortin or macrocortin. 

AnxA1 is an important player in the resolution of inflammation, and also a 

mediator of the anti-inflammatory effects of glucocorticoids. Normally, AnxA1 

resides in the cytosol, but upon cell activation it is translocated to the cell 

surface, where it exerts its autocrine and paracrine actions. The effects of AnxA1 

are mediated by the binding to formyl peptide receptor 2/receptor for lipoxin 

A4 and aspirin triggered lipoxins (FPR2/ALX; previously called FPRL-1), a 

seven-transmembrane spanning G-protein-coupled receptor. Glucocorticoids 

induce expression of AnxA1, and also contribute to the translocation of the 

protein from the cytosol to the cell surface (D'Acunto et al., 2014; Perretti and 

D'Acquisto, 2009; Yazid et al., 2012). In healthy humans, AnxA1 is abundantly 

expressed in both neutrophils and monocytes, but much less in lymphocytes 

(Morand et al., 1995; Spurr et al., 2011). However, the AnxA1 expression seems 

to vary across the lymphocyte population, and according to an earlier study, 

CD56+ cells expressed the highest levels of AnxA1 among the lymphocyte 

subsets (Morand et al., 1995). 

 So far, most studies have investigated the role of AnxA1 in innate immune 

cells, more specifically in neutrophils, consistently demonstrating anti-

inflammatory actions of AnxA1. AnxA1 has been shown to reduce both acute 

and chronic inflammation by inhibiting neutrophil adherence and migration, 
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and inducing neutrophil apoptosis, and also to function as an “eat me” signal 

promoting proper efferocytosis (D'Acquisto et al., 2008b; Perretti and Flower, 

2004; Perretti and Solito, 2004). Furthermore, AnxA1 induces L-selectin 

shedding from human monocytes (Strausbaugh and Rosen, 2001), and inhibits 

the expression of IL-6 and TNF, while it stimulates the release of IL-10 from 

macrophages (Ferlazzo et al., 2003; Yang et al., 2009). Neutrophil expression of 

AnxA1 in vivo has also been shown to correlate to serum cortisol levels, which 

raised the hypothesis that AnxA1 expression in leukocytes could be used as a 

marker for tissue sensitivity to endogenous glucocorticoids (Mulla et al., 2005). 

 While the effects of AnxA1 in innate immunity are well documented, the 

role of AnxA1 in adaptive immunity is less studied. Moreover, the studies of 

AnxA1 in T cells have provided contradictory results. Some studies have shown 

an inhibitory role of AnxA1 regarding T cell-driven inflammatory responses 

(Gold et al., 1996; Kamal et al., 2001; Yang et al., 2013), while others report the 

opposite, i.e. AnxA1 as a promoter of T cell activation and proliferation 

(D'Acquisto et al., 2007a; D'Acquisto et al., 2007b; Paschalidis et al., 2009). As 

reported by D'Acquisto and coworkers, both the mRNA and protein AnxA1 

expression in CD4+ T cells is higher in patients with RA compared with healthy 

controls (D'Acquisto et al., 2007a), and moreover, glucocorticoids down-

regulated the expression of AnxA1 in CD4+ T cells (D'Acquisto et al., 2008a).  

Annexin A1 in atherosclerosis 

To date, only a few studies have explored the AnxA1 expression in 

atherosclerosis, despite its potential role in inflammation. In a human 

proteomics study of coronary arteries, the levels of AnxA1 were found to be 

increased in atherosclerotic tissue compared with non-atherosclerotic tissue 

(Bagnato et al., 2007). Subsequently, two studies reported that the expression of 

AnxA1 was higher in carotid plaques from asymptomatic compared with 

plaques from symptomatic patients (Cheuk and Cheng, 2011; Viiri et al., 2013). 

Interestingly, in a recent study using mouse models, AnxA1 was shown to 

reduce atherosclerosis by preventing the chemokine-induced recruitment of 

inflammatory cells (Drechsler et al., 2014). 
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AIMS 

The overall aim of this thesis was to deepen the knowledge of pro- and anti-

inflammatory mechanisms in CAD via phenotypic assessments of immune cell 

subsets, in particular CD56+ T cells, and exploration of AnxA1. The long-term 

goal is to reveal basic mechanisms that will lead to the development of 

biomarkers, which may be used for individualized treatment and monitoring. 

 

Specific aims were  

-  to assess the expression of AnxA1 and GRs in neutrophils from patients 

and controls and its association with neutrophil activation status, and 

evaluate the effects of AnxA1 on neutrophil activation ex vivo. 

 

-  to investigate whether the expression of CD56 on T cell subsets differed 

between patients and controls, and further characterize the cytokine 

profile of CD56+ and CD56- T cells. 

 

-  to characterize the expression pattern of AnxA1 in CD56+ and CD56- T cell 

subsets from patients and controls, and also evaluate the effects of 

dexamethasone and AnxA1 on CD56+ and CD56- T cells in vitro. 

 

-  to measure the expression of AnxA1 mRNA and protein in PBMCs from 

patients and controls, and evaluate its association with LPS-induced 

cytokine secretion and glucocorticoid sensitivity ex vivo. 
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METHODOLOGICAL CONSIDERATIONS 

Study populations 

All studies were approved by the Ethical Review Board of Linköping 

University, and conducted in accordance with the ethical guidelines of 

Declaration of Helsinki. Informed consent was obtained from all study 

participants (paper I-IV). Characteristics of subjects included in the different 

studies are summarized in Table II. All patients were recruited at the 

Department of Cardiology, University Hospital, Linköping, Sweden. Exclusion 

criteria: severe heart failure, immunologic disorders, neoplasm disease, 

evidence of acute or recent (< 2 months) infection, recent major trauma, surgery 

or revascularization procedure, drug or alcohol abuse, poor mental function, or 

treatment with immunosuppressive or anti-inflammatory agents (except low 

dose aspirin).  

 All control subjects were randomly selected from a population-based 

register representing the hospital recruitment area. Control subjects were 

included if they were anamnestically healthy, with normal routine laboratory 

test results, no clinical signs or history of CAD, or peripheral artery disease. The 

use of statins or antihypertensive drugs were allowed for primary prevention 

In addition, in paper III, 11 anonymous blood donors were included from the 

Blood bank at Linköping University Hospital, Linköping, Sweden. They had no 

symptoms of disease, normal blood pressure, were drug-free and seronegative 

for HIV, hepatitis B and C, and syphilis.  

 Blood samples were always drawn between 8 and 12 A.M. in all studies. 
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Table II. Summary of study participants included in the four different papers 

of the thesis. 

 Paper I Paper II Paper III Paper IV 
ACS, n  30 28 10 
Age, years  69 (60-78) 68 (61-73) 68 (61-73) 
Females, n (%)  8 (27) 8 (29) 3 (30) 
Statins, n (%)  9 (30) 8 (29) 4 (40) 
Stable CAD, n 30 34 57 57 
Age, years  63 (±5) 63 (58-71) 66 (61-71) 66 (61-71) 
Female, n (%) 5 (25) 6 (18) 13 (23) 13 (23) 
Statins, n (%) 30 (100) 28 (82) 56 (98) 56 (98) 
Healthy controls, n 30 36 52 41 
Age, years  63 (± 5) 63 (58-73) 66 (57-72) 67 (66-72) 
Female, n (%) 5 (25) 9 (25) 16 (31) 11 (27) 
Statins, n (%) 3 (10) 0 4 (8) 4 (10) 
Study participants, n 60 100 137 108 

 

Paper I 

In the first study, 30 patients with stable CAD and 30 age and sex matched 

controls were recruited in 2005-2006. Individuals < 70 years old were included. 

Inclusion criteria for patients were effort-related angina in accordance with the 

Canadian Cardiovascular Society functional classes I and II without any 

worsening of symptoms during the last 6 months. In each experiment, venous 

peripheral blood was drawn from one patient and his/her matched control in 

the morning after a 12 h fast and the samples were treated in pairs. Examiners 

were always blinded to the samples. 

Paper II 

In the second study, 30 patients with ACS, 34 patients with SA, and 36 healthy 

controls (with equivalent age and sex distribution) were included during the 

years 2006-2010. We initially aimed to include patients < 75 years old but in 

some cases, elderly individuals were included. Patients were followed 



Methodological considerations 

 31 

longitudinally, and samples were collected after 3 months from 16 ACS and 28 

SA patients, and after 12 months from 15 ACS and 28 SA patients. All patients 

underwent coronary angiography at day 1, and blood samples were collected 

prior to coronary angiography, within 24 h from admission in ACS patients.  

 Inclusion criteria for ACS patients were diagnosis of unstable angina/non-

ST elevation myocardial infarction, with the diagnosis based on typical ECG-

changes (ST-T segment depression and/or T-wave inversion) and/or elevated 

troponins. Inclusion criteria for SA patients were referral for elective coronary 

angiography due to effort angina class II or III in accordance with Canadian 

Cardiovascular Society Classification and without any worsening of symptoms 

the latest 3 months.  

Paper III-IV 

In the third and fourth study, all individuals were < 75 years old. In total, 41 

healthy subjects, 28 ACS patients, and 57 post-ACS patients were included 2011-

2014. In paper IV, only samples from 10 of the 28 ACS patients were assessed. 

Moreover, in paper III, 11 anonymous blood donors were included. 

 Inclusion criteria for the patients with acute or stable conditions of CAD 

were ACS defined as a diagnosis of non-ST elevation myocardial infarction 

based on typical ECG changes (ST-T segment depression and/or T-wave 

inversion) and elevated troponins. Blood was collected within 24 h from 

admission, always prior to coronary angiography in ACS patients. In post-ACS 

patients, blood was collected 6-12 months after the acute event.  
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Laboratory methods 

The laboratory methods are described in detail in the Material and method 

section of each respective paper included in the thesis, and summarized below. 

Thereafter, the general principles for the most prominent methods are 

described. Finally, supplementary methods that are not described in any of the 

papers are presented.  

Summary of methods used in Paper I-IV 

In paper I, we assessed the expression of AnxA1, FPRL-1 (FPR2/ALX), GR-total, 

GR-α, GR-β, and CD18 (unstimulated + LTB4-stimulated samples) by one color 

whole blood flow cytometry in neutrophils gated by forward scatter (FSC) and 

side scatter (SSC) characteristics. We further evaluated recombinant AnxA1 

(rAnxA1) influence on LTB4-induced ROS production in isolated PMN. 

Morning and evening salivary cortisol was also measured during three 

consecutive days. 

 In paper II, CD8+CD56+ and CD8+CD56- T cells were characterized regarding 

cell specific markers, numbers and proportions, markers for apoptosis, 

activation, and immunosenescence by 6- or 7-color whole blood flow cytometry. 

After whole blood stimulation, cells were stained both for surface markers 

(including the early activation marker CD69) and intracellularly for either IFN-

γ, IL-10, IL-13, IL-17A or TNF. Furthermore, CRP was measured in serum 

samples, and IL-6 and IL-15 were analyzed in plasma samples with enzyme-

linked immunosorbent assay (ELISA). 

 In paper III, we further characterized CD56+ and CD56- T cells, and cell 

surface-associated as well as total AnxA1 was analyzed with multicolor whole 

blood flow cytometry. Peripheral blood mononuclear cells (PBMC) were 

isolated, and CD3+CD56+ and CD3+CD56- cells were sorted using magnetic 

beads isolation. The isolated CD56+ and CD56- T cells were stimulated with 

phorbol 12-myristate 13-acetate (PMA) in combination with different doses of 

the synthetic glucocorticoid dexamethasone, as well as rAnxA1. Secreted IFN-

γ, IL-10, TNF, was measured in cell supernatants with Luminex, and cells were 

analyzed both for mRNA and protein (cell surface-associated and total) levels 
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of AnxA1 with reverse transcription-quantitative polymerase chain reaction 

(RT-qPCR) and multicolor flow cytometry.  

 In paper IV, the expression of cell surface-associated and total AnxA1 

protein was analyzed in monocytes, CD4+ T cells, CD8+ T cells and NK cells with 

multicolor whole blood flow cytometry. In freshly isolated PBMC, AnxA1 

mRNA levels were analyzed with RT-qPCR. Isolated PBMC were also 

stimulated with LPS in combination with different doses of dexamethasone. 

Thereafter, stimulated cells were analyzed for AnxA1 mRNA with RT-qPCR, 

and IL-1β, IL-6, IL-10, and TNF were measured in cell supernatants with 

Luminex. Moreover, IL-6 and IL-1 receptor antagonist (Ra) were analyzed in 

plasma using ELISA and Luminex, respectively.   

Flow cytometry 

General principles 

Flow cytometry is a quantitative method for analyzing different particles (e.g. 

cells) in suspension, simultaneously measuring multiple parameters on a single 

cell level for many thousand cells per second. Cells labeled with fluorochrome-

conjugated antibodies directed towards the antigen of interest, are forced into a 

single cell stream due to hydrodynamic focusing created by the carrier 

liquid/sheath fluid. Cells then individually pass a laser beam, during which 

light is scattered and fluorochromes are excited to a higher energy state emitting 

light of a wavelength specific for each fluorochrome. The scattered and emitted 

light is collected via optics that direct the light into a series of filters and dichroic 

mirrors, isolating specific wavelength bands that are detected by 

photomultiplier tubes (PMTs). The PMTs convert the light signals into electrical 

pulses and further digitalize the data for computer analyses (Figure 3). 
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Figure 3. A summary of the general principles of flow cytometry. See text for 

explanation  
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 The forward-scattered light (FSC) is proportional to the cell size, and the 

side-scattered light (SSC) is relative to internal complexity/ granularity of the 

cell. By plotting FCS against SSC, cell types in a heterogeneous cell population 

(e.g. leukocytes) can be differentiated. The intensity of the fluorescence signal 

corresponds to the number of fluorochromes on the single cell, and is presented 

as median (or mean) fluorescence intensity (MFI). ). In addition, cells that are 

labeled by the fluorochromes can be distinguished from cells that are unlabeled. 

 Some fluorochromes can have broad relative emission spectra, or several 

emission peaks, which results in leakage/spill-over to several detectors. When 

designing a panel of fluorochromes for multicolor flow cytometry, choosing 

fluorochromes with the least spectral overlap is desirable. However, to totally 

circumvent spill-over in multicolor flow cytometry is almost impossible, even 

though the constant introduction of new fluorochromes and the development 

of instruments with more lasers and detectors make it easier and easier. Also, 

the spill-over can be quantified, and manually or automatically compensated 

for by subtracting the leakage from the “wrong” detector.  

Analysis of flow cytometry data 

Flow cytometry data are analyzed in specific analysis software, and since this is 

manually made, it is also a weak point of the method. The data can be displayed 

in histograms (showing one parameter at a time) or two-dimensional dot-plots 

(showing two parameters at a time). In the histograms, regions can be inserted 

to identify specific groups of cells. In dot-plots, the region of interest is called 

gate, and can be in the shape of a rectangle, ellipse or a freely drawn area. Gated 

cells can be displayed in a new dot plot, or in a histogram, enabling analysis of 

multiple parameters and identification of subpopulations of cells. Most 

commonly, FSC and SSC data are showed on a linear scale, and the fluorescence 

intensity on a logarithmic scale. The protein expression is most commonly 

presented as a percentage of labeled (positive) cells, but quite often also as MFI.  
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 When defining cells as positive or negative for a marker of interest, isotype 

controls and fluorescence minus one (FMO) are helpful tools. Isotype controls 

are antibodies directed towards irrelevant antigens, but of the same isotype and 

labeled with the same fluorochrome as the fluorescent antibodies used in the 

panel. The isotype control will give the unspecific background staining in a cell 

population, which is used for setting the lower limit of the gate for truly positive 

stained cells. When polyclonal antibodies are used, the fluorescent conjugated 

secondary antibody can be used alone to define the background staining. In 

flow cytometry panels where multiple colors are used, single isotype controls 

are not appropriate since the limits of truly positive stained cells also can be 

influenced by the total fluorescence in all channels. Here the FMOs are used 

instead. The FMO is exactly what the name says; the combination of all of the 

fluorochromes in a panel except one. Normally, the excluded fluorochrome (the 

“minus one”) is replaced by the corresponding isotype. The limits of the gates 

are then set after “the one”. FMOs are especially helpful when the antigen of 

interest is weakly expressed, or if it is continuously expressed, i.e. when the 

positive population is hard to discriminate from the negative population. In 

many cases, in particular for lymphocytes, the contour of positive and negative 

populations can be used to set the gates. 

Enzyme-linked immunosorbent assay (ELISA) 

The ELISA technique uses the principle of antigens binding to specific 

antibodies for detecting or quantifying small amounts of antigens (e.g. proteins, 

like cytokines) or antibodies in liquids (such as serum, plasma or cell 

supernatants). The principle for the sandwich ELISA used in paper II and IV, is 

that the bottom of a well in a microtiter plate is coated with the capture 

antibody. The sample containing the protein of interest is then added, 

whereafter the horseradish peroxidase (HRP)-conjugated detection antibody is 

added capturing the protein in the middle like a sandwich. The two antibodies 

used have to bind to different epitopes of the antigen. Finally a detection 

solution containing a substrate is added, which is cleaved by HRP into a colored 

or chemiluminescent product. The absorbance or the emitted light is 
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proportional to the levels of protein, and quantified using a standard curve of 

known protein concentrations.  

Luminex 

Luminex is a multiplex bead-based immunoassay, based on the same 

immunological principle as ELISA with antibodies and antigens, but may also 

be considered as a mixture of the ELISA and flow cytometry technology. By 

using Luminex, up to 500 analytes can theoretically be detected in a single 

sample using less sample volume than for ELISA. However, in practice, 

between one and 30 analytes are usually used at the same time.  

 The principle of the method is that the capture antibody is coated to 

polystyrene or magnetic beads, filled with a specific mixture of fluorescent dyes. 

Since the color-mixture of each bead is unique, differently dyed beads coated 

with different antibodies can be mixed together in the same well, thus enabling 

detection of multiple analytes in a single sample. Sample matrix might be 

plasma, serum or cell supernatants. If the beads are magnetic, a microplate is 

used, but if the beads are polystyrene, a filter plate has to be used since the 

washing procedure is different compared with ELISA. The magnetic beads are 

washed using a magnet underneath the plate, to keep the beads stuck in the 

wells during the washing steps. The polystyrene beads are washed using a 

vacuum manifold device, removing the liquid through the filter bottom, leaving 

the beads in the wells.  

 In the next step, the biotin conjugated detection antibodies are added to the 

beads with the bound analytes, whereafter streptavidin-PE is added to the 

wells. The beads are then read on a flow-based detection instrument with dual 

lasers. One of the lasers detects the bead, determining what analyte is being 

measured, and the other laser assess the PE fluorescence intensity, which is 

proportional to the amount of bound analyte. The concentration of the analyte 

can be calculated using a standard curve, with known concentrations of the 

analytes.  
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TaqMan reverse transcription-quantitative 

polymerase chain reaction (RT-qPCR) 

In TaqMan RT-qPCR, also called real-time RT-PCR, the expression of messenger 

RNA (mRNA) is assessed. After extraction, the mRNA is converted to 

complementary DNA (cDNA) by reverse transcription (RT) to complementary 

DNA (cDNA). The amount of cDNA is exponentially proportional to the 

amount of mRNA. In TaqMan RT-qPCR, probes contain a fluorescent reporter 

in the 5’ end, and a quencher molecule in the 3’ end. The quencher absorbs 

energy from the excited fluorochrome by fluorescence resonance energy 

transfer (FRET), resulting in silencing of the fluorochrome. During the 

amplification, the fluorescent reporters and quenchers are cleaved by Taq 

polymerase from the probes that bound to the cDNA, and the fluorescent 

reporters dissociate from the quenchers. With the increased distance between 

the quenchers and reporters, FRET is disrupted, and the fluorochrome starts to 

emit light. The initial amount of cDNA /mRNA can be calculated from the 

number of cycles required to reach cycle threshold (Ct). As a control for unequal 

loading of starting material, the amount of a house keeping gene with stable, 

constitutive expression (e.g. 18S reference RNA (rRNA)) is also assessed. The 

amount of cDNA/mRNA can be quantified relative to the rRNA and relatively 

to a calibrator using the ΔΔCt method. 

In vitro cell stimulation 

Several different stimuli have been used for ex vivo/in vitro cell stimulation in 

this thesis. The various methods used in the different papers are briefly 

summarized below.  

 In paper I, the intermediate chemoattractant LTB4 was used for activation 

of neutrophils, both in whole blood and isolated PMNs, assessed by 

measurement of CD18 and ROS, respectively.  

 In paper II, the combination of PMA and ionomycin was used as stimulus 

for T cells in whole blood together with co-stimulatory antibodies against 

CD28/CD49d. The mitogen PMA directly activates protein kinase C, thereby 

acting downstream of receptor-mediated activation. The Ca2+ ionophore 
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ionomycin synergizes with PMA, enhancing the activation of protein kinase C. 

The protein secretion inhibitor Brefeldin A was added to the whole blood 

stimulation in order to allow the flow cytometric detection of intracellular 

cytokines in various T cell subsets. In paper III, PMA + ionomycin was used to 

induce cytokine secretion, from isolated CD56+ and CD56- T cells. Moreover, 

mRNA and protein expression of AnxA1 was analyzed in stimulated cells in 

paper III.  

 In paper IV, the PAMP LPS, which is recognized by the PRR TLR4, was used 

as stimulus in isolated PBMCs. In particular, the cytokine secretion from 

monocytes is stimulated by LPS. IL-1β, IL-6 and TNF are secreted at high levels 

within 4-8 h after LPS-stimulation, but IL-10 is not detectable until after 7 h, 

hence the longer incubation time of 19 h was chosen. 

 The effects of rAnxA1 protein and dexamethasone, a synthetic 

glucocorticoid, were investigated. In paper I, isolated neutrophils were pre-

treated with rAnxA1 protein in order to study whether it affected LTB4-induced 

ROS-production. In paper III, the effects of rAnxA1 and dexamethasone, alone 

or in combinations, on PMA-induced cytokine secretion from CD56+ and CD56- 

T cells were explored. Isolated CD56+ and CD56- T cells were incubated with 

dexamethasone at lower “physiological” doses (10-8 M) and higher 

“pharmacological” doses (10-7 M). Furthermore, the effects of dexamethasone 

on AnxA1 mRNA and protein expression in isolated CD56+ and CD56- T cells, 

were assessed. In paper IV, the effects of dexamethasone on LPS-induced 

cytokine release, and expression of AnxA1 mRNA, from PBMCs were studied. 

Supplementary methods 

In study III, the expression of cell surface-associated and total AnxA1 protein 

was not only assessed in PBMC subsets, but also in neutrophils. Although the 

neutrophil data are not included in any of the papers of the thesis, they are 

presented in the Results and Discussion section of the thesis, and the method is 

described below. 
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Cell surface-associated and total expression of AnxA1 in 

neutrophils 

The expression of AnxA1 protein in neutrophils was analyzed by flow 

cytometry in the same whole blood samples as described for the PBMC 

subpopulations in paper IV. Briefly, erythrocytes were lysed after surface 

antibodies staining. To detect cell surface-associated AnxA1, cells were first 

washed with phosphate-buffered saline (PBS) + 0.5% Fetal Bovine Serum (FBS), 

where after unspecific binding was blocked with goat serum and subsequently 

stained with rabbit anti-AnxA1. After washing, cells were stained with the 

secondary goat anti-rabbit F(ab’)2-PE, washed, and then permeabilized/fixed 

with Permeabilizing solution 2 (Perm 2). After centrifugation, cells were 

resuspended in 1% paraformaldehyde (PFA)/PBS and kept at 4°C in the dark 

until flow cytometry analysis. For detection of total AnxA1 protein, cells were 

first permeabilized/fixed with Perm 2, and after centrifugation, blocked with 

goat serum, before stained with rabbit anti-AnxA1. After washing, cells were 

incubated with secondary antibody (goat anti-rabbit F(ab’)2-PE), washed and 

finally resuspended in 1% PFA/PBS, and kept at 4°C in the dark until flow 

cytometry analysis.  

 As a control for background staining, samples without primary anti-AnxA1 

were used, and samples were analyzed with Beckman Coulter Gallios. Data 

were analyzed, and granulocytes gated using FSC/SSC characteristics in 

combination with the exclusion of CD14+ cells, using the Kaluza software 

(version 1.2). 

 The assessments of AnxA1 expression in paper I and IV are not comparable 

due to major methodological differences. Most importantly, in study IV, both 

cell-surface associated and total AnxA1 expression was analyzed whereas only 

total expression of AnxA1 was studied in paper I. Furthermore, the protocols, 

including buffers, incubation times, and temperatures, differ significantly. In 

paper I, the protocol was designed specifically to study neutrophils. Even 

though the same antibodies were used in both studies, the F(ab’)2-fragment had 

different fluorochromes in the two studies; and in study IV, AnxA1 was also 

used in combination with other surface markers. Moreover, the samples were 

analyzed by using different instruments and software. 
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Statistical methods 

In paper I, the data are presented as mean ± SD. Student’s t test was used to 

compare differences in means for clinical and laboratory characteristics between 

patients and controls. Wilcoxon signed ranks test was used to compare 

differences between a patient and his/her matched control. Correlation analysis 

was performed using Spearman rank correlation test.  

 In paper II-IV, data are presented as median (inter-quartile range). 

Differences across three groups were analyzed with Kruskal-Wallis test, and 

Mann-Whitney U-test was used for between-group analyses. χ2 test was used 

for nominal data. Differences between samples measured on 3 occasions were 

analyzed using Friedman test, while Wilcoxon signed ranks test was used for 

pair-wise comparisons. For correlation analyses Spearman’s rank correlation 

method was used.  

 In paper II, multiple linear regression analysis was performed to assess the 

independent contribution of different factors to T cell changes. In paper III, data 

from the in vitro experiments were analyzed with paired samples t test.  

 In all studies, p < 0.05 was considered to be statistically significant. Statistical 

analyses were performed using SPSS version 15.0 (paper I), SPSS Inc., Chicago, 

IL, US, IBM SPSS Statistics version 19.0 (paper II), or version 22.0 (paper III-IV), 

IBM Corp., Armonk, NY, US. 
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RESULTS AND DISCUSSION 

AnxA1 expression in neutrophils 

Since a perturbed HPA-axis is known to be associated with chronic 

inflammatory conditions, and an association between dysregulated cortisol 

levels and inflammation was demonstrated in patients with CAD (Nijm et al., 

2007), we wanted to investigate the impact of potentially dysregulated cortisol 

mechanisms on a cellular level, including expression of AnxA1 and GRs, in 

CAD patients and healthy controls. In paper I, we found that SA patients 

displayed a flattened diurnal cortisol slope, with increased evening levels of 

cortisol, compared with healthy controls (paper I, table 2), thus confirming our 

previous findings of a flattened diurnal cortisol slope in post-ACS patients (3 

months after ACS)(Nijm et al., 2007). In line with previous results (Nijm et al., 

2007), we also observed a significant correlation between evening levels of 

cortisol and CRP levels. When measuring the GRs in neutrophils, we found that 

they were ubiquitously expressed. However, GR-total as well as GR-α MFI 

levels were significantly lower in SA patients compared with their matched 

controls, whereas the expression of GR-β did not show any significant 

difference between patients and controls (paper I, figure 1). These findings 

suggest a state of cortisol desensitization of GRs in patients; resulting as a 

negative feedback due to high cortisol levels. As reported previously by Nijm et 

al. (Nijm et al., 2007), the total (24 h) cortisol output was increased in post-ACS 

patients compared with controls. Also, the up-regulation of GR-β in leukocytes 

has been associated with hypercortisolism, while the up-regulation of GR-α has 

been seen in individuals with hypocortisolism (Hagendorf et al., 2005). 

Furthermore, a reduction in total GR expression has been reported in chronic 

inflammatory diseases, like RA and systemic lupus erythematosus (SLE) (Li et 

al., 2010; Schlaghecke et al., 1992). In patients with SLE, GR-α expression was 

also negatively correlated with disease activity (Li et al., 2010). In the present 

study, we cannot conclude whether the decreased neutrophil expression of GR-

α in CAD patients reflects a state of hypercortisolism, since we did not assess 



Results and Discussion 

44 

 

the total cortisol output but instead laid focus on the diurnal variation by 

collecting morning and evening samples. However, a weak but significant 

inverse association between GR-total expression and morning cortisol levels 

was observed (paper I, table 3). 

 As glucocorticoids have been shown to induce AnxA1, we next measured 

the expression of AnxA1 protein in permeabilized neutrophils, i.e. the total 

expression of both intracellular and cell surface-associated AnxA1. AnxA1 was 

ubiquitously expressed, but the MFI levels were found to be significantly higher 

in neutrophils from SA patients compared with neutrophils from healthy 

controls (paper I, figure 2). Moreover, AnxA1 expression showed inverse 

correlation with both GR-α and GR-total expression (paper I, table 3). On the 

other hand, there was a positive correlation between AnxA1 and evening 

cortisol levels (paper I, table 3). Taken together, the findings of reduced 

expression of GR- and increased expression of AnxA1 in SA patients may be 

compatible with an overexposure to cortisol. The results are also in line with 

previous findings by Mulla et al. (Mulla et al., 2005), showing that the expression 

of AnxA1 in neutrophils reflected the levels of serum cortisol.  

 In paper I, we also assessed some markers of neutrophil activation 

represented by the basal and LTB4-induced expression of the β2-integrin 

CD11b/CD18, as well as the LTB4-induced ROS production. We found that the 

activation status of neutrophils from SA patients was similar to controls. Also, 

we evaluated the effects of AnxA1 in neutrophils, and found, somewhat 

unexpectedly, that exogenous rAnxA1 significantly suppressed the LTB4-

mediated ROS production from neutrophils in SA patients, but not in controls 

(paper I, figure 3). The results thus indicated a hypersensitivity to AnxA1 in SA 

patients compared with controls. There was a similar expression of the AnxA1 

receptor FPR2/ALX, here called FPRL-1, in neutrophils from SA patients and 

controls (paper I), suggesting that the different response to rAnxA1 was 

independent of receptor expression. So far, we can only speculate on the reasons 

for the hyper-responsiveness to rAnxA1. It is likely to be the result of an over-

activated HPA axis, but whether this ex vivo effect has any clinical relevance is 

unclear. One limitation is that we did not assess the effects of dexamethasone in 

these experiments.  
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 A number of previous studies have shown differing results regarding 

neutrophil activation in CAD (Lindmark et al., 2001; Mehta et al., 1989; Nijm et 

al., 2005; Ott et al., 1996; Paulsson et al., 2007). In a previous study, we were not 

able to show that neutrophils from CAD patients were more prone to 

stimulation by IL-8 or LTB4, than neutrophils from controls (Sarndahl et al., 

2007). On the other hand, both ROS production in response to C3bi-opsonised 

yeast particles, and the neutrophils' inherent capacity to produce ROS, were 

significantly decreased in patients. However, in a more recent study, we 

showed that neutrophils from CAD patients were more prone to release MMP-

9 upon stimulation with IL-8, compared with neutrophils from controls 

(Jonsson et al., 2011). The activation status of neutrophils in CAD patients 

remains to be clarified. The different results over the years may be due to a 

variety in ex vivo stimulation models. Also, differences in the use of 

cardiovascular drugs with potential effects on neutrophils, such as platelet 

inhibitors (aspirin, clopidogrel) and statins, may play a role (Egger et al., 2001; 

Guasti et al., 2006). 

 In the study cohort described in paper IV, including ACS patients, post-ACS 

patients and healthy controls, we measured both cell surface-associated and 

total AnxA1 protein expression in neutrophils. AnxA1 was ubiquitously 

expressed in neutrophils, both on the cell surface and intracellularly. No 

significant differences were seen in total MFI levels of AnxA1 protein between 

the three groups, ACS: 26 (21-30), post-ACS: 20 (17-26), controls: 22 (17-27), p 

for trend 0.200. However, when evaluating the cell surface-associated 

expression of AnxA1, we found that ACS patients expressed significantly 

higher amounts of AnxA1, compared with both post-ACS patients and controls, 

while cell surface levels were similar in the latter two groups (Figure 4). So, the 

results of total AnxA1 expression differed from those described in paper I. This 

may be due to considerable methodological differences as discussed in the 

Method section above. Furthermore, the SA patients in paper I may be regarded 

as a more heterogeneous group regarding CAD history. There are also several 

years between the collection of samples in the two cohorts, and since there has 

been a considerable reduction in MI deaths during the last decade, it is plausible 

that the post-ACS patients are under better treatment today. This is also 

supported by the fact that we in paper IV were unable to detect any significant 
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differences in evening cortisol levels between post-ACS patients and controls 

(paper IV, table I). However, we observed a correlation between cell surface 

AnxA1 expression and evening cortisol levels, but only in post-ACS patients, 

not in controls (r = 0.303, p = 0.033).  
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Figure 4. Expression of cell surface-associated AnxA1 protein in neutrophils 

from CAD patients and controls, analyzed by flow cytometry and presented as 

median fluorescence intensity (MFI). Trend across the groups p = 0.005. 

Between-group differences: *** p < 0.001. N= 10 ACS patients, 54 post-ACS 

patients, and 37 healthy control subjects.  

 

The numbers of neutrophils in peripheral blood did not differ significantly 

between SA patients and controls in paper I (table 1), neither did it differ 

between post-ACS and controls described in paper IV (3.7 (2.8 - 4.3) x 103 

cells/µL, and 3.2 (2.7 – 4.1) x 103 cells/µL, respectively). As expected, the 

numbers of neutrophils were significantly increased in ACS patients (5.1 (4.0 – 

8.2) x 103 cells/µL) compared with post-ACS patients and controls, p = 0.011 for 

trend. Elevated neutrophil count is a well-known characteristic of ACS patients 

and has also been shown to be a predictor of cardiovascular outcome (Guasti et 

al., 2011). 

 

*** 

*** 
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CD56+ T cells –functional phenotype and 

AnxA1 expression  

Elevated numbers of CD56+ T cells have been reported in chronic inflammatory 

conditions, such as RA, sarcoidosis and Behcet’s uveitis (Ahn et al., 2005; 

Katchar et al., 2005; Michel et al., 2007; Yu et al., 2004). Still, the role of this T cell 

subset in inflammation is not fully understood. We therefore wanted to 

investigate the CD56+ T cells and their characteristics, including cytokine 

production and AnxA1 expression, in CAD. As has been shown earlier 

(Ohkawa et al., 2001)., the majority of CD56+ T cells in peripheral blood resided 

in the CD8+ population. In healthy subjects, 67 (54-82) % of the CD56+ T cells 

were single-positive for CD8, while 15 (9.9-24) % were single-positive for CD4. 

Only a minority of the CD56+ T cells were double-positive or double-negative 

for CD4 and CD8, 2.7 (1.2-5.1) % and 6.2 (3.6-14) %, respectively (paper III, table 

1). The gating strategy for the CD56+ T cell subsets is shown in figure 5. We 

found significantly more CD8+CD56+ T cells, both assessed as total numbers and 

proportions of CD8+ T cells (paper II, table 3), in CAD patients compared with 

healthy controls, while the levels of CD4+CD56+ T cells did not differ. The 

increase was not due to higher absolute numbers of CD8+ T cells, since the total 

CD8+ T cell numbers were similar in patients and controls (paper III, table 3). 

The higher prevalence of CD8+CD56+ T cells was seen in both ACS and SA 

patients, and persisted over time, i.e. the increased levels of CD8+CD56+T cells 

remained unchanged in both patient groups when measured on two more 

occasions over one year (paper III, figure 1). Hence, this phenomenon seemed 

to be independent of clinical presentation in CAD patients. In paper III, we 

confirmed that the proportions of CD56+ T cells within the lymphocyte 

population were significantly increased in post-ACS patients compared with 

controls, the majority residing in the CD8+ compartment (paper III, table I). 

However, in contrast to paper II, we were not able to demonstrate any 

significant differences in the proportions of CD8+CD56+ T cells within the CD8+ 

T cell population, when comparing ACS patients, post-ACS patients and 

controls in paper III.  
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Figure 5. The gating strategy of CD56+ T cells subsets (paper III).  

 

In paper II, the expansion of CD8+CD56+ T cells in patients with CAD was 

neither associated with demographic or clinical variables such as age, sex, waist 

circumference, smoking, hypertension, diabetes, prior cardiac event, or number 

of coronary arteries with significant stenosis, nor was it correlated with statin 

treatment, levels of CRP, IL-6 or IL-15. As expected, we found a positive 

correlation between proportions of CD8+CD56+ T cells and cytomegalovirus 

(CMV) seropositivity (r = 0.26, p= 0.011), but CMV could not independently 

explain the higher levels of CD8+CD56+ T cells in CAD patients. CMV is a 

common, typically asymptomatic, life-long infection, which has been associated 

with increased cardiovascular risk (Simanek et al., 2011). Our findings in paper 

II are in line with a previous study by Romo et al (Romo et al., 2011), which also 

found increased proportions of CD56+ T cells in ACS patients compared with 

healthy subjects. Similar to us, they showed that the expansion of CD56+ T cells 

was independent of age, sex, traditional cardiovascular risk factors, and CMV 

seropositivity. 

 CMV has been suggested as an underlying cause of altered phenotype and 

functions in CD8+ T cells, predominantly in elderly people, as well as loss of 

CD28 in T cells, a phenomenon associated with immunosenescence (Koch et al., 

2007). In an earlier study, our group found higher proportions of CD8+CD28- T 

cells in SA patients, which was not only associated with CMV seropositivity but 

also with CAD per se (Jonasson et al., 2003). Furthermore, the gain of CD56 with 

a concomitant loss of CD28 on T cells have been described (Lemster et al., 2008; 

Michel et al., 2007; Tarazona et al., 2000). Accordingly, we found that the 
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majority of CD8+CD56+ T cells were CD28- (paper II, table 4). Further, the loss of 

CD28 was much more pronounced in the CD8+CD56+ T cells compared with the 

CD8+CD56- T cells, (71 (46-85) %, and 33 (19-57) %, respectively, p < 0.001. 

Moreover, the CD8+CD56+ T cells showed signs of increased activation (assessed 

by expression of the early activation marker CD69) and reduced apoptosis 

(detected by Annexin V) compared with their CD56- counterparts. The reduced 

proportion of Annexin V+ cells among the CD8+CD56+ T cells may be a sign of a 

lower apoptotic rate of this cell subset, possibly explaining their accumulation 

in peripheral blood. In agreement with this, CD56+ T cells have been reported 

to express higher levels of the anti-apoptotic protein Bcl-2, further indicating 

that this phenotype is more resistant to apoptosis (Lemster et al., 2008). 

 Next, we wanted to characterize the cytokine profile of the CD56+ T cells. In 

paper III, we investigated the cytokine secretion in cell supernatants from CD56+ 

and CD56- T cells, isolated from 11 healthy blood donors. After PMA-

stimulation, the CD56+ T cells secreted significantly higher levels of IFN-γ and 

TNF compared with CD56- cells, while the CD56- T cells released about 30-fold 

higher levels of IL-10 compared with CD56+ T cells (paper III, figure 4). In paper 

II, we instead used a whole blood stimulation assay, and evaluated the 

intracellular cytokine expression in subgroups of study participants (9 ACS 

patients, 14 SA patients and 11 controls) with flow cytometry. After stimulation 

with PMA + ionomycin and anti-CD28/CD49d, and in presence of the protein 

secretion inhibitor Brefeldin A, the majority of both CD8+CD56+ T cells and 

CD8+CD56- T cells were positive for IFN-γ and TNF, with no differences 

between ACS patients, SA patients or controls. The numbers of CD4+CD56+ T 

cells analyzed with flow cytometry were too few to allow a correct estimation. 

However, a similar pattern was seen, with the majority being positive for IFN-

γ and TNF. In all 24 individuals, the proportions of IFN-γ+ cells were 

significantly higher in the CD8+CD56+ T cell subset than in the CD8+CD56- T cell 

subset (Figure 6). On the other hand, the proportions of cells expressing IL-10, 

IL-13 and IL-17A were low (<1%) in both CD8+CD56+ and CD8+CD56+ T cells, 

with no differences between CAD patients or controls. This was also the 

impression regarding the few CD4+CD56+ T cells. Our results regarding the 

cytokine profile of CD56+ T cells, are in agreement with previous studies 

reporting CD56+ T cells to be large producers of proinflammatory cytokines 
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such IFN-γ and TNF (Ahn et al., 2005; Katchar et al., 2005; Kelly-Rogers et al., 

2006; Lemster et al., 2008; Ohkawa et al., 2001). A few previous studies have 

shown that CD56+ T cells are poor producers of IL-10 (Kelly-Rogers et al., 2006). 

In a clinical study by Shimamoto et al. (Shimamoto et al., 2007), CD56+ T cells 

were reduced in inflamed colonic mucosa of patients with ulcerative colitis, 

which led to the speculations that these cells might have anti-inflammatory 

effects. However, when stimulated in vitro with PMA, only a minor proportion 

(around 4 %) of the colonic CD56+ T cells from normal colonic mucosa expressed 

intracellular IL-10. We find it reasonable to propose that the accumulation of 

CD56+ T cells in peripheral blood of CAD patients represents a larger pool of 

cells with a pro-inflammatory phenotype. It remains to be clarified whether this 

is merely a marker of disease, or a factor that may aggravate the atherosclerotic 

process. 
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Figure 6. Proportions of IFN-γ+CD8+ T cell subsets after PMA-stimulation, 

detected by intracellular flow cytometry. The negative population was set after 

unstimulated sample. Between-group differences: ** p<0.01.   

** 
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 In paper III, we further characterized CD56+ and CD56- T cells regarding 

AnxA1 expression. When analyzing AnxA1 expression in healthy subjects using 

whole blood flow cytometry, the protein was detected in the vast majority of T 

cells, however, the amounts differed significantly between T cell subsets. The 

CD8+ T cells were found to express higher levels of total AnxA1 protein than the 

CD4+ T cells (paper III, figure 1A). Moreover, the CD56+ T cells expressed more 

total AnxA1 protein than the CD56- T cells (figure 1A), and correspondingly, 

AnxA1 mRNA was more abundantly expressed in the CD56+ T cells (paper III, 

figure 2). Also the cell surface-bound AnxA1 in whole blood appeared to be 

constitutively expressed on T cells but regarding this matter, CD4+ T cells 

expressed more cell surface-associated AnxA1 than CD8+ T cells (paper III, 

figure 1B). The cell surface-associated AnxA1 expression in vivo can be 

interpreted as an activation of the AnxA1 pathway, since AnxA1 exerts its 

autocrine and paracrine actions when translocated to the cell surface. However, 

when we assessed the cell surface-associated AnxA1 expression on isolated T 

cells after 6 h culture, we found that less than 10 % of the cells still expressed 

AnxA1. This might be an indication of AnxA1 being shed from the cell surface 

or secreted in vitro. 

 Hitherto, the knowledge about AnxA1 expression in human T cells has been 

limited to a few studies showing contradictory results. To the best of our 

knowledge, the AnxA1 expression has not been studied in CD56+ T cells. 

However, in an earlier study from 1995, Morand et al. (Morand et al., 1995) 

showed that a minority of CD4+ and CD8+ T cells expressed AnxA1, while a 

majority (85 %) of CD56+ lymphocytes (not identified with regard to CD3) 

expressed AnxA1. In a more recent study, Spurr et al. (Spurr et al., 2011) 

reported that all T cells stained positive for AnxA1, but that cell surface-

associated AnxA1 was undetectable. The differing results may be partly 

explained by the fact that previous studies analyzed AnxA1 expression in 

isolated cells, a procedure that might have caused the loss of AnxA1 from the 

cell surface, and also included very few individuals, whereas we analyzed the 

protein expression in whole blood using a much larger sample size.  

 AnxA1 expression was also assessed in CD56+ and CD56- T cell subsets from 

CAD patients, using whole blood flow cytometry. The total expression of 

AnxA1 protein did not differ between patients and controls, but there were 
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significant differences in cell surface-associated expression of AnxA1. The levels 

of surface AnxA1 in both CD8+CD56+ and CD8+CD56- T cell subsets were higher 

in CAD patients compared with controls, and most pronounced in ACS patients 

(paper III, figure 3B). The differences in surface AnxA1 between patients and 

controls were more pronounced within the CD8+ T cell subset than within the 

CD4+ subset, thereby suggesting that the activation of the AnxA1 pathway in 

CAD patients might be more prominent in the CD8+CD56+ T cell fraction (paper 

III, figure 3A). There is sparse information regarding T cell expression of AnxA1 

in human disease, but increased levels have been reported in autoimmune 

disease. In a previous study D´Acquisto et al. (D'Acquisto et al., 2007a) reported 

increased AnxA1 mRNA as well as increased total protein levels in isolated 

CD4+ T cells from 9 patients with active RA compared with healthy 5 controls. 

 The effects of AnxA1 on T cells are much less investigated than the effects 

on innate immune cells. Some experimental models have shown that deficiency 

of AnxA1 aggravates T cell-mediated inflammation (Gold et al., 1996; Kamal et 

al., 2001; Yang et al., 2004; Yang et al., 2013), whereas others have shown that 

deficiency of AnxA1 decreases the activation of T cells and promotes Th2 

differentiation (D'Acquisto et al., 2007a; D'Acquisto et al., 2007b; Paschalidis et 

al., 2009). In paper III, we explored the effects of rAnxA1 protein and/or 

dexamethasone on PMA-induced cytokine secretion from isolated CD56+ and 

CD56- T cells. Dexamethasone reduced the secretion of IFN-γ and TNF dose-

dependently, while rAnxA1 alone had no effect (paper III, figure 5A-B). Only 

the higher dose of dexamethasone (10-7 M) inhibited IL-10 release from CD56- T 

cells (paper III, figure 5C). When AnxA1 was combined with 10-7 M 

dexamethasone, the dexamethasone-induced suppression of IFN-γ and IL-10 

secretion was abolished (paper III, figure 5A and C). Even if it can be argued 

that the effects of exogenous rAnxA1 in the presence or absence of 

dexamethasone in vitro may not be physiologically relevant, our results are in 

compliance with a previous study by D´Acquisto et al. (D'Acquisto et al., 2007a) 

showing that the dexamethasone-induced suppression of IL-2 secretion from 

CD4+ T cells was eliminated by adding AnxA1. The same authors showed in a 

subsequent study, that glucocorticoid treatment down-regulated AnxA1 

mRNA expression in CD4+ T cells, both in vivo and in vitro (D'Acquisto et al., 

2008a). On the other hand, in their earlier study from 1995, Morand et al. , 
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(Morand et al., 1995) could not show that dexamethasone treatment for 24 h 

affected AnxA1 protein levels in human T cells. In line with this, we did not 

detect any significant changes in AnxA1 mRNA levels when we incubated 

isolated T cell subsets with 10-7 M dexamethasone for 6 h.  

 We can conclude that AnxA1 is predominantly expressed by T cells with a 

pro-inflammatory phenotype. Furthermore, the increased expression of cell 

surface-associated AnxA1 on T cells from ACS patients indicates that an 

increased activation of the AnxA1 pathway is associated with plaque 

destabilization and/or its consequences. Still, we cannot say whether this 

represents an attempt to counteract T cell activation. One intriguing possibility 

is that AnxA1 exerts pro-inflammatory effects in T cells, counteracting 

glucocorticoid effects, i.e. the total opposite of what is known to occur in innate 

immune cells. However, further studies are warranted to verify this hypothesis. 

AnxA1 expression in PBMCs in relation to 

glucocorticoid sensitivity  

As discussed above, the effect of AnxA1 on different leukocyte subsets is far 

from clarified. Due to the parsimonious information on AnxA1 expression in 

PBMC subsets in general, we wanted to study the expression pattern in various 

PBMC subsets, and also evaluate the possible role of AnxA1 as a marker for 

glucocorticoid sensitivity. When measuring the mRNA expression of AnxA1 in 

the total PBMC fraction from ACS patients, post-ACS patients and controls, we 

found significantly higher mRNA levels in the two groups of patients compared 

with controls (paper IV, figure 1). However, the expression was strikingly 

higher in the early phase of ACS (within 24h after the coronary event) compared 

with the post-ACS phase (6-12 months after the event). The detection of AnxA1 

protein using whole blood flow cytometry analysis, showed results in line with 

previous findings (Morand et al., 1995; Spurr et al., 2011), i.e. the protein was to 

a greater extent expressed by monocytes than by T cell subsets and NK cells 

(paper IV, figure 2A and B). The increased expression in monocytes involved 

both total and cell surface-associated expression. The higher AnxA1 mRNA 

expression in ACS patients was reflected at the protein level, with a higher total 

AnxA1 expression in monocytes (figure 2A), and in particular, a higher amount 
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of AnxA1 protein on the cell surface of all PBMC subsets (figure 2B). Thus, signs 

of increased AnxA1 synthesis, as well as activation of the AnxA1 pathway 

involving the translocation of the protein to the cell surface, were evident in 

ACS patients.  

 As previously discussed, there are still limited numbers of studies exploring 

the presence or the role of AnxA1 in human atherosclerosis. Two studies of 

human carotid plaques suggested a plaque-stabilizing role for AnxA1 since the 

protein was more abundant in plaques from asymptomatic patients (Cheuk and 

Cheng, 2011; Viiri et al., 2013). Bagnato et al. (Bagnato et al., 2007) reported 

increased AnxA1 levels in the atherosclerotic areas of human coronary arteries. 

In the latter study, the protein was also immunohistochemically localized to 

macrophages and foam cells, findings that at a first glance might suggest AnxA1 

as pro-inflammatory. However, the same authors demonstrated that AnxA1 

was localized to an area of increased apoptosis, thus supporting a pro-resolving 

role of the protein and explaining its presence in foam cells as a result of 

efferocytosis. Our findings with the most prominent AnxA1 expression in 

PBMCs from the ACS patients, who exhibited the highest levels of systemic 

inflammation, may also seem contradictory. However, given an anti-

inflammatory role of AnxA1, its increased expression in PBMCs under acute 

inflammatory conditions probably represents a rapid compensatory mechanism 

trying to counteract the pro-inflammatory response.  

 Glucocorticoids have in numerous studies been shown to induce both de 

novo synthesis of AnxA1, and to contribute to its translocation from the cytosol 

to the cell surface where the protein exerts its biological effects (Comera and 

Russo-Marie, 1995; McLeod and Bolton, 1995; McLeod et al., 1995; Solito et al., 

2003). Moreover, there is convincing evidence that AnxA1 is a key mediator of 

anti-inflammatory effects in monocytes/macrophages, involving both rapid 

post-translational effects and transcriptional changes, thus promoting a stable 

anti-inflammatory phenotype (Lange et al., 2007; Strausbaugh and Rosen, 2001). 

Furthermore, in a randomized double-blind study, mild non-steroid anti-

inflammatory therapy (diclofenac) given to overweight men for 9 days, resulted 

in increased expression of AnxA1 in PBMCs, thus revealing AnxA1 as a 

candidate marker for inflammatory modulation (van Erk et al., 2010). To further 

explore the significance of AnxA1 in human PBMCs, we studied its relation to 
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LPS-induced cytokine production and glucocorticoid sensitivity in 55 post-ACS 

patients and 31 controls. LPS induced significantly higher IL-6 secretion in 

PBMCs from patients compared with controls, whereas there was no difference 

in IL-10 secretion (paper IV, figure 3). It has been shown that human monocytes 

stimulated with LPS produce IL-10, which inhibits the synthesis of 

concomitantly secreted pro-inflammatory cytokines (de Waal Malefyt et al., 

1991). Our results may thus be compatible with the presence of a pro-

inflammatory cytokine profile of monocytes in post-ACS patients. An 

imbalance between pro- and anti-inflammatory cytokines in PBMCs has been 

reported in several previous studies of CAD patients (Calvert et al., 2011; 

Elsenberg et al., 2013; Waehre et al., 2002; Waehre et al., 2004).  

 Several animal models and human inflammatory diseases have shown that 

impaired responsiveness to glucocorticoids is associated with increased 

inflammatory activity (Quax et al., 2013). Also, it has been proposed in previous 

studies that the systemic inflammatory activity in patients with CAD may be 

associated with reduced sensitivity to glucocorticoids (Fantidis et al., 2002; Nijm 

et al., 2007). This could not be confirmed in paper IV. We rather found that 

PBMCs from post-ACS patients were slightly more sensitive to glucocorticoids 

ex vivo, compared with PBMCs from controls via the assessment on the ability 

of dexamethasone to suppress LPS-induced cytokine secretion (figure 4). Since 

glucocorticoids have been shown to induce the expression of AnxA1, a major 

aim was to evaluate whether the AnxA1 expression in PBMCs was related to 

glucocorticoid sensitivity. Somewhat unexpectedly, there were no correlations 

between the glucocorticoid sensitivity and the AnxA1 mRNA, or total AnxA1 

protein levels in PBMCs. Instead, the glucocorticoid sensitivity ex vivo was 

found to correlate significantly with the expression of cell surface-associated 

AnxA1 protein in circulating monocytes. The data indicate that the quantity of 

AnxA1 located on the cell surface, rather than the total cellular content of the 

protein, is a marker for glucocorticoid sensitivity. In a previous study, Mulla et 

al. (Mulla et al., 2005) showed that AnxA1 protein expression in neutrophils, but 

not monocytes, was related to cortisol levels before, and 30 min after a standard 

corticotrophin test, proposing that AnxA1 could be used as a marker for 

endogenous glucocorticoid sensitivity. However, Mulla et al. did not measure 

cell surface-associated AnxA1 expression, which may explain the difference in 
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results regarding monocytes. In the present study, we also found a correlation 

between evening cortisol levels and expression of cell surface-associated AnxA1 

in peripheral monocytes, which may further strengthen the suggestion that in 

vivo exposure for glucocorticoids could be reflected in extracellular AnxA1 

expression. Moreover, evening cortisol levels correlated with circulating 

monocyte counts, but not with other leukocyte subset counts. We did not 

perform cortisol measurements over 3 consecutive days in the ACS patients, 

and can therefore only speculate that the elevated monocyte counts in ACS 

patients could have been associated with increased exposure to glucocorticoids. 

 Finally, we investigated if dexamethasone influenced the mRNA expression 

of AnxA1 in PBMCs from post-ACS patients and controls. When the higher dose 

of dexamethasone (10-7 M) was added to LPS-stimulated cells, it induced a 

significant increase in AnxA1 mRNA in both patients and controls (paper IV, 

figure 5). Our findings are in agreement with a study by Solito et al. (Solito et 

al., 2003) demonstrating that 10-6 M dexamethasone induced an increase in 

AnxA1 mRNA in a human folliculostellate cell line. Furthermore, earlier in vivo 

studies have described substantially increased expression of AnxA1 protein in 

peripheral monocytes or PBMCs in healthy subjects after one single injection of 

hydrocortisone (Goulding et al., 1990; Morand et al., 1994).  

 In the post-ACS patients, the basal plasma levels of inflammatory markers, 

such as IL-6 and IL-1Ra, were as low as in the controls. Still, there was evidence 

for a low-grade subclinical pro-inflammatory activity in the patients, as 

assessed by LPS-induced IL-6 secretion from isolated PBMCs. An increased 

glucocorticoid activity might therefore have been expected. Ex vivo, the PBMCs 

in post-ACS patients were found to be at least as sensitive to glucocorticoids as 

were the PBMCs from controls. The increased AnxA1 mRNA levels in PBMCs 

from post-ACS patients indicated an increased glucocorticoid activity. Still, the 

levels of surface-bound AnxA1 were not increased which allows us to speculate 

about insufficient glucocorticoid actions and/or reduced glucocorticoid 

availability, and thereby an insufficient capacity to down-regulate 

inflammation.  
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CONCLUDING REMARKS  

The AnxA1 protein was constitutively expressed in both neutrophils and 

PBMCs (lymphocytes and monocytes), not only intracellularly but also on the 

cell surface. However, there was a substantial variation in AnxA1 expression 

pattern among PBMC subsets, the protein being more abundant in monocytes 

than in lymphocytes. The AnxA1 expression also showed a large variation 

across T cell subsets, dependent on the expression of CD56. The CD56+ T cells, 

exhibiting a distinct pro-inflammatory phenotype, expressed significantly more 

AnxA1 than their CD56- counterparts. 

 There were substantial differences in leukocyte AnxA1 expression pattern 

between CAD patients and healthy controls. Overall, the expression of AnxA1 

was increased in patients. 

 In a cohort of patients with SA, the expression of total AnxA1 protein in 

neutrophils was higher than in controls. As might have been expected, this was 

not accompanied by altered neutrophil activation status in patients. However, 

the neutrophils from patients exhibited an enhanced anti-inflammatory 

response to rAnxA1 ex vivo, further emphasizing the potential of AnxA1 as an 

inhibitor of neutrophil activity. In a second cohort of CAD patients, recruited 

some years after the first cohort, no differences in total AnxA1 protein 

expression was observed between post-ACS patients and controls. Only 

patients with ACS showed an increase in cell surface-associated AnxA1 levels, 

which may illustrate a compensatory counteraction of an acute pro-

inflammatory response. 

 CAD patients, independent of clinical presentation, had increased 

proportions of proinflammatory CD56+ T cells compared with controls, a 

phenomenon likely to represent immunological aging. In all T cell subsets, the 

expression of cell surface-associated AnxA1 was significantly increased in ACS 

patients whereas it tended to be increased in post-ACS patients. In addition, 

dexamethasone clearly reduced the in vitro secretion of pro-inflammatory 

cytokines from CD56+ T cells, whereas the addition of rAnxA1 abolished this 

effect. The in vivo findings indicate that the AnxA1 pathway is more activated 
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in T cells from CAD patients. However, the precise role of AnxA1 in T cells 

remains an enigma. Further investigations into this topic are required, 

especially since the potential use of AnxA1 as an anti-inflammatory drug is 

discussed.  

 In PBMCs, the mRNA levels of AnxA1 were increased in ACS and post-ACS 

patients, particularly in ACS patients, compared with controls. 

Correspondingly, the monocyte fraction in ACS patients, but not in post-ACS 

patients, exhibited increased AnxA1 protein levels, both totally and on the cell 

surface. T cells as well as NK cells in ACS patients expressed more AnxA1 

protein on the cell surface, while only a tendency was observed in post-ACS 

patients. The expression of cell surface-associated AnxA1 in monocytes 

correlated with the glucocorticoid sensitivity of PBMCs ex vivo. Moreover, ex 

vivo assays suggested that PBMCs from post-ACS patients were even more 

susceptible to inflammatory stimulation compared with PBMCs from controls. 

Since the monocyte expression of cell surface-associated AnxA1 was similar in 

the two groups, it can be speculated that the glucocorticoid actions and/or 

availability in post-ACS patients were insufficient. One plausible mechanisms 

behind reduced cortisol availability is blunted or impaired cortisol response to 

daily stressors. Previous studies have shown that post-ACS patients display a 

blunted cortisol response when exposed to physical or psychological stress 

(Nijm et al., 2007).  

 A wide range of soluble markers are available today for the detection of 

inflammatory activity. However, it still remains a challenge to measure the 

modulation of inflammation. We believe that expression of cell surface-

associated AnxA1, as a marker of glucocorticoid sensitivity, is a promising 

candidate tool that, however, needs to be further investigated in larger cohorts 

and intervention trials. 
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